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Great Smoky Mountains National Park:

Vegetation Monitoring Protocols
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VEGETATION MONITORING

Protocols Manual

Great Smoky Mountains National Park   

Goals

To establish a network of permanent plots that efficiently detect and monitor changes in the composition and structure of vegetation communities throughout Great Smoky Mountains National Park (GRSM).

To evaluate past changes in composition and structure by resampling existing plots.

Objectives  

1.   Establish and sample a network of plots throughout the Park in a statistically valid fashion.

2.   Develop a schedule for the remeasurement of plots within the network that tracks ecological trends through time. 

3.  Select and resample existing permanent plots.  Between 1977 and 1985, the Uplands Field Research Laboratory established approximately 400 permanent plots (0.1 ha) mostly in the western half of GRSM.

4. Analyze and summarize data in management reports that allow review and decision making by park managers.

5.   Share results with others in the scientific and management communities by publishing in peer-reviewed journals and presenting at professional meetings.  

Background

Great Smoky Mountains National Park is internationally renowned as a center of biological diversity within North America.  Complex ecological gradients combine to create a diverse mosaic of plant communities comprised of over 1,300 native species, more than any other unit of the National Park Service (NP FLORA 1988).  The biological importance of GRSM led to its designation as an International Biosphere Reserve in 1976.

Despite its large size (>200,000 ha) and protected status, numerous biotic and abiotic factors have altered and continue to threaten plant communities within GRSM.  Among biotic factors, exotic species have been the most destructive.  During the 1930s, chestnut blight virtually removed the American chestnut (Castanea dentata) from the forest landscape of eastern North America.  Since it was first discovered in 1954 (Speers 1958), the balsam wooly adelgid (Adelges piceae) has virtually eliminated Fraser fir (Abies fraseri) from high-elevation spruce-fir forests within GRSM (Smith and Nicholas 1998) and hemlock adelgid (Adelges tsugae) may greatly impact hemlock (Tsuga canadensis) in the Park during the next decade.  Since the late 1980s, dogwood anthracnose (Discula destructive), a pathogenic fungus, has killed dogwood trees throughout the Park.  Currently, beech bark disease, an insect/fungus complex, is killing beech trees in upper elevation hardwood forests.  Although the population has been reduced, European wild boar (Sus scrofa) continues to alter understory vegetation within GRSM. Deposition of sulfur dioxide, nitrogen oxides, and particulate matter may acidify soils in susceptible areas.  In addition, ozone levels continue to increase yearly in GRSM and present additional stress to plant populations. 

In addition to these factors, alterations in the Park’s disturbance regimes have impacted vegetation communities.  Throughout the Park, plant communities continue to recover from past unregulated logging and agricultural use.  Fire suppression has allowed the succession of numerous pine stands to hardwood dominance.  In the absence of fire, succession towards hardwoods is accelerated by mortality caused by the southern pine beetle (White 1992).  Within hardwood stands, oak species are not regenerating under closed canopies on mesic sites.  In addition, grassy balds are being invaded by hardwoods and may eventually be overgrown without active management.  The recently implemented prescribed burning program within the Park is counteracting many of these successional changes, but the full effect of fire on species composition and stand structure must be evaluated.

This long history of major impacts to plant communities within GRSM clearly shows the need for a vegetation component in the long-term monitoring program.  Once in place, a network of permanent plots will serve as an early warning system of potential changes in plant communities and will allow park managers to devise strategies to respond to new threats.  Since the long-term monitoring program at GRSM is considered a prototype, implementation of a vegetation monitoring component will allow the development and testing of methodologies for use in other parks.  In addition, ecological information gathered from these plots will be of interest to scientists and managers throughout the world facing similar community and landscape level threats.

Numerous studies of vegetation involving plot sampling have been conducted in GRSM since the1930s.  However, most of these plots are not suitable for long-term monitoring due to a lack of precise information about plot locations, small plot size, or limited sampling (White and Busing 1992).  During the late 1970s and early 1980s a series of plots were established mostly in the west-end of the Park by the Uplands Research Lab (Figure 1).  The locations of these 0.1 ha plots were generally well documented and permanently marked.  These plots were subjectively located to capture a broad-range of site conditions and disturbance histories and include areas of mature forest, abandoned farmland, limestone windows, and past burning.  Sampling within these plots was quite extensive and includes data from all vegetation strata.  White and Busing (1992) rated these plots as good-excellent candidates for incorporation into a long-term vegetation monitoring system.  
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Figure 1.  Locations of the Upland Field Research Lab permanent plots.

