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ABSTRACT: i\-1oniloring programs haw been established by agencies to assist in the consen-alion or 

biological di\ersil: and 10 ;Jssess the ill1pact~ of a Yariety of threats to species and natuml systems. 

Howc\er. poorly designed programs may fail to deteel changes in the system they were imended to 

mOnilOf. \\'e evaluated and r('yised the long-term monitoring program for \'ascu!ar plants at Shenandoah 

;-,;ational Park ISHEN) and llsed our evaluation and reyi"ion 10 illuslrate common problems associ­

ated \~ith monitoring programs. Our evaluation of data collected through SHEl',rs 14-year monitoring 

program indicated that the design ,1nd sumpling effort hlcked the statiqical pov,:er to detect change~ in 

qem density of shrubs or saplings. although there was sufJicienl pov,'er to detect changes in tree basal 

area tor ,,>onK :;pecies. The inabilit) of the program In detect changes was due. in pan. to the lack of 

srecinc management and sampling objecli\"es, stratifying the park according to forest cover types that 

changed over time. error:- ,L~sociated with misidentiJication of :-.pecie:-., and an inappropri<.Jte lemporal 

schedu'(; for Yisiling sampling pIOlS. Our re\-ised sampling design allempled to correUlhese deficiencies 

by using strata lhm are unlikely to change {)\"ef lime (elevation, bedrock geology. and aspect). stream­

lining data collection 10 allow a greater number of :,ampling plots. and Yisiting al! plms over a 2-year 

period (interpenetrating sampling) \0 incrcnsc sample size. Long-term monitoring programs should: 

(I) establish specific' quantifiable, and auainable management and statistical sampling objectives: (2) 

ust' permanent characteristics to dctlne strata (e.g .. elevation or bedrock geology). if stratification j:-. 

v,:arranted: and 0) perform a statisticnl evaluation of the monitoring program once sufficient data have 

been coUecled, Prompt evaluation of an implemented monitoring program will aJlow timely modifica­

tions of either sampling objectives or the sal11ple design with m'inimal delay in collecting meaningful 

long-term trend information. 

index lenns: forest plants, monitoring. national parks, power analysis. \"ascu!ar plants, vegetation 

INTRODUCTION 

Many countries and agencies have initj~ 

ated monitoring programs to assist in the 
conservation of biological diversity and to 
detect impacts of vnrious threats to natural 
resources (Austin and Heyligers: Woodley 
et al. 1993: Stork et a!. 1995: Gibbs et a!. 
1998: McDonald 2003). Effective monitor­
ing programs set objectives that can be 
assessed quantitatively using a statistical 
sampling design. In the United States. 
many federal agencies have monitoring 
programs. The National Park Service 
(NPS), for example. is required to moni~ 
tor natural resources to detect change and 
provide reference points for comparisons 
with other altered environments (Schmoldt 
et a!. 1994: Freet and Turner 1999). In 
general. however. monitoring programs 
conducted by natural resource agencies 
often have been undertaken in a less than 
rigorous fashion . 

In particular. many programs are initiated 
vvithout identifying specific objectives. 
and defining management and sampling 
objectives is the most important step in 
designing a monitoring program (SchmnJdt 
et <11. 1994). Management objectiYi.:-" rclk,.'l 
what outcome or finding re.-'Ollrcc 1l1~!11;\;.\'-'I' 
would like to see as a result or:\ jldrll\'\i!;1! 

monitoring program, S:!mplil1,!' ()\1I,',-ll\ 

are more specific than management objec~ 
tives. and they link management objectives 
with statistical rigor. including effect 
sizes (e.g .. changes in abundance over a 
specified time period) and statistical power 
(NPS 2005). Without clarifying objectives, 
researchers often end up with data that 
address the wrong question(s), too much 
or too little data, or data that are of no use 
(Gibbs 1998: NPS 2005). 

Shenandoah National Park (SHEN) has 
natural resources of national importance 
and it. therefore, was one of the first 
national parks included in a long~term 
inyentory and monitoring (LTEM) program 
to detect changes and quantify trends in 
resource condition and to link the changes 
to their causes (Schmoldt et a!. 1994: Freet 
and Turner 1999), In theory, the LTEM 
program should provide the data neces~ 
sary for the fundamental understanding 
of ecological processes and changes that 
occur within th(' park. 

