U.S. Department of the Interior
National Park Service

COASTAL FOREST MONITORING PROTOCOL,
CAPE COD NATIONAL SEASHORE

Prepared by:

Stephen M. Smith (Plant Ecologist)
Vel Decker (Data Manager)
Carrie Phillips (I&M coordinator)

Cape Cod National Seashore
99 Marconi Site Road
Wellfleet, MA 02667

Prepared for:

Northeast Coastal and Barrier Network Prototype ftboimg Program (January 2004)



ACKNOWLEDGEMENTS

Dr. William Patterson Il (University of Massachtise Amherst) originally founded
what was to become a long-term program of monigpfanest habitat at Cape Cod
National Seashore. It is only through his excellgork and that of his graduate students
Unna Chokkalingham and Elizabeth Barron that tbhisudnent came to fruition.
Moreover, Dr. Patterson’s ongoing research willtoare to provide CACO with top
quality information that will compliment the prowadescribed below. We would also
like to acknowledge the efforts of Nels Barrett #&rdly Hubbard who adapted the
sampling strategy to better fit the needs of logigatecosystem monitoring. Throughout
the development of this protocol Nancy Finley (NatiResource Division Chief) and
Carrie Phillips (&M coordinator) provided vital pport and guidance. Finally, we are
grateful to all the technicians and student intevhs assisted in data collection.



TABLE OF CONTENTS
NARRATIVE

1. Background and Objectives
Background and history

Rationale for Monitoring Coastal Forest HabitaC&CO

History of Protocol Development

2. Sampling design
Rationale for the new sampling design

8

9

Procedures for fixed radius sampling
Revisions to module design and specifications

10

Revisions to spatial scales and frequency

10

10

Expansion of spatial sampling
Additions and revisions to the protocol

11

Environmental Variables

12

12

Number and location of sampling units
Frequency and timing of sampling

13

Detecting trends

13

Power analysis

14

3. Field methods

Field season preparations and equipment setup

19

Sampling procedures

19

End-of-day procedures

20

End-of-season procedures

20

4. Data handling, analysis, and reporting
Overview of data procedures

20

Recommendations for routine data summaries andtgtat analyses 21

Recommended reporting schedule

22

5. Personnel requirements and training
Roles and responsibilities

22

Quialifications and Training

22

6. Operational requirements
Annual workload and field schedule

23

Facility and Equipment Needs

23

Startup Costs and Budget Considerations

24

7. Literature cited

25




STANDARD OPERATING PROCEDURES

SOP#1: Preparations and Equipment Setup Prioreld Season 30
SOP#2: Training Observers 31
SOP#3: Using the Global Positioning System 33
SOP#4: Establishing and Marking Plots 35
SOP#5: Conducting the Plot Survey 37
SOP#6: Reporting 41
SOP#7: Data Management 43

SOP#8: Preparations and Equipment Storage Follofigld Season 54

SOP#9: Safety 55

APPENDICES
Appendix |: Selected comparisons of variable-radis. fixed-area plot dat&b6

Appendix Il: Site descriptions and locations 57

Appendix lll: Selected variables from 2002 fixeea plot sampling 94

Appendix IV: Summary of selected power analyses 103

Appendix V: Field Forms 108




NARRATIVE

1. Background and Objectives

Background and history

Although Cape Cod National Seashore (CACO) is peyheest known for its shoreline
scenery, the interior forests and woodlands hagerbe the most prominent feature of
this coastal landscape. In the period before Ewogettlement, Cape Cod was covered
largely by pine-oak forests, interspersed with $enareas of hickory, beech, red maple,
and birch (Motzkin et al. 2002). In the"18nd 19" centuries, much of Cape Cod
consisted of open heathlands and grasslands craadiechaintained primarily by the
agricultural practices of early settlers that inlgd cutting, grazing, and burning
(Eberhardt 2001, Eberhardt et al. 2003). The tessaf these activities by the mid-
1800s allowed trees to re-invade the landscapezitoet al. 2002, Patterson et al. 1983,
Parshall et al. 2003) and forests now occupy tigek land-surface area and biovolume
of any vegetation community (Figure 1).

Currently, the dominant tree species of CACO arehpine Pinus rigidg, black oak
(Quercus veluting and white oakQuercus alb® Various mixtures of these comprise
most of the forest habitat, which is broken up imabler areas of black locusR@binia
pseudoacacip red mapleAcer rubrun), and beechHagus grandifolia. P. rigida is a
drought-tolerant, fire-adapted species that throweshe well-drained, acidic soils of
CACO and are increasing in abudnace in areas ofdoheathland (Barron 2004). In
many places, howevdp, rigida has declined in relative abundance, giving wath&
shade tolerant and longer-lived bla@kvelutinaand whiteQ. alba AlthoughQuercus
spp. have sporadically been defoliated by gypsyhsover the latter half of the 1900s,
the successional sequencdPofigidato Q. velutinato Q. albanow continues relatively
uninterrupted across large portions of upland lagbparticularly on xeric, sandy soils - a
process that is encouraged by active fire supmegBiatterson 1983, Chokkalingam
1995, Barron 2004). In more mesic soils or in authat are seasonally floodeq,
rubrumand, to a much lesser extent, Atlantic white cé@aamacyparis thyoidgss
abundant. Stands &. pseudacacianost of which were planted by humans, exist as
scattered, isolated patches throughout the midalesauthern portion of CACO whereas
F. grandifoliapredominates within a single, unfragmented stdndadure forest at the
northern tip of the peninsula.

In general, the forests and woodlands of CACO laeetoduct of both cultural and
natural influences. The independent and interaafects of human history and the
coastal environment have resulted in a unique masgdorest types, each with the
potential to follow a different trajectory of chamgMonitoring and understanding this
change has become an important priority for theslSae.



Rationale for Monitoring Coastal Forest HabitaC&CO

Forest communities within CACO are found over aabrcange of topographic,
hydrologic, and geologic conditions and provideeapansive habitat for a large number
of flora and fauna. As such, forests may servanasnportant indicator of the ecological
health of not only CACO, but Cape Cod itself. Bo#tural and anthropogenic factors
influence the health of forests. Chronic and eglisclimatological factors, fire, fire
suppression, disease, invasive species, insectgsgion, fragmentation by
development, acid deposition, ultraviolet radiatigiobal warming, and air pollution
have been identified as having the potential taifgantly alter this diverse habitat
(Roman et al. 1999). Such realized and poteritraktts necessitate a comprehensive
system of response monitoring. To objectively ssspatial and temporal variation in
forest ecosystems in a manner that is scientificalbust, it is imperative that a standard
protocol for collecting and processing informatlmnfollowed. This ensures that data
maintain a high level of integrity that is vital doawing any conclusions through
analytical inquiry.
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Figure 1. Map depicting 2000 aerial cover of foe@sodland habitat (green-shaded area) within
CACO (red boundary).

This document proposes a methodology for implemgrdi system of monitoring
designed to provide high quality information on hatus of forest resources across
CACO. While the protocol itself should serve as pimary tool with which to assess
structural and functional changes in these comnasiavailable environmental datasets
on potentially important abiotic factors (e.g.,w@gon, precipitation, air quality, soil
properties) can help to elucidate underlying mewdmas of change and, subsequently,
guide the management of the resource. It is egdebiat these kinds of analyses will
also assist investigators studying other biologsyatems. For instance, certain wildlife
respond to forest habitat suitability as defineddonomic composition, productivity,
and/or reproductive output (Fuller and DeStefan@2@ook and Boland 2004).



Similarly, forest processes are highly relevarthtomonitoring of adjacent habitats, such
as heathlands and grasslands, which are slowlyglbes through succession (Motzkin et
al. 2002).

History of Protocol Development

In 1981, Dr. William Patterson (University of Masbasetts, Amherst) established 21
sampling sites in forest habitat within the boumeaopf CACO. The primary objective of
this study was to collect data on forest strucaure composition for modeling fire
regimes (Patterson et al. 1983). The sites themselere defined by a network of rebar
stakes (hereafter known as “fire stakes”) reprasgmoints at which data were collected.
The arrangement of the stakes was based on detdioms of stand boundaries as
inferred by various structural and compositionahomonalities (Patterson 1983).

In characterizing the sites, trees were samplé@anways. At each fire stake, an angle
gauge (“Cruz-all” type) was used to estimate baszh and tree densities, which yields
data within circular areas of variable-radius dejdeg on tree size and distance away
from the sample point. In addition, tree cover werded within 20 x 20 m relevé plots
(Figure 2). Unfortunately, the boundaries of tekevé plots were not marked with
permanent monuments. Since GPS technology diebasit at the time, they could not be
relocated with any reasonable accuracy. Estinwtpsrcent cover of near-ground (i.e.,
shrubs, saplings between 0.5 and 2m in heightgamahd (<0.5m) vegetation were
recorded as ordinal ranks (see scale in SOP#5nfiided-area circular plots (the center
of each plot being the fire stakes).
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Figure 2. Example of the original relevé and paiampling plan.



In 1991, Unna Chokkalingham (Dr. Patterson’s gréelstudent) re-located and re-
surveyed 13 of the original fire-stake arrays talgne changes over the previous decade
(Chokkalingham 1995). As in 1981, trees were sampi variable-radius plots. Shrub
vegetation, however, was assessed in a differenhardy enumerating stems within
4nt circular plots centered on each stake. Simildi9®1, herbaceous cover was
recorded within 1rhcircular plots.

In 2001,13 of the sites surveyed in 1981 (Patterson) a®@ {8hokkalingham 1995)
were revisited and sampled by both the originahmeét(variable-radius point-sampling)
and by a new method that used a fixed-area (moduésign (Barrett 1999, Hubbard
2001). Sampling by the two methods provided arodppity for quantitative
comparisons using regression analysis (see Appéndnd qualitatively where the
variates are not directly comparable. Sites thatdcnot be relocated, or that had since
been dramatically altered, were not sampled (sqeeAgix 11). Near-ground (shrub)
vegetation was assessed in a different way tha8&1 and 1992. A 5-m field tape was
stretched along a 305° bearing (randomly-determioetifrom each stake, and relative
cover (percent of the line) by shrub species remitHubbard 2001). Although the line-
intercept method is an acceptable way to desceigetation, the consequence of
changing methods is that comparisons between ffexatt time periods are
compromised. Finally, square 2 x 2 m plots (cexttem the rebar) were used for visual
estimation of ground cover (<0.5 m) at each stake.

Objectives

i) Management objectives — CACO has not yet deveslggny specific management
objectives but is currently working on linking fetecover with heathland and cultural
vista management objectives. The general purpiobe datter is to maintain open
landscapes by suppressing the succession of grdssdad shrublands to woodlands and
forest. While methods are still under developmins, expected that various
combinations of cutting and fire will be used te@amplish this task.

i) Sampling objectives — The original sampling @tijves of Patterson et al. (1983) were
based upon characterizing the attributes of speitifest types relative to fire potential
and fire history. A subsequent survey in 1993 éeclion analyzing changes within these
types within the decade. These objectives wereadspted for the most recent survey
2003 and for the protocol in general.

iii) Monitoring objectives — CACQO'’s principal mowiting objective is to document the
spatial and temporal compoenents of change withiious forest community types. The
sampling design seeks to provide high-quality gite@inte data on forest structure,
including the understory vegetation. We also vitsexamine compositional variability
and change (i.e., relative species abundancesjauBe this protocol was adapted from a
previous monitoring design (Patterson et al. 198i3)best suited to analyze changes
occurring within different forest community typeather than Park-wide. In a statistical



context, it would be desirable to be able to de&e20% change in important forest
attributes (tree density, basal area, etc.) witB@#b level of certainty.

2. Sampling design

Rationale for the new sampling design

Although useful for rapid inventories of foreststiure, the variable-radius plot method
has some limitations for repeated, long-term samgpliNamely, the area surveyed is
dependent upon stand characteristics, which ge@sonable estimates of basal area but
poor estimates of tree densities and diameteildistons (Larson 1999, Sparks and
Masters 2002). By contrast, fixed-area plots alfomprecise tracking of tree growth and
composition within an unchanging sampling area fidar1996, Bakker et al. 1996).

The fixed-area plots originally recommended by B&r§1999) and established by
Hubbard (2001) essentially follow the design oftReeal. (1998). In this approach, four
10 x 10m (0.01ha) replicate square “modules” war@ dut at each forest site, with the
typical arrangement being a cluster of adjacentutesdin a 20 x 20m (400tnarea
equaling the size of the original relevés (Figure Bt sites with a narrow band of trees
or certain geomorphic or anthropogenic featureff,(ocbad, etc.), the modules were
arranged in a linear fashion, or with variable spgbetween modules. Within the larger
modules, smaller sized plots are nested in theecsiior understory sampling (Figure 3).
This general plot layout, or similar versions ohidve been adopted by other National
Parks (Densmore et al. 1997, Jenkins 2001, Boweassak 2004), Long Term Ecological
Research sites (Foster and Aber 2003), and the NBSNegetation Mapping Program
(TNC and ENSR 1994). In fact, the design is cutyan wide use around the world
(Acker et al. 1998, Allen 1993, Stohlgren et al989Roberts-Pichette and Gillespie
1999, Williams et al. 1999, Campbell et al. 20@&yrlet al. 2002).

D Overstory (100, n=4'

Near-ground (10 n=16)

Ground (1r% n=16




Figure 3. Schematic of the 4 x 100module system with nested subplots for estimatizay-
ground (shrub) and ground (herb) cover.

Specific locations for module-based plots withia tArger network of fire stakes were
selecting based on the fire stake(s) that appdarkdst represent the general character of
the stand (E. Barron, personal communication). mbeules were oriented so that the
stake represented a corner of one or, the case alustered pattern, several modules
with one or several other fire stakes generallglase proximity (Figure 4).
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Figure 4. Orientation of modules in relation teiahle-radius plot sampling locations (fire
stakes).

Procedures for fixed radius sampling

In fixed-radius plot sampling all trees > 2m witl@ach module are tallied by species and
measured for diameter at breast height (DBH). ISkayver by species is estimated
within 10nf (3.3 x 3.3m) nested plots (n=16). Herbaceous cbyepecies is estimated
within 1n? (1 x 1m) nested plots (n=16). The different miizes for each stratum were
chosen primarily to facilitate accurate visual asseents of cover. The size and stature
of shrub vs. herbaceous vegetation differs in a thaymakes it difficult to see each
stratum in its entirety in the larger plots.



10

Revisions to module design and specifications

During the summer of 2002, steps were taken to venpotential error in re-establishing
plots, which were previously delineated using amg permanent marker and compass
bearings. To ensure that plots encompass the saast area every time they are
sampled, the corners of each module were markdditch diameter PVC stakes
inserted into the ground to a height of ~ 1-2rfoté: if there is a fire in the area, the
aboveground portion will usually melt into an anmtfwops mass that is still recognizable
as PVC). In addition, to establishing permaneat plarkers, aluminum tags, each with a
unique ID number, were nailed to the main trunklbfrees > 2m in height. Apart from
being able to track the growth of individual trettgs had the added benefit of marking a
reference point for DBH measurement locations. giragtrees also provided
redundancy in terms of delineating plot boundafiies, all trees with a tag are in the plot
and vice versa) and locating sites. Because itimvpsssible to match 2001 tree data
with the new tags, all trees within the plots wesenpled again so that each tree-related
datum corresponded with an ID number.

