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Across the country, degradation of freshwater wetlands has prompted a need for 

science-based methods for assessing and monitoring wetland condition. Floristic 

Quality Assessment (FQA) is an assessment that measures the health of an ecosystem. 

FQA is based on resilience values called Coefficients of Conservatism (C-values), pre-

assigned to each plant species. The method has proven to signal human disturbance in 

most wetland types, but is unstudied in forested wetlands. I collected data from eleven 

Red Maple – Sphagnum Basin Swamps to test the hypothesis that FQA signals human 

disturbance in forested wetlands of New Hampshire. I calculated four common indices 

of site Floristic Quality (Mean C, Cover Weighted Mean C, Floristic Quality Index, 

and Cover Weighted Floristic Quality Index) by strata and for all species in each 400 

m2 plot. I compared human disturbance proxies; Ecological Integrity Assessment 

(EIA) Scores (Level 2) and proportions of cleared land in contributing watersheds, to 

floristic quality indices using Spearman’s test; Mean C (p = 0.04, rho = 0.61) and 

Weighted Mean C (p = 0.01, rho = 0.71,) of all species were positively correlated with 

EIA scores. The Weighted Mean C of the herb layer (p = 0.05, rho = 0.61) was also 

positively correlated with EIA scores. Percentage of cleared land was also related to 

Weighted Mean C (p = 0.11, rho = -0.51). Overall, the Cover Weighted Mean C 

offered the most reliable metric for evaluating condition of forested wetlands, 

indicating a need for more intensive application and research in these systems.   
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TESTING THE FLORISTIC QUALITY ASSESSMENT AS AN 

INDICATOR OF HUMAN DISTURBANCE IN FORESTED 

WETLANDS OF NEW HAMPSHIRE 

 

CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW 
 

The National Environmental Protection Act of 1969 and the Clean Water Act 

1972 triggered a need for assessing the natural quality or environmental integrity of 

our nation’s land and water. The laws and policies also required professional 

projections of the impacts of specific human activities on the environment. The tools 

since developed require qualitative judgments largely based on the technical 

experience and philosophical alignment of the observer, and are therefore inconsistent. 

One person’s idea of “low” quality might be another person’s idea of “medium” 

quality. Inconsistencies are barriers to policy enforcement and implementation. Aside 

from policy, assessment is useful for conservation valuation and comparing parcels 

and identifying remnant natural areas. Therefore, there is a need to reduce subjectivity 

through establishing repeatable, consistent, standardized, and defensible methods for 

assessing the quality of land and water. 

Many methods and indicators have been utilized for the assessment of natural 

quality of ecosystems. Although a wide range of natural quality assessment methods 

are applied across the country, this literature review covers of wetland plant 

community dynamics, classification systems, and assessment methods pertaining to 

New Hampshire. Two of the State’s current methods for wetland assessment include; 

the Method for Inventorying and Evaluating Wetlands in New Hampshire (Stone et 

al., 2013) for evaluating function, and the Ecological Integrity Assessment (EIA), 

which evaluates condition (Faber-Langendeon and Nichols, 2014). A brief history and 

extensive discussion of the strengths and weaknesses of Floristic Quality Assessment, 

a prospective method for the State and guinea pig for this thesis follows. I will cover 

the concept of species conservatism, the accuracy of Coefficients of Conservatism, 

sampling approaches, indices, as well as utility and applications across community 

types and special considerations for forested wetlands.  
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CLASSIFICATION AND DYNAMICS OF WETLAND PLANT COMMUNITIES 

A wetland plant community is an assemblage of plant species that grows 

together under specific environmental conditions and is determined by past and 

present climate, soil, landscape context, and competition. Tansley, (1935) introduced 

the idea that the development of a plant community leads to formation of a system that 

acts as a quasi-organism with a recognizable, well-defined entity to which we can 

assign a term. The species composition of each system produces a recognizable 

phenotype (Tansley, 1935, p. 298-290). Tansley’s concept founded the establishment 

of natural community and natural system classification frameworks used today for 

separating wetlands by vegetation type, and facilitates prediction of functions and 

values. For example, it allows us to draw a distinction between a marsh and a peat 

swamp, where the marsh is characterized by dominance of emergent grasses and 

sedges and is valuable for high rates of productivity, and fish and waterfowl habitat, 

while the peat swamp is characterized by dominance of trees and valuable for organic 

matter accumulation and peat formation.  