\Ve e\'~t1u;lted. :!!ld consequently revised, 
the LTI::\'1 Jlr!l,~r;l!l1 for y;\scular plants a1 
,l.) III: '\ _ TI1<.' \)11 il'l"t i\ c ... of Ihis revision and 
('\;t!U;llIOll \\VI'c' tlm'cl"old. One, specific 
Il\:ill;i:','JlI,'fll :lIlll \:lI11pling objectives were 
1\<'(·11, d 1<, ;1','.\'\\ \\ hl'!hu the CUlTent moni­
It'll!!" ,,11,,11 \\;I~ :,dl'quatc for detecting 

',1 il,'!),I, 1\\\\,()IKClheseobjectives 
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were set. we conducted a statistical evalua­
tion to assess whether the current program 
met objectives. Three, using our statistical 
evaluation of the original LTEM program, 
we developed a revised sampling design 
to meet the newly-formed management 
and sampHng objectives. We contend that 
resource managers throughout the NPS 
system and other natural resource agencies 
should conduct periodic evaluations to 

assess whether their monitoring programs 
have identified specific objectives and. jf 
so, determine whether the monitoring pro­
grams can meet these objectives. Periodic 
evaluations are particularly important for 
trees because vegetation requires monitor­
ing time periods of decades or centuries 
due to their longevity. 

METHODS 

To establish specific and measurable 
management and sampling objectives, a 
one-day workshop was held at SHEN in 
March 2000, The goal of the workshop 
was to deveJop specific, appropriate, attain~ 
able, measurable, and statistically explicit 
management and sampling objectives for 
the park's LTEM program for vascular 
plants (NPS 2005), Scientists and natural 
resource managers from 10 organizations 
(universities, governmental [state and fed­
eral), nongovernmental) participated in the 
workshop. Workshop participants assisted 
park resource managers in determining 
what changes in vascular plant conditions, 
specifically forest plants, the monitoring 
program should detec!' We focused on 
monitoring of trends in overstory trees, 
saplings, and shrubs, because these areas 
have the greatest applicability to other 
parks and resource management agencies 
that contain large tracts of forested land, 

At the time of this study, SHEN had 14 
years (1987-2000) of vascular plant data 
collected via the LTEM program, This 
original LTEM program was typical of 
many established monitoring programs 
- especially by placing plots within specific 
forest cover types. These original data were 
collected at 104 sampling sites distributed 
among 42 strata within the park (Smith 
and Torbert 1990), The original LTEM 
protocols used a stratified random sampling 
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design where 91 of the 104 LTEM sam­
pling sites were randomly selected from 
the strata for vascular plant inventories. 
and an additional 13 sites were added as 
part of subsequent research projects. The 
original 42 strata were de~ived from eight 
forest cover types (cove hardwoods, pitch 
pine [Pinus rig ida. Miller], Virginia pine 
[Pinus virginiana, Miller], eastern hemlock 
[Tsuga canadensis, Engelm.], chestnut 
oak [Quercus prinus, LJ, black locust 
[Robinia pseudoacacia, L.), n011hern red 
oak [Quercus rubra, LJ, and yellow poplar 
[Liriodendron tulipijera, L.]), three eleva­
tion ranges (low 381-533 m; mid 686-838 
m; and high 991-1143 m), and two aspect 
ranges (moist 350-100 degrees azimuth; 
and dry 170-280 degrees azimuth), The 
original coverage of each stratum was 
determined using a Geographic Informa­
tion System (GIS) that inclpded vegetation 
mapping (D, Hurlbert, NPS, pers, comm,), 
Whenever possible, vascular plant sam­
pling sites were distributed equally among 
each of the three park districts (north, 
central, and south). 

Under the original LTEM design, at each 
sampling site three 24-m x 24-m plots were 
permanently established and diameter at 
breast height (dbh) was measured for all 
woody vegetation> 5 m tan within the plot. 
At three corners of this plot, 6-m x 6-m 
sapling-shrub sampling plots were estab­
lished and number of woody stems 1-5 m 
tall was counted by species, Within each 
sapling-shrub plot, two 1-m x I-m seedling 
plots were established where a species­
specific count was made of an woody 
regeneration < 1 m tall (Smith and Torbert 
1990), Because all plot measurements "Cere 
based on horizontal-plane measurements, 
al1 horizontal distances along slopes ex­
ceeding 3% were corrected by multiplying 
the horizontal distance by a corresponding 
slope correcting factor (Smith and Torbert 
1990; Kleinn et aL 2002), Sites that con­
tained slopes exceeding 50% were not used 
in the LTEM program. 