Revisions to spatial scales and frequency

In 2001, cover estimates were done for near-gr@mdground species in all plot sizes
(i.e., 1nf, 10nf, and 100rf) in every module. However, all species recordaethée
smaller plots would, theoretically, also be congginvithin the larger ones. Presumably,
this was done to calculate species-area curvesveldsr, the experience of the field
crews suggests that it is extremely difficult te@@tely determine cover for either layer
within the entire area of each 100dmodule. Moreover, the Tplots are too small for
reliable estimates of near-ground (shrub) covetenthie 10M plots are too large for
ground (herbaceous) cover. Thus, in 2002 estintdtesver for near-ground vegetation
(vegetation between 0.5-2m in height) were limitedour 10n7 (3.3 x 3.3m) plots in
each module (total of 16 per site) while grounderdvegetation < 0.5 m) was assessed
in four 1n? plots in each module (total of 16 per site). Resing the data collection to
these smaller plot sizes may increase the probabilimissing rarer species, although
any individuals not occurring within the nestedtplbut present within the boundaries of
the larger modules were recorded anyway. Regardies main objective of this
protocol is not to analyze population dynamicsasérspecies in the understory. To
properly address such concerns, a separate prasocetessary. Rather, it is to detect
trends in the overall structure and compositiofooésts, with the overstory vegetation
being the main component of interest.

Expansion of spatial sampling

The original site locations selected by Pattersaal.€1981) were part of a study to
characterize fire regimes in pine, pine-oak, andlwbitat. These locations were
retained as part of the network of fixed-area péstshey provide a valuable long-term (>
20 yrs.) record of forest population dynamics. haligh they represent the most common
types of forest habitat across CACO, they are sdmaélimited from both a geographic
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and floristic standpoint. With respect to thedatthe sites can be broadly characterized
as pitch pine-heathland (n=2), pitch pine (n=4)aedipitch pine-black and white oak
(n=7), black and white oak (n=1), and beech (n3ft)2002, an additional 24 sites were
established to broaden the spatial scope of mamgipincrease replication of under-
represented types (e.g., oak, beech), and incdgotiaer forest types (e.g., red maple,
black locust, Atlantic white cedar). These additibsites were located by generating
random points (using the Alaska Pak tool for Arewiever. 3.2) within specific forest-
type polygons delineated on the 1991 CACO vegetatiap.

Additions and revisions to the protocol

In an effort to continue improving and refining getocol, the following additional
parameters are undergoing evaluation for posgilgl@sion in the methods. However, it
is expected that several samplings will be necgdsamny rigorous assessments to be
made.

i) Sampling all trees - In previous surveys, omges with DBHs 10cm were measured
and counted. In 2003, all trees above 2m in heigite tagged, measured and counted so
that the entire population could be followed thriotigne.

i) A range of 0.5 to 2m in height was originallgad as the criteria for defining the shrub
stratum. However, shrub species in the understbRed Maple, Atlantic White Cedar,
and Black Locust sites commonly exceed the uppat.liYet these taxa (e.g/jburnum
dentatumLonicera morrowij llex glabrg cannot properly be considered part of the
overstory since they will never grow as tall asspecies that make up the canopy and do
not evolve into true forest types. Accordinglyistlayer will sometimes include
individuals that are greater than 2m in heightwilitnot become canopy members (they
are generally < 4m).

i) Canopy cover - Overstory canopies are an irtggarcomponent of forest architecture
which, by virtue of light attenuation, influenceetgrowth and character of understory
vegetation (Pages et al. 2003). From a wildlifespective, canopies offer protection
from predators and influence the living conditidosa variety of fauna (Werner and
Glennemeier 1999). Canopy cover is being asselksaaigh analysis of hemispherical
digital images (SOP#5).

iii) Maximum tree height — the height of the tatlége in each module is estimated
visually with the aid of a 2-m long reference pthlat is stood on its end next to the bole
of the tree. This method was chosen as an alteenat using a clinometer since there is
more flexibility in positioning oneself to see ttogp of the tree. In some stands where
tree densities are very high, it is extremely diift to obtain clinometer measurements
from a single point at a reasonable distance avaay the tree. Furthermore, no
additional measurements are needed to adjustdpesland angled terrain. Finally,
ocular determinations of tree heights have proediable in other studies (Deadman and
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Goulding 1978, Bechtold et al. 1998) and the dataalways be transformed to an
ordinal scale for statistical analysis.

iv) Seedling counts — Information on the relatibeiadance and growth of tree
seedings/saplings is useful in understanding piatemdjectories of change through
succession and the success or failure of recruitmer2002, the stems of all tree species
< 2m in height were counted in each module ancethlly species. Stems greater than
this height were not counted since these weragtjéd as overstory trees.

V) Tree coring - Nine trees from each site représgrihree different DBH size classes
will be cored and aged by counting tree ringsthla way, stand age and growth rates
can be estimated. Such information is criticalnoerstanding stand histories with
respect to structural development and successproaésses. This will be done before or
at the time of the next round of monitoring.

Environmental Variables

This version of the protocol does not include aimga sampling of environmental
(abiotic) parameters. One reason for this is$batral of the more important factors
influencing forest ecosystems can be very diffitalsample effectively. For example,
soil moisture frequently exhibits a high level pasial and temporal variability such that
instantaneous measurements can be relatively nggags To adequately characterize
the amount of moisture available to the entire nodigsee roots within a module, samples
would have to be drawn from multiple depths at ipldtlocations several times between
June and August. This represents a substantiesiment of time and labor. Even then,
the investigator would be left with trying to cdaee various patterns of tree growth that
have occurred over a ten year period (the time éetvsurveys) with hydrologic
conditions characterized during a single growingssa. Soil chemistry sampling and
analyses face the same issues. However, pre@mpit@nounts and quality, groundwater
levels, land surface topography, and soil chemd#ta are available and can be used to
provide some perspective on hydrology, water quadihd substrate conditions across the
site network. It is pertinent to note that Cholkkgham (1995) suggested that soil
moisture and land-use history are important faategsilating species composition.

Number and location of sampling units

There are currently a total of 39 sites represgrliprimary community types (beech,
pitch pine, pitch pine-black and white oak, blackl avhite oak, pitch pine-heathland, red
maple, black locust, Atlantic white cedar) withidCO. The sites are located
throughout the entire geographic range of CACOaedeasily accessible from existing
paved and dirt roads. Appendix Il includes dethrigaps and descriptions of each
location.
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Frequency and timing of sampling

Chokkalingham (1995) and Barron (2004) showedshmatificant changes in species
composition were detectable over a 10 to 12 yeaogbe Thus, we propose the

frequency of sampling to be every 10 years, wheckimilar to the interval between
surveys since 1981. With the exception of canapsec, collecting data for tree

variables is most easily accomplished in the wintespring as the absence of understory
vegetation (particularly vines) makes it much easienove around the plots. All
sampling, however, can be done during the summaetimsaf June through August.

Detecting trends

In 2001, data were collected within the modules a@intthe fire stakes. While the modules
were a fair representation of forest habitat thhmuig the larger fire stake network,
comparisons of these datasets reveal that tree DBh&ities, and basal areas are just too
different for any rigorous analysis of temporahtite (Appendix I). Such differences,
however, are not critical to the success of lomgteonitoring. Although it is preferable
to have the consistency of one method throughauétttire history of monitoring and/or
a near perfect correspondence between variablagadid fixed-area plot data,
transitioning to a new protocol only partially lit®ianalyses of temporal trends. In this
regard, changes over the last 20 years have altesatyevaluated using the variable
radius plots (Chokkalingham 1995, Barron 2004) e/kthanges over the next 20 (and
beyond) can be assessed using data from the freadpéots. If it is ever considered
necessary to make comparisons over a period ofttiatébridges the transition point
(2001), this can be done by re-sampling the fia&est by the variable-radius plot method
(Figure 5). Doing this would also be useful fotedenining whether the module-based
sampling is capturing the same kinds of changgmaxt sampling. To a certain degree,
the limited spatial coverage that modules provelative to the fire stake networks is
compensated for by the larger number of siteslfstmv under “Revisions to spatial
scales and frequency”).
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Figure 5. Diagram showing various timeline comgams that are possible with both sampling
methodologies. Analyses of change during 1981-Z80&re available in Chokkalingham

(1995) and Barron (2004). Future trends (B) caarmdyzed based on 2002-2003 module data as
the starting point. Analysis of trends over trensition period (C) will require sampling by the
original (variable-radius) method.

Power analysis

As described above, data collected by the varidivkestakes) vs. fixed area (modules)
plots are not directly comparable by statisticallgsis. Given the proposed transition to
fixed-area sampling, variable-radius plot datareveexamined here. A summary of
2002-2003 fixed-area plot data is presented in Adpelll. Because a secondary survey
is lacking for the modules (i.e., data for timet2mporal changes in important variables
were simulated by calculating 20% and 50% shifts\@an values calculated from the
2002-2003 dataset. These criteria are similandse used in the Shenendoah NP
Vegetation Inventory and Monitoring Program (Diddanh and Mahan 2002Although
using simulated data is not the ideal way to agses®r, it provides a useful preliminary
assessment until more rigorous analysis can be clmmearing two actual datasets.

Regression modeling served as a basis for derrgagonable estimates of standard
deviations for simulated means. Where means aiddtandard deviations were
significantly correlated, the regression equatiese used to estimate standard
deviations for the simulated means. Where no t@ioas existed, the same standard
deviations were used for actual and simulated me@hg was also done in cases where
standard deviations were negatively correlated midans (values decrease with
increasing mean values) so that power would bearwatvely estimated.

All data were log-transformed in order to meetalsumptions of normality and reduce
heteroscedasticity. Simulated shifts in populatigans were then calculated as mean
(20% or 50% of mean). Using the statistical analgsftware DSTPLAN™, developed
by Brown et al. (2002) and provided online by thaugrsity of California Los Angeles

Department of Statistics, T-tests were rar@.05) to calculate power. Since we were
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interested in testing two directional hypotheses,(H: m £ m; Hi: m  m), one-tailed
tests were used for each case of positive and inegdtange. Restricting the region of
hypothesis rejection to one tail of the samplingiributions provides greater power with
respect to the alternative hypothesis)(id the direction of that tail (Edwards 1972).
Although there are no universal standards for ppwéias been widely accepted that
power should be at least 0.80 - i.e., one shoutdmally have an 80% probability of
detecting a departure from the null hypothesisaémange.

There are many permutations of power analysisdiatoe done within the framework of
this monitoring design and not all are presented.h®nly data and groupings of data
considered most informative to scientists and marsagyere analyzed. In this regard,
tree diameter at breast height (DBH) is an impananiable since it directly describes
tree girth and is closely related to tree heigahapy area, and basal area. Basal area
(BA), which indicates the area of tree stem/truek pf of sampling area, integrates both
DBH and tree densities and is another criticalalale describing tree growth and
population dynamics (Horn 1971). Calculations aver to detect changes in species
composition is commonly done using methods thatpgamm similarity or dissimilarity
matrices of two datasets collected at differenesr(Philippi et al. 1998, Roman et al.
2001). With the absence of a secondary datasegVer, such tests are not possible.
Moreover, hypothetical shifts in community compmsitcannot be realistically simulated
as there are innumerable ways in which the relaiuendances of taxa can change.
Thus, for analysis of community-level changes, @anmte measure of species richness,
the Shannon-Weiner diversity index, was calculdtech tree data (both densities and
basal area) and compared to hypothetical deviatiotieese values.

Power to detect changes in total tree DBH and Bér ¢ve entire site network

Standard deviations and means for total tree DBIFsg@cies pooled) were negatively
correlated (R=0.32, [£0.001). According to this relationship, estimas¢éahdard
deviations for means representing a + 20% changgdwbeoretically be lower and,
therefore, the power to detect this change highevi{ded the number of replicates in the
second data set does not decrease substantidhype conservative in estimating power,
however, we felt it prudent to use the higher (@tstandard deviations for the
simulated means as well. When this was done, dlepto detect changes in total tree
DBH was still very high ( 95%) (Appendix V).

For BA, each site value represents the sum ofedstwithin that site, so there is no
associated variance. Consequently, no relatiortsttyween site BA values and standard
deviations could be determined. Analysis of indinal modules (which provide
replication within a site and, therefore, standddiations) suggests that means and
variance are, in general, positively correlatetie Tegression models, however, were
highly variable with respect to slope and goodméddg. Accordingly, standard
deviations for simulated network-level means weeuwated simply as percentages of
means based on the relationship of these two véilgesstandard deviation/mean) in the
original data. For example, a mean BA value ofitth & standard deviation of 2
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translates to a conversion factor of 0.5 (i.enddéad deviation is 50% of mean). Thus,
for a mean value of 4.8, which represents a +208h@g#, a standard deviation of 2.4 was
used for the analysis. By this approach, the paweetect a +20% and -20% change in
total tree BA over the entire site network was 5&% 71%, respectively. The power
was much higher (100%) for a 50% change in eitirection (Appendix 1V).

Total tree densities for each site are also singlees that represent the sum of all trees
within each site. Like BA, therefore, regressioodaling of variance cannot be done for
this particular data grouping and standard dewviativere adjusted by their
corresponding conversion factors. Power to dete«20% and -20% change was 53%
and 99%, respectively and 100% for a 50% changgler direction (Appendix V).

Power to detect changes in total tree DBH and Bhditvidual sites

For an individual site viewed as an entire entity.(as one 400fimodule), there can
only be one standard deviation value associatdd mvéan DBH (all species) and
relationships between mean DBH and variance camnatodeled. However, mean
DBH values that represent individual modules (n##thin a site and their variances can
be. When this was done, only negative or insigaiit relationships emerged. As in
previous analyses, values computed from the adatalwere used for simulated
populations.

Overall, the power to detect changes in tree DBHsfgecies pooled) at individual sites
varied substantially. At a 20% level of changepli® of 39 sites had power values
80%. At a 50% level of change, however, detegbower was 88% at all sites
(Appendix 1V). Mean site BA values and their startideviations were not correlated
and the same values were used. The power to ddtacges in total tree BA at
individual sites was generally good with value80% at 31 out of 42 sites for a 20%
change and at 35 out of 39 sites for a 50% chafsgpendix V).

Power to detect changes in individual species DBH BA over the entire site network

For individual species, mean DBH values were eittegratively or not significantly
correlated with their standard deviations. Agé&irerr on the side of caution, the original
standard deviations (larger values) were usech®simulated means. The power to
detect DBH changes of 20% in individual species w88% in all taxa except
Amelanchierspp. (shadbushlragus grandifoliglAmerican beech), andyssa sylvatica
(black gum) (Appendix 1V). Changes of 50% geneatatewer values of 89% and
above.

Based on analyses of data from individual modutes! (per site), standard deviations
were typically positively correlated with mean BAlues. Standard deviations for
simulated network means were subsequently calcufeten regression models for each
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species. Since site BA values are sum totals epassing all DBH values, there exists
only one value per site with no standard deviatis.such, power can not be computed.