Classification systems are not only based on vegetation, but by structure and 

landscape position, as in the structure-based Cowardin et al. (1979) classification 

system and the hydrogeomorphic classification system (Brinson et al., 1995), which 

are both widely used across the United States. Recently, NatureServe and the 

Ecological Society of America have coordinated an effort to develop a national-scale 

vegetation classification to facilitate communication and consistency (Federal 

Geographic Data Committee, 2008). Over the last twenty-five years, the New 

Hampshire Natural Heritage Bureau (NH Natural Heritage) has developed a 

classification of natural systems and communities at a state level based on plant 

species composition, vegetation structure, and specific combinations of physical 

conditions (Sperduto, 2011; Sperduto and Nichols, 2004). Classification is useful for 

determining primary functions of a wetland system, tracing development of a system, 

which is helpful for prioritizing conservation efforts in natural resource decision 

making.  

Natural systems are subject to succession. They appear relatively stable during 

a human lifetime and provide valuable ecosystem services that we, as humans, usually 

want to remain stable. Yet, vegetation is always undergoing change. It can be difficult 

to predict changes in plant community composition in rapidly changing, human 

dominated environments.  
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PLANTS AS INDICATORS 

Plant community composition is driven by endogenous and exogenous factors 

that alter the environment. Endogenous, or internal factors, are driven by biotic 

components like competition, production of detritus, exposure to sunlight, and uptake 

of nutrients and water (Tilman, 1988). Endogenous factors are said to cause autogenic 

change where plants themselves change their environment and often make conditions 

better for another community type (Mitsch and Gosselink, 2000). Exogenous, or 

external factors, include climate, geomorphological heterogeneity, hydrology, and 

water chemistry among other physical/chemical factors and are said to cause allogenic 

change (Mitsch and Gosselink, 2000). Odum’s self-organization and self-design 

theory (1989) suggested that plant species assemblages are composed of the species 

best adapted to the existing environment. Therefore as environmental conditions 

change, the composition of the plant community also changes. Community 

composition is a reflection of various combinations of autogenic and allogenic drivers. 

Therefore plants serve as excellent indicators of environmental conditions in wetlands. 

Plants serve as indicators of wetland environments nationwide (U.S. Army 

Corps of Engineers et al., 1987) and are also used to describe the condition of a 

wetland. Plants have been proven as reliable indicators of hydrology, water source, 

water chemistry, soil type, and conservatism in wetlands (Tiner, 2002). Humans may 

alter these parameters (growing conditions) through changes in topography, soil 

compaction, changes in water flow patterns, and addition of salts or nutrients. 

Therefore plants are also used as indicators of anthropogenic disturbance. The United 

States Environmental Protection Agency (USEPA) advocates and endorses the use of 

plants as bioindicators of condition because a shift in the plant community 

composition often indicates human disturbance in the form of hydrologic alteration, 

siltation, nutrient enrichment, introduction of invasive species, etc. (U.S. 

Environmental Protection Agency, 2002). Unnatural disturbances are directly related 

to change in wetland function, with potential to negatively impact habitat quality and 

the wetland’s contribution to water quality preservation (U.S. Environmental 

Protection Agency, 2002).  

 

IMPACT OF ADJACENT LAND USE 

Changes in species composition have been related to gradients of disturbance 

and stress (Grime, 1979). Urbanization directly affects wetlands by way of changes in 

surrounding land cover, soil compaction, habitat fragmentation, deforestation, as well 
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as perturbation of hydrology and water chemistry (Bryan, 1970; Hoffman et al., 1985), 

all of which may alter biotic community composition in affected wetlands (see Figure 

1). In a study of nineteen swamps in New Jersey, Ehrenfeld (2000) found that 

urbanization increased the variability of environmental quality in wetlands, and that 

hydrologic and chemical perturbations triggered by watershed urbanization (i.e., 

changes in land-use) often lead to invasion of upland and non-native species and 

decline of many characteristic wetland species. Ehrenfeld (2000) stated that 

encroachment by upland species could lead to erroneous delineations of jurisdictional 

boundaries because plants are utilized as indictors in wetland delineations.  