Estimates of variances and effect sizes are 
required before statistical power of a given 
parameter can be estimated. Therefore, the 
first step of the statistical evaluation of the 
original LTEM program for vascular plants 
was to generate estimated basal areas and 

stern densities values for selected species. 
We used formulas for a stratified random 
design (Cochran 1977) to estimate means 
and variances for basal area (m2/ha) and 
stem density (stemslha) for selected plant 
species. However, we only used data from 
one 24-m x 24-m sample plOI because the 
three plots at each sample site were not 
independent. We ca1culated Satterthwaite 
degrees of freedom (Satterthwaite df) to 
obtained weighted degrees of freedom 
based on sample sizes among strata, area 
of strata, and variances among strata. 
The Satterthwaite approximation for the 
degrees of freedom is: 

Satterthwaite df = 

where 

If all stratum sizes (Nh ), sample sizes (nh ), 

and variances (s2 h) are equal, then the de­
grees of freedom are n - L, where L is the 
total number of strata (Thompson 2002), 

Estimates were calculated for total basal 
area (m2/ha) in each forest cover type at 
each sampJing period, change in mean 
basal area between sampling periods, and 
change in total basal area between sampling 
periods for the following selected overstory 
tree species: northern red oak, red maple 
(Acer rubrum, L), pine (pitch pine and 
Virginia pine), and black birch (Betula 
lenta, L.). Estimates also were ca1culated 
for stem density (stemslha) of shrubs and 
saplings (1-5 m tall) in each forest cover 
type at each sampling period, and changes 
in mean stem density (stemsfha) between 
sampling periods for each of the fo11owing 
selected species: mountain laurel (Kalmia 
/atifolia, L), sassafras (Sassafras albidum, 
Nees), brambles (Rubus spp,), spicebush 
(Lindera benzoin, Blume), and flowering 
dogwood (Cornusjlorida, L.). We used the 
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coefficient of \·ariation (CV :::;: standard er­
ror/mean x 1 009c) as a measure of precision 
of estimates for hasal are[l and stems/ha 
based on the original LTEM sampling 
design for vascular pj[lnts a1 SHE1\'. 

Statistical power to detect changes (e.g .. 
mean difference of paired plots between 
sampling periods Yla a I-test) was estimated 
for tree basal area and shruh-sapling and 
seedling stem density. Because the vari­
ance of these parameters was positivel~ 

correlated \\iith the mean. the standard 
deviation (SO) \vas first modeled as a 
linear function of the mean change (Ger­
rodene 1993_ Figure 1). From 1his model. 
the standard deviation could be predicted 
for a given absolute value of the change 
in the parameter of interest. For change::., 
in basal area or stem density beyond the 
limits of the linear model. the estimate of 

A) 

4.5 c 

standard deviation from the largest change 
in basal area or stem density in the model 
\\"as used. 

\Ve assumed that the distribution of mean 
change (mean of paired-plot difference," 
over time) in the parameter of interest 
(8: i.e.. hasal :Jrea or stem density) could 
he descrihed by u 1 distribution. in which 
the SE( 8) vI'as a function of the mean and 
samric size. In the simulations. a.:::;: 0.20. 
Satterthwuite df ranged from 2 10 10. busaJ 
area ranged from 0 to 9 m2/ha_ and shrub­
sapling stem density ranged from 0-5000 
stems/ha. An a :::;: 0.20 was agreed upon 
by' ",'"orkshop participants in developing 
management and sampling objectives to de­
tect general trends in vegetation at SHEN. 
Details of the pO'l""er analysis are provided 
in Diefenbach and Mahan (2002). 
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Figure 1. ScatterpJot with regression line for the relationship between standard deviation and mean 
changes in (A) basal area· of trees (m2/ha) and (B) stem density of shrubs or saplings (stems/ha) at 
Satterthwaite df = 4. 
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After revie\ving the results of the statisti­
cal evaluation of the data col1ected using 
the original LTEM sampling design for 
vascular plants. we created a revised sam­
pling design based on a strati fled random 
sampling 'l.,.'lth interpenetrating sampling 
over l\vo years. Therefore, the plOlS \\·'e1'e 
subdivided randorllly into two sllb-sample~ 
visited in successivc years (i.c .. split panel 
design: McDonald 2003). At the conclu­
sion of the :?-year sampling process_ all 
plots wlll be revisited beginning the fol­
lowing year. 