Power to detect changes in DBH and BA of individdpacies at individual sites

The power to detect changes in individual specias generally higher among sites
designated as being of that particular species tfjoe example, the power to detect
changes in pitch pine DBH was 100% within the stubgsites designated as pitch pine-
type (with the exception of CC02). In contrastyweo values ranged between 7% and
100% for a 20% change in pitch-pine DBH within otfaest types. By contrast,
changes of 50% translated to power valu®2% at all sites except one (CC24)
(Appendix 1IV). This pattern was similar amongsplecies tested.

Mean BAs of individual modules (n=4) were deterndimad, from these values, site
means with corresponding standard deviations catledl The regression equations
describing correlations between BA and standardatiens for each species (see above
section) were used to generate standard devidtorssmulated means at individual
sites. As a whole, the ability to detect changesmean BA (average of four replicate
modules) of individual species at individual sitess very low (data not shown).

Power to detect changes in tree seedling densities

There was little power to detect changes in popmrianeans of tree seedling densities
either by site (all species pooled) or by speadissites pooled) - a result similar to that
found for monitoring data from Shenandoah Natidtelk (Diefenbach and Mahan 2002)
(data not shown).

Power to detect changes in overstory species catigposver the entire site network

Analysis of data grouped by individual modules sgigd that no relationship existed
between means and standard deviations for Shanre@nehdiversity. Accordingly, the
same standard deviations were used for comparidemsdiversity indices calculated
from BA data, the power to detect a 20% changelawag32%) whereas the power to
detect a 50% change was high (90%). For indicksileied from tree densities, the two
values were respectively higher (42% and 93%) (AppelV).

Power to detect changes in understory species csitiqoover the entire site network
Shannon-Weiner diversity indices were calculatedthfiog-transformed mid-point values

of percent cover classes and compared to hypo#thelgwviations from these values in the
same manner as was done for tree-related varialbles results showed that community-
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level shifts of 20% and above could be detected wivery high level of confidence (
99%) (Appendix V).

Power analysis — conclusions

Overall, the ability to distinguish between actusl hypothetical population means was
variable. The sampling program appears adequatiefecting changes in total tree and
species-specific DBH at both the site and netweviels. Large changes in total tree BA
throughout the site network and at individual sitesld also be detected with a high
degree of certainty, but not for individual specidhe power to detect shifts in species
diversity indices was limited to large changeswerstory but sensitive to smaller
changes in the understory.

Despite the inability to statistically parse théuat and simulated means of certain
variables, the results are encouraging given tieaabalyses used very conservative (i.e.,
large) estimates of variance for simulated medirte negative relationship between
DBH values and their standard deviations is soméwhzazling, but suggests perhaps
that as the forest matures and becomes dominatkdid®ytrees, there is a corresponding
decrease in very small individuals that would otvise contribute to variability.
Notwithstanding, it should be noted that signifitamore power to detect change in
certain variables could be gained by omitting ustiey trees (i.e., trees with DBH < 10
cm) from the analyses or by stratifying data ineotivays. In fact, grouping data by

DBH class is a logical and commonly practiced tégqiv for analyzing specific
segments of tree populations and one that grelatigks variability that diminishes
power. As a striking example, the power to dete20% change in DBH for the entire
Pinus rigidapopulation at site CC15 was 33%. When the armlgdimited to

individuals with DBHs 10 cm, however, the power increases to 100%. i$tds
important consideration in evaluating the protamiathis stage of its development. Given
the enormous effect that data stratification hadetection power, we feel it is too soon
to recommend adding sites to the monitoring netveotkly of the purpose of increasing
power. Another important consideration in evalgtihese analyses is that power has
already been gained (although the magnitude caretdie determined) by virtue of the
fact that each tree has been tagged with a unigoier. As such, the growth of the
same individuals can be monitored through time tiaikows for testing by paired,

rather than independent, observations or by regeatasures ANOVA.

Counts of tree seedling densities will have toigerously evaluated as to its value to the
monitoring protocol, but not until after a secoradatet has been collected. Although
changes in seedling numbers may not be detectthblstatistically acceptable level, this
is not the main objective for monitoring this paeder. Rather, we are interested in how
many seedlings/saplings from the understory pojuriajrow into the overstory layer

and whether overstory species abundance is a tumcfithe number of potential recruits

- a dynamic that cannot be analyzed at this tilndact, all the analyses discussed above
are somewhat premature considering that anothealatataset is not yet available for
comparison. Moreover, it is changes in communiiyposition that is perhaps the most
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important trend that this monitoring protocol atgmto capture. Unfortunately, for the
purpose of power analysis it is impossible to sateihow communities will deviate from
their current constituency. Regardless, a fixashaampling design in which individual
trees can be followed through time virtually guaess that changes within that area,
should they occur, will be documented.

3. Field methods

The following sections provide an overview of fielderations. These procedures are
described in more detail in the SOP section of doisument.

Field season preparations and equipment setup

Prior to the field season, it is important that likeed biotech set aside some time to
become intimately familiar with the vegetation Ie/ss likely to encounter and the
process of identifying unknown specimens. Fiellgs (see SOP#2) and electronic
documents summarizing key morphological attrib@idesdentifying species are
available in CACO'’s North Atlantic Coastal LabongtdNACL) library and on the
NACL server.

The entire crew, including the project managem atsist make sure that all equipment is
available (see Equipment list in SOP#1) and in waylorder before use. Before
conducting the actual sampling, vegetation datanfiloe last (most recent) survey should
be extracted from the database so that it can ée as a reference if needed. Finally,
both members of the field crew should review theremprotocol and make sure that they
understand all the components of sampling, quagurance, and data management.

Sampling procedures

A detailed “cookbook” outline of the sampling prdcee can be found in SOP#5. After
successfully navigating to a site, the field creil @stablish the boundaries of each
modular plot using rope strung from marker to markehe crew will then determine the
arrangement of the modules (i.e., which modules.ag 3, and 4) and begin collecting
data. The order in which data is collected isanical.

For overstory vegetation (i.e., trees > 2m) indisbtrees are assessed for DBH and
health condition. Tree densities do not have tddtermined in the field as they can be
calculated by summing the number of DBH observation each plot. However, the
height of the tallest tree in each module is egtitha Tree seedlings/saplings < 2m are
also counted by module. Visual estimates of neawgd (shrub) and ground
(herbaceous, sub-shrub) cover by species are diini@ the smaller, nested plots.
Estimates of canopy cover are obtained by acquivergispherical digital images at
specific photo points and analyzing them with inmagsoftware.
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End-of-day procedures

Upon returning from the field, any voucher speciseallected as unknown specimens
should be identified (see SOP#5). Field notess#tiatets should immediately be checked
for completeness and accuracy and then photocofibd.backup copies should be
stored in a separate folder, preferably in a sépdoaation. If there is time, it is
advisable to enter data the same day that it lsateld. Alternatively, one day a week
can be set aside for this purpose. As a gendglthe time between data collection and
entry should be minimized to the greatest extessiinbe and in no case should be longer
than one week.

Throughout the day and especially at the end oflthye each crew member should check
themselves and each other for attached ticksnyifaae discovered, they should be
carefully removed in a manner prescribed in thek‘gafety” presentation — a Powerpoint
file located on the NACL server. The victim musen fill out a safety documentation
form and submit it to the project manager, who #ién forward all information to the
Chief Safety Officer.

End-of-season procedures

At the completion of the field season, the leaddab is responsible for writing an end-
of-season report. The report should outline thviies undertaken, summarize key
findings, and discuss any problems or issues tlogeaand suggestions for
revisions/improvements. The crew must thoroughgpect all the equipment to ensure
that each item is in working order and a list efnis that need replacing or repair is
complied. The vehicle assigned to the forest nooimi¢y crew for the season should be
thoroughly cleaned.

All field workbooks, datasheets, and notes shoeldiganized and given to the project
manager for safe keeping. It is imperative thatal the data be entered into the
electronic database before the field crew leavéiseaénd of the season.

4. Data handling, analysis, and reporting

Overview of data procedures

SOP#7 provides a thorough overview of data managgnmeluding metadata, database
design, data handling (entry, verification, repagtiextraction and editing), and data
archiving. A data dictionary is also included lstsection. SOP#X provides procedures
and standards for reporting results.
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In terms of quality assurance/quality control (QA&/Qthis protocol incorporates a
number of different procedural elements designaddmtain a high level of integrity.
For example, the collection of field data involtkerough training of personnel and the
implementation of standardized field proceduresdeapy documentation of all data is
maintained in field notebooks and duplicate coptesed separately. Data entry is
completed at the end of each day or, when thistigossible, within a week of when the
fieldwork was conducted. Data entry is done witb people to assure accuracy and
improve probabilities that errors will be detected.

A number of built-in controls such as range linaitsl look-up tables have been
incorporated into the database as a means to asstarguality (see previous section).
Once the data has been entered, each entry isedolbtked or “proofed” for
verification of accuracy. As an additional QA/QReck, the project manager should
examine at least 10% of the data to look for ikadjior obviously mistaken values (e.qg.,
outside possible range limits), spelling errorspimsistencies in nhaming conventions,
duplicate records, etc. Any changes to recordsbeilduly noted on the original field
forms (Appendix V) so that the electronic and haplcdata forms match. Once the
project manager has gone through this processliofatian, the data will be saved to the
NACL server (Y drive).

Recommendations for routine data summaries andtgtat analyses

There are many different ways in which to analyredata. Kent and Coker (1996) can
be consulted for a comprehensive view of vegetad&sctription and analysis. In
general, analyses should be based upon the kimés@drch or management questions
driving the monitoring. Changes in the floristmneposition of understory and
particularly overstory strata will almost alwaysd®eimportant issue. For cover class
data, ordination techniques are an excellent waleseribe spatial and temporal
variability. Cover class values are replaced lgyrthd-point percentages of their
representative ranges and will likely require tfansation of some kind (e.g, square
root, logarithmic) in order to meet with assumpsiafi normality. Changes in species
composition over time and space can be illustragiag Principle Components Analysis,
Multidimensional Scaling, Clustering, and AnalysfsSimilarity.

For univariate data, the means and standard esfdhe mean (standard deviation
divided by the square root of the number of sam@keuld be calculated and plotted as
histograms. To examine temporal shifts, mean gatadéculated from different surveys
(e.g, 2002 vs. 2012) can be compared. For examipleuld be informative to show
how overall tree growth (i.e., all species pooled)he growth of particular species has
proceeded over time as indicated by DBH or BA d&tatistical validation of such
changes can be conducted using paired or indepemeests or repeated measures
ANOVA. Regression analysis can also be used tesadsnger temporal trends — for
example the rate of growth Q. albaover the last 3 sampling perioff®te: regressions
should be based on at least three datasets slm=annot be defined by only two
points.
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Recommended reporting schedule

Because the interval between sampling events wilhlithe range of ~10 years, reporting
should be done after every season of fieldworksgesas decadal trends. The report
should include background information about thggmty a summary of what was
accomplished during the season, and some basigsasadf the data (see previous
section).

5. Personnel requirements and training

Roles and responsibilities

General oversight and implementation of the prdtecprovided by the Project
Manager, which ideally will be a Plant EcologistBotanist. The project manager's
specific duties include: staff selection, trainiagd supervision, data analysis, reporting
and interpreting results, and protocol evaluatidhe protocol can be carried out with
two seasonal biological field technicians (biotgabrsa biotech accompanied by a
student intern/volunteer. In the case of the farreach biotech can take turns doing the
sampling while the other records the data. Indkter situation, the biotech should be
responsible for acquiring the data (i.e., actudtiing the measurements, counts) while
the assistant fills out the field datasheet. Haallbiotech will also supervise all aspects
of data processing, including several aspects ofTA such as data entry and proofing.
The Project Manager is responsible for coordinatwith the Data Manager to ensure that
information is collected in a way that will be coatiple with the existing database
structure. The Inventory and Monitoring (1&M) Calomator provides supervision and
oversight of CACO's Prototype Monitoring Progrand amresponsible for ensuring that
all project, Program, NPS, and scientific standarmsmet.

Qualifications and Training

The ability to make rapid, accurate IDs in thedie critical to completing fieldwork in a
timely manner. Minimally, the lead biotech shobklvery familiar with the majority of
plant taxa likely to be encountered. Where deficies occur, the project manager
should assist the technician in developing the kadge and skills required for
identification (including the use of field guide=t¢.). For unknown species that cannot
be identified in the field, the crew must be aloleise taxonomic keys and other relevant
materials for confirmation back at the office dodaatory. It is extremely helpful to allot
some time prior to sampling to become familiar wifte plant communities of the
monitoring network and to develop skills in estimgtpercent cover (see SOP#5).
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Ideally, both members of the field crew will havg@od working knowledge of forest
mensuration techniques and plant community ecoldgditionally, both members of
the field crew will be trained in the following as

Implementation of the specific field procedures amethods in this protocol
GPS navigation and compass use

Tick bite prevention and treatment

General field safety (e.g., prevention of poisoy iveat exhaustion, etc.)
Vehicle safety and driving etiquette

Equipment maintenance and storage

Use of two-way radios

Computer use guidelines

Data entry and basic principles of data QA/QC, lblasa functionality

Data storage guidelines

6. Operational requirements

Annual workload and field schedule

To complete data collection in a timely mannerdhi39 sites, the field crew should plan
to visit 2 sites per day. This totals roughly 2(/sl or the equivalent of 4 weeks of field
work and provides an adequate buffer for canceliatdue to inclement weather. It also
ensures enough time for establishing decompositoorels, identifying unknown
specimens, data entry, and writing an end-of-seesoort.

If possible, it is advantageous to acquire treateel data in the winter-spring period
when plot markers and tree tags are highly visilie to the absence of understory
foliage. Also, it is much easier to maneuver abanthis time, especially when the
water is frozen in the forested wetlands (red mabliantic white cedar) Note: an ice
thickness of at least 4 inches is necessary tdyssifiport the weight of an adult.
Unfortunately, the availability of field techniciams often limited to summer months in
which case fieldwork should begin no later than €J2@. Understory and canopy cover
data should only be collected when all species heaies (ca. May/June through
September/October). This period may vary somewairetng different years due to
climatic variability.

Facility and Equipment Needs

The field crew will require use of normal officeagy@ and a computer linked to the local
NACL server. Internet connectivity is also desleahs plant identification and general
research can be aided by referencing various vesbsiich as the U.S. Department of
Agriculture PLANTS and other databases (see SOPAZmall amount of additional
space will be necessary for storage of unidentibikeaht specimens. The crew will also
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require a vehicle (preferably a pick-up truck) witlur-wheel drive capability. All other
equipment needs are listed in SOP#1.