 

 

Figure 1 .   Conceptual Relat ionship Between Human Disturbance and Plant  

Communit ies.  Human d is turbance within or  sur rounding wet lands ( such as land -

use and land -cover  changes)  a ffec ts the spat ia l  s tructure,  physica l  fac tors,  and  

spec ies inte rac tions.  Impacts on any of these features wi l l  result  in a  shi ft  in 

spec ies co mposit ion.   

 

Houlahan et al. (2006) examined the effects of adjacent land use on plant 

community composition and species richness in seventy-four Canadian wetlands 

(including forested swamps, shrub swamps, and marshes). When comparing land use 

(forest cover, road density, and building density) to plant species richness and 

community composition they found that adjacent land use (250-300 meters from 
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perimeter) affected species richness by affecting propagule abundance and dispersal 

routes (Houlahan et al., 2006). Knowing that adjacent land use affects species 

composition, it is appropriate to use land-use as a metric for assessing and monitoring 

natural resources. 

 

 

ASSESSMENT IN NEW HAMPSHIRE 
 

The New Hampshire Method 

In an effort to assess wetland functions and values for natural resource decision 

making, NHDES, The NH Audubon Society, and the U.S. Department of Agriculture 

developed the NH Method for Inventorying and Evaluating Freshwater Wetlands of 

New Hampshire (“the NH Method”) (Stone et al., 2013). Established in 1991 to 

facilitate comparisons between sites, this inventory and planning tool ranks a wetland 

based on ecological value, habitat value, and potential for flood control, groundwater 

use, educational or scientific use, aesthetics, recreation, sediment trapping, nutrient 

removal, erosion control, and historical or cultural noteworthiness (Stone et al., 2013). 

The investigator is guided through assessment of each functional value by series of 

questions to ensure consideration of a range of factors. Wetlands with the highest 

ranking for each function would be considered the most valuable. Each criterion is 

assigned a functional value index (FVI), which is totaled and averaged, resulting in an 

average FVI (1 to 10) for each function. This method was designed for comparative 

purposes by function and is based on qualitative judgment, but lacks a quantitative 

aspect that could produce more consistent results (Stone et al., 2013). Similar to USA 

RAM, results of this qualitative method may vary by observer. NHDES stated that this 

method would be more effective if combined with more objective approaches since 

under the current method results can vary person to person (Crystall, 2013). 

 

Ecological Integrity Assessment 

As defined in the NH Natural Heritage and NatureServe Level 2 Ecological 

Integrity Assessment Manual, “integrity” is the quality of being unimpaired, sound, or 

complete (Faber-Langendeon and Nichols, 2014). EIA utilizes a suite of physical and 

biological indicators (metrics) associated with landscape context, size, connectivity, 

hydrology, soils, vegetation, as well as an evaluation of stressors to numerically rate 
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the condition of the wetland on a scale of 0-5 in relation to reference examples of the 

same wetland type (Faber-Langendeon and Nichols, 2014). These numeric values are 

translated to a letter grade A through D, representing excellent to poor conditions. 

EIAs are completed by remote spatial analysis and a rapid ground-based site survey 

(Level 2 to 2.5) taking less than a day to complete. Intensive EIAs (Level 3) involve 

collecting data on plant species composition and cover, soils, and water chemistry, but 

require more time and resources than Level 1 and 2 assessments and are not often 

administered.   

An EIA begins with a remote spatial analysis of landscape context using a GIS 

to assess the buffer (100 meters from perimeter), surrounding landscape (100 to 250 

meters from perimeter), and landscape connectivity (land use 251 to 500 meters from 

perimeter). A scoring rubric guides the observer through the application of numeric 

values for each analysis, which results in an overall landscape context score (Faber-

Langendeon and Nichols, 2014). Field sampling begins by coarsely delineating natural 

community types on aerial photos and updating them in the field. The observer lists 

the species within each natural community type. An EIA metrics form is completed by 

ranking landscape context, vegetation, hydrology, and soil metrics, all of which are 

weighted by category to calculate an overall score. 