Under the revised design_ new strata were 
no longer based on forest cover type be­
cause forest cover types may Change as a 
result of succession and disturbanc;e re­
gimes. New strata were based on elevation. 
geology. and aspect that were not expected 
to change except on a geological time scale. 
We divided the elevation gradient at SHEN 
into three elevation ranges that differed 
slightly from the ranges proposed under the 
original LTEM design. Under our revised 
design. most (384 km') of SHEN is located 
in the middle elevation range (610-914 
m), but 309 km2 are in the low elevation 
range (213-609 m) and 80 km' are in the 
high elevation range (915-1144 m). The 
geology categories used in stratification 
were: basaltic. granitic, and siliciclastic 
(Gathright 1976). Aspects were divided 
into moist northeastern (315-124 degrees 
azimulh) and dry southwestern (125-314 
degrees azimuth) throughout SHEN. These 
aspect categories differed slightly from 
those proposed under the original LTEM 
design (Smith and Torbert 1990). 

When elevation, geology, and aspect 
were cross-classified, middle elevations 
consistently occupied the greatest area 
among all geologic types, followed in 
area by low elevations and high eleva­
tions. Six thousand two hundred and six 
unique polygons from 0.001 ha to 1174.8 
ha comprise these cross-classified strata. 
However, the high-elevation, siliciclastic 
strata only contained about 230 ha; thus, 
this area was incorporated into the mid­
elevation, siliciclastic strata. The resulting 
stratified design had 16 strata (3 elevations 
x 2 aspects x 3 bedrock geology types mi­
nus the 2 high-elevation siliciclastic strata 
that were incorporated into mid-elevation 
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strata = 16 strata). 

In the revised LTEM sampling design, plots 
were allocated among strata proportional 
to area. When possible. we retained plots 
used in the original sampling design and 
assigned each plot to its new stratum. 
These plots were retained because of the 
existing 14-year history of data collected 
on these plots. Ho-v.iever. selection criteria 
were established before an existing plot was 
eligible to be retained, All plot centers in 
the new sampling design had to be ~ 40 
m from an established trail, 2:: 50 m from 
any administrative road or park boundary, 2:: 
100 m from Skyline Drive (a paved 2-lane 
road) or any developed area, and have a 
slope < 26.5'. 

To evaluate the statistical precision of the 
new sampling design, we first re-classi­
fied 104 original LTEM plots into the 16 
Dew strata and treated these data as pilot 
data from which to estimate sample sizes 
for the new sampling design. By stratify­
ing these historical plots under the new 
sampling design, six strata contained only 
2-4 plots. five strata contained 5-7 plots. 
four strata contained 8-] 0 plots, and one 
stratum contained 14 plots. We used a 
random generating function (RANGAM 
in software SAS, Statistical Analysis 
System, Inc., Cary, North Carolina) with 
the scale parameter, p, defined as the 
variance divided by the mean. and the 
shape parameter, a, defined as the squared 
mean divided by the variance to simulate 
data under the new sampling design. This 
parameterization of the gamma distribu­
tion provided an asymmetric distribution 
(right-skewed) from which to draw samples 
with the same mean and variance as the 
data collected under the original LTEM 
sampling design. 

We evaluated the precislon of mean basal 
area and stem densities for the selected 
overstory (northern red oak, red maple, 
pine, and black birch) and shrub/sapling 
species (mountain laurel, spicebush, sas­
safras, flowering dogwood, and Rubus) for 
sample sizes of 100, 140, 180, 220, and 
260 plots. For each overstory and shrub/ 
sapling species, we created 999 datasets 
and calculated park-wide means, SE, and 
CV for each sample size (100-260 plots). 
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\Ve used standard formulae for calculating 
means and variances (Cochran] 977) and 
Satterthwaite df (Thompson 2002). 

