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ABSTRACT 

 

Following 100 years of intense timber harvest and in the face of potential future 

development, the northeastern forest ecosystem is in a period of transition.  To protect 

forest biodiversity, wildlife habitat, water quality and recreational needs, New Hampshire 

Fish and Game (NHFG) acquired 25,000 acres of this forest in 2002.  With the intent of 

tracking change and management progress in this complex ecosystem, NHFG is currently 

designing a monitoring program to implement in the near future.  This document applies 

ordination techniques to analyze both forest structure and forest species composition in 

an attempt to compare the state of the current forest with its future potential forest type.  

Techniques applied here can guide the design of future monitoring efforts. 

Forest structure variables were analyzed using a principal components analysis 

(PCA) and forest species composition variables were analyzed with a non-metric 

multidimensional scaling (NMS) technique.  Species composition was further examined 

to search for distinct clusters in the NMS ordination.   

Current forest structure was found to be similar for all plots, regardless of their 

future forest potential.  It is possible that either past harvesting in this region diminished 

natural variation between forest types, or that differences within forest types are greater 

than those between forest types. Current forest species composition analysis revealed that 

there are subtle differences between plots based on species composition, but that those 

differences did not align by potential forest type.  Existing differences are present through 

a gradient, not in distinct forest types.  Further analysis and exploration of these 

techniques will give NHFG a practical, integrated tool to gauge health and track change 

in this complex ecosystem. 
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INTRODUCTION 

The Connecticut Lake headwaters forests are part of the larger northeastern forest 

ecosystem.  Managed intensively for timber over the past 100+ years, this ecosystem is 

located in the northernmost reaches of New England in Massachusetts, Vermont, New 

Hampshire, and Maine, and extends northward into Canada (Figure 1).  Although there is  

   relatively little old-growth forest remaining, this 

region still supports a unique mix of hard and 

softwood trees as well as associated animal 

species.  Over 225 birds and a variety of 

mammals are native to these woods, and these 

forests have been listed as one of the 20 most 

biodiverse in the continental United States.  

(Olson et al. 2001; NHFG 2005). 

 The fact that the Connecticut Lake  

headwaters forests have maintained a high level 

of diversity is remarkable considering their 

intense harvesting history.  The World Wildlife 

Fund believes that less than five percent of the 

forestland in the northeastern forest ecosystem is in pre-settlement condition (Olson & 

Dinerstein 2002).  Though much of the landscape has been reforested, it is by no means 

safe from future development and human-caused disturbances.  Changes in land 

ownership and management styles may be indicative of what the future may hold for this 

forest.  

 In late 2005, the Manomet Institute for Conservation Sciences published a paper 

discussing the changing ownerships of vast quantities of timber land in northern New 

England (Hagan et al. 2005).  The focus of the Manomet study was how these shifts in 

ownership and management goals may affect the long term biodiversity and health of this 

forested ecosystem.  In the past, this region remained rural and undeveloped at least in 

part because vertically integrated, industrial owners needed to ensure a steady supply of 

timber and pulpwood to their mills.  In the early 1980’s, industrial forestland owners 

Figure 1.  Map of the north-

eastern forest ecosystem 

(Olson & Dinerstein 2002) 
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began to sell off much of their land holdings, preferring to purchase trees instead of 

managing the land themselves (Block and Sample 2001).  New types of owners crept 

onto the scene, typically owning smaller parcels of the land for shorter periods of time 

(Hagan et al. 2005).  Timberland Investment Management Organizations (TIMOs) and 

Real Estate Investment Trusts (REITs) are playing a bigger role in what happens in the 

northeast.  These investment organizations often manage smaller (relative to traditional 

industrial-owned) parcels for a shorter time frame, and may be more apt to develop land 

than past owners (Hagan et al. 2005). 

In light of these changes, conservationists have grown worried that the health and 

integrity of this ecosystem is imperiled.  With the intent to preserve regional forests, 

partnerships between conservation and state agencies have arisen throughout the 

northeast.  One such partnership formed in northern New Hampshire between several 

conservation organizations and New Hampshire Fish and Game (NHFG).  When the 

Connecticut Lake headwaters forests were advertised for sale by International Paper in 

2002, conservationists pushed to buy this land before it could be fragmented and sold to 

potential developers.   