Sampling Protocols

Initially, the long-term vegetation monitoring plot network will consist of 150 plots.  These plots will be located randomly throughout the Park based upon stratification by broad vegetation classes.  Once established, plots will be resampled on a staggered five-to-seven year cycle.  Additional plots will be added if information is needed about a given area.   Plots may be added to or removed from the network if sample size analysis suggests changes in the number of plots are needed to more efficiently detect change in a component of interest.  The general sample size formula for random sampling in large populations (Thompson 1992) is given in Appendix A.  Since they were not established with a systematic study design, the Upland Research Lab plots will be resampled separately from the network of new plots to answer specific management questions about changes in forest communities in specific areas of the Park.  

Plot selection
Currently, the University of Georgia Center for Remote Sensing and Mapping Science, in cooperation with GRSM, is developing a modern high-resolution vegetation map of the Park which will be compatible with the Nature Conservancy National Vegetation Classification System.  When available, this map will be used to stratify the Park based upon vegetation communities.  Once fixed, it is important that strata not change with time.  For this reason, using vegetation as a means of stratification is often problematic.  Therefore, we will only use broad vegetation classes (such as rich coves, acid coves, and dry oak) that are not as likely to change as a result of succession and disturbance.  Cover types will be sampled based upon their overall dominance on the landscape.  Ecologically important and threatened areas with lower coverage (such as beech gaps, spruce-fir forests, heath balds and grassy balds) will be sampled more intensely relative to the total proportion of the Park they cover. 

ARC/INFO will be used to randomly select locations of potential plots within the entire distribution of each cover type throughout the Park.  To ensure that sampling is both feasible and representative, cost analysis will be used to distribute samples between readily accessible and inaccessible areas (Thompson 1992; Appendix A).  Data from the Upland Lab plots will be used in this analysis.  As the sampling protocols for the All Taxa Biodiversity Inventory are further developed, some plots may be located within landscape reference areas to serve as biodiversity reference points.  Whenever possible, plots of the same forest type will be resampled in the same year to reduce the effects of annual climatic variability and allow interim analysis of data from specific natural community types.

Plot Layout

Generally, plot sampling will follow the methodologies of the North Carolina Vegetation Survey (NCVS; Peet et al. 1998) except where noted.  According to Peet et al. (1998), this system is appropriate for diverse applications, incorporates multiple scales, yields data compatible with those from other common methods, and may be applied across a broad range of vegetation types. The standard unit of observation in this system is a 10 m X 10 m module.  This modular design  allows flexibility in sampling intensity, time commitment, and plot layout.  The NCVS protocol has been used to establish approximately 3000 plots in North Carolina, Tennessee, South Carolina, and Georgia.  This region-wide use will link our data to those from other areas within the southeast.  In addition, the NCVS plot is the same size (20 m X 50 m) as the Upland Lab plots that will be sampled in conjunction with the long-term monitoring plot network.  Modified versions of this plot design are used to monitor vegetation at other Park Service Units, including the Prairie Cluster LTEM Parks and Cape Code National Seashore.  In addition to its use in the NCVS design, this basic modular design has also been used by the Smithsonian Institution/Man and the Biosphere Biological Diversity Program and the Biological Diversity in Latin America Program to establish 1 ha plots throughout the world.