Startup Costs and Budget Considerations

Project-specific costs are primarily limited to g@nnel which includes a plant
ecologist/botanist and either two biological teciams or a biological technician and a
student intern/volunteer. The I1&M Coordinator dbata Manager will also contribute to
overall staffing costs for the project. Other sostll generally be related to equipment
repair and replacement, vehicle maintenance, etc.
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STANDARD OPERATING PROCEDURES

SOP#1: Preparations and Equipment Setup Prior to Feld Season
Version 1.0 (January 2006)

Revision History Log:

Revision # Date Author Changes Made Reason for @an

To prepare for the field season, the field creadsised to complete the following
activities:

PowpbdPE

o g

Review the entire protocol

Review species lists and characteristics for idieation

Retrieve and review prior data for reference

Visit actual sites or similar habitats to beconmaifaar with vegetation, practice
identification skills, and rehearse setting up plot

Consult maps of sites and module locations

Inspect equipment and compile the items listedvelo

Equipment List

DBH measuring tape

Compass

Datasheets/field notebooks

Hammer, rubber mallet

Tree tags with unique ID numbers

Aluminum wire

Flagging tape

GPS unit with site coordinates

Hardcopy map of site locations with plot layoutgtems

List of species previously found in plots

Plant identification materials (field guides, daitmages, etc.)
Waders (for wetland sites only)

Rope on a spool to delineate plot boundaries

Insect repellent

Pre-contact solution for prevention of poison ivglgoison sumac
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SOP#2: Training Observers
Version 1.0 (January 2006)

Revision History Log:

Revision #

Date

Author

Changes Made

Reason for @han

Identification of plant taxa

At the beginning of the season, the project manégeanist, plant ecologist) should take
the field crew out to actual sites or similar hatstand review as many different taxa as

possible. It is also advisable for the field crawsit down with a list of species they are
likely to encounter and study characteristics, iega@r actual samples from the NACL

or Salt Pond Visitor Center herbaria.

In addition, the following guidebooks are recommahébr plant identification:

Dwelley, M.J. 2000. Trees and shrubs of New EmjlaDown East Books:
Camden, ME.

Gleason, H.A. and A. Cronquist. 1991. Manual o$&dar Plants of
Northeastern United States and Adjacent Canada.YeWBotanical Garden:
Bronx, New York

Holmgren, N.H. 1998. lllustrated Companion to&3len and Cronquist’s
Manual: lllustrations of the Vascular Plants of Maastern United States and
Adjacent Canada. The New York Botanical Gardeion&®r NY.

Magee, D.W. and H.E. Ahles. 1999. Flora of thethast: A manual of the
vascular flora of New England and adjacent New Yddkiversity of
Massachusetts Press: Amherst, MA

Newcomb, L. 1977. Newcomb's wildflower guide ttlei, Brown and Company:
Boston, MA.

Stuckey, I.H. and L.L. Gould. 2000. Coastal Rdndtm Cape Cod to Cape
Canaveral. University of North Carolina Press: @Hadill, NC.

Svenson, H.K. and R.W. Pyle. 1979. The FloraapeCod. Cape Cod
Museum of Natural History: Brewster, MA.

The following web sites are also recommended:

http://plants.usda.gov/
http://www.ct-botanical-society.org/docs/fernchiatrinl
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http://www.ct-botanical-society.org/
http://hua.huh.harvard.edu/ENA/

Establishing plots and collecting data

The project manager will rehearse the procedusetiing up a plot and going through
the data collection procedure. Ideally, this pacsession would be conducted at an
actual site so that useable data can be colle@eding this training period, the crew will
receive instruction on how to properly fasten taggs, ocularly estimate percent cover
and maximum tree height, and measure tree girtigusDBH tape (see SOP#4).
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SOP#3: Using the Global Positioning System
Version 1.0 (January 2006)

Revision History Log:

Revision # Date Author Changes Made Reason for @an

General use

Keep the GPS unit dry at all times. In wet comaisi the unit should be placed inside a
clear plastic bag. This will not interfere witls @bility to function properly. Do not

leave the unit on for long periods of time betwesa as the batteries will drain quickly.
When crossing waterbodies (tidal creeks, pondsasts, etc.) the unit should be kept in a
waterproof container or pouch. If the unit is decitally dropped into water, do not
attempt to turn it on. Return to the office andsdt with the GIS Specialist for the
proper course of action.

Satellite reception may vary substantially depegdipon interference from trees,
topography, structures, weather, and satelliteigardtions. The unit should be held
face up (i.e., the display screen facing upwaflso make sure that the antenna is
pointing skyward.

Recording points

GPS coordinates for module (center points) andstia&e locations were collected with a
Garmin (GPSIII Plus) using the point averaging fiort The data points were saved in
the unit, uploaded onto a PC, and saved as an feceamed

“coastal_forest_site locations” on the NACL ser@édrive). The datum for all
coordinate values is NAD-83 and the coordinateesyss Universal Transverse Mercator
(UTM) (Zone 19T).

To record new points on Garmin GPSIII Plus unitiofe this procedure:

Press the “menu” button (starting from any scréeie.

Highlight the “Waypoints” option and hit “Enter”.

Press “menu” again and select “New Waypoint”.

Hit the “menu” button one more time, select “Avegggpsition” and press
“Enter”.

Wait until a satisfactory accuracy level (shownayesen under “estimated
accuracy”) is obtained (usually requires measur¢meamts of > 100)
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Navigating

Thick canopy cover presents a problem in navigatiitg GPS units in that satellite
reception is significantly hindered. In such ca#ieis advisable to move into any open
areas in the nearby vicinity. If satellite receptis still poor, it will be necessary to use
hardcopy maps of the sites. For more informatiothe use of GPS technology, refer to
the technical manuals located in the office o th® Specialist.

A programmatic SOP for use of GPS for all CACO nhanmng projects is in
development. In the future, this SOP will be inmated by reference and adapted as
necessary for this protocol when its completed.

In the mean time, standards will be establishedterding provided in collaboration
with the GIS Specialist
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SOP#4: Establishing and Marking Plots
Version 1.0 (January 2006)

Revision History Log:

Revision # Date Author Changes Made Reason for @an

Site and plot information

UTM coordinates, maps, and descriptions of howctzeas each site can be found in
Appendix Il and as electronic files on the NACLws&t Between 10 and 40 rebar stakes
mark the original Patterson variable-radius pleatoons. The modular plots are oriented
around 1 to several of these stakes, dependingeosite. The corners of each modular
plot are marked with %" PVC stakes and trees witheplot are tagged.

Establishing the plots

Find the rebar stake around which the module @stetuwof modules is oriented. Then use
field tapes (50-100 m) to delineate the boundasfesach plot by walking the tape
between PVC markers (the specific layouts of thelutes can be found in Appendix II).
Additional field tapes are used to establish th@40ested plots while a PVC frame is
used for the 1Aplots. As a rule, the nested plots are alwayseplaic the corners of each
module.

N

A

D Overstoy (100n?, n=4'

Near-ground (10R) n=16)

Ground (1r%, n=16

Schematic of module plot setup
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If one or more PVC corner markers cannot be foanddme reason, the plot can still be
set up using compass bearings. In addition, teetags will be helpful in delineating the
sampling areas since the crew will know which traesin or out of specific plots.

Tagging trees

Tree tags should be nailed (using at least 4 iwag&ed nails) or tied (using aluminum
wire) to all overstory trees present within the mied. For trees over X (size) longer
nails are used, and hammered in only X cm intdrdseto allow for ample growth before
the tag is engulfed in the bark. When new tagsaesled, tags are placed 20 cm above
the point at which DBH should be measured, which3'm (4.5 ft.) above the base of
the tree. When this is not possible (such as wess have a contorted stem) the tag is
attached to a point nearest the DBH point whefisibest (and the distance noted). For
small trees with stems that are not wide enougtupport a nailed tree tag, the tag should
be fastened loosely (to allow room for growth) walbminum wire.

DBH measurement location relative to tag on Pingga tree.

Undoubtedly, many tree tags will need to be remlatethe time of the next survey to
allow for further growth of the trees. Furthermatas quite possible that a substantial
number of tags may be lost somehow during the betereen surveys. If this occurs, the
entire tagging effort will have to be re-evaluated.
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SOP#5: Conducting the Plot Survey
Version 1.0 (January 2006)

Revision History Log:

Revision # Date Author Changes Made Reason for @an

Overstory- Record the tag number, species, DBH, and healtdition of every tree >
2m in height within each of the four 10 x 10m maul DBH is measured with a DBH
tape - generally 20 cm below the nail that fasteegags to the trees. In some cases,
where the tags were fastened by wire or whererdgettunk was deformed or split, DBH
is recorded at a different distance relative totége All information pertaining to these
specific points of measurements are noted in thestalatabase and in the plot profiles.
In each module, also estimate the height of tHedialree using the 2m reference pole
placed at the base of the tree, noting the spaaésag number.

Count all tree species (i.e., any species thathepotential to become an overstory
member) present as seedlings or saplings belownZmight. It is easier to do these
counts if each module has been sectioned into frage. To do this, simply lay two
field tapes across the module (parallel to eachrptio divide the area into three “lanes”,
and then tally by lane. For some trees, sucteasdnd black oak, multiple stems may
protrude from the ground that are all part of tams individual plant. Count every stem
as though it were a separate individual since &aslthe potential to grow into the
overstory and function more or less as an indiVithez.
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Method for counting multi-stemmed individuals.

In noting tree health, assign a number to eachatteerding to the index below:
1=broken bole, 2=canker, 3=gall tumor, 4=conk, Suresis, 6=damaged (other types of
breakage), 7=dead, 8=discolored, 9=other (describe)

Near-ground layer Within the 1nf nested plots (n=16), total cover and cover of all
shrub species0.5 in height (except where noted for red mapléamtic white cedar and
black locust understory; see Narrative) is estichaisually and recorded as a numerical
value ranging from 1 to 9 according to the follog/scale: Trace = 1, 0-1% = 2, 1-2% =
3, 2-5% =4, 5-10% = 5, 10-25% = 6, 25-50% = 7,/586 = 8, >75% = 9. All species
not recorded within the nested plots but presetitizvthe 100r module boundaries are
recorded as “present”. For a review of techniqoegstimating percent cover of
vegetation, refer to the following document:

British Columbia Ministry of Environment, Lands aRdrks and Ministry of
Forests. 1998. Field Manual for Describing TerréstiEcosystems. BC Ministry
of Environment, Lands & Parks and Ministry of Fdsgd/ictoria, BC

Ground (herbaceous and sub-shrubs) lay&¥ithin the 10n nested plots (n=16),
ground cover by speci€®.5m in height is estimated by eye and recordeddragmerical
value ranging from 1 to 9 according to the follog/scale: Trace = 1, 0-1% = 2, 1-2% =
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3,2-5% =4, 5-10% =5, 10-25% = 6, 25-50% = 7,/506 = 8, >75% = 9. All species
not recorded within the nested plots but presetttiwithe module boundaries should
simply be recorded as present (no cover class \esigned).

Collection of data for parameters still under easibn

Canopy cover or canopy photos, use the Nikon 995 Coolpixtdigiamera (or

functional equivalent) fitted with a Nikon FC-E&lfieye converter. Proceed to the
photopoint location (provided in Appendix Ill), aicamera toward the sky in a vertical
plane at a level of 2m, and take photo. Noteighsehould be taken around mid-day on
a day with heavy, homogeneous cloud cover as bsighiight will adversely affect
picture quality and cause difficulty in processing.

Unprocessed (left) digital photographs and theingtation to two-color (black and white) images
(right) for pixel counting.

Follow the steps below for image processing andlyaisausing LViewPro™ software
(note: this can be done using other kinds of imawgysis software):

Download images from the digital camera using trel ceader.
Open selected image in LViewPro™ software
Resize the image to 25% of the default settingdiggyto IMAGE > RESIZE.



40

Next, go to COLOR > ADJUSTMENTS menu.

Select the contrast function and set it to “10”

Click on “Apply” as many times as it takes to coriibe image to virtually all
black and white pixels.

The Logarithmic brightness function (set to a vaifi@0) can be used to lighten
the sky before doing the previous step if somédefdky is being converted to
black. Use the contrast and logarithmic brightrezsgrols in different
combinations to achieve optimal translation.

Then close out of this window and go to COLOR > @R.DEPTH.

Enter “2” in the box next to the text that sayseate a palette with exactly ...”
Click off the box below this line that says “inckithe default Window’s
colors...”

Click “OK”

Go to COLOR > COUNT COLORS

The first number in the results box is the counblatk pixels (R,G,B = 0,0,0).
The number next number is the count of all whiteels (R,G,B = 255,255,255).
Record these numbers.

Calculate percent cover by # black pixels (cormXtetal number of pixels (i.e.,
black + white)

Repeat for each image.

Identifying unknown species

In the event that a species cannot be identifigterfield, a voucher sample should be
collected. Specimens should be taken outsideltteapea. Flowers or fruit, even if they
are last year’s growth, are very helpful in idaoéfion. In general, the specimens should
appear “typical” and healthy, based on leaf shapkyr, etc. In the case of small plants,
roots or underground stems are also used in igamgiSpecimens. Samples can be
stored in a refrigerator on a short-term basis fileweek) or air-dried and pressed flat
between 2 pieces of cardboard for long-term storage

If no specimens can be found outside the plotsalsamount of material (i.e., a branch,
or portion of the stem with a few leaves) shouldhbevested in a way that will not
compromise the survival of the plant. If this & possible or there is reason to suspect
that the species may be rare with State or Fed@als, a digital photograph can be
taken instead.

There are several different tools available fonideation. The simplest way is to tap
into the expertise of the resident plant ecololg@tnist. Color photography,
identification guides, taxonomic keys, and the NA&d Salt Pond Visitor's Center
herbaria are other sources of information. Assaesort, if the specimen still cannot be
identified, the plant should be listed as “unidied <growthform>" in the database
(e.g., unidentified tree/shrub/graminoid/fern etc.)
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SOP#6: Reporting
Version 0.1 (July, 2004)

Revision History Log:
Previous | Revision Author Changes Made Reason for Change Ne
Version #| Date Version #

The programmatic SOP for reporting (P3: ReportmgResults of Monitoring Projects)
identifies three types of required reports:

Monitoring reports - regular and timely reportsesults and documentation of work
accomplished;

Analytical reports - in-depth and integrative arsaly of trends, identification of
causal factors, and comprehensive assessmentsooirce condition and ecosystem
integrity; and

Protocol review reports - in-depth assessmentseétficacy of monitoring methods,
the validity of design assumptions, and the overdity of the protocol for
answering the monitoring questions.

For most protocols, the frequency with which eggdetof report will be produced will
vary according to the frequency of data collecton the objectives of each type of
report. Coastal forest monitoring is unique am@AgCO's monitoring projects in that
data collection will only occur every ten yearshisIfrequency is appropriate for
detecting the types and scale of ecosystem charigeterest. However, decadal
monitoring could be considered rare compared tergthojects and in the context of
programmatic evolution, staff dynamics, and othgaaizational concerns. To facilitate
continuity over the relatively long interval betwesunds of data collection, it will be
important to meet the documentation and analybbgctives of these three types of
reports each time coastal forest vegetation mangarccurs. This could be
accomplished by producing three individual repagsalled for in the programmatic
SOP, or it could likely be accomplished in a mdfeient manner by combining
reporting objectives into one or two documents.ciBiens regarding how to best meet
these objectives are best left to the project managd 1&M Coordinator involved at the
time each round of data collection occurs.