 In 2002 NHFG acquired 25,000 acres of the Connecticut Lake headwaters forest 

as part of this sale of International Paper land.  Originally purchased by the Trust For 

Public Land and The Nature Conservancy to aid land conservation and sustainable forest 

management efforts, this land was given to the NHFG along with a perpetual 

conservation easement.  This easement requires NHFG to maintain a Stewardship Plan to 

outline the sustainable management of this property.   

The required Stewardship Plan was published in late 2005 and identified 

numerous forest and wildlife species-specific goals.  The broadest goal laid out by the 

plan is the protection and conservation of the native biological diversity and natural 

habitats of the Connecticut Lakes headwaters forests.  More specific goals are the 

protection and restoration of mature (or “old-growth”) forest, wildlife species 

populations, and water quality, as well as the allowance of continued recreation on the 

property. 

Although the ultimate goals and management of each parcel have been well 

planned, to this point there has been very little discussion about a monitoring program to 
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ensure that management actions produce their intended effects.  In addition to wildlife 

and vegetation, NHFG must also track how management effects water quality and 

recreational use.  Given multiple criteria, and numerous indicators and variables that 

might evaluate progress towards management goals, NHFG faces a challenge shared by 

many other land management organizations: How does an organization track change and 

gauge the health of a complex ecosystem?.   

 

Purpose 

 In January of 2007, following a stakeholder meeting about future monitoring 

efforts in the study area, it was determined that a baseline analysis of current forest 

integrity was necessary to help guide monitoring plans.  Managers had gathered some 

forest information, but did not know what this information might reveal about the current 

condition of the forest.  This project examines the state of the forest as measured by both 

species composition and physical structure-two forest components which may act as 

indicators for the quality of many other forest components such as wildlife habitat and 

forage or presence of rare plant species.  Methods used here should guide the design of 

future monitoring programs in this ecosystem. 

 

Framework 

 Traditional forest monitoring efforts are often modeled after the United States 

Forest Service’s extensive research effort, The Forest Inventory Analysis (FIA).  This 

analysis is perhaps the most rigorous forest monitoring effort currently underway in the 

United States.  Designed so that scientists measure and individually analyze a multitude 

of environmental variables, the end-product of FIA is a complex dataset that allows 

researchers to test a variety of specific hypotheses through multiple regressions, but 

makes it difficult to assess forest integrity using all relevant variables in one analysis. 

 Alternatively, ordination is a technique that allows any number of variables to 

be scaled along multiple axes, resulting in a graphical representation of the dominant 

trends in a dataset (McCune and Grace 2002).  All ordinations condense the amount of 

variation in data onto fewer axes, typically as little as one or two, while still maintaining 

the relationship between data.  Axes are chosen that best explain the majority of the 
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variance between two points.  Although PCA explains variance in a dataset that has linear 

relationships amongst variables, NMS is able to graph ecological space without relying 

on correlated variables.  With both analyses, any two points close together on a graph are 

similar in ecological space (based on the variables analyzed).  Similarly, two points in 

opposite areas of the graph represent two areas that occupy very different ecological 

spaces (McCune and Grace 2002). 

 Managers can use PCA and NMS graphs to see how far away any individual 

forest point is from its desired state.  That is, if a point that represents spruce-fir forest is 

located far away from the area of the graph that best categorizes this type of forest, the 

manager can see the discrepancy (Figure 2.a), and make management decisions that will 

(hopefully) allow that point to move towards the desired state (Figure 2.b).  PCA and 

NMS makes this decision process easy by identifying which variable best distinguishes 

an individual point from others.  Thus, if analysis identifies high basal area as the 

distinguishing characteristic of a spruce-fir point, they may request a thinning of the  

forest at that point. 

 

 

 

 

The ability of both PCA and NMS to identify the environmental characteristics 

that explain variance in a dataset and distinguish an individual plot from its ideal state, 

  

low 

low high 

high 

low 

low high 

high 

a. 

Structure 

     Species 

Structure 

Species 

b. 

Figure 2.  Possible NMS result.  A.  Blue diamonds represent typical ordination space for one 

population; red is an aberration.  B.  Ideal result of strategic management; given time, red plot 

moves toward desired state. 
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makes them ideal tools for adaptive forest management.  Use of these analyses should 

help NHFG move the Connecticut Lakes Headwaters forest towards its desired condition 

by marshalling monitoring data to guide management as strategically as possible.   