Depending upon the homogeneity of vegetation, multiple modules are used to form larger sample units that better represent plant communities.  A standard 2 X 5 module configuration (20 m X 50 m, total area = 0.1 ha, Figure 2) is most often used, but the number and/or arrangement of modules may be altered to better capture the complexity of a vegetation community.  Plots will be positioned to ensure that sampled vegetation is as homogeneous as possible.  Typically, new 
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Figure 2.  Layout of an intensive module (A), and a set of 10 modules as a 0.1 ha plot (B).  Corners within module are numbered 1-4.  Modules are numbered (1-10) and intensive modules (2, 3, 8, and 9) are shaded. Permanent stake (rebar) locations are marked with circles in B.  Adapted from Peet et al. (1998). 

plots will be placed along contours perpendicular to the slope or lengthwise on ridges or along drainages.  Typical plot layout will follow that shown in Figure 2.  Four module corners along the plot center line (0 m, 10 m, 30 m, and 50 m ) will be marked with a length of rebar.  Two additional corners will be marked along each base line at 10 and 30 m.  Both end stakes (0 m and 50 m) will be associated with two witness trees picked for their uniqueness and durability.  Distance and azimuth from each witness tree to the end stake will be given.   Witness trees will be tagged, measured for dbh, and identified to species.  Other unique characteristics of the area will be noted.  UTM coordinates of all plots will be determined with a GPS unit.  

Data Collection

When possible, new plots will be established and overstory tree data collected between October and May.  Herbaceous and understory sampling will be completed during the June-August growing season.   Examples of species codes are shown in Appendix B.  Nomenclature will follow Kartesz (1994).   Data collected in each plot is summarized in Table 1.  

Environmental Variables

Before vegetation sampling begins, information describing the plot microenvironment will be recorded.  These data include elevation, percent slope, aspect, topographic position, landform type, depth to rock, and forest type.  General information about past disturbance (old-field, historic fire, livestock grazing, logging, etc.), recent disturbance (fire, wind, etc.), presence of canopy gaps, rock outcrops, and other site conditions will be recorded.

Species Presence and Coverage

Within the NCVS protocol, species presence and coverage quantify vegetation across all strata (overstory, understory, and herbaceous layers).  Species presence will be recorded in nested subplots (1 m2, 10 m2, and 100 m2) within 4 intensively sampled 10 m X 10 m modules (Figure 2; Table 1).  The cover class (Table 2) of each species will be recorded by height strata  (< 0.5 m; 0.5-5 m;  > 5 m) within each of these 4 intensive modules.  The presence and cover of bryophytes and lichens are also recorded, although individual species will not be 

Table 1.  Summary of vegetation data collected within each plot.

Component
Sampling

Species presence and cover
Recorded for all species in nested subplots within each of 4 intensive modules. Cover recorded separately for three height strata (< 0.5 m; 0.5-5 m; > 5 m).  Presence and cover of additional species not found in intensive modules recorded in other six 10 m X 10 m modules.

Trees ( 10 cm dbh
Dbh to nearest 0.1 cm in all modules; mapped to nearest 0.5 m; cores collected from 3 dominant or co-dominant trees.  Canopy position and tree condition classified.



Dead trees ( 10 cm dbh
Dbh to nearest 0.1 cm in all modules; mapped to nearest 0.5 m.  



Woody stems < 10 cm dbh; ( 1.4 m height 
Tallied in all modules by species into 4 diameter classes.



Dead woody stems < 10 cm dbh; ( 1.4 m height
Tallied in all modules by species into 4 diameter classes.



Woody stems < 1.4 m height
Density tallied by species in 3.2 m X 3.2 m subplot in 4 intensive modules.



Herbs
Cover by species in four 10 m X 10 m modules; additional species in other 6 modules.  



Down deadwood ( 10 cm midpoint diameter
Midpoint diameter to nearest cm; length to nearest 0.1 m; decay stage, all modules.



Bryophytes (summed) and Lichens (summed)
Cover in 4 intensive modules.

Table 2.  Cover-abundance scale classes used in permanent plot sampling (Peet et al. 1998).

Cover Range
Scale Value
Class Midpoint

Missing but nearby
--
--

Solitary or few individuals
1
0.3

0-1%
2
0.5

1-2%
3
1.5

2-5%
4
3.5

5-10%
5
7.5

10-25%
6
17.5

25-50%
7
37.5

50-75%
8
62.5

75-95%
9
85.0

95-100%
10
97.5

identified.  The other 6 non-intensive modules are searched for species not found in the 4 intensive modules and each species is assigned a cover class value based on its coverage across the entire 20 m X 50 m plot.