As a result, reporting procedures for coastal toregetation monitoring will follow
those described in programmatic SOP P3, whichcisrporated by reference, with the
following modifications:
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The documentation and analytical objectives of eégph of required report will be
met through production of one or more documenis\iohg each round of data
collection;

The manner in which the reporting objectives ar¢ (®g. one comprehensive report,
a monitoring report and a combined analytical aradgeol assessment report, etc)
will be determined by the project manager and & Coordinator; and

The project manager and 1&M Coordinator will makestdetermination and establish
corresponding due dates for drafts within two merdhcompleting each round of
data collection.
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SOP#7: Data Management
Version 1.0 (June 2004)

1. Document Description

This procedure provides instructions and guidelfioeshe development, maintenance
and distribution of monitoring data and reportoassted with the Coastal Forest
Monitoring Protocol for Cape Cod National Seashadrhis document describes the
overall file management system as well as the ldatthe monitoring data validation
and storage in an Access database. It also caritdormation on how to obtain copies
of the dataset.

2. Reference Documents

There are several supporting documents that are osaful as working documents that
can be modified independently of this Standard @jreg Procedure. They contain the
detailed descriptions of the data structures atab@se application that stores the Coastal
Forest data. The data management plan and thedwnas referenced by the plan

provide general information on the procedures wgedanage all electronic data at Cape
Cod. These documents are the:

Cape Cod National Seashore Coastal Forest Mont@atabase Guide
Cape Cod National Seashore Coastal Forest Mont@ata Dictionary
Cape Cod National Seashore Data Management Plan

The data dictionary and the database guide shautwbbsulted before using or changing
the monitoring database.

3. Definition of the Coastal Forest Data Set

The Coastal Forest Monitoring Program will prodadarge number of electronic files
that include formal written reports, geographiomfation system files, Microsoft
Access databases, spreadsheets and statisticggiaridés, image files, chemical
analysis and paper datasheets. There is a colheatispreadsheets containing data
collected in prior years using a different methloat the long term monitoring protocol
described in this document. This data has valdenalh be considered part of the
original Coastal Forest Data Set. There will als@hcillary information that may consist
of scientific peer reviews, related studies by @yafors or other agencies, various
programmatic correspondence and history files €t large number of files and the
frequent revision of these files will require corsitious and formal attention to the
management of the files that constitute the ddta se
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4. File Management

A. Current Files

The large number of databases, reports, GIS cogsragd images being assembled for
the I&M program required the establishment of sénegram rules for storing electronic
assets. Figure 7.1 shows the top level file strnactor the current files for the Coastal
Forest monitoring project. Image files for theremt season will be stored in a separate
images folder to facilitate cataloguing of all ineaiijes at the Park with separate image
management software. The I&M Project directoryniended to hold all current and
frequently accessed files. An archive directory established to house information for
each monitoring program more permanently at theofmdch year.

=l |} Megetation

=l |[) Coastal_Farests

=l | Data
+ | ) atmosphetic daka

) Harvard data
) IM_Database
() Metadata
) Monitaring_daka_1981_1992
[ Monitoring_data_ 2001
) Monitoring_daka_200z2

+ | ) Monitoring_data_2003
=l |2} Project_Hiskary

+ | ) Cotrespondence

+ |} EBarron_files

+ ) UMASS coop agreement
SR Protocal

+ | ) Data_Manage_Plan

+ |} Decomposition assawvs

+ | ) Procedures

+ ) Worksheets

) Reports_Publications

| =+ FH OF EH

Figure 7.1. Top Level Coastal Forest Monitoring He Structure

B. Local Archiving of Files

This monitoring program is very long term. Infotmoa may only be updated every ten
years so permanent and well documented archivitigeoflata is particularly important.
At the conclusion of each field and reporting seaaibof the important electronic files
will be organized, reviewed for accuracy and cajaém. The data set will be stored in at
least two local locations. The first storage lamawvill be in the designated project
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archive on the local server. Files in the archwiébe stored in read only format. The
second location will be on a DVD that will be stibiie@ another physical location. Paper
worksheets and notes will be filed and stored.

Database files that are moved to an archive fadeiconsidered permanent. Changes
should not be made to these databases once arct@agues of database files that are
modified after archiving must include detailed son notes stored in its internal
database revision history table for reference. &mgnges to data stored in an archived
file must also be documented in a Word or text doeot stored in the same folder as the
database. Whenever practical, data should not dregeldl via direct entry in a table.
Queries should be developed to modify the datastmr@d in the database so that the
changes can be tracked. Tables may be addedréoadtbinformation.

The very long time horizon of this dataset anditifiequent use of the data call for some
additional caution in storing the data. There asibility that the Access data file will
not be accessible due to software obsolescendeough the CACO Data Management
Plan addresses this possibility, the most prudatit i3 to export all of the raw data in the
database to a platform independent format. Aletabhema and data will be stored in
XML format after final review of the protocol andet data.

Daily Server Backup Procedures

Tape backups of the archive directory and projeectbries will be made daily. Tapes
are retained for at least two weeks before beiregwnritten. Tapes are held in a fireproof
chest in the server room. Backup tapes will beriaddf site at intervals not to exceed
two weeks. Monthly tape backups are also madéhaltoff-site.

5. Coastal Forest Monitoring Database Model

The coastal forest database table structure cléskbdyvs the NRDT January 2004
template core table structure with a few minor @ticas. The entity relationship
diagram for the primary tables of the coastal fode¢abase is shown in Figure 7.2.

There are three tables that hold monitoring infdromeon coastal forest species diversity
and condition. The first table, tbl VUP_Tree_Cadiui contains a listing of tagged
trees, their diameter (DBH), maximum tree heightie module and general condition on
a given observation date. Table tbl VUP_TreeSeg@lounts contains counts of
seedlings found on fixed plots (modules) at diffengoints in time. The
tbl_VUP_Taxa_Cover contains listings of the grognger species and their abundance
(Cover Class) in fixed plots on a given date. Ppheary key for all of these tables
include an EventID.

Each visit to a forest or a plot is consideredwené Each event is defined by a location
identified by a set of GPS readings, the date hagtotocol document in place at the
time of the observations. The tbl_Events is tidetéhat links information on location
and time with monitoring measurements and obsemati The primary key for this table
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is the EventID. This field is invisible on the dantry screen and in most output queries.
However, the EventID links information on the laoat observation date, protocol, and
operating procedure which can be used to link mftdion in the database with the
procedural documents in place at the time the obsens were made. The only
departures from the January 2004 NRDT template tstiolicture were in the Event table.
The location field was moved from the data fielolshte event table so that there is a on
to many relationship of the locations to eventsi SOPID field was added to the events
table to better track and isolate events assocuiiddistinct monitoring procedures.

The tables tbl_Locations and tbl_Sites, provideitkd geographic information
associated with each sampling point. There amenaber of supporting tables and look
up tables that are used to provide lists useddititéde data entry. A list management
screen is used to link species and observers wattogols and to restrict data sources on
the many selection controls on the forms. A mampglete entity relationship diagram is
shown in Figure 7.3. These tables are describeetail the Coastal Forest Database
Dictionary.

EventID
SampleDate
LocationID
Protocol
SOPID
SkarkTime TreeCandition
EndTime Comments
Mokes
LastUpdate
UpdataBy
arfied

Figure 7.2. Coastal Forest Database Core Tables

Plot images and canopy images are linked to thebdake and can be viewed in the
database. Links to the image files are maintawiéd a separate form to allow image
files to be moved and transferred with the datab&sescriptive image file and folder
names are used to ensure that image files arasuairshected from the database.
Descriptive metadata for the images will also loeest separately from the monitoring
database as an added file management aid.
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Species are identified in the database by TSN ntsnb@ommon and Latin names of the
species should correspond with names accepted WyQCétaff and NPS species. The
species list should be verified at the start ofheawnitoring period so that the local

species names will remain in synchronization withse adopted as the preferred TSN

for the species by the Park.

tbl_VUP_Trees

tbl_Events

tbl_VUP_TreeSeedling_Counts

EventID Le]
SampleDate

LocationID
Protocol
SOPID
thl_Sites StartTime

— EndTime —
Rl z Maotes
Narne : LastUpdate
Description
ParkCode

tlu_Transect
tbl_Protocols LocabionID
ProtocollD i i Transeck

Revision Number Qualifier

ProkocolMarne Distance_m
StartStop

Dacument Marme

thi_link_Protocol_Locations

Revison Motes
Author
Documenthame

tlu_VUP_Vegl ayer

tlu_VUP_Tree_Condition

Layer_Code tlu_VUP_CoverClass

Laver_Mame = = TreeCondID
Sort_Order Cover(lass TreeCondition
CldCode Description Diescription

tbl_link_Species_Common | tbl_link_Protocol Species

TSH
Protocol

h D ae Conditio Module

EventiD Mumskems
TAG

STATUS
DEHCm
TreeHgt_m
TreeCondition
Camments

1
EventlD
FlotID
TH
Yeglayer

(B (=

CoverClass

Description

TakenFrom

Subject T
TakenBy
AlkTaa

Figure 7.3 Coastal Forest Entity Relationship Diagam

6. Coastal ForesiDatabaseData Entry Screen
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The data entry screen design for this databasgawely simple. The main form is built
using just the event, location, and site tablelse $QL for the simple join used to create
the main form is given in the Coastal Forest Dataldaser’'s Guide. The SOPID
(Standard Operating Procedure) field is hiddenesitwill just be a database default of
“VCF” at this time. If field procedures change iretfuture, the default value of the
SOPID should change to associate the field proesdwith the data. All of the tabs on
the main form are directly from single tables lidken the EventID key except for the
Trees tab and the image tab. The Trees tab arfeloh®hotos tab are made from simple
joins of just two tables each. The queries usdti@basis for these forms are also given
in the Coastal Forest Database Guide.

& CACO Coastal Forest Data Entry Form

Search for. Save. or Delete Records
Order By | date ™ Location  Yea |.-’-‘«II j Event| j S Delete
» Sampling Event Information
Sample Date |EI1BJ2I]I]2 Type |B|ackm1me Oak Site |ccus Protocol [E_ Paik[CACO
Trees | Taxa Cover | Seedling Counts | Additional Data | Plot Photos |
TAG | Module | Species | s78TUS | DBH(cm) |Tres Height| Tree Conction Commerts -

L 234 1 Quercus veluting 1 Live 2.1 Wire tag
| 233 1 Quercus veldting 1 Live 25 WWire tagy
| 73 1) Quercus veldtina 1 Live 98 T dead Dead?, next to twoa dead snags
|| 72 1) Quercus veluting 1 Live 4
|| 71 1) Quercus veluting 1 Live 115
| 70 1 Quercus velting 1 Live 17
| ES 1 Guercus alba 1 Live 127 7 dead Meswy
|| E5 1) Quercus alba 1 Live 149
|| E7 1 Quercus alba 1 Live 115 Joined at base with 068; Mew
| EE 1 GQuercus alba 1 Live 124 g Meswy
| ES 1 Guercus alba 1 Live 133
|| 54 1) Quercus veluting 1 Live 11.4
|| E3 1 Quercus velting 1 Live 11 7 dead
| E2 1 GQuercus alba 1 Live 116 7 dead
| E1 1 Guercus alba 1 Live 124 7 dead
|| 50 1) Quercus alha 1 Live 10.1
|| =8 1 Quercus alba 1 Live 9
| 58 1 Guercus veltina 1 Live 11
| 9 2 Cuercus velting 1 Live 7.5 7 dead
|| a0 2 Quercus alha 1 Live 128 7 dead

&8 2 Quercus alba 1 Live 11 .8 7 7 dead
] il 2 Auernns velting 11 ive 123 ﬂ
Record: 14 lil b | M| M¥k| of 67

Record: 14| 4 ,712 b | Ml |k of 55

Figure 7.4 Basic Data Entry Screen
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7. Reporting and Exporting of Data to Other Applicaions

Reports and exporting facilities will be incorp@datinto the design over time. There are
currently three menu items to export the basicrmfion from each of the primary

tables for tree condition, seedling counts and taxeer. This information can be used to
verify data entry or for statistical analysis. Tqweeries used to extract this information
are typical joins that can be modified to createilgir queries for getting segments of the
data or just organizing the information in otherygia The queries used to create exported
data from each of the three primary data tablesleseribed in the Coastal Forest
Monitoring Database Guide.
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8. Data Entry

A number of features have been designed into ttedeae to minimize errors that occur
when field data is transcribed to the databasstfrage and analysis. Forms are used for
all data entry into the database without the needlifect access to tables. Standardized
identifiers (e.g. locations, species or plots)sekected from lists of easily interpreted
codes. Look-up tables contain project specifi@adatd prohibit entry of data into a field

if a corresponding value is not included in theklap table. Consequently, only valid
names, species or measures may be entered. Soitsedie set on measurement fields

to help prevent errors. The Coastal Forest Dattidhary lists limits on fields and
describes the look up tables used to restrict elaifiey.

Data entry should be completed as soon as posdiklethe field data is collected,
generally within one week. If possible, the datéry should be done by one of the
technicians who performed the field work so that tdkchnician’s memory will aid in the
transcription process.

9. Data Entry Quality Control

While the goal of data entry is to achieve 100%raxir entries, this is rarely
accomplished. To minimize transcription errors; palicy is to verify 100% of records
to their original source. Data entry will be ddmeone or two people. Each line of data
should be checked by a second person. If no dadivailable, the original technician
should check 100% of the data entry on the follgndiay. Once the computerized data
are verified as accurately reflecting the origifield data, the paper forms are archived
and the electronic version is used for all subsetjoalculations. The data entry will be
checked more completely in the validation process.

10. Data Validation

Initial Database Design and Data Loading

Coastal forest data was collected over two caleyears (2002-2003) while the final
protocol was being developed. This data was trédvest from the original field sheets
into Microsoft Excel Spreadsheets. The originakagdsheets were copied and
information on the spreadsheets extracted in tderdhat was required for loading into
the database. Site and location tables were pimoufaist. All of the species and look up
tables were entered next. Referential integrityst@ints were placed on all tables
linking to the events tables to be sure that tinexe2 no orphaned records. Validation
constraints on individual fields in the data talvkere applied wherever possible. Event
information was extracted from the data and reabateworksheet tabs on the copy of
the original field data spreadsheet. EventlD’s whmnstructed in Excel by
concatenating date, location and standard operptimgedure ID’s. The event
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information was then imported from excel to theatbalse. Import errors were corrected
when they occurred and the data were loaded a ddtna. Loading the event
information first eliminated the possibility of hag data that is in a table that can not be
accessed through a join with the events tableeghityy constraints on tables helped
prevent importing inappropriate data entry in Exoéb the database.

Data was loaded into each of the three primary @dles in sequence. EventlD’s were
constructed in Excel as concatenated fields coinigithe park code, LocationID, Date
and standard operating procedure. Worksheet tabs eveated for each table as they
were imported to create a record linking the oadjstata to the data imported to the
database. Any import errors caused by errorsdrotiginal data entry (i.e. spelling
errors) were corrected and the data re-loaded nth#er of records imported was
checked against the number or records in the @igipreadsheet. Approximately 10%
of thedata in the database was checked by the field agamnst the original spreadsheet
information.

The data from each of the three primary tablesexasrted to Excel as a final validation

check of the initial data loading. The originalél sheets, Excel spreadsheets used to
verify the initial data, and the original Accessatmse have been archived for reference.