 

METHODS 

Study Area 

 The Connecticut Lake headwaters forests are located in Coos County of 

northern NH (Figure 3).  The forest is a mosaic of three distinct forest types:  lowland 

Spruce-Fir and high elevation Spruce-Fir [both distinguished by the elevation at which 

the forest is located, as well as by their species  

composition of primarily red spruce (Picea 

rubens) and balsam fir (Abies balsama)] , and 

northern hardwood-conifer mix [a mix of P. 

rubens, A. balsama, and various hardwood 

species such as yellow birch (Betula 

alleghaniensis), paper birch (Betula papyrifera), 

and hard maples (Acer spp.)].  Cruise data used 

in this study was collected from the 25,000 acre 

(10,117 ha) Connecticut Lakes Stewardship 

Area (Figure 3).  

 

Data Sources 

 Data used in this analysis was made 

available by NHFG and partners.  The first and 

more substantial data source is a partial timber 

cruise completed by Upland Forestry (Bristol, VT) in 2004.  Data was collected at 1677 

plots arranged on a 10 by 15 chain grid system over the 25,000 acre study area.  At each 

plot, ecological characteristics such as basal area, tree species and diameter, regeneration 

survey, percent herbaceous ground cover, past harvest history, and amount of down 

woody debris were recorded.  A complete description of field protocol can be found in 

the “CLWMA TIMBER CRUISE SPECS and MANUAL” document, obtainable by 

Figure 3.  Map of the Connecticut 

Lakes Stewardship Area and 

surrounding forests 
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contacting NHFG.  Data was compiled in a database entitled, “NaturalAreasDatabase”.  

A list of cruise data relevant to this analysis is found in Table 1.  

 The second source of data consisted of a series of GIS data layers produced by 

NHFG.  As part of the NH Wildlife Action Plan, NHFG synthesized a variety of 

environmental variables including elevation, soils, latitude, etc., to predict what would be 

the best potential forest type at any given point in the state.  The three forest types found 

in the study area include (as described above) both lowland and high elevation spruce-fir, 

as well as northern hardwood-conifer mixed forest.  These three forest data layers were 

combined into one raster dataset for analysis.  

 

 

 

 Data Source 

1. # trees per diameter class per hectare  Natural Areas Database 

2. Sapling count per hectare Natural Areas Database 

3. Seedling count per hectare Natural Areas Database 

4. Volume (cubic inches) of course woody debris per hectare Natural Areas Database 

5. Percent of Herbaceous Vegetative Cover (<10, 10-60, >60) Natural Areas Database 

6. Basal Area per tree species (m 2 /ha) Natural Areas Database 

7. Best potential forest type GIS Shapefile Data 

 

Data Preparation 

 In preparation for analysis, data was separated into two categories:  forest 

structure data and forest species data.  Data was sorted by plot ID for each variable within 

these two categories using R Statistical Software (R Development Core Team 2007). 

Only those plots that had information for every variable were used in analysis.  

Explanations of excluded plots can be found in the Appendix (Table A.1). 

 

Forest Structure 

 Data items 1-5 (Table 1) were included in the forest structure category.  As a 

result of individual trees having been recorded using variable-sized plots, corrected 

counts of the number of trees per diameter class were calculated by 2 inch diameter 

classes (8-10, 11-12, 13-14,…, 38-40).   Following this calculation, 4 distinct diameter 

classes were compiled for NMS analysis (8-13, 14-19, 20-25, and 26-40 inches). 

Table 1.  Data used in analysis, collected from two different sources: 1) 2004 cruise of the 

study area, and 2) GIS data assembled by NHFG. 
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 Seedling and sapling data were taken from the “Regeneration” files in the 

original Access database.  Tree samples were coded as having a DBH of “0.5” or “3”, 

with no explanation of these codes.  After consultation with both NHFG and Upland 

Forestry, individuals with a DBH of “0.5” were classified as seedlings and those coded as 

“3” were classified as saplings. 

 Volume of course woody debris was calculated by averaging the large and small 

diameters of each individual piece of debris, and calculating volume using the average 

diameter and length of the specimen.  Average volume was extrapolated per hectare at 

each plot.  Due to the high prevalence of 0’s in the dataset, and because of PC-ORD’s 

(software used in analysis; McCune and Grace 2002) aversion to 0’ in NMS analyses 

(original intended analysis), those plots with no course woody debris were analyzed as 

though they had 1 cubic inch per hectare. 

 Percent of herbaceous vegetation cover was coded as either <10%, 10-60%, or 

>60%.  These categories were recoded as their midpoints, i.e. 5%, 25%, or 80% 

herbaceous cover, respectively. 