 

FLORISTIC QUALITY ASSESSMENT 

FQA is a plant based index of biotic integrity for wetland assessment and 

monitoring, developed for Chicago wetlands (Swink and Wilhelm, 1994) and adapted 

for application in many states. FQA is an efficient assessment procedure that requires 

that the surveyor have considerable botanical expertise to produce precise and accurate 

results. The method involves a field assessment and simple calculations based on 

coefficients of conservatism (C-values) assigned to each plant species, and results in a 

numerical wetland condition rating (Swink and Wilhelm, 1994). The C-values range 

from 0-10, 0 being non-natives, 1 being common plants tolerant to a range of 

environmental conditions, and 10 being native species highly sensitive to 

environmental change and restricted to a narrow range of environmental conditions. 

The utility and efficacy of FQA depends on the C-value list development process, 

sampling method, indices applied, and how results are compared. It is important to 

recognize floristic quality as a human concept and not a true ecosystem property 

(Bourdaghs et al., 2006). 
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Plants of the Chicago Region (Swink and Wilhelm, 1994) is considered the 

most influential FQA work, which laid ground work methodology for other regions to 

follow and to develop their own C-values. Since then, FQA has been adopted in 

several regions of the United States (Medley and Scozzafava, 2009), and in other 

countries (Landi and Chiarucci, 2010; Malik et al., 2012; Tu et al., 2009). The method 

has been criticized for being subjective, inconsistent, biased, tautological, not based on 

ecological theory, and lacking in critical assessment for a method so widely adopted 

(Spyreas, 2014). These criticisms are discussed further below.  

C-values List Development 

Traditionally, C-values have been assigned at a state level. Lists of C-values have been 

developed by more than half of the U.S. States (Medley and Scozzafava, 2009). EPA 

developed C-values for states lacking coverage, as part of the National Wetland 

Condition Assessment. NH’s list of C-values was completed in 2012 as part of a larger 

effort, driven by the New England Interstate Water Pollution Control Commission’s 

(NEIWPCC) New England Biological Assessment of Wetlands Workgroup, to assign 

values to vascular plant species in the Northeast. Most lists have been developed by 

state, however, political boundaries often cover multiple ecoregions. This poses a 

significant challenge for C-value assignments. In the northeast, lists are expected to be 

re-evaluated at an eco-region scale within the next few years (personal communication 

with Bill Nichols, 2015).  

The typical processes for C-value assignment have been completed in four steps 

(as described in Bried et al., 2012); 

1. Compile list of plant species for specific region or state 

2. Define narrative descriptions criteria for each range of values 

3. The state’s expert botanists assign C-values and confidence rankings 

4. Experts meet to discuss and reconcile values, compile in to final list for each 

state 

The assignment of C-values is a somewhat subjective process. Values are 

estimated by expert botanists using their professional judgment, which could vary 

from person to person. The efficacy of the tool depends largely on the accuracy of the 

C-values (Bourdaghs et al., 2006). While this is one limitation of FQA, having the 

subjectivity up front, and objectivity in the field (given the necessary botanical 

experience), yields more consistent results than wholly subjective methods. 
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Redefining C-values at an eco-region scale should increase the accuracy of C-values 

and facilitate more consistent application and interpretation.  

The Concept of “Species Conservatism” 

The term  “species conservatism” was coined by the Swink and Wilhelm 

(1994) who are considered the “fathers of FQA”. The concept is based on species 

specific characteristics related to a plant’s “degree of tolerance to disturbance” or 

“fidelity to a specific habitat integrity”. A highly conservative plant is intolerant to 

disturbance and exclusive to remnant habitats. Oppositely, a non-conservative plant is 

associated with disturbed land and is indiscriminate of ecological integrity. For each 

species, a C-value traditionally captures these characteristics on a scale of 0 to 10. 

Swink and Wilhelm (1994) argue that species conservatism is foundational to Floristic 

Quality, stating that “the Floristic Quality of an area is reflected in its inhabitancy by 

conservative plant species”. The authors also propose a conceptual threshold for 

conservatism; considering a Mean C greater than 5 to be high in quality, later found to 

vary by community type. 