Overstory Trees

All living and dead trees ( 10 cm dbh (measured at 1.4 m) will be measured for dbh to the nearest 0.1 cm within each 10 X 10 module (total area = 0.1 ha).  All trees will be tagged and mapped by module to the nearest 0.5 m using an XY coordinate system.  The NCVS protocol tallies overstory trees into 6 diameter classes.  However, since trees on these plots will be remeasured at regular intervals, precise measurement and mapping are needed.  Trees on slopes are measured on the uphill side.  If a tree has an abnormality at breast height it will be measured above or below the abnormality and the height of measurement recorded.  Trees that fork below breast height will be measured as two trees.  Appendix C provides full guidelines for measuring tree dbh.  Each tree will be assigned to a canopy position class (suppressed, intermediate, codominant, dominant; see Appendix C for a description of each class) and a condition class (1 = No dieback;  2 = 0-25% dieback; 3 = 26-50% dieback;  4 = 51-75% dieback;  5 = > 75 % dieback; 6 = dead; 7 = down; 8 = missing).  On each plot, 2-4 codominant trees will be cored to determine stand age.  All tree cores will be mounted and cataloged and the yearly growth increment of selected cores will be measured. 

Busing and White (1993) found that spatial variation in biomass and basal area of old-growth forests in GRSM decreased at scales > 0.5 ha.  Other studies have recommended large plot sizes to assess overstory structure in eastern old-growth (Spetich and Parker 1998).  In old-growth areas with a dominant cohort of scattered large trees, a 0.1 ha plot may be too small to provide an accurate assessment of stand characteristics.  If staffing permits, overstory trees will be sampled within a 0.2 ha plot (5 X 4 module array) in these stands.  Plot sizes in old-growth forests may be further increased to 0.5 ha if future staffing permits. 

Down Deadwood

The length and mid-point diameter of all down deadwood with a midpoint diameter ( 10 cm will be measured.  Only portions of logs ( 10 cm within the plot will be measured (Figure 3).  Portions of logs outside the plot boundary will not be measured (Figure 3). Branches larger than 10 cm mid-point diameter will be measured as separate segments.  Each log will be classified into one of six decay stages based upon Pyle and Brown (1998; Figure 4, Table 3). Portions of individual logs comprised of different decay stages will be measured as individual segments. 

Understory Sampling

All woody stems ( 1.4 m in height but < 10 cm dbh (saplings) will be tallied in four size classes (0-1 cm, 1.1-2.5 cm, 2.6-5 cm, and 5.1-10 cm) by species.  Typically, stems will be tallied in all 10 modules, but modules may be subsampled in plots with extremely high understory densities.  Vine species (Vitis spp., Parthenocissus quinquefolia, etc.) will only be tallied if they are rooted within the plot.  The density of dead stems will be inventoried separately.  Woody stems < 1.4 in height will be inventoried by species within the 3.2 m X 3.2 m subplots nested in the 4 intensive modules.  The standard NCVS protocol does not tally stems < 1.4 m in height.

Herbaceous Sampling

Cover will be recorded within the 4 intensive 10 m  X  10 m modules.  The coverage of additional herbaceous species present in the 6 modules not sampled with nested subplots will be recorded.  The density (# of stems) of rare, threatened, or other herbaceous species of interest on a given plot will be recorded in the nested subplots.  Voucher specimens of unknown species will be kept.  To avoid seasonal variation in plant cover, whenever possible we will resample plots of a given forest type during the same month of year they were originally sampled. 

Bryophytes and Lichens Sampling

The cover of bryophytes and lichens will be recorded within the 4 intensive modules.  Data will not be collected for individual bryophyte and lichen species.

Data Preparation 

In addition to field measurements, the following summary values will be calculated for each plot and entered into an ACCESS database.





Figure 3.  Measure only those parts of down deadwood that are within the 0.1 m2 plot boundary and at least 10 cm in diameter.  Record the length of each qualifying piece and the diameter at midpoint of its length.  Measure branches ( 10 cm diameter as separate pieces as shown by the numbered segments in this figure.  Shaded areas represent portions of logs that should be sampled.