 

Forest Species Composition 

Basal area per tree species (m 2 /ha) was calculated by first sorting the individual 

tree records by plot ID, and then summing the basal area of each species per plot.  Due to 

the high prevalence of 0’s in the dataset, rare species present in less than 50 plots (5% of 

total) were removed from analysis.  Following this exclusion, only five species (A. 

Balsamea, P. rubens, Acer spp., B. alleghaniensis, and B. papyrifera) were present in the 

species composition data.  Those plots with none of these five species present were 

removed from analysis. 

 

Best Potential Forest Type 

 By overlaying the potential forest data layers with the grid layer (ArcGIS 9.2 by 

ESRI), each plot was assigned one of the three best potential forest types located in the 

study area.  This information was used in both the forest structure and forest species 

analysis.  Throughout this report, Lowland elevation spruce-fir forest is coded as “1”, 

High elevation spruce-fir forest is coded as “10”, and northern hardwood-conifer mixed 
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forest is coded as “100”.  Although a rare occurrence, where grid points (and thus forest 

plots) occurred at a point where potential forest was uncertain (either because of GIS 

layer overlap or no data), that plot was excluded from analysis (Table A.1). 

 

Analyses 

 Forest Structure 

An initial NMS analysis suggested that forest structure could be explained using one axis, 

probably because much of the data is effectively categorical.  In order to search for 

patterns, a principal 

components analysis (PCA) 

was run to explain variance in 

the forest structure dataset.  

Prior to this analysis, linear 

relationships between structure 

variables were examined, and 

found to be present, though not 

strong (Figure 4).   

 PCA analysis was 

completed using PC-ORD 

version 5 software (McCune 

and Grace 2002), based on 

correlation coefficients from 

the original data.  Scores for 

individual variables in a 

distance-based biplot were 

calculated using Euclidean distances.  

 

 

 

 

 

Figure 4.  Matrix of all possible scatterplots of 

structural variables.  Weak linear relationships indicate 

a principal components analysis is appropriate. 
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 Forest Species Composition 

  An NMS analysis was performed on the forest species composition data 

(raw basal area per species per plot).  To determine how many axes would adequately 

summarize the data, an initial scree plot of stress was plotted (Figure 5).  Stress is a 

measure of dissimilarity between 

ecological relationships and graphed 

relationships.  NMS can ordinate data on 

as few as 1 or as many as 6 axes so as to 

best summarize ecological space, but 

each summarization results in a different 

level of stress.  Solutions with low stress 

are better graphical representations of 

the points in ecological space then those 

solutions with high stress (McCune and 

Grace 2002).  In this instance, an initial 

NMS (using Sorenson’s distances) 

determined 3 axes to be the appropriate 

summary of the species composition data.  A three dimensional solution resulted in a 

mean stress in real data (10 runs) of 19.52 and in randomized data (250 permutations for 

Monte Carlo test) of 33.33 (p=0.0040). 

 A second NMS was performed to find a three dimensional solution with the 

following constraints: 30 runs with the real data, Sorensen’s distance measure, a stability 

criterion of 0.000100 over 15 iterations, and a varimax rotation of final solution. 

 

 Cluster Analysis 

 To help interpret the NMS, a cluster analysis was performed to determine whether 

species composition was organized into discrete community types.  Using PC-ORD 

version 5, plots were clustered on Sorenson dissimilarities using the flexible beta method 

(ß=-0.25); ( McCune and Grace 2002).  A group-contrast Mantel correlation was used to 

determine how many groups to retain (Urban et al. 2002).  This analysis essentially 

determines the number of clusters to retain so that between-group dissimilarities are large 

Figure 5.  Scree plot of stress for each of 6 

different NMS solutions (1-6 axes). 
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compared to within-group dissimilarities, and determines whether or not the continuous 

model invoked by ordination is appropriate to the data. 

 

RESULTS 

 Forest Structure 

 The eigenvalues from the forest structure PCA are reported in Table 2, and 

graphed in Figure 6.  This analysis shows that the first 3 axes adequately explain the 

variance in this dataset.  Additional axes (with eigenvalues less than 1.0) do not 

contribute to an appreciable compression of variance.   

