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Forest vegetation monitoring in eastern parks
By Jim Comiskey, John Paul Schmit, Suzanne Sanders, Patrick Campbell, and Brian Mitchell
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FORESTS ARE THE DOMINANT ECOSYSTEM in many eastern 
and midwestern national parks. As such, activities to assess and 
promote forest health are a principal focus of park managers. A 
wide variety of ecosystem stressors aff ect forests, including, at the 
regional scale, atmospheric deposition and deer browse, while 
other stressors, such as introduced disease and climate change, 
are occurring globally. Numerous state, federal, and nongovern-
mental organizations currently monitor forests throughout the 
region, but most programs lack coordination that would facili-
tate information sharing and comparison. Within the National 
Park Service (NPS), such coordination is essential for eff ective 
management.

Under the guidance of the Inventory and Monitoring (I&M) Pro-
gram, eastern and midwestern national parks and networks are 
collaborating to ensure that protocols for tracking forest health 
allow compatibility with one another and with the USDA For-
est Service’s Forest Inventory Analysis (FIA) and Forest Health 
Monitoring programs (fi g. 1). Participants include eight I&M 
networks and three prototype parks. Natural resource staff  at 
these prototype parks have established protocols and legacy data 
for long-term vegetation monitoring. In total, 61 national park 
units (23% of the parks in the I&M Program) are participating in 
this collaborative eff ort. They belong to the Appalachian High-
lands, Cumberland Piedmont, Eastern Rivers and Mountains, 
Great Lakes, Mid-Atlantic, National Capital Region, Northeast 
Coastal and Barrier, and Northeast Temperate networks.  Cape 

Cod National Seashore (Massachusetts),  Great Smoky Mountains 
National Park (Tennessee and North Carolina), and  Shenandoah 
National Park (Virginia) are also participating as prototypes (fi g. 
2, page 78).

The overarching goal of the vegetation monitoring programs is to 
provide a framework for monitoring long-term change over broad 
spatial scales of the eastern deciduous and northern hardwood 
forests. Within this context, fi eld staff  (1) monitor status and 
trends in forest structure, composition, and dynamics of canopy 
and understory; (2) track changes in the regeneration potential 
of the forest; (3) detect and monitor presence of invasive exotic 
plants, exotic plant diseases and pathogens, and forest pests; and 
(4) monitor trends in forest coarse woody debris and availability 
of snags.

Figure 1. (Left to right). Forests form an important natural and 
cultural component within national parks. The Inventory and 
Monitoring Program is establishing long-term vegetation monitoring 
plots across the Northeast and Midwest (Acadia National Park, 
Maine). Standardized protocols (investigator measuring tree, Prince 
William Forest Park, Virginia) are allowing networks to share 
information and fi eld crews from Acadia National Park in Maine to 
Booker T. Washington National Monument in Virginia.
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History of monitoring and collaboration

Eleven parks were designated in the 1990s as models on which to 
base the network monitoring programs. Three of these prototypes, 
 Cape Cod,  Great Smoky Mountains, and  Shenandoah, are located 
in the eastern United States, and have long-standing vegetation 
monitoring programs. The accomplishments of the prototype parks 
provided a model of how to monitor park natural resources. The 
Natural Resource Challenge funding initiative in 1998 designated 
32 I&M networks, creating a framework for coordinated collection 
of data needed to understand and manage park ecosystems in 270 
parks with signifi cant natural resources. The fi rst networks received 
funding in 2001 and initiated the process of identifying vital signs, a 
subset of physical, chemical, and biological elements and processes 
that are indicators of park ecosystem health. By 2006, seven eastern 
and midwestern networks had identifi ed vital signs related to forest 
vegetation as being high-priority.