Table 3.  Characteristics of log decay stages (adapted from Pyle and Brown 1998)

Decay Stage Description

Stage 1

-bark firmly attached

-exposed wood not stained by weathering

-log is round

-small branches present

-log is resting on surface 

-primary surface substrate: sound bark

Stage 2

-bark not firmly attached, patchy

-exposed wood may be bleached

-log is round

-small branches absent

-wood is mostly solid

-log is resting on surface

-primary surface: hard wood, decayed bark

Stage 2A

-surface is case-hardened, bark mostly absent

-center of log often hollow (Castanea)

-log is round

-log may be partially sunk into ground 

-primary surface substrate:  hard wood

Stage 3

-bark generally absent (except in Betula and Prunus)

-log structure is solid, not brittle, firm when kicked

-dry log surface flaky, appears shredded

-wet log surface spongy

-log partially sunk into ground

-primary surface substrate:  soft wood

Stage 4

-log is no longer solid, although some fairly solid segments remain

-log breaks into pieces when kicked

-log oval or flattened, one third or more sunk into ground

-primary surface substrate:  spongy or powdery wood

Stage 5

-log is flat, mostly sunken into the ground

-log is soft and powdery in texture

-log is often obscured by litter

-primary surface substrate: loosely aggregated powdery wood

Figure 4.  Decay stages of down deadwood in eastern deciduous forests.  Adapted from Pyle and Brown (1998).
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Overstory data

Basal area/ha, density/ha, relative density, relative basal area, and importance value will be calculated by species for living overstory trees on each plot.   Basal area and density/ha will be calculated for all standing dead trees.  Overstory species richness (S), evenness (E), and 
Shannon-Weiner diversity (H’) will also be calculated for each plot.  All formulas are shown in Appendix A.  

Down Deadwood Data

 The volume of individual logs will be calculated using the formula for the volume of a cylinder (Appendix A).  While this formula does not allow for the taper of logs, it requires only two in-field measurements.  Summed volume/ha will be determined for each plot by decay stage.  Additional volumes will be calculated by diameter class or by other criteria as needed.    

Woody Understory Data

Density/ha and relative density of saplings (stems ( 1.4 m height but < 10 cm dbh) will be calculated by species for each of the four size classes (0-1 cm, 1.1-2.5 cm, 2.6-5 cm, and 5.1-10 cm) on each plot.  Density/ha and relative density of seedlings (woody stems < 1.4 m height) will be calculated by species for each plot.  S, E, and H’ will also be calculated for saplings and seedlings on each plot.   

Herbaceous Data 

Midpoints of percent cover classes of individual herbaceous species will be determined for each plot.  Midpoints will be used to calculate S, E, and H’ for each plot (midpoints are given in Table 3). 

Bryophyte and Lichens Data

Percent cover of bryophytes and lichens will be determined for each plot.

Data Analysis

Once data have been summarized, statistical methods will be chosen based upon what research or management questions are asked.  Ordination techniques, such as Canonical Correspondence Analysis (CCA), nonparametric scaling (if data do not meet assumptions of normality), and factor analysis will be used to examine overall trends in composition across temporal and environmental gradients.  Regression analysis will be used to assess relationships between two variables, or between a single dependent variable and several independent variables.  One-way analysis of variance will be used to test differences between samples classified by one criterion.  Initial tests will be performed to determine if data meet assumptions of normality and equal inter-group variance.  Where these assumptions are sufficiently violated, data will be transformed or nonparametric procedures will be used.  

Presence/absence data collected from nested plots will be used to calculate species-area curves for each plot (an example of a species area curve is provided in Appendix D).  These curves will be used to examine the relationship between species richness and scale in different community types.  For example, cove forest species richness typically reaches a plateau at a smaller summed plot size than dry oak forests (Peet et al. 1998).

Data Quality Control

 Since considerable effort and expense will be devoted to collecting long-term vegetation data, the high quality of these data must be assured.  To maintain data accuracy, the following procedures will be adhered to:

1. Data will be checked at all stages of collection and entry for obvious errors.

2. Standard forms and methodologies will be used for the collection of all data (examples of data sheets are included in Appendix E).

a. Visual estimates of species coverage will be performed by the same worker(s) throughout the field season to minimize between-worker variability.

b. At the beginning of each field season, workers will be trained as a group to assure the standardization of methods and estimates.

c. Additional training will be provided to workers visually estimating coverage to assure that estimations are consistent between workers.  Accuracy of cover estimates will be checked periodically against templates of known coverage.