 

 

 

 

VARIANCE EXTRACTED, FIRST 8 AXES 

 Broken Stick 

AXIS Eigenvalue % of Variance Cur. % of Variance Eigenvalue 

1 1.645 20.560 20.560 2.718 

2 1.309 16.358 36.918 1.718 

3 1.078 13.474 50.393 1.218 

4 0.982 12.279 62.672 0.885 

5 0.910 11.380 74.052 0.635 

6 0.797 9.961 84.013 0.435 

7 0.663 8.291 92.305 0.268 

8 0.616 7.695 100.000 0.125 

 

 

 

Variance Extracted, 8 Axes
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Table 2.  Variance extracted onto each of 8 axes through PCA.  Axes with eigenvalues >1 

(1-3) adequately explain variance in this dataset. 

Figure 6.  Variance compressed onto each of 8 axes through PCA. 
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The first six eigenvectors, scaled to unit length, are reported for each variable in 

Table 3.  The first eigenvector (or axis) is positively correlated with both sapling and 

seedling abundances, and negatively correlated with all other variables, especially large 

diameter trees.  The second axis is strongly positively correlated with herbaceous cover, 

and strongly negatively correlated with small diameter trees.  The third axis (and final 

axis that explains variance) is positively correlated with sapling, seedling, and large 

diameter tree abundances. 

 

 

 

EIGENVECTOR (Axis) 

Variable 1 2 3 4 5 6 

Sap 0.2605 -0.2955 0.5215 -0.2016 0.4370 0.5607 

Seed 0.2452 -0.0880 0.5031 0.0123 -0.8237 0.0150 

Volume -0.0591 -0.2097 0.1953 0.9438 0.1376 -0.0452 

Cover -0.1515 0.6532 -0.0660 0.1696 -0.1376 0.4982 

D10 -0.2824 -0.6010 -0.2881 -0.0891 -0.1870 0.0074 

D16 -0.5226 -0.2267 -0.1085 0.0044 -0.1986 0.5211 

D22 -0.5353 0.1030 0.3389 -0.0594 0.0426 -0.0266 

D24 -0.4541 0.1055 0.4720 -0.1680 0.1286 -0.4036 

   

 

Axis 1 and 2 explain most of 

the variance, and they are 

shown in Figure 7.   Also 

shown is a distance-based 

biplot (Euclidean distance) 

showing the influence that 

individual variables had on 

ordination along axes 1 and 2 

(Table 3). 

 

 

  

Table 3.  Eigenvectors for each variable from the PCA.   

Figure 7.  PCA ordination of structure variables, 

compressed onto 2 axes. 
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Forest Species Composition 

 The coefficients of determination for the correlations between NMS ordination 

distances and distances in the original 5-dimensional space are shown in Table 4.  The 

three dimensional solution explains almost 80% of the total variance in this dataset, with 

axes 1 and 2 cumulatively explaining almost 60% of the variance.   

 

 

 

 

 r 2  

Axis Increment Cumulative 

1 .246 .246 

2 .334 .580 

3 .212 .792 

 

The final solution is shown in two dimensions (axes 1 and 2) in Figure 8, with the 

potential forest type of each plot overlaid as different plotting symbols.  Table 5 shows 

the correlations of individual variables (species) with each of the three axes.  Axis 1 is 

positively correlated with balsam fir and white birch, and negatively correlated with hard 

maple.  Axis 2 is positively correlated with balsam fir and red spruce, and (slightly) 

negatively correlated with yellow birch and hard maple.  Species scores, based on the 

weighted averages of all samples are shown for each of the five species in Figure 9. 

 
  Figure 8.  Final NMS ordination shown on 2 axes. 

 

NMS: Species Composition

Axis 1

A
x
is

 2

Lowland Spruce-Fir

High Elevation Spruce-Fir

Northern Hardwood-Conifer Mix

 

Table 4.  Coefficients of determination for the correlations between ordination distances 

(3 dimensional) and distances in the original 5-dimensional space.  Increment and 

cumulative r 2  were adjusted for any lack of orthogonality of axes. 
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Table 5.  Pearson and Kendall correlations with ordination axes (N=1231). 

 

 Axis 1 Axis 2 Axis 3 

 r r 2  tau r r 2  tau r r 2  tau 

Balsam Fir .380 .144 .427 .539 .291 .526 -.115 .013 -.315 

Red Spruce .049 .002 .017 .427 .182 .415 .278 .077 .213 

Hard Maple -.611 .373 -.516 -.108 .012 -.167 .264 .070 .237 

Yellow Birch -.027 .001 -.058 -.314 .099 -.424 .400 .160 .367 

White Birch .447 .200 .530 .120 .014 .113 .146 .021 .112 

 

 

 

Figure 9.  Final NMS ordination shown on 2 axes.  Species scores (labeled as Balsam Fir, 

Red Spruce, etc.) are calculated as the average species score of all plots, for each axis. 