Prior to, and beyond Swink and Wilhelm (1994), the definition of species 

conservatism has varied in the literature, contributing to inconsistent interpretation and 

application. The classic definition speaks broadly of disturbance without 

differentiating between natural and anthropogenic disturbance. FQA should measure 

anthropogenic disturbance because some habitats are more susceptible to natural 

disturbance than others. Mean C may vary by community type due to natural 

disturbance regime. These variations could be limited by applying a definition of 

conservatism that explicitly focuses on anthropogenic disturbance.  

 Some literature has included other characteristics beyond the more widely 

accepted disturbance based definition. For example, Wilhelm and Ladd (1988) 

incorporated succession into their definition of conservatism and applied C-values on 

a 0 to 15 scale where C-values were thought to be less precise. Following ten years of 

application, mostly in the Mid-Western U.S., the 0 to 10 scale has remained, but 

confusion has surrounded the concept of conservatism.  

Like most states utilizing FQA, Herman et al. (1997) follow Swink and 

Wilhelm’s (1994) definition, stating in the Minnesota FQA manual “Coefficients of 

Conservatism range from 0 to 10 and represent an estimated probability that a plant is 

likely to occur in a landscape relatively unaltered from what is believed to be pre-

European settlement condition”. To name a few others, Rocchio (2007) and Bernthal 

(2003) also base C-values on adaptation to degraded environments and association 
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with natural areas. Table 1 shows the narrative criteria for C-value ranges in the State 

of Colorado, following the concept of species conservatism. 

 

Table 1. Colorado C-value Criteria (Colorado Natural Heritage Program, 2013; Rocchio, 2007). 

0 Non-native species. Very prevalent in new ground or non-natural areas. 

1 to 3 Commonly found in non-natural areas. 

4 to 6 Equally found in natural and non-natural areas. 

7 to 9 Obligate to natural areas but can sustain some habitat degradation. 

10 Obligate to high quality natural areas (relatively unaltered from pre-European 

settlement). 

 

Some authors have used specialist versus generalist relationships to define 

species conservatism, where specialist species have extremely narrow niche 

requirements and generalist species occupy a broad range of conditions. Using this 

methodology, specialists are given higher scores and generalists lower (Rooney and 

Leach, 2010). However, remnant habitats do not necessarily host specialists and often 

host generalists, as well. Spyreas (2014) has raised the idea that areas disturbed by 

humans are a niche in and of their own. For these reasons, including specialist and 

generalist terms in the definitions of species conservatism is not well supported. Taft 

et al. (1997) have based their definitions on Grime’s Competitor-Stressor-Ruderal 

(CSR) plant strategy theory (Grime, 1979). Low C-values are assigned to ruderal 

species, moderate values to competitors, and high values to stressor specialist species 

(Spyreas, 2014). Some authors who incorporate these attributes in to C-values include 

Miller et al. (2006) in Virginia, Landi and Chiarucci (2010) in Italy, and Bried et al. in 

New England (2012). Spyreas (2014) notes that the CSR strategies conflict with the 

concept of Conservatism because remnant habitats can also host species who display 

all strategies, and CSR strategies allude to abundance, which is not a reflection of 

Conservatism (Swink and Wilhelm, 1994). Also, an increase in ruderal species can 

follow natural disturbance.  

C-value criteria based on one clear concept, as in the Colorado criteria, may be 

more reliable than criteria that mix multiple concepts. Table 2 shows the narrative 

criteria for New England C-values, which incorporates conservatism, range, and CSR 

strategies in some criteria and exhibits bias towards climax communities.  
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Table 2. New England C-value Criteria (New England Interstate Water Pollution Control 

Commission, 2014). 

0 Non-native with wide range of ecological tolerances. Often these are opportunistic 

of intact undisturbed habitats. 

1 to 2 Native invasive or widespread native that is not typical of (or only marginally 

typical of) a particular plant community; tolerant of anthropogenic disturbance. 

3 to 5 Native with an intermediate range of ecological tolerances and may typify a 

stable native community, but may also persist under some anthropogenic 

disturbance. 

6 to 8 Native with a narrow range of ecological tolerances and typically associated 

with a stable community. 

9 to 10 Native with a narrow range of ecological tolerances, high fidelity to 

particular habitat conditions, and sensitive to anthropogenic disturbance. 