3. Logical searches will be used to assess data for errors (for example, trees with decreasing diameter, understory species with large diameters).

4. Where errors are found additional checking will be performed.

5. Two copies of field sheets will be filed in separate locations for permanent reference.
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Appendix A

Formulas and equations

General sample size formula (Cochran 1977)

n =  EQ \A() 

 EQ 

 EQ 

 EQ \F(CV2t2,AE2) 
where:

   n = the number of samples required to estimate the population mean within an allowable error of AE, apart from a ( chance of failing to meet the specified allowable error.  Computed values of n should be rounded up to the next larger integer.

CV = estimated population CV where CV = standard deviation/mean expressed as a percent.

t = Student’s t statistic for a specified ( and n-1 degrees of freedom.  For the typical two-tailed test , the appropriate values are (/2 in the t-table.

AE = allowable error expressed as a percent of the mean.

Sample Allocation by Cost (Thompson 1992)

nh = 
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where:

c =  total cost

co = fixed overhead cost

ch = cost of sampling a plot in stratum h

nh = number of independent plots in stratum h

ah = area of stratum h

sh = standard deviation of stratum h

 EQ \A() 

 EQ Relative Density =  EQ \F(density of a species,total plot density) X 100 
Relative Basal Area =  EQ \F(basal area of a species,total plot basal area) X 100 
Importance Value =  EQ \F(relative density + relative basal area,2) X 100 
Species richness (S) = # of species per plot

Shannon-Weiner diversity (H’) =  EQ\i\su(i=1,k,pi(log pi) 

 EQ\i\su(i=1,k,pi\(log pi\) 

 EQ 

 EQ \I\su(i=1,s, pi\(log pi\)) 

where:  pi = proportional abundance of of the ith species.

 Evenness (E) = H’/ln S

Volume of a cylinder (down deadwood volume) = (r2(h)

Appendix B

Example of species codes

SPECIES
NEWCODE
EXOTIC

ACER LEUCODERME
ACERLEU


ACER NEGUNDO
ACERNEG


ACER PENSYLVANICUM PENSYLVANICUM PENSYLVANICUM
ACERPEN


ACER PLANTANOIDES
ACERPLA
1

ACER RUBRUM
ACERRUB


ACER SACCHARINUM
ACERSAI*


ACER SACCHARUM
ACERSAC


ACER SPICATUM
ACERSPI


ACER RUBRUM VAR. TRILOBUM
ACERRUBT


AESCULUS OCTANDRA
AESCOCT


IMPATIENS CAPENSIS
IMPACAP


IMPATIENS OLIVERI
IMPAOLI
1

IMPATIENS PALLIDA
IMPAPAL


CEANOTHUS AMERICANUS
CEANAME


RHAMNUS CAROLINIANA
RHAMCAR


AMPELOPSIS CORDATA
AMPECOR


PARTHENOCISSUS QUINQUE FOLIA
PARTQUI


VITIS AESTIVALIS 
VITIAES


VITIS BAILEYANA
VITIBAI


VITIS CINEREA
VITICIN


VITIS LABRUSCA
VITILAB


VITIS ROTUNDIFOLIA
VITIROT


VITIS VULPINA
VITIVUL


TILIA HETEROPHYLLA
TILIHET


HIBISCUS MOSCHEUTOS
HIBIMOS


HIBISCUS SYRIACUS
HIBISYR
1

MALVA NEGLECTA
MALVNEG
1

MALVA SYLVESTRIS
MALVSYL
1

SIDA SPINOSA
SIDASPI
1

STEWARTIA OVATA
STEWOVA


 Appendix C

Individual Tree measurements
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Canopy position class descriptions.  Canopy class primarily describes the amount of sunlight received.

Class
Description

1
Dominant—trees with crowns extending above the overall level of crown cover and receiving full sunlight from above and partly from the sides.  Trees are larger than the average overstory tree in the stand and have well-developed crowns.  