 

NMS: Species Composition

Axis 1

A
x
is

 2

Lowland Spruce-Fir

High Elevation Spruce-Fir

Northern Hardwood-Conifer Mix

Balsam Fir Centoid

Red Spruce Centroid

Hard Maple Centroid

Yellow Birch Centroid

White Birch Centroid

 
 

 

Cluster Analysis 

 In the cluster analysis, the Mantel correlation revealed that 4 or 5 groups created 

good between-group dissimilarities (relative to with-in group dissimilarities).  The R and 

p values for this correlation are shown in Table 6.    Either 9 or 10 groups also created 

good between-group dissimilarities, but to simplify the interpretation of results, and make 

them more utilitarian for managers, both the 9 and 10 group solutions were excluded. 
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Table 6.  Mantel correlations to test for between-group dissimilarities vs. within-group 

dissimilarities. 

 

# of Groups Mantel R p-Value 

2 0.02829 0.001 

3 0.00000 0.517 

4 0.11632 0.001 

5 0.10749 0.001 

6 0.09191 0.001 

7 0.09739 0.001 

8 0.09734 0.001 

9 0.12633 0.001 

10 0.12742 0.001 

 

 To select between 4 or 5 groups, average species composition for each group were 

calculated, with 4 groups and again with 5 groups.  Species compositions are reported in 

Table 7. 

 

Table 7.  Average species composition per cluster for both A) 4 clusters and B) 5 clusters. 

 Average Species Composition (BA) 

Group Balsam Fir Red Spruce Hard Maple Yellow Birch White Birch 

A 4 Groups 

1 29.57 6.35  0.03 5.45 5.69 

2 6.21 5.31 0.01 1.21 0.87 

3 1.23 0.88 17.26 4.73 0.15 

4 2.31 1.04  0.72 9.15 2.99 

B 5 Groups 

1 29.58 6.35 0.03 5.45 5.69 

2 6.21 5.31 0.01 1.21 0.87 

3 1.23 0.88 17.26 4.73 0.15 

4 2.30 1.16 0.75 11.16 0.42 

5 2.32 0.71 0.64 3.26 10.45 

  

Five groups were chosen because the addition of the fifth group reveals a 

difference between those plots with high abundances of yellow birch as opposed to plots 

with high abundances of white birch (Table 7.B). 

Both groups 1 and 2 have high abundances of balsam fir relative to other species, 

but group 1 is more biased towards balsam fir whereas group two has an even distribution 

of fir and red spruce.  Group 3 consists of plots with high abundances of hard maple 
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relative to other species.  Group 4 has high abundances of yellow birch, whereas group 5 

has high abundances of white birch, relative to other species.  These 5 groups are shown 

in Figure 10 with the species scores for each of the five species.  The wide spread of the 

plots indicates that these clusters consist of a gradient instead of distinct species types. 

   
Figure 10.  NMS ordination divided into 5 clusters based on species composition.    

  Average species scores are also plotted. 

 

Plots by Cluster (1-5)
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 The last analysis done compared the fit of each type of cluster with each of the 

three dominant forest types in the study area.  Table 8 shows the number of plots that 

were classified in cluster 1 and as lowland spruce-fir (189); the number of plots that were 

classified in cluster 2 and were lowland spruce fir (118); etc.  Lowland spruce-fir is well 

represented in clusters 1, 2, and 4.  High elevation spruce-fir is best represented in 

clusters 2 and 4.  Northern hardwood-conifer mix forest is best represented by clusters 2 

and 3.  Although there are general trends in species composition and forest type that can 

be interpreted from this data, the three forest types do not each coincide with one specific 

cluster. 
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Table 8.  Comparison of plot distribution by cluster and potential forest type. 

  Cluster   

Forest Type 
1 

(BF) 
2 

(RS/BF) 
3 

(HM) 
4 

(YB) 
5 

(WB) Total 

Lowland Spruce-Fir 189 118 60 135 46 548 

High Elevation Spruce-Fir 23 143 24 109 40 339 

Northern Hardwood-Conifer Mix 45 105 101 71 22 344 

Total 257 366 185 315 108 1231 

 

 

DISCUSSION 

 

 Forest Structure 

 Although forest structure can normally be considered a good indicator (or partial 

indicator) of forest integrity (Noss 1999), it may not be an efficient measure of forest 

type.  Results of the forest structure PCA indicate that there are no clear differences or 

trends of structure between any of the three forest types found in this study area based on 

the measured variables.   