As the fi rst networks began developing protocols for forest vegeta-
tion, an important objective was to have methodologies compat-
ible with approaches used by other agencies and institutions. The 
Forest Service’s FIA Program provided a potential model to be 
followed by the individual networks, though modifi cations would 
be required to meet NPS objectives. The fi rst networks, National 
Capital Region and Northeast Temperate networks, adapted the 
FIA approach and conducted initial pilot testing in 2005. As more 
networks identifi ed their vital signs, investigators appreciated the 

need for collaboration and for learning from the experience of the 
prototype parks, which had modifi ed their protocols over time. 

Over the past four years, the forest vegetation monitoring working 
group has expanded to include participation of eight networks 
and three prototype parks. It has made signifi cant headway in 
standardizing metrics and fi eld methods so that data sharing is 
possible. In addition, as the working group has developed proto-
cols and conducted pilot testing, it has provided an ideal forum 
for the review of protocols and results. Thus, networks identifying 
forest monitoring as a priority later in the process were easily able 
to adopt these protocols.

By 2010, the regional forest monitoring 

program will be largely implemented, 

including eight networks in four national 

park regions covering 18 states. Sixty-

one parks and three prototypes will have 

comparable data from more than 2,000 

plots.

LEFT TO RIGHT: NPS/THERESA MOORE, NPS/THOMAS PARADIS, NPS/JIM COMISKEY, NPS/CAROLYN DAVIS
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Prototype Parks

Cape Cod NS
Shenandoah NP
Great Smoky Mountains NP

I&M Networks

Appalachian Highlands
Cumberland/Piedmont
Eastern Rivers and Mountains
Great Lakes
Mid-Atlantic
National Capital Region
Northeast Coastal and Barrier
Northeast Temperate
Appalachian National Scenic Trail

Monitoring methods

The I&M Program provides general guidance but individual 
networks have the freedom to develop their monitoring programs 
based on their own specifi c need, presenting a challenge to proto-
col standardization at a regional scale. Though plots may vary in 
size and shape, the collaborative eff ort has ensured a standardized 
approach to what is measured within the plots and how. Gener-
ally, plots are composed of a main plot area, with embedded 
microplots, quadrats, and transects (fi g. 3, page 79). For the most 
part, all networks measure trees with a diameter at breast height 
(dbh) ≥ 4 inches (10 cm) in the main plot, smaller trees and shrubs 
in microplots, woody regeneration and herbs in the quadrats, 
and coarse woody debris along transects. Field staff  assesses the 
condition of trees in the main plot, and notes infestation by native 
and exotic pests. At some parks, staff  also collects soil samples 
outside each plot to evaluate long-term changes in soil chemistry 
caused by acid deposition. For the vast majority of the metrics 
collected, the working group has ensured a consistent approach.

A regional coverage

By 2010, the regional forest monitoring program will be largely 
implemented, including eight networks in four national park 
regions covering 18 states. Sixty-one parks and three prototypes 
will have comparable data from more than 2,000 plots. Parks as 
far apart as  Voyageurs National Park in Minnesota,  Great Smoky 
Mountains National Park in Tennessee and North Carolina, and 
Acadia National Park in Maine are now monitoring forest vegeta-
tion in a comparable way. Information derived from this network 
is compatible with data collected by the Forest Service’s FIA Pro-
gram and a variety of other state and federal programs that share 
similar monitoring approaches.

Reporting results

The forest monitoring group is developing standardized ap-
proaches for reporting results. The goal is to ensure that data 
collected by the parks and networks reach resource managers 
and decision makers in a timely and usable fashion. Currently two 
similar approaches are being adopted. The Northeast Temperate 
Network staff  is testing ecological integrity metrics (Tierney et 
al. 2009) and the National Capital Region Network participants 
are developing integrated assessment scores (Schmit et al. 2009). 
Both assessment methods measure the composition, structure, 
and function of an ecosystem compared with the system’s natural 
or historical range of variation. Threshold values for each metric 
are defi ned, and ratings assigned, for example “good” or “signifi -

cant concern,” based on deviation from threshold value. For each 
metric, sound science supports the defi nition of these thresh-
old values to ensure credible reporting. The range of ecological 
systems and conditions across networks means that the threshold 
values will likely vary throughout the region. Nevertheless, re-
porting the same metrics will provide a measuring stick for assess-
ing impacts by natural or man-made agents of change as well as 
the eff ectiveness of management.