2
Codominant—trees with crowns forming the general overstory-level canopy and receiving full light from above, but comparatively little from the sides.

3
Intermediate—trees shorter than those of the two preceding classes, but with crowns either below or extending into the crown cover formed by dominant and codominant trees.  Trees receive little light from above and none from the sides.  Trees may be located in single tree gaps that have closed-in from lateral growth of surrounding trees.

4
Suppressed—overtopped trees with crowns entirely below the general level of crown cover that receive no light from either above or from the sides.

 APPENDIX D

EXAMPLE OF SPECIES-AREA CURVE



APPENDIX E

EXAMPLE OF DATA SHEETS

VEGETATION MONITORING

New Plots

Plot______________________  Date_______________________  Crew________________________

Location Description

M 1/10  Witness Tree # 1
Species _______________________________  DBH ___________________




      
Azimuth _____________________  Distance to stake  __________________

M 1/10  Witness Tree # 2
Species _______________________________  DBH ___________________




      
Azimuth _____________________  Distance to stake  __________________

M 5/6  Witness Tree # 1
Species _______________________________  DBH ___________________




      
Azimuth _____________________  Distance to stake  __________________

M 5/6  Witness Tree # 2
Species _______________________________  DBH ___________________




      
Azimuth _____________________  Distance to stake  __________________

Trailhead, directions from trail, other identifying site features:

Site Description

Slope (%) _________  Aspect  __________  Slope shape ___________ Topographic position ___________

Elevation _____________  A-Horizon depth _____________   Litter depth _____________

Disturbance 

Agriculture/grazing_______________________________

Additional Disturbance Notes:

Logging________________________________________

Fire___________________________________________

Pine beetle______________________________________

Windstorm______________________________________

Hogs__________________________________________

Other__________________________________________

General Comments:

NESTED PLOT PRESENCE AND COVER      

Record cover in 10 X 10 module at depth where species first occurs.  See plot diagram for module/corner layout.

Cover classes: Missing but nearby --;  Solitary or few = 1;  0-1% = 2;  1-2% = 3;  2-5% = 4;  5-10% = 5;  10-25% = 6;  25-50% = 7;  50-75% = 8;  75-90% = 9;  95-100% = 10.  Column #’s = module - corner #’s; S1= strata 1, S2 = strata 2, S3 = strata 3; R = rest of plot (6 non-intensive modules, strata 1-3).

Species


S Code
2-2
S1
S2
S3
3-1
S1
S2
S3
8-4
S1
S2
S3
9-3
S1
S2
S3
R1
R2
R3























































































































































































































































































































































































































































































































































































































































































































































Arrangement of nested plots.



Column #’s on NESTED PLOT PRESENCE AND COVER data sheet refer to module and corner #’s.  For example, 2 2 refers to module 2, corner 2.  

Nests: 
1 X 1 m


3.2 X 3.2 m


10 X 10 m

SEEDLING DENSITY SAMPLING (3.2 m X 3.2 m)   Woody vegetation < 1.4 m height. 
Species
S Code
Module 2-2
Module 3-1
Module 8-4
Module 9-3























































































































































































OVERSTORY SAMPLING


M
T#
   Species
S Code
X
Y
DBH
CP
TC
M
T#
Species
S Code
X
Y
DBH
CP
TC









































































































































































































































































































































































































































































WOODY STEMS  ( 1.4 HEIGHT, < 10 CM DBH DENSITY

M
Species
S Code
0 – 1 cm
1.1 – 2.5 cm
2.6 – 5 cm
5.1 – 10 cm

























































































































































































DOWN DEADWOOD

Module #
Decay S.
Mid-Point
Length
Module #
Decay S.
Mid-Point
Length
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Decrease in species accumulation.  








Species Richness 
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 Canopy Position (CP)


 1 = dominant


 2 = codominant


 3 = intermediate


 4 = suppressed








 Tree Condition (TC)


 1 = No dieback


 2 = 0-25% dieback


 3 = 26-50% dieback


 4 = 51-75% dieback


 5 = > 75 % dieback 


 6 = dead


 7 = down


 8 = missing








T# = tree number
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