 It is possible that this analysis accurately describes the current forest structure, 

and that after 100 years of harvest, natural differences in structure between forest types 

have diminished.  If this is true, than future similar analyses of forest plots left to natural 

succession should gradually show separation into distinct areas of the graph.  Further 

exploration of PCA within one forest stand may show that there are real differences 

between more recently cut stands and those that have been left alone for many years.  

Alternatively, this analysis may be correct but there is little natural difference between 

low or high elevation spruce-fir or northern hardwood-conifer mixed forests.  If this was 

the case, then a within-forest type NMS would show more structural variation than an 

NMS that includes all 3 forest types.  Individual examination of each separate forest type 

may be of value to managers. 

 Another explanation, and perhaps more likely, is that the variables chosen to 

describe forest structure may not be precise enough to explain minute differences in 

forest type.  Seedling and sapling abundances or large vs. small diameter trees may be 

useful tools to a forester predicting the economic value and growth of a forest stand, but 

more precise measurements may be necessary to predict the overall health of the forest.  

The relatively loose linear correlations revealed in the preliminary structure scatter plots, 
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and the relatively low eigenvalues indicate that the chosen variables (as measured) may 

be degrading the PCA.  Specifically, the herbaceous cover measurements are acting as 

categorical rather than continuous data and course woody debris volume appears to have 

very loose relationships with other variables.  Data collection was not designed to 

facilitate PCA nor any other ordination.  If these tools are to be used for future forest 

integrity assessment, data collection methods should be designed accordingly. 

 

 Forest Species Composition 

 The forest species analysis does a slightly better job of classifying the three forest 

types of interest to this study.  On first examination of the NMS scatter plot, there is quite 

a bit of overlap between all of the three forest types.  One possible explanation for this is 

that although these forest types should occupy very different areas of ordination space, 

past harvesting has effectively diminished any difference in species composition across 

the entire study area.  If so, as in the structure analysis, as natural succession takes place 

and forest plots slowly succeed into the forest type to which they are best suited, 

managers may see a gradual shift of plots (Figure 11).   

 

Figure 11.  Possible potential outcome (as an NMS ordination) or natural succession. 

 

 

 

 

 

 

 

 

 

 

 Another possibility is that these three forest types can not be distinguished 

amongst each other by species composition alone.  Lowland and high elevation spruce-fir 

forests both have balsam fir, red spruce, and less abundant but still present are hard 
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maples and birches.  Likewise northern hardwood-conifer mix forests have similar 

species, but in different proportions.  The cluster analysis and Mantel correlation helps 

illustrate this possibility. 

 Visible in the cluster analysis figure (Figure 10) are 5 distinct groups and 5 points 

that represent averages of our tree species.  It appears as though the balsam fir point lies 

in the midst of cluster 1 points, that the white birch is near cluster 5, yellow birch near 

cluster 4, red maple near cluster 2, and hard maples near cluster 3.  The Mantel test 

reveals that these clusters are well defined by these 5 species.  Plots with high proportions 

of balsam fir and white birch tend to fall to the right side of the NMS graph (and are 

positively correlated with axis 1) and into clusters 1 and 5.  Plots with lots of balsam fir 

and red spruce tend to be near the top of the graph (and are positively correlated with axis 

2) and are in clusters 1 and 2.  Cluster 3 sits a bit apart on the left side of the graph 

because hard maples, unlike any other species, are strongly negatively correlated with 

axis 1.  Thus, although they are somewhat intermingled, each species does indeed have 

its own region of the graph. 

 The fact that the three distinct forest types are not strongly separated into distinct 

graph space is due in part because they share species in common, but also because the 

clusters are not perfectly matched with their potential forest type.  Although an individual 

plot may be labeled as potentially a high elevation spruce-fir forest, it may have a 

disproportionate amount of hard maple and white birch present.  Table 8 shows that 60 

plots classified as potential lowland spruce-fir plots are located in cluster 3, which is 

associated with hard maples.  If managers determine that those 60 plots should instead 

have higher proportions of spruce and fir as their potential forest types indicate, then they 

need to implement actions on the ground to move the forest in that direction.  Thinning 

the maples and encouraging spruce-fir regeneration would eventually shift these plots 

towards the desired state. 