Initial Findings

A strength of the forest monitoring initiative is the ability to share in-
formation across such a wide geographic area, facilitating evaluation 
of trends in a variety of forest health and condition metrics. Though 
the program is still being implemented, and for the most part data on 
the status and trends of forest resources are limited, some prelimi-
nary analyses are possible. As an illustrative example, 808 plots in 40 
parks belonging to fi ve networks (Eastern Rivers and Mountains, 
Great Lakes, Mid-Atlantic, National Capital Region, and Northeast 
Temperate) and two prototypes ( Cape Cod and  Shenandoah) were 
combined to evaluate the distribution and extent of exotic plant 
species. There were a total of 1,557 observations of 136 exotic invasive 
plant species, representing an average of 1.9 exotic plant species per 
plot. All parks had plots with exotic plants except Allegheny Portage 
Railroad National Historic Site, largely due to chance and the low 
number of plots currently present in the park. The majority of parks 
had exotic species in over half of their plots (fi g. 4). On average, 

Figure 2. Parks and networks collaborating in the eastern forest 
vegetation monitoring initiative.  
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there were 10.9 exotic plant species found per park. Just fewer than 
half the plots did not have any exotic plant species (47%), while one 
plot had 18 species (fi g. 5). The most common exotic plant species, 
occurring in more than 100 plots and 20 parks, were Alliaria petiolata 
(garlic mustard) found on 159 plots in 20 parks: Lonicera spp. (honey-
suckle), on 166 plots in 30 parks; Microstegium vimineum (Japanese 
stiltgrass), on 130 plots in 20 parks; and Rosa multifl ora (multifl ora 
rose), on 105 plots in 22 parks.

Integration with management

Park staff  and subject matter experts prioritized the vital signs ac-
cording to their importance for managing park resources, provid-
ing managers with information that will allow them to determine 
appropriate courses of action (Fancy et al 2009). Nevertheless, 
the forest vegetation monitoring program provides an overall 
measure of the health and condition of the forests, and not the 
eff ectiveness of management actions. For example, over time, 
monitoring may indicate changes in distribution and abundance 
of invasive exotic plant species, but does not measure how eff ec-
tive management eff orts are; tactical monitoring aimed at evaluat-
ing management eff ectiveness still needs to be implemented by 
park staff . However, the vital signs forest vegetation monitoring 

will augment management-based monitoring that the parks are 
conducting. For example, a park that is managing deer densities 
to reduce overgrazing impacts on herbaceous plant communities 
and forest regeneration will need to monitor vegetation to evalu-
ate understory vegetation recovery. Currently, I&M eff orts are 
being incorporated in deer management planning at  Valley Forge 
National Historical Park (National Park Service 2009), but the 
I&M forest monitoring program does not replace eff ectiveness 
monitoring conducted by the park.

Benefi ts of the forest monitoring group

The forest vegetation monitoring group’s activities resulted in a 
number of benefi ts to participants. One advantage is the ongoing 
collaboration and experience sharing between prototype parks 
and networks. The prototypes provide a model of how long-term 
monitoring can be incorporated into park-based natural resource 
management. The three participating prototype parks have moni-
tored forest vegetation communities for more than a decade and 
all three have recently redesigned their protocols. The networks 

Figure 3. Plot confi gurations used by different parks and networks. Plots 
are composed of a main plot area (light olive), microplots (olive), and 
quadrats (black). Some of the plots also include transects (black lines).