We did not estimate statistical power (I -~) 
to detect specific changes in basal area and 
stem density for several reasons. First. we 
relied on existing data that was coHeeted 
using the original LTEM design to make 
inferences regarding effect size (means) 
and variability (SO) of data for the spe­
cies being moni1ored, and these data were 
limited by small sample sizes and were 
obtained under a different sampling design. 
Second. we had to consider changes being 
implemented in the sampling protocols. 
future staff availability, and the logistics of 
visiting a given number of plots each sum­
mer. Third, we could compare the sample 
size (Satterthwaite df) versus precision 
(e.g., CV) of the statistical evaluation of , 
the original LTEM data to assess which 
sampJe sizes would provide reasonable 
precision of parameter estimates. We 
believe this was a reasonable approach 
to choosing sample sizes that would be 
hkely to provide parameter estimates with 
sufficient precision. 

RESULTS 

We used the following management and 
sampling objectives developed by work­
shop participants: 

Management Objective: To be able to detect 
a 50% change in the density of any 
one species of tree (overstory tree; 
sapJing or shrubs) within any stratum 
over a five-year period. 

Sampling Objective: Data collected for 
the LTEM program should ensure a 
90% probability of detecting a > 50% 
change in the basal area or stem den­
sity of any vascular plant species (in 
a given size class [overstory, sapling 
or shrub)) within any stratum over a 
five-year period (a = 0.20). 

Based on data collected from 1987-2000 
under the original LTEM sampling design, 
CY s of estimated basal area (mean and to­

tal) for overstory trees in plots paired over 
time were highly variable, and ranged from 

26-2049c among selected species (nOlthern 
red oak rCVs= 28-157%]. red maple rCVs 
= 35-165%], Virginia and pitch pine rCV 
= 26% for pine foresttype only], and black 
birch rCVs = 43-204%]) in all forest cover 
types. Poor precision was expected for 
some situations (e.g., northern red oak in 
pine stands. CY = 1579c), but CYs were 
generally < 40o/c for species in vegetation 
types where they were most abundant (e.g., 
northern red oak in chestnut oak and north­
ern red oak cover type, CV = 28%). 

]n contrast to the basal area estimates, few 
changes in stem density were detected 
for shrubs and saplings in plots paired 
over time. CYs of estimated stemslha 
for selected species (flowering dogwood 
ICVs = 31-61%], spicebush [CVs = 37-
205%], sassafras ICVs = 46-573%], Rubus 
spp.[CVs = 50-88%], and mountain laurel 
[CVs = 38-100%]) were highly variable 
and most CVs were> 50% (range 31 
573%) in all forest cover types. 

We found that given the stratum sizes, 
variances, and sample sizes of the sampling 
design, the 104 plots resulted. in general, 
in four Satterthwaite df. Thus, the graphs 
of estimated statistical power for changes 
in mean basal area (Figure 2) and stem 
density (Figure 3) at Satterthwaite df = 4 
provide a measure of the statistical power 
of the sampling effort under the original 
LTEM sampling design for vascular plants 
at SHEN. For example, at Satterthwaite df 
= 4, we should detect a change of 6 m2/ha 
with 90% power in overs tory trees, which 
represents a 10% change at 60 m2/ha, 
20% change at 30 m'/ha, and 50% at 12 
m2lha (Figure 2). Because most basal area 
measurements are > 20 m2lha for overstory 
species in their primary forest cover types 
(e.g., northern red oak in chestnut oak cover 
type), sampling effort under the original 
LTEM sampling design for vascular plants 
has > 90% power to detect changes in 
basal area of 50% for dominant species 
of overstory trees. 

Under the sampling effort at Satterthwaite 
df = 4 using the original LTEM design, 
statistical power was estimated> 90% for 
changes in shrub and sapling stem density 
of -2000 stems/ha Of greater (Figure 3). 
However. the ability to detect smaller 
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Figure 2. Estimated power to detect a change in tree basal area (m 2/ha) according to sample size (Satterthwaite df; u :::: 0.20). Curves from bottom to top 
represent mean changes in basal area. 

changes with 90% power would require a 
doubling of sampling effort (208 sample 
plots). Only six of 74 estimates of stem 
density for shrubs and seedlings were 
> 1000 stems/ha which indicates that 
current sampling effort has low power to 
detect even 50% changes in stem density 
(Figure 3). 