Validation of Data Entry

Data was loaded into each of the three primary @dles in sequence. EventlD’s were
constructed in Excel as concatenated fields coingithe park code, LocationID, Date
and standard operating procedure. Worksheet tabs eveated for each table as they
were imported to create a record linking the oagjstata to the data imported to the
database. Any import errors caused by errorsdrotiginal data entry (i.e. spelling
errors) were corrected and the data re-loaded nih#er of records imported was
checked against the number or records in the @igipreadsheet. Approximately 10%
of thedata in the database was checked by the field agawnst the original spreadsheet
information.

The data from each of the three primary tablesexa®rted to Excel as a final validation

check of the initial data loading. The originalfl sheets, Excel spreadsheets used to
verify the initial data, and the original Accessatmse have been archived for reference.

Spatial Data Validation

Maps and associated spatial information are coreadeart of the data. The monitoring
database has a one-to-one relationship betweetidosadentified in the database and
the ARCInfo Files. Location information was exmalt from ARCinfo to the
tbl_Locations of the monitoring database. Eachation’'s coordinates and plot
identification code were verified against the cep@nding field in Arcinfo at the start of
the project.
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11. Database Administration

Database Revision Control

The database files will be controlled using a tvad pevision numbering system. The
first revision number will be included in the fimme with the letter R followed by an
integer. The revision number will also contain ainel component that is used to
indicate minor changes to the code or data entgess. Each time there is a new
monitoring period the revision number of the dassbaill be increased. The primary
revision number may also increase if there is ait@nt a change in the protocol or
monitoring methods during a field season. Therdattomponent of the revision
number (i.e. R2.04) does not have to be changagirmple select query is added to the
database. However, all changes to forms and iepbduld result in a change to the
decimal component of the revision number. Thetamdbf cross-tabulation, pivot table
gueries, update or delete queries should also tegl rom the revision history form and the
decimal revision number of the database shoulshtremented. The decimal number
would also be increased when data in a previousoreof an archived database is
altered. The decimal component will be indicatethvain underscore in the file name. A
typical database file name for this protocol migatCACO_Coastal_Forest R2_04.mdb
where the 04 represents that decimal part of tisioen number. Revision histories can
be viewed in the Database Revision History form aocessed through the About the
Database form. In general, copies of the dataslaseld be made for analysis purposes
and queries that you wish to be made permanentgbewadded to the monitoring
database with a corresponding change in the reviaionber of the monitoring database
files.

Working Copies and Database Backup

Database files will be stored on the Park servénénappropriate 1&M project folder.
Individual backup copies of the data tables wilihbede frequently during the field
season to prevent loss of information and to recbeen data entry errors. The backup
will be done using a database utility and will require a name change or revision
change to the database in use for the current$eddon. The backup files will be named
after the original front end and data files witle tturrent date at the end. Back-up copies
are used for the current field season only andmatlbe archived.

Working copies of the database may be made busti@yld not be stored in the project
folders. Only the current protocol database vélstored in the I&M project folder to prevent
data entry errors. Working copies should be storsthff directories and renamed to reflect
the date at which the copy was made. Utility qegeaind reports added to working copies of a
data base can only be imported to the current gobttatabase with the coordination of the
Data Manager to maintain revision control of thetgrol database.
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12. Coastal Forest Data Set — Metadata and Cataloong

Bibliographic information and FGDC compliant mettd@ill be developed for this
protocol so that the protocol documents, reportsdata are discoverable via public and
Park Service bibliographies and clearinghouseslirRinary notes for the development
of metadata were developed using the Electroniaiit Guide (developed by George
Lienkaemper, USGS FRESC, Corvallis, OR). Proceslfoethe creation of metadata are
being written at CACO referencing the Desktop Matadlools developed for NR-GIS
data store. A preliminary text-based FDGC metadatard was created by entering
information on the completed Metadata Guide inNfational Park Service Inventory
and Monitoring Dataset Catalog (Version 2002.1he Tetadata file will be completed
and validated using the Park Service Metadata TarudsMetadata Parser after the final
version of the protocol is released.

The bibliographic information on this project wilé added to NatureBib after final
review of the protocol is complete.

13. Data Availability

This protocol, reports, data, the database guika, dictionary, and all other data
products will be available directly from CACO. Ratan also be transferred using e-mail
or ftp where available. Additional public electroarchives are planned out of the Fort
Collins office in the near future. Requests fotradand reports before they are published
on a CACO I&M website should be directed to:

Stephen Smith, Ph.D.

Plant Ecologist

Cape Cod National Seashore
99 Marconi Site Road
Wellfleet, MA 02667
stephen_m_smith@nps.gov

14. Document Revision History

Revision # Date Author Changes Made Reason for Chge

1.0 June 2004| V. Decker Original Draft
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SOP#8: Preparations and Equipment Storage at the @elusion of Field Season

Revision History Log:

Version 1.0 (January 2006)

Revision #

Date

Author

Changes Made

Reason for @an

At the end of the field season, it is imperativatthll equipment be inventoried, repaired
(or replaced) if necessary, and stored in its prageation. The data and resulting
products (e.g., reports) should also be organineldbachived. To accomplish this, the

field crew should follow these steps:

1. Compile, clean, and return all equipment to itgoerostorage place

2. Clean the assigned vehicle and make sure it isvielita full tank of gas and
sufficient oil.
3. Organize and photocopy all field datasheets anesnoGive all data to project
manager for safekeeping
4. Make sure all data has been entered into the electdatabase and saved in the

proper folder on the NACL server
5. Complete end-of-season report
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SOP#9: Coastal Forest Monitoring Safety
Version 1.0 (January 2006)

Previous| Revision| Author Summary of Changes New
Version | Date Version #
#

All project staff will receive the training and ingment the measures established in the
programmatic SOP # P2 - Safety Standards and Rroesfbr Monitoring Projects,
which is incorporated by reference. Special aid@nghould be paid to the elements of
the programmatic SOP addressing tick bites and Lgisease, heat stress, and poison

ivy.

In addition to the basic requirements of the progreatic SOP, the following measures
will be implemented as part of the Coastal Foreshitbring Protocol:

-the project manager will encourage field staftise insect repellent on their clothes;
-the project manager will provide light-colored eoalls if desired by field staff;

-field staff are encouraged to perform periodi& tbecks while in the field;

-the project manager will ensure adequate poispplig-contact solution (such as Ivy
Block) and post-contact wash (such as Technu)asable for the duration of the field
season.

In addition, all project staff are encouraged tworamend changes or additions to the
programmatic safety SOP.
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Appendix |
Selected comparisons of variable-radius vs. fixezhglot data

Tree basal area was calculated from the 2002 ayaylge data within variable-radius
plots (VRP) using standard equations of forest mext®n (Husch et al. 1993). These
were compared to the 2002 modular plot data. Aeperepresentation of species-
specific Basal Area within the fire stake netwoyktbe modules would correspond to a
slope of 1 (45°) and an’Ralue of 1.0.
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Appendix 1.

Site descriptions and locations

Site ID
CC01
CC02
CCO03
CCO05
CCO06
CCo7
CCO08
CC09
CC11
CC12
CC13
CC14
CC15
CC16
CC17
CC18
CC19
CC20
CC21
CC22
CC23
CC24
CC25
CC26
CC28
CC29
CC30
CC31
CC32
CC33
CC34
CC35
CC36
CC37
CC38
CC39
CC40
CC41
CC42

Forest Type

Beech

Pitch Pine

Pitch Pine-Black/White Oak
Pitch Pine-Black/White Oak
Pitch Pine-Black/White Oak
Pitch Pine

Black/White Oak

Pitch Pine-Black/White Oak
Pitch Pine -heathland

Pitch Pine -heathland

Pitch Pine

Pitch Pine-Black/White Oak
Pitch Pine-Black/White Oak
Pitch Pine-Black/White Oak
Pitch Pine

Red Maple

Red Maple

Red Maple

Red Maple

Red Maple

Black/White Oak
Black/White Oak
Black/White Oak
Black/White Oak

Atlantic White Cedar
Atlantic White Cedar

Pitch Pine

Pitch Pine-heathland

Pitch Pine-heathland

Pitch Pine-heathland

Black Locust

Black Locust

Black Locust

Black Locust

Black Locust

Beech

Beech

Beech

Beech

UTM (zone 19T7)

Northing Easting
4658315 400811
4644126 411378
4648382 413642
4648086 411987
4637455 419084
4656120 408766
4652177 412979
4648374 414857

4639186 419136
4658146 399486
4645686 413687

4645725 413575
4647977 414371
4647978 414344
4656153 409182

4656642 399248

4646207 416231

4646077 414945

4640511 418536

4630391 419792

4654391 411119

4653121 412039

4648560 413338

4646796 415233

4640485 418594
4640367 418583
4633842 420380

4650795 414340
4643819 411152
4639127 419257
4644906 415542
4648742 412636
4645683 413259
4648661 413902
4633256 420024
4658202 401037
4658279 400767
4658480 400556
4658434 400619
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Forest type 2000 (acres) % total CACO area
Atlantic white cedar 11 0.04%
beech 69 0.27%

black locust 143 0.55%

red maple 533 2.05%

oak (black and white) 2460 9.44%

pitch pine 5093 19.55%

pitch pine - oak 5517 21.18%
CACO 26047

Site maps and information

The following sites originally established by Pegten et al. (1983) sites have not
relocated or re-sampled:

CCO04 - This site was converted into an experimeetgarch site by Bill Patterson in
1984.

CC10 - This site could not be re-located.

CC18 - This site is a dead Scots Pine plantatidgharProvince Lands that has not been
re-located since 1981. The new CC18 is now a raplersite.
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CCo1

Directions Take Rt. 6E to Race Point Rd. and go right oceRRoint Rd. Drive to the
Province Lands visitor center to turn around, aackirack on Race Point Rd. for
approximately 0.3 mi. Park immediately after thstf‘Speed Limit 30 mph” sign. The
site is upslope and to the right about 300 feetyawa

Fire stakes24 stakes, A through X.
Module orientationLinear-contiguous; N-S bearing for modules = 20fented around

stake D. Canopy photos in center of boundarybetsveen modules 2 and 3.
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CCo02

Directions Take Rt. 6W. Just after Moby Dick’s restauramhtright onto Briar Ln. at
the blinking yellow light across from the Outer @dgealth Service. Follow this road to
stop sign in Wellfleet center. Go straight acrbssintersection onto Holbrook Ln. Take
the first right onto Chequessett Neck Rd. At forithe road stay left on Chequessett
Neck. At the end of the road there is a stop diglay right. Follow the road across
bridge, towards the paved Great Island parking Aitthe triangle follow the signs for
Duck Harbor, bearing right. Follow the road almisénd and turn around on a small
dirt pull-off (the beginning of a fire road). Bac#ck to park on the right at a small pull-
off opposite of the “Kuhn” driveway, a small didad. Follow the dirt road back about
500 feet or so, where you can cut in on a smalt dath/opening in the heath.

Fire stakes46 stakes, A-Z and AA-AU in two long transects

Modules Four-square. N-S bearing for modules = 0°. i2ei¢ around stake G. Canopy
photos at stake G.
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CCo03

Directions Take 6W past the Truro transfer station. Justdat, turn around at the old
gas station that sells firewood. Backtrack on & fae transfer station sign and park just
before the “trucks turning right” sign. Walk upetbld paved path and the first two
modules are back to the right. :

Fire stakes24 stakes, A through X

Modules Separate two-squares. N-S bearing for modul@é®s Modules 1 and 2
oriented around stake G. Modules 3 and 4 orieatednd stake P. Canopy photos in
center of boundary line between modules 2 and 3.
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CCO05

Directions Take Rt. 6 W to the Pamet Rd. exit. Take the fef after the exit onto

Depot Rd. Follow Depot Rd. bearing left at thdatsplonto Old County Rd. Follow Old
County Rd. (bearing left at another split) for dexar two until you come to a dirt road
with a sign for Pine Grove Cemetery. Turn leftehand proceed down the main dirt road
until you see the cemetery on the left. At thismpdurn left and stay on this lesser
maintained road. Eventually you will come to #difork in the road which is actually
two ends of a loop. Take the left one (park inrthddle of the loop). When leaving,
continue out the other way.

Fire stakes 36 stakes, several of which are difficult to l@gaven with the assistance of
the GPS.

Modules Four-square. N-S bearing for modules = 0°. ei@ around stake AC.
Canopy photos in center of boundary line betweedutes 1 and 2 and between 3 and 4.
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CCO06

Directions Take Rt. 6W to the entrance to Marconi Site/He=altggrs. Follow the road
to Marconi beach, and turn right on the first fioad. Follow the fire road a mile or two.
At the second road to the right, turn around sogearupark facing out. The site is in the
woods to the right if you are on that side roadrfi@¢he main road (facing north). The
easiest way to get to the stake where the modudess #o follow that side road down ~
300 ft. and cut in where the pines start to thit ou

Fire stakesThere are 20 stakes at this site, C through H Jaihrough W.

Modules Four-square, N-S bearing for modules = 0°, oeidrround stake K. Canopy
photos at stake K.
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CCo7

Directions Take Rt. 6E to Pilgrim Heights. Park at the ehthe second parking area
(around the loop). Take an unmarked footpath frieencorner of the parking lot in to the
path under the power lines. Turn right at the pomerand walk a little ways into a
small depression. Turn left into the woods at agil@and the site is about 0.1 mi. away.

Fire stakes 38 stakes, A to AL.

Modules Four-square, N-S bearing for modules = 0°, oeéraround stake AK. Canopy
photos at stake AK.
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CC08

Directions Leaving the lab, take a left onto the dirt rodidod Dewline Rd., which is Old
King’'s Highway. Follow this dirt road about 1.3 mbeing careful for bikers/walkers etc.
('ve seen more on this road than most). Parkpaléout on the left side of the road
where the road takes a right turn. Walk about @0 where a slight bend in the road
makes the truck barely visible, and the site isrirthe right about 200 ft.

Fire stakes?29 stakes,

Modules Four-square, N-S bearing for modules = 0°, oei@raround stake T. Canopy
photos at stake T.
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CC09

Directions Take Rt. 6W to the South Pamet Rd. exit. Takirad exit, follow the road to
your first right, going under the route 6 bridgelléw the road until it takes a left turn,
and at that point you want to take a right turrod@ollins Rd. Go approximately 0.8 mi.
to park at a sandy pullout on the left, a littlédse the fire road to CC15 and CC16. Take
the path from the pullout. When the path splitettie right trail, go upslope and at a
sandy eroding patch, go right again. Go about &ndtfo0 ft. and the site will be in on the
left just a little bit, with the stake being in apen area at the base of a little slope.

Fire stakes27 stakes, A through AA.

Modules Four-square. N-S bearing for modules = 0°.ead around stake W.
Canopy photos at stake W.
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CC11

Directions From the lab take Rt. 6W to Headquarters. Driast neadquarters, through
the open gate and there’s an access road on titetugn right. Drive to the end of the
road and park the truck. If you are facing the weatthe end of the road the site is in on
the left

Fire stakes26 stakes in two transects, A to Z

Modules Four-square. N-S bearing for modules = 0°. i?ei¢ around stake D. Canopy
photos at stake D.
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CC12

Directions Take Rt. 6E until you get to the set of lightddake a right turn onto Race
Point Rd. Drive past the Province Lands Visitoresn@r and take the left turn to go to
Herring Cove. The parking lot is 0.4 mi. down oe tight side. The site is down the
dune in the pitch pine.