 

Most C-value criteria defines all non-native species as being the least 

Conservative (C-value = 0), as seen in the Colorado and New England C-value 

criteria. However, not all non-natives have wide ecological tolerances. Non-natives 

have their own unique tolerances that indicate environmental conditions. Most of these 

species were introduced by humans but are not necessarily related to direct human 

disturbance within a habitat because they disperse on their own. Assigning scores 

based on their tolerance to disturbance could lead to more accurate assessment of 

human disturbance.  

Varying definitions of “species conservatism”, by author and by region, causes 

confusion over application and overall efficacy of FQA. A clear definition of the term 

“conservative” is central to understanding the purpose of FQA. This is essential to 

understanding what FQA is expected to measure and is most critical during the C-

value assignment process. Expert botanists should assign C-values based on a 

consistent definition of conservatism that differentiates between natural and 

anthropogenic disturbance. C-values should be based on “likelihood of a plant being 

found in a high quality natural area”, not rarity or other concepts (Medley and 

Scozzafava, 2009). Speaking of the FQA portion of the National Wetland Condition 

Assessment (NWCA), Medley and Scozzafava (2009) called for awareness of these 

variations when comparing results beyond state boarders, as any variation in the 

definition of conservatism directly affects the assignment of C-values and ultimately, 



 
 

11 

 

the results. Awareness of these shortcomings will be valuable as C-value lists are re-

evaluated at the eco-region scale in the near future.  

Accuracy of C-values 

FQA is most questionable based on the subjective nature of C-value 

assignment. The risk of estimator bias related to the subjective nature of C-values is 

widely identified as the greatest weakness of FQA and therefore warrants researchers’ 

attention.  

Bried et al. (2012) assessed estimator bias based on the lists for New England 

states and New York which were created before the botanists discussed and combined 

their estimated values. They used a Monte Carlo test to compare assigned values by 

estimator for the two Northeastern states that had more than one botanist estimating C-

values for a single state. The lists differed significantly by estimator (Figure 2).  
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Figure 2 .  Estimator Bias Between Two Botanists in New York .  Bried e t  al .  

(2012)  sho wed ho w C-value ass ignment di ffered  between two botanists  est imating 

C-values in New York.  To the le f t  are  the result s  for  al l  taxa co mpared whi le  the 

r ight  sho ws taxa assigned wi th confidence of conservati sm value.  Most  of the 

confidently ranked taxa  accounted for  the major  var ia t ions among a l l  taxa.   

 

Bried et al. (2012) also evaluated the association between C-values and 

confidence rankings (1 to 5 assigned by estimator for each species) to evaluate 

accuracy, finding that C-values on the extreme ends of the scale were scored with 

more confidence than those in the middle (see Figure 3 below). 
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Figure 3 .  Distr ibut ion of  Confidence  in C-value Est imation.  Br ied e t  a l .  (2012)  

graphed the dis tr ibution of confidence in assigned C-values  in New England Sta tes.  

Connect icut ,  Massachusett s ,  and Rhode I s land ranked wi th the highest  confidence 

whi le  New Hampshire and Vermont ranked most  species wi th sl ight ly less 

confidence.  

The results of Bried et al. (2012) give credence to the value of the discussion 

and reconciliation phase before finalizing a state list. Given the measurable effects of 

estimator bias in states with multiple botanists assigning C-values, considerable 

estimator bias might be expected in states where only one botanist was responsible for 

estimating C-values. For example, one botanist assigned C-values for the entire state 

of NH. Although this particular botanist is well known to be knowledgeable and 

experienced (he was the primary author of the natural community classification in NH; 

Sperduto and Nichols, 2004), relying on a single botanist may decrease the reliability 

of C-values for the state due to estimator bias.  

Matthews et al. (2015) tested the accuracy of C-values in wetlands of Illinois 

using a null-model approach. Using Spearman rank correlation, they compared the 

average C-values of the most commonly co-occurring species to the C-value of the 
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target species. They also shuffled C-values at random within assessment areas and ran 

the comparison again. Their goal was to see if C-values carried meaningful 

information about patterns of species co-occurrence. Although woody plants and 

perennial herbs were commonly undervalued by botanists, their results affirm the 

predictive ability of C-values, despite their subjective assignment. A summary of their 

results are shown in Figure 4.  