Under our revised sampling design, esti­
mates of basal area for black birch, Virginia 
and pitch pine, red maple, and northern red 
oak all had CV s < 2070 for sample sizes ;:: 
100 plots. Sample sizes of 140·180 plots 
produced CVs of 10·15'1r (Table I). The 
mean Satterthwaite df for the redesigned 
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sampling design was> 16 for all species 
and sample sizes which should result' in 
> 80% power to detect even small changes 
in basal area « 2 mC/ha) (Table I). The 
greater Satterthwaite df primarily was a 
result of fewer strata and more equitable 
sample sizes among strata. 

As expected, CV s of stem density still were 
greater than for basal area, but were < 40o/c 
for all shrub and sapling species examined 
for sample sizes;:: 100 plots (Table 2). 
Sample sizes of 140·180 plots produced 
CVs of 11·357,. The mean Satterthwaite 
df for the redesigned sampling design was 
> 8 for all sapling and shrub species and 

sample sizes ;:: 100 plots, which should 
result in > 800/c power to detect changes in 
shrub and sapling stem density of 300·400 
stemslha (Table 2). 

DISCUSSION 

The management and corresponding sam­
pling objectives generated by workshop 
participants primarily relate to forest regen­
eration and succession. The measurement 
of succession and regeneration is based 
On the basal area andlor number of stems 
per hectare and the change in density of 
different species of overstory trees and 
shruhs and saplings over time within a 
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Figure 3. Estimated power to detect a change in shrub or sapling stem density (sterns/ha) according to sample size (Satterthwaite df; a = 0.20). Curves from 
bottom to top represent mean changes in stem density. 

Table 1. Simulated mean basal area (m2/ha), Satterthwaite degrees of freedom (dO, and coefficient of variation (CV) for black birch. Virginia and pitch 
pine, red maple, and northern red oak under different sample sizes in a stratified random sampling design. Parameters werc simulated using 999 replica~ 
tions based on empirical data collected in Shenandoah National Park, 1987-2000. 

Black birch Virginia and pitch pine Red maple Northern red oak 

Sample size x df CV x df CV x df CV x df CV 
100 0.78 16.1 18.7 2.90 18.4 19.8 1.48 27.0 15.1 3.34 20.0 13.9 

140 0.78 26.1 15.8 2.92 28.4 17.2 1.50 41.3 13.0 3.36 31.2 12.0 

180 0.80 31.8 14.5 2.91 38.6 15.1 1.49 56.1 11.5 3.33 45.9 10.6 

220 0.79 41.6 13.0 2.93 49.8 13.8 1.48 69.5 10.4 3.34 60.1 9.6 

260 0.78 51.6 11.9 2.91 60.1 12.9 1.50 86.3 9.6 3.34 78.1 8.7 
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particular stratum. When focusing on 
a particular species within a stratum. 
the investigator must keep in mind 
that the density of one species is not 
independent of the density of another. 
Furthermore. variation in the number 
of stems per acre is usually large and 
dependent on stand dynamics. Due to 
this inherent variability in the data. 
\vorkshop participants chose an fJ. 

:::: 0.20 in our sampling objective so 
that the number of sample sites (e.g .. 
sample size or pane]) needed in the 
monitoring program likely would be 
feasible. National parks like SHEN 
may be wining to accept a relatively 
high elTor rate because sampling objec~ 
tives must be f ormu]ated that are nol 
only measurable and specific but also 
achievable (NPS 2005). 