Fire stakes24 stakes in two transects, AtoLand O to Z
Modules Separate two-squares. N-S bearing for modul@é®s Modules 1 and 2

oriented around stake O; modules 3 and 4 oriertmehd stake P. Canopy photos at
stake O.

4
" 1
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CC13

Directions Take 6W. Just past the Welcome to Wellfleet sa&ke your first right onto
Pamet Point Rd. (at the sign for the Atwood Higdinsise). Follow the road to the end to
turn around the little island and backtrack 0.5 Yfau pass the little stand selling flowers
from someone’s garden, and then there will be ekllacust stand on the right (at a
slightly lower elevation than the road). Park & third power line pole at the end of the
black locust stand. If you're looking for it, youdee a small pullout that we’ve made
from parking there. CC13 is on the top of the ridgeyour right.

Fire stakes24 stakes, A through X that are in a line stragygwn the ridge.

Modules Four-square. N-S bearing for modules = 0°. de¢ around stake L. Canopy
photos at stake L.
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CC14
Directions See CC13 directions above

Fire stakesStakes C and D are both in a small ravine gomgrdslope. Because of this
a second D was installed at some point called iDthe original map and D2 in the GPS
in 2001. This point was most likely installed besait goes away from the ravine and
back intoGaylussaciawhich is more consistent with the rest of the aind less
influenced by drainage patterns. D2 was locate2Diil, but no data was collected.

Modules Separate two-squares. N-S bearing for modul@302. The first two modules
are oriented around stake G, three and four aemi@d around stake H. No canopy
photos acquired here.
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CC15

Directions Follow the directions to CC09, continuing on @wlRd. to Firegate #2. Pass
through the fire gate and follow the road untéritds in a T. Park the car there. CC15 is
in the thick vegetation you just drove through.

Fire stakes 10 stakes here labeled A through J. The staesdre only 35 feet from
eachother, or just over %2 a chain, as opposecetstémdard 100 ft. or 2 chains.

Modules All modules separate. N-S bearing for modulé$.=Module 1 oriented

around stake E and encompasses stake D. Modulerzeml around stake A and
encompasses stake B. Module 3 oriented around Btake partially encompasses stake
G. Module 4 is oriented around stake J. No carpymtos acquired here.
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CC16

Directions See directions to CC15.

Fire stakes20 stakes for this site work their way around 6@ilsomewhat of a boot
formation.

Modules One two-square and two individual modules. Ne&ring for modules = Q°.
Modules 1 and 2 are oriented around stake A. M®8us oriented around stake S.
Module 4 is oriented around stake N. Canopy photagnter of boundary line between
modules 1 and 2.

N
A
[EEN
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CC17

Directions Take Rt. 6E towards Provincetown. Just past Maitarestaurant go right
into the second driveway (it's difficult to see thrst few times), #489. There’s an old
fire road at the end of the driveway with a fentéront of it to prevent vehicle access.
Walk down this road about 0.13 mi. The site istofthe right less than 200 ft from the
road off stake Fx. When walking out be careful tootvalk right past the fire road. Itis
fairly overgrown and can easily be missed.

Fire stakes 12 stakes

Modules Four-square. N-S bearing for modules = 0°. dei¢ around stake Fx.
Canopy photos at stake Fx.
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CC18

Directions From NACL, take Route 6 east toward Provinceto@mce in
Provincetown, follow Route 6 and take a right oRtovincelands Road toward Herring
Cove. Park at the pull-off on the right side of tlhad directly after the first fire road.
The site is directly across the road.

Modules Four-square. N-S bearing for modules = 0°, Csupdtos from center
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CC19

Directions: From NACL, take Route 6 west towardIMéaet. Turn Right onto Gull

Pond Rd (across from Moby Dick’s Restaurant). Tught onto Gull Pond Landing
(marked by white granite stone sign). At Gull Pgadking lot sign, follow the dirt road
left. Stay on the dirt road to the left of thesfifork in the road and go past Herring pond
sign and past residence 460 “Fromb”. Park at thlegff on the left just over the small
creek. The plot is on the west side of the créelst(way to access is to wade in the creek
for ~50 feet then up the left bank).

Modules Four-square. N-S bearing for modules = 0°, Csupdptos from center
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CC20

Directions: From NACL, take Route 6 west towardIMéaet. After the “Entering
Wellfleet” sign on the left side of Route 6 andeafpassing one set of metal guardrails,
turn left onto a dirt road. This turn is betweba &nd of the first set of guardrails and at
the beginning of another set. Drive down this raad park at the first dirt pull off on the
left side of the road.

Modules Four-square. N-S bearing for modules = 0°, Caupdptos from center
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CC21

Directions: From NACL, take Route 6 west towardIMéet. Take a left onto LeCount
Hollow Road. Take a right onto dirt road markedabgmall post saying, “wireless
station route.” Go through the fire gate and &gt at the first Y in the road. Drive to
the end of the road and turn around and then gaoklbaoff on the left side of the road
opposite marking flag and “No Hunting sign.” ThHetgs 200 meters into the woods.

Modules Four-square. N-S bearing for modules = 0°, Csupdptos from center
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CC22

Directions: From NACL, take Route 6 west towardgtBam. Once in Eastham, turn left
off route 6 onto Hemenway Road. Turn around inkibat launch parking lot and park
on the right hand side of the road. Walk the regbl@ boardwalk and when you come to
a “Y” veer left. The site is at the end of thisten of boardwalk.

Modules Four-square. N-S bearing for modules = 0°, Cgsupdtos from center




79

CcC23

Directions: From NACL, take the first fire road dfighland Road (North) until the first
intersection where the truck should be parked.el2&0 feet back down the road and
then turn West and walk 100 feet into the woods.

Modules Four-square. N-S bearing for modules = 0°, Csupdptos from center
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CCc24

Directions: Drive 0.4 miles on Old King’'s Highwayd take the first right. Park at the
entrance to this dirt road. Walk ~280 feet west @dowe road, then turn north and walk
~40 feet into the woods.

Modules Four-square. N-S bearing for modules = 0°, Csupdptos from center
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CC26

Directions: From NACL, take Route 6 west. Tak#ghat toward Truro center and go
under the bridge and turn onto North Pamet Roake®& right into Collins Road from
North Pamet Road. After passing parking spaceth®pond, there will be a dirt road on
the left side of the road. Go immediately arourgharp turn and park at the pull-off
directly following. Walk up the dirt road acrosetstreet approximately 200 feet and
then into the woods (east) approximately 90 feet.

Modules Four-square. N-S bearing for modules = 0°, Csupdtos from center
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CC28, 29

Directions From NACL, take Route 6 west toward Wellfled@wrn left at Marconi
Station (Seashore headquarters). Take the fitdbleard maintenance and follow
toward back left dumpsters. You will find a didiad on the right that will lead you into
the Atlantic White Cedar Nature Trails. Stay te tight and park on the left directly
after the trail leading to the cedar swamp. Foltbesboardwalk and take the first left.
The plots are on the left (west) side of the boaléw

Modules Four-square. N-S bearing for modules = 0°, Cgupdtos from center
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CC30

Directions From NACL, take Route 6 West. Once in Easthgonlgeft onto Doane road
at the set of lights by the Salt Pond Visitors @enfTake a left onto Nauset road. Drive
until a Ranger Station is visible on the right stcdéhe road. Turn at the next right,
which is a fire road and drive ~0.4 miles up the fiobad. At the Y in the road veer left.
Drive another 200 feet and park on the side oftlael. The plot is 50 feet west into the

woods.

Modules Four-square. N-S bearing for modules = 0°, Csupdtos from center
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CC31

Directions Take Route 6 south to N. Pamet Road. FollowttNBamet Road until it
ends. Turn around and take the second right, wikiéid King’'s Highway. Follow Old
King’'s Highway 0.2 miles and park at or acrossdheeway of 18 Old King’s Highway.
Walk 232 feet south on Old King’s Highway and ti#nhfeet east to the plot.

Modules Four-square. N-S bearing for modules = 0°, Csupdtos from center
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CC32

Directions From NACL, take Route 6 west toward Wellfledust after Moby Dick’s
restaurant turn right onto Brian Ln. at the blirkkiyellow light across from the Outer
Cape Health Service. Follow this road to the sigp in Wellfleet center. Go straight
across the intersection into Holbrook Ln. Takeftist right onto Chequessett Neck Rd.
At the fork in the road, stay left on Chequesseiti At the end of the road there is a
stop sign, bear right. Follow the road acrossbtfidge, toward the paved Great Island
parking lot. At the triangle, follow the signs fDuck Harbor, bearing right. Follow the
road almost to end and turn around on a smalpdiitoff (the beginning of a fire road).
Backtrack to park on the right at a small pull-gfiposite of the “Kuhn” driveway, a
small dirt road. See map below for directionsite.s

Modules Four-square. N-S bearing for modules = 0°, Csupdtos from center
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CC33

Directions From NACL, take Route 6 west toward Wellfledake a left off Route 6 at
the turn for headquarters in South Wellfleet. Afiassing the main headquarters parking
lot, take the first right hand turn. Drive to tked of the paved portion of this road and
park.

Modules Four-square. N-S bearing for modules = 0°, Csupdtos from center
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CC34

Directions From NACL, take Route 6 west toward Wellfled@urn left onto Gull Pond
Road (directly across from Moby Dick’s Restauraridyive approximately ¥2 mile and
turn left at the green mailbox marked “Portnoy 40Bollow dirt road to second left and
loop left to park at the entrance of the powerltetion. Walk east into the woods and
you will be in the black locust stand.

Modules Four-square. N-S bearing for modules = 0°, Caupdptos from center
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CC35

Directions From NACL, take Route 6 west toward the Pameid3cexit. Take this

right hand turn and take a left onto Old County &RoKeep left at the Y in the road and
take a left onto Holsberry Road. Follow this raedil it ends and take a sharp left onto a
dirt road. Park at the second pull off on the tigiWalk up the road 100 meters further,
turn 90 degrees, and the site is directly at tpeofathe hill.

Modules Four-square. N-S bearing for modules = 0°, Csupdptos from center
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CC36

Directions From NACL, take Route 6 west toward Wellfledwrn right onto Pamet
Point Road (right after “Now Entering Wellfleet'gsi), towards Atwood Higgins House.
Follow road to end and turn around at circle. @okoappx. ¥4 mile and park right past
the first house on the left. The plot is next #® iach stone wall opposite this house.

Modules Offset from 1 and 3. N-S bearing for modules’=@anopy photos from center
of boundary between 1,4 and 3,2 (2 images).
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CC37

Directions From NACL, take Route 6 west toward Wellfled@iake the South Pamet
Road exit off Route 6 and travel on this road pdisty Hollow Road. Turn right at the
sign that says #41 Falk and Piecuch. Travel thas until you see a fire road on the left
hand side. Turn onto this fire road (#6) and drieeping left, until the pull off with two
blue marking posts (park here).

Modules Four-square. N-S bearing for modules = 0°, Caupdptos from center
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CC38

Directions From NACL, take Route 6 west toward Easthamceédn Eastham, turn left
off route 6 onto Nauset Road. Look for the Souitiizt Ranger Station on the left side
of the road and when located, pull into the parkaigand park here. The plot is in back
of the Ranger Station

Modules “T”-shaped layout. N-S bearing for modules =©@&nopy photos from center
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CC39

Directions From NACL, take Route 6 east toward Provincetowake a right onto
Race Point Road at the set of lights on RouteRravincetown. Take a left into the
Beech Forest parking lot. Park here. Walk ontthie until there is sand dune on the
right hand side. Hike up the dune and walk aldmg idge on a footpath. The site is at
the top of the hill

Modules Four square. N-S bearing for modules = 0°, Capbdtos from center
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CC40

Directions From NACL, take Route 6 east toward Provincetowake a right onto Race
Point Road at the set of lights on Route 6 in Rrceiown. Take a left into the Beech
Forest parking lot. Park here. Walk on the @aill keep right at the Y in the trail. Walk
200 feet. The plot is up-slope from this point.

Modules: Canopy photos from center of boundarywbeh 1,2 and 3,4 (see Figure for
CC39).

CC41

Directions From NACL, take Route 6 east toward Provincetowake a right onto Race
Point Road at the set of lights on Route 6 in Rroeown. Drive until the Provincelands
Visitor Center on the right side of the road. Taround in this parking lot and drive
back down Race Point Road in the opposite directPark at the first pull-off on the
right side of the road.

Modules: N-S axis = 30Canopy photos from center of boundary betweeradg42,3
(see Figure for CC39).

CC42

Directions From NACL, take Route 6 east toward Provincetowake a right onto

Race Point Road at the set of lights on Route®ravincetown. Drive until the
Provincelands Visitor Center on the right sidehaf toad. Turn around in this parking lot
and drive back down Race Point Road in the oppdsiéetion. Park at the first pull-off
on the right side of the road.

Modules Four square. N-S bearing for modules = 0°, Camdtos from center (see
Figure for CC39).



94

Appendix .

Selected variables from 2002-2003 fixed-area ponging.

Mean DBH and total tree densities exhibited laigets site variance, ranging between
4.0 (CC11,; Pine-Heath) and 24.7 cm (CC29; Atlawliaite Cedar) for the former and
between 7 trees/site (CC11; Pine-Heath) and 1@8/site (400r9) (CC37; Black
Locust) for the latter (Figure 1, 2). Total treadal Area also showed large variation,

although the spatial pattern was slightly differenth CC29 (Atlantic White Cedar)
having the highest values for this parameter (@)r

All species

Figure 1. Mean tree DBH (all species pooled)its: s

Mean tree DBH (cm)
2R NN

o o o (&3]

| | |

o

o

All species

. aali |

Figure 2. Total tree densities (all species pgadbgsite.
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Figure 3. Total BA (all species pooled) by site)

Mean DBH by individual tree species (all sites gablwas highly variable, ranging
between 4.1cm foAmelachierspp. and 25.6cm f&thamaecyparis thyoid€gigure 4)
The variance was highly dependent upon populateanatjraphics. For example,
numerous young trees (saplings) exist in blackvanite oak forest, which lowers mean
DBH values, whereas there are only large, old iidials ofC. thyoidesin the Atlantic
White Cedar sites. Tree densities by species thhgiveen 43 foNyssa sylvaticand
552 forP. rigida (Figure 5). Total BA by species (all sites pooleat)ged between 0.16
m/m2 forAmelanchierspp. and 13.47 m/nfor P. rigida (Figure 6). Although C.
thyoides is present at only 2 sites, BA valuescaraparatively high mainly due to the
large tree size m/frat these sites.
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Figure 4. Mean diameter at breast height (DBH3scies (all sites).
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Figure 6. Total Basal Area (BA) by species (aks).