Though [vegetation monitoring] 

plots may vary in size and shape, 

the collaborative eff ort has ensured 

a standardized approach to what is 

measured within the plots and how.
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Figure 4. Percentage of plots in 
each park with exotic species. 
For example, of the 40 parks 
included in this analysis, two 
parks had plots with no exotics 
(0%), while 12 parks had exotics 
in all their plots (100%).

Figure 5. Number of exotic 
species found per plot. For 
example, of the 808 plots 
included in this analysis, 376 
plots had no exotic species 
and 114 plots had one exotic 
species, while only four plots 
had 15 or more exotic species.

2

3 3

1

2

4

1

5 5

2

12

0

2

4

6

8

10

12

1009080706050403020100

N
u

m
b

er
 o

f 
Pa

rk
s

Percentage of Plots with Exotic Species

n = 40 parks

0

50

100

150

200

250

300

350

400

181614121086420

N
u

m
b

er
 o

f 
Pl

o
ts

Number of Exotic Species per Plot

n = 808 plots
376

114

82
64

48
37 30

19 10 8 5 6 4 0 01 1 12

PL
A

N
T 

SY
M

BO
LS

 C
O

U
RT

ES
Y 

O
F 

TH
E 

IN
TE

G
RA

TI
O

N
 

A
N

D 
A

PP
LI

CA
TI

O
N

 N
ET

W
O

RK
 (I

A
N

.U
M

CE
S.

ED
U

/
SY

M
BO

LS
), 

U
N

IV
ER

SI
TY

 O
F 

M
A

RY
LA

N
D 

CE
N

TE
R 

FO
R 

EN
VI

RO
N

M
EN

TA
L 

SC
IE

N
CE



PARK SCIENCE • VOLUME 26 • NUMBER 2 • FALL 200980

have benefi ted by directly incorporating those components that 
have strengthened the new prototype protocols. The resulting 
protocols can also be extended to other regions of the country, 
including the western portion of the United States.

The working group is also an important sounding board for new 
ideas and approaches. As the fi rst networks developed draft 
monitoring protocols, working group participants provided 
reviews that helped refi ne the fi nal products. The reviewers were 
then likely to adopt the same protocols for their own networks, 
thus ensuring standardization. As results emerged from pilot 
testing and the fi rst year of implementation, these data were used 
by other networks to evaluate whether the protocols met their 
monitoring and sampling objectives prior to conducting their 
own fi eld-based pilot tests (for example, Comiskey et al. 2009). 

For monitoring to be successful, the programs need to be sustainable 
over the long term. Thus, cost-saving measures and building success-
ful fi eld teams are essential. Working group members are now em-
ploying a variety of resource-sharing options that reduce costs and 
increase monitoring effi  ciencies. One such example is a combined 
fi eld team that operates in three networks to implement the forest 
monitoring plots from Maine to southern Virginia. The combined 
team further promotes standardized monitoring approaches across 
the networks and increases opportunities for data sharing. 

This collaborative eff ort creates a model that can be used for de-
veloping, implementing, and sharing data from other monitoring 
protocols. Several participating networks are now exploring other 
protocols that will benefi t from collaborative development. Ad-
ditional information and resources are located at http://science.
nature.nps.gov/im/units/midn/Forest_Monitoring_Meeting.cfm.

Future direction

Forests form an important habitat matrix for a wide variety of 
plants and animals in the eastern and midwestern United States. 
As stresses on these forests increase, the I&M Program will moni-
tor their eff ects on forest composition and dynamics across latitu-
dinal and altitudinal gradients, for example, individual responses 
of plant species or pest and pathogen eff ects in relation to climate 

change. Such regional analyses require continued standardiza-
tion and refi nement of the monitoring methods. As protocols are 
fi nalized and implemented, the focus will shift to data sharing, 
regional analyses, and combined reporting. Over time, it is likely 
that scientists will be attracted to our parks due to the wealth of 
information and data related to forest condition. Such intellectual 
investment will benefi t park natural resource management.
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