Formulating specific management 
and sampling objectives for the vas~ 
cular plant LTEM program at SHEN 
pennitted statistical evaluation of the 
program. Estimating vegetation char~ 
acteristics using LTEM data collected 
from 1987-2000 and the specified sam­
pling design identified several problems 
with the original monitoring program 
at SHEN. First, all strata were sampled 
~2 times during 1987-2000, but not 
all at the same time. For examp1e, 
northern red oak sites were samp1ed 
in one year, followed by sampling at 
cove hardwood sites the next year. This 
type of data collection protocol permit ~ 
ted estimates of changes in vegetation 
between two time periods (within a 
given forest cover type), but it did not 
permit an estimate of a given parameter 
(e.g., basal area of northern red oak) 
for a given year across a11 forest cover 
types. Second, not al1 strata contained 
> 1 sample plot, which made it impos­
sible to calculate variances for some 
strata. For instance, it was not possible 
to estimate stand characteristics (e.g., 
variance) in the eastern hemlock veg~ 
elation types even though most stands 
were sampled every year, because 
there was only one sample plot. Third, 
the strata defined by the GIS could 
not separate the various pine stands, 
so pitch pine and Virginia pine were 
analyzed as if they occulTed in a single 

forest cover type (pine). Finally. some 
inconsistencies existed between strata and 
allocation of sampling sites. For example, 
the GIS analysis provided 27.2 ha in the 
high elevation yeJ]ow poplar stratum and 
46.2 ha in the high elevation pine stratum. 
but these strata were not sampled in the 
original LTEM sampling design, possibly 
because oftheiT small area « 0.29(" of total 
area of the park). 

The power anaJysis of the vascu1ar plant 
data collected under the original LTEM 
design indicated that precision of estimates 
of mean shrub and sapling densities were 
not sufficient to detect statistical1y sig­
nificant changes. Our estimates of power 
assumed that the estimated cha.nge fol­
lowed a t distribution, and that variance 
was positively cOITelated with the mean. 
Consequently, the estimates of power that 
we presented contain some unknown bias 
and precision; however, bias is likely low, 
although precision may be poor (Gerard 
et a1. 1998). 

Power analyses cannot be used to interpret 
results, and we do not recommend applying 
power curves to detennine the "statistical 
power" of an estimate of change (Gerard 
et a1. 1998). Rather, once data have been 
collected and estimates calculated, con· 
fidence intervals (Cl) should be used te 
assess whether Changes have oCCurrec 
(e.g., whether the CI encompasses zero: 
and CV s, or the lengths of confidenc, 
intervals, should be used to assess tht 
precision of estimates. The power analysi~ 
we conducted, however. indicated tha 
the original LTEM sampling design fa 
vascular plants was inadequate to detee 
specified changes in basal area or sten 
density for most species. In addition 
power curves that we generated suggeste( 
that only relatively large changes in shrul 
or sapling stem density had a reasonabll 
chance of being detected under the origina 
LTEM sampling design. 

Errors associated with misidentificatio 
of species created difficulties in assessin, 
whether the changes detected in basal are 
or stern density were caused by record 
mg errors, environmenta1 perturbation~ 

or reflected differences in life-histor 
characteristic~. In addition, missing dat 
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Wt~re encountered when we reviewed the 
ijiHa collected under the original LTEM 
:4nmpling design. These types of data 
collection errors are unavoidable. bUI 
ftm he minimized. Permanentl~i mark-
1111-' trees with unique identifiers within 
cdcll permanent plot will greatly reduce 
f!w,identification errors. Implementing a 
llCld-hased data-entry system (Krueger 
tlud Rich 2001) can greatly reduce errors 
1>; prompting technicians to document 
lhr ~tatus of trees measured in previous 
):T'HfS. checking for data-emry errors. and 
i:liminating transcription errors from paper 
rllltasheets. 

Despite the data recording errors. our stat1s­
Heal evaluation of the data collected under 
thc original LTEM design indicated that 
til(' most needed change was to implement 
a sampling design that will permit regular 
{'slimates of park-wide parameters (e.g .• 
~i!l estimate of basal area), yet also permit 
t-stimates of trends over time (Urquhart et 
»1. 1998). This type of sampling design 
would greatly improve the inferences that 
ean be obtained from LTEM regarding 
changes in the vegetative communities in 
the park. 

Overall, we provided the following recom­
mendations for the LTEM program for 
vascular plants at SHEN using proposed 
management and sampling objectives: 

• Strata should be defined by elevation, 
geology, and aspect in 16 categories. 

• Samples should be allocated among 
strata proportional to the area of each 
stratum. This also wi1l ensure a proper 
spatial distribution of sample sites. 