Overstory tree diversity was lowest at CC11 (Pireatd) and highest at CC38 (Black

Locust) with total species numbers of 1 and 5, eespely (Figure 7).
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Figure 7. Number of overstory species by.site
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Data collected from the fixed-area plots during2@003 were subjected to cluster
analysis (Primer™) as a way to assess current csitig@al variability among sites and
whether the habitat type designations (i.e., regle)gine-oak) manifested themselves as
statistically-related groups. In general sitesglested as a particular forest type
clustered together reasonably well based on basalaad tree densities (Figures 8 and
9).
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Figure 8. Cluster analysis based on tree basal(&le=Black Locust, O=Black and White Oak,
PP=Pitch Pine, PH=Pine-Heath, B=Beech, RM=Red Mayl=Atlantic White Cedar)
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Figure 9. Cluster analysis based on tree dengBiesBlack Locust, O=Black and White Oak,
PP=Pitch Pine, PH=Pine-Heath, B=Beech, RM=Red Mayl=Atlantic White Cedar)

Multidimensional scaling using Bray—Curtis simitgrmatrices (generated in Primer™)
based on near-ground cover data indicated that Slitewed substantial scattering with

few tight groupings (Figure 10). Ground cover é&iiieid considerably higher similarity

among sites with a greater degree of overlap astthdt clusters.

Figure 10. Multidimensional scaling depicting damity among sites based on near-ground cover
(log-transformed mid points of cover classes).
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Figure 11. Multidimensional scaling depicting damty among sites based on ground cover

(log-transformed mid points of cover classes).

Table 1. Near-ground and ground layer speciesdedan 2000-2003

Near Ground layer

Acer rubrum
Amelanchier
Amelanchier sp.

Aralia nudicaulis
Berberis vulgaris
Boehmeria cylindrica
Carex lacustris
Chamaecyparis thyoides
Clethra alnifolia
Comptonia peregrina
Daucus carota
Dennstaedtia punctilobula
Deschampsia flexuosa
Euonymus atropurpurea
Fagus grandifolia
Gaylussacia baccata
Holcus lanatus

llex glabra

llex opaca

Juncus

Juniperus communis
Kalmia angustifolia
Leonurus cardiaca
Lepidium campestre
Lonicera japonica




Lonicera morrowii
Lysimachia terrestris
Mentha arvensis

Myrica pensylvanica
Nyssa sylvatica
Onoclea sensibilis
Osmunda cinnamomea
Panicum
Parthenocissus quinquefolia
Pinus rigida

Polygonum scandens var. scandens
Populus tremuloides
Prunus serotina
Pteridium aquilinum
Quercus

Quercus alba

Quercus ilicifolia
Quercus velutina
Rhamnus cathartica
Rhododendron viscosum
Robinia pseudo-acacia
Rosa carolina

Rosa palustris

Rosa virginiana

Rubus allegheniensis
Rubus flagellaris
Rumex crispus
Sassafras albidum
Sisymbrium officinale
Smilax rotendifolia
Smilax rotundifolia
Solanum dulcamara
Solidago rugosa
Spiraea alba
Toxicodendron radicans
Toxicodendron vernix
Typha latifolia
Vaccinium angustifolium
Vaccinium corymbosum
Viburnum cassinoides
Viburnum dentatum
Vitis labrusca
Woodwardia areolata
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Ground layer

Acer rubrum
Amelanchier
Amelanchier sp.

Aralia nudicaulis
Arctostaphylos uva-ursi
Carex lacustris

Carex pensylvanica
Chamaecyparis thyoides
Chelidonium majus
Chimaphila maculata
Clethra alnifolia
Comptonia peregrina
Corema conradii
Cypripedium acaule
Daucus carota
Dennstaedtia punctilobula
Deschampsia flexuosa
Epigaea repens

Fagus grandifolia
Fragaria virginiana
Gaultheria procumbens
Gaylussacia baccata
Holcus lanatus
Hudsonia ericoides
Hudsonia tomentosa

llex glabra

llex opaca

Kalmia angustifolia
Leonurus cardiaca
Lichen sp.

Lonicera japonica
Lonicera morrowii
Maianthemum canadense
Melampyrum lineare var. lineare
Mentha arvensis
Mitchella repens

Moss sp.

Myrica pensylvanica
Nyssa sylvatica

Onoclea sensibilis
Osmunda cinnamomea
Oxalis stricta

Panicum

Parthenocissus quinquefolia
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Pinus rigida

Polygonella articulata
Polygonum scandens var. scandens
Prenanthes trifoliata
Prunus serotina
Pteridium aquilinum
Quercus alba

Quercus ilicifolia
Quercus velutina
Rhododendron viscosum
Ribes hirtellum

Robinia pseudo-acacia
Rosa carolina

Rosa palustris

Rosa virginiana

Rubus allegheniensis
Rubus flagellaris
Sassafras albidum
Schizachyrium scoparium
Scirpus cyperinus
Sisymbrium officinale
Smilax rotundifolia
Solanum dulcamara
Solidago canadensis
Solidago rugosa
Spiraea alba
Toxicodendron radicans
Toxicodendron vernix
Trientalis borealis
Vaccinium angustifolium
Vaccinium corymbosum
Vaccinium macrocarpon
Viburnum cassinoides
Viburnum dentatum
Vitis labrusca
Woodwardia areolata



Appendix IV.

Summary of selected power analyses

Power to detect change in all trees (all speciedgol) across entire network (all sites

pooled).
Parameter Transf Power Power
(£20%) (£50%)
All trees DBH log 95% 100%
All trees BA log 56/71% 100%
All trees Density log 53/99% 100%

Power to detect change in a single species acntise aetwork (all sites pooled)
Power £50%)

Species Parameter Transf
Acer rubrum DBH log
Amelanchier spp. DBH log
Chamaecyparis DBH log
thyoides

Fagus grandifolia DBH log
Nyssa sylvatica DBH log
Pinus rigida DBH log
Prunus serotina DBH log
Quercus alba DBH log
Quercus velutina DBH log

Robinia pseudo-acacia DBH

log

Power £20%)
100%

28%

100%

64%

72%

100%
100%
100%
100%
100%

100%
89%
100%

100%
100%
100%
100%
100%
100%
100%

Power to detect change in mean tree DBH (all spgmi®led) at each site

Site Parameter Transf Power £20%) Power £50%)
CCo1 DBH log 91% 100%
CCo02 DBH log 71% 100%
CCo03 DBH log 100% 100%
CCO05 DBH log 81% 100%
CCO06 DBH log 7% 100%
CCo7 DBH log 100% 100%
CCo08 DBH log 100% 100%
CC09 DBH log 100% 100%
CC11 DBH log 60% 99%
CC12 DBH log 100% 100%
CC13 DBH log 100% 100%
CC14 DBH log 87% 100%
CC15 DBH log 50% 99%
CC16 DBH log 100% 100%
CC17 DBH log 100% 100%
CC18 DBH log 70% 100%
CC19 DBH log 57% 100%
CC20 DBH log 68% 100%
Ccc21 DBH log 50% 99%
CC22 DBH log 87% 100%
cc23 DBH log 100% 100%
CC24 DBH log 93% 100%
CC25 DBH log 35% 94%
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CC26
ccC28
CC29
CC30
CC31
CC32
CC33
CC34
CC35
CC36
CC37
CC38
CC39
CC40
CC41
CC42

Power to detect change in mean tree BA (based erages of module BA values; all

DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH

species pooled) at each site

log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log

88%
100%
100%
47%
96%
46%
39%
59%
71%
60%
97%
63%
44%
66%
29%
31%

100%
100%
100%
99%
100%
98%
95%
100%
100%
100%
100%
100%
99%
100%
89%
88%

Site Parameter Transf Power £20%) Power £50%)
Cco1 BA log 99% 100%
Cco2 BA log 99% 100%
cco3 BA log 99% 100%
CCO05 BA log 16% 58%
CCo6 BA log 99% 100%
Cco7 BA log 99% 100%
Cccos BA log 99% 100%
CC09 BA log 99% 100%
CC11 BA log 8% 15%
CC12 BA log 8% 14%
CcC13 BA log 99% 100%
CCi14 BA log 99% 100%
CC15 BA log 99% 100%
CC16 BA log 99% 100%
CcC17 BA log 99% 100%
CC18 BA log 26% 86%
CC19 BA log 16% 58%
CC20 BA log 96% 100%
Ccc21 BA log 23% 82%
Ccc22 BA log 44% 98%
cc23 BA log 88% 100%
CC24 BA log 84% 100%
CC25 BA log 19% 69%
CC26 BA log 100% 100%
cc28 BA log 100% 100%
CC29 BA log 100% 100%
CC30 BA log 81% 100%
CC31 BA log 32% 93%
CC32 BA log 14% 50%
CC33 BA log 97% 100%
CC34 BA log 100% 100%
CC35 BA log 100% 100%
CC36 BA log 18% 65%
CC37 BA log 89% 100%
CC38 BA log 99% 100%
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CC39
CC40
CC41
CC42

Power to detect change in a single species atstictshaded sites indicate forest

BA
BA
BA
BA

log
log
log
log

99%
99%
92%
34%

types corresponding to the species being tested)
Parameter Transf Power £20%)

Site

CCo02
CCo03
CCO05
CCO06
CcCov
CCO09
CC11
CC12
CC13
CCi14
CC15
CCi16
CC17
CC19
CC24
CC25
CC26
CC30
CC31
CC32
CC33

Site

CCo03
CCO05
CCo8
CCO09
CC15
CCi16
Ccc23
CC24
CC25
CC26
CC30
CC31

Species

P.
. rigida
. rigida
. rigida
. rigida

TUVVUUUIUUUTVUIUTITUTTUDUTT

rigida

rigida
rigida
rigida
rigida
rigida
rigida
rigida
rigida
rigida
rigida
rigida
rigida
rigida

. rigida
. rigida
. rigida

Species
Q. alba
Q. alba
Q. alba
Q. alba
Q. alba
Q. alba
Q. alba
Q. alba
Q. alba
Q. alba
Q. alba
Q. alba

DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH

Parameter
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH

log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log

Transf
log
log
log
log
log
log
log
log
log
log
log
log

78%
100%
99%
100%
100%
100%
67%
100%
100%
100%
33%
100%
100%
78%
7%
24%
100%
100%
100%
42%
48%

Power ¢£20%)
96%
16%
95%
100%
38%
95%
100%
97%
43%
75%
8%
23%

Power to detect change in a single species at®8gch
Species

Site

Cco1
CCo02
Cco3

Q. velutina
Q. velutina
Q. velutina

Parameter Transf

DBH
DBH
DBH

log
log
log

Power
(x20%)
100%
12%
100%

100%
100%
100%
95%

Power ¢£50%)
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
92%
100%
100%
100%
11%
92%
100%
100%
100%
98%
99%

Power ¢£50%)
100%
60%
100%
100%
95%
100%
100%
100%
98%
100%
15%
90%

Power ¢£50%)

100%
60%
100%
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CCO05
CCo6
CcCov
CCo08
CCo09
CC13
CCi4
CCi15
CCi6
CC17
CcC21
CC23
CC24
CC25
CC26
CC30
CC31
CC35
CC38
CC39
CC40

Site

Cco1
CC18
CC19
CC20
CC21
CC22
CcC28
CC29
CC39
CC40
CC41
CC42

Site

ccz21

CC34
CC35
CC36
CC37
CC38

Site

CC28
CC29

Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina
Q. velutina

Species

. rubrum
rubrum
rubrum
rubrum
rubrum
rubrum
rubrum
rubrum
rubrum
rubrum
. rubrum
. rubrum

>r>2>2>>2r2>2>>>>

Species

R. pseudo-
acacia

R. pseud-aca
R. pseud

R. pseud

R. pseud

R. pseud

Species

C. thyoides
C. thyoides

DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH

Parameter

DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH
DBH

Parameter

DBH

DBH
DBH
DBH
DBH
DBH

Parameter

DBH
DBH

log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log

Transf

log
log
log
log
log
log
log
log
log
log
log
log

Transf

log

log
log
log
log
log

Transf

log
log

5%
7%
5%
100%
100%
5%
56%
26%
100%
5%
6%
100%
31%
8%
19%
24%
18%
63%
5%
96%
60%

Power
(£20%)
94%
65%
50%
68%
65%
76%
22%
23%
27%
33%
15%
20%

Power
(£20%)

99%
74%
62%
68%
100%

Power
(x20%)
100%
100%

6%
100%
7%
100%
100%
6%
100%
89%
100%
5%
11%
100%
100%
23%
81%
87%
80%
100%
5%
100%
99%

Power ¢£50%)

100%
100%
99%
100%
100%
100%
2%
75%
80%
92%
46%
69%

Power ¢£50%)

100%
100%
100%
100%
100%

Power ¢£50%)

100%
100%
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Site Species Parameter Transf  Power Power £50%)
(£20%)

CCo1 F. grandifolia DBH log 38% 97%

CC39 F. grandifolia DBH log 5% 7%

CC40 F. grandifolia DBH log 46% 99%

CC41 F. grandifolia DBH log 20% 66%

CC42 F. grandifolia DBH log 18% 59%

Site Species Parameter Transf  Power Power ¢£50%)
(x20%)

CC18 N. sylvatica  DBH log 9% 31%

CC19 N. sylvatica  DBH log 24% 79%

CC22 N. sylvatica  DBH log 79% 100%

CcC41 N. sylvatica  DBH log 13% 43%

CC42 N. sylvatica  DBH log - -

Site Species Parameter Transf  Power Power ¢£50%)
(x20%)

CC14 P. serotina DBH log 9% 20%

CC34 P. serotina DBH log 34% 96%

CC35 P. serotina DBH log 62% 100%

CC36 P. serotina DBH log 21% 80%

CC37 P. serotina DBH log 96% 100%

CC38 P. serotina DBH log 45% 98%

Power to detect change in the Shannon-Weiner diyeysoverstory vegetation across all sites (#és
pooled).

Parameter Transf Power20%) Power £50%)
S-W Diversity (BA) none necessary  32% 90%
S-W Diversity (density) none necessary  42% 93%

Power to detect change in the Shannon-Weiner diyarSnear-ground layer vegetation across allsssl
sites pooled).

Parameter Transf Power20%) Power £50%)
S-W Diversity (cover) none necessary  99% 100%

Power to detect change in the Shannon-Weiner diyersnear-ground layer vegetation across allss{gl
sites pooled).

Parameter Transf Poweird0%) Power £50%)
S-W Diversity (cover) none necessary  100% 100%




Appendix V

Field Forms

1. Ground and near-ground layer taxonomic comjoosit
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<2m) (10m2 plots)

Site: Date: Collectors: Entered: Hroofed: Cpmments
Ground (<0.5m) INE || NW [I SW |1 SE [1II NE [I NW |1 SW |1l SE [1II NE[III NW J1Il SW |IIl SE [IV NE [IV NW [IV SW [IV SE

(1m2 plots)

Near ground (>0.5- |[I NE |I NW [I SW [I SE |II NE [Il NW |1l SW 1l SE [IIl NE|III NW [Ill SW [l SE |IV NE IV NW [IV SW [IV SE

+ is species present in module, but not in nested plot

Herb measured 1m square only
Shrub measured 3.3m square
Cover Class (%):

1=trace; 2=0-1; 3=1-2; 4=2-5; 5=5-10
6=10-25; 7=25-50; 8=50-75; 9=75-100



2. Tree size and condition

Date Collected:

Collectors:

Data Entered:

Proofed:

Tag No.

Site Module
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Tree Species

DBH

Health Height of tallest) Comments
category | tree in Module

(m)




3. Tree seedling densities

Tree seedling counts
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Collected by: Date Entered:
Date: Date Proofed:
Site Module

Species

Count

Total