 Table 8 reveals some other trends in the species composition of the forest that 

may be of interest to managers.  Although about 2/3rds of the plots (n=887) are classified 

as potentially spruce-fir forest types, only half of them (n=623) fall into the spruce/fir 

clusters 1 or 2.  Also, plots with large amounts of hard maples (cluster 3) are associated 

with potential hardwood-conifer forest whereas plots with large amounts of birch (both 
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yellow and white) (clusters 4 and 5) are more often associated with potential spruce-fir 

forests.  Finally, although plots that have more equal distributions of red spruce and 

balsam fir (cluster 2) are well represented in each of the three potential forest types, plots 

with primarily balsam fir (cluster 1) are usually associated with potential lowland spruce-

fir forests.   

  

 Conclusion 

These two analyses of forest structure and species composition reveal some weak 

trends in the data.  Although they may guide NHFG as they make management decisions 

in regards to specific plots, there are several issues that merit consideration regarding 

these models.  First, NHFG should consider that there may be not have been enough 

input into the GIS layers that assigned potential forest types to each plot.  Specifically, 

GIS classified potential forest types using remote sensing, but ground truthing may reveal 

that not every plot is correctly classified.  Ecological variables that are more specific to 

this forest (such as rare herbaceous plant species or finer scale moisture gradients) may 

result in a more fine tuned potential forest data layer.  There may be additional or 

ancillary environmental variables that will help distinguish and better explain trends 

present in this landscape.  Plot elevation or soil substrate may classify the three potential 

forest types better than forest structure or species, given how similar they appear in these 

analyses.  The addition of more variables may separate forest types in an NMS scatter 

plot, allowing management to focus attention on plots that are far away from their desired 

state.    

Another issue for NHFG to consider is that the term “desired state” needs to be 

somewhat flexible.  As seen both analyses, there are not distinct forest types present in 

this ecoregion, but instead a gradient of species composition and structure.  Because these 

forest types consist of the same species at different proportions, the boundaries between 

two forest types are not as black and white as the GIS layers suggest.  A plot labeled as 

having the potential for one forest type may actually be a good representation of a 

transition between two forest types.  As management is undertaken at the stand level, it 

will be important to remember that not every plot can be perfectly described by a distinct 

forest type.   



20 

 In conclusion, although this document serves as a good introduction into the use 

of ordination techniques to explain trends and gauge the integrity of a forest ecosystem, 

further analysis and more focused data collection will improve the utility of these models.  

None the less, the methods used here to document the current state of the Connecticut 

Lakes headwaters forest have the potential to assist the restoration and conservation of 

this ecosystem.  Ordination techniques such as NMS and PCA succeed in capturing the 

relationships between numerous interconnected variables, whereas traditional methods 

may result in too simplistic a summary.  An initial investment in fine-tuning and 

exploring these methods will result in a more integrated and functional analysis of 

ecosystem health.
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APPENDIX A 

 
Table A.1.  Plots excluded from both forest structure and forest species composition 

analysis.  Reasons for exclusion are shown in table A.1.b. 

 

a. 

Plot 
Explanation 

for Exclusion Plot 
Explanation 

for Exclusion 

13 1 727 2 

118 2 731 3 

203 3 753 3 

204 1 782 1 

224 4 783 1 

243 1, 3 789 1, 7 

285 3 796 1 

286 3 825 5 

287 1 826 5 

319 3 850 1 

327 2 851 1, 7 

329 1 852 1, 7 

366 3 858 1 

368 1 927 5, 6 

510 5 974 1 

513 1 1104 1 

514 1, 3 1301 1 

515 1, 3 1424 1 

532 1 1431 1 

568 1, 3 1460 1 

569 1, 5, 6 1465 1 

570 1, 3 1467 7 

571 3 1500 2 

636 5, 6 1655 1 

693 1 1656 1 

705 1, 3 1668 2 

710 3 1674 1 

716 1, 3 1677 1 

717 1, 3 

 

b. 

Exclusion Code Explanation 

1 No Raster Data 

2 Missing in CWD Data 

3 Missing in Regeneration Data 

4 Overlap in GIS Shapefiles 

5 Double Counted in Herbaceous Data 

6 Double Counted in Tree Data 

7 Missing in Tree Data 

 