• Each sample site within a stratum 
should consist of a single vascular 
plant plot, 24 m x 24 m, demarcated 
by four comer stakes, to record over­
story tree species and dbh. In addition, 
percent coverage of ground cover, 
target exotic species, and herbaceous 
vegetation should be collected. Along 
two sides of the plot will be a 2-m 
x 24-m strip transect for sampling 
sapling and shrub stem density. We 
recommend using strip transects to 
sample sapling and shrub stem density 
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because they arc easier to establish. 
and because strip transects are better 
suited to describing the density of spe­
cies with clumped stem distributions 
(Elzinga et al. 1998). A I,m x 12,m 
strip transect for sa,mpling seedling 
density also \\'ill be established along 
two sides of the large (24 111 x 24 m) 
vascular pJant plot. Although seedling 
data \\!ill be collected in a quantitative 
manner, they \vill not be expected to 
provide statistically precise results 
for predicting biologically significant 
trends. 

• Overstory trees (> 5 m tall) will be 
permanently marked to reduce data 
collection errors and improve repeat­
ability of dbh measurements. 

• All plots that fall on, slopes of 3-26.5 
% will be corrected for slope by 
multiplying the horizontal distance 
of a plot line by a slope correction 
factor (Kleinn et aL 2002). Plots that 
fall on slopes that exceed 26.5% will 
be excluded from the LTEM program 
due to difficulties in plot establishment 
on steeper slopes. 

• The sampling effort will require 
two years to visit all plots. The total 
number of plots will be subdivided 
randomly into two sub-samples visited 
in successive years (i.e., interpenetrat­
ing sampling or split panel design; 
McDonald 2003). Therefore, a total of 
160 plots (80/yr) is feasible and will 
provide sufficient precision to meet 
stated sampling objective. However, a 
rest period of up to five years betyveen 
sampling events may be appropriate 
given the relatively slow growth and 
persistence of woody vegetation in 
SHEN, 

We strongly recommend that, upon ini ~ 
tial completion of all 160 plots, data te 
analyzed to estimate basal area and stem 
density for selected overstory trees and 
sapling/shrub species. Such an analysis 
\'-muld indicate if the sampJe sizes and 
sampling design would provide the desired 
precision of estimates of basal area and 
stem density. 

CONClUSIONS 

For agencies considering long~term 
monitoring programs. we believe there 
are several important lessons to be Jeamed . 
from the vegetation-monitoring program at 
SHEN. First, a monitoring program should 
be based on specific, quantifiable, and at­
tainable management and statistical objec­
tives. Second. the sampllng design should 
use strata. if warranted, that are unlikely 
to change during the monitoring period. 
Third, most people conduct and view moni­
toring or sampling as an instantaneous or 
at least a within-year effort. However, by 
considering time in units olhers than one 
year (e.g., a multi-year sampling interval), 
although there are some resulting restric­
tions on inferences, greater sample sizes 
can be achieved because of the longer sam­
pling period. We recognize that although' 
some events (e.g., fire, insect irruption) can 
cause large changes in forest conditions 
in a single year, this monitoring program 
was designed with interest in detection 
of long-term changes. Hence, changes 
that occur within a sampling period (two 
years) should be relatively unimportant 
compared to changes that may occur over 
decades or longer, We believe this is rea­
sonable for vegetation monitoring because 
of the longevity of woody plants. Fourth, 
a statistical evaluation of the proposed 
sampling design should be conducted to 
assess whether it is likely to meet specified 
statistical objectives, Preferably, pilot data 
would be available to provide estimates 
of expected variability in the parameters 
being estimated. Fifth, an evaluation of 
the monitoring program should be done 
as soon as practicable to assess whether 
stated objectives could be met. If objectives 
are not met, then either management and 
sampling objectives or the sampling design 
can be modified. Sixth, our choices for a 
revised sampling design were limited by 
the historical data and sampling sites that 
we wanted to incorporate, where possible, 
into our new design. However, there are 
other approaches to placing plots on a land­
scape that resource managers may want to 
consider when implementing a monitoring 
program (e.g., McDonald 2002; Stevens 
and Olson 2004). Finally, annual (or some 
other recuning time interval) reports should 
be provided to administrators to ensure that 
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data are being analyzed. the monitoring 
program is meeting stated objectives. and 
that administrators, policy makers, and 
the public understand the importance and 
value of the monitoring program. 
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