 

 
Figure 4 .  A Nul l -Model Approach to  Test ing C-values  Suggests Rel iabil i ty .  

Mat thews et  al .  (2015)  sho wed,  through a null  model approach,  tha t  spec ies co -

occurrences exhibi t  a  consis tent  t rend  by C-value.   

 

 In a similar study, Mushet et al. (2002) compared data driven C-values to C-

values assigned by botanists in the Prairie Potholes of North Dakota. Data driven C-

values were assigned based on actual occurrence in 204 wetlands representing a range 

of disturbance. Both sets of C-values were nearly identical. Their results indicate 

accuracy of subjectively assigned C-values.  

Many authors suggest that estimator bias could be reduced and accuracy 

improved by working at a more ecologically meaningful scale, such as by ecoregion or 

habitat type and by involving as many expert botanists as possible (Bourdaghs et al., 

2006; Rothrock and Homoya, 2005). A Northeast region NEIWPCC project is 

currently reconciling state C-values to ecoregions. 
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Sampling Approach  

FQA research and protocols use a variety of sampling methods, all of which 

impact the reliability and comparability of results. FQA sampling is usually conducted 

within vegetation plots, but plotless methods are gaining popularity. Sampling 

approach directly affects the results, and should be consistently applied to be utilized 

effective in terms of rating sites.   

Randomization 

 FQA is intended to capture rare species, therefore non-random sampling may 

be better. Yet, a trade-off still exists when choosing a sampling method, because the 

assessment should capture rare species and also be defensible. Random sampling is 

usually more demanding in terms of time and expense, but considered science based 

and more defensible than subjective sampling. In a study comparing data from 

subjective plot placement to random plot placement in woodlands of Germany, 

Diekmann et al. (2007) suggested that bias is associated with non-randomly placed 

plots. They found randomized plots captured a larger number of common plants but 

less rare species (Diekmann et al., 2007). Their results also suggest that subjectively 

placed plots had better correlation to soil parameters. A similar study in the Czech 

Republic found that not all properties differed between subjective and random 

sampling methods; subjective sampling yielded more rare species, and higher beta 

diversity, but estimates of alpha diversity and non-native species were not 

significantly different (Michalcová et al., 2011). Therefore, the evidence suggests 

some level of subjectivity is required to ensure inclusion of rare species. 

Selection of a sampling approach requires a trade-off between sensitivity to 

rare plants, statistical power, time, and funding. The approach should align with the 

overall goal of the assessment. In an EIA, the assessment area  is defined according to 

the natural community classification system (Faber-Langendoen and Nichols, 2014). 

In wetland delineations, the assessment area is located and defined by the observer but 

the plots within are randomly placed (U.S. Army, 1987). The 2011 National Wetland 

Condition Assessment used a completely random approach where the assessment 

areas and the plots are randomly placed (U.S. Environmental Protection Agency, 

2011). 

Transects 

 The transect design is a classic approach for sampling vegetation in large 

assessment areas. This method is randomized and quantitative, and therefore 

supportive of rigorous statistical analyses. The observers place a number of plots at 
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random along multiple transects. The plots are often nested to cover the herbaceous, 

scrub, and tree strata. FQA literature supports the use of transects for efficacy 

evaluations and index development. For example, vegetation data was collected by 

transects to develop empirically derived indices of biotic integrity for forested 

wetlands, coastal salt marshes, and wade-able freshwater streams of Massachusetts 

(McGarigal et al., 2013). However, the transect method is not usually associated with 

rapid assessment protocols due to time and resource constraints. 

Relevé  

Less popular than mor e random methods, but also used for ecological research, 

particularly in the field of phytosociology, the relevé method is known to be 

descriptive and efficient:   

“Relevé is a French word that translates to the English word "abstract ". As a 

Literary abstract is a concise summary of a body of text, a relevé is a concise 

summary of a unit of vegetation” (pg. 63, Almendinger, 1988).  

The adequate size of a relevé plot, specific to community type, is derived from 

species/area curves. The area where the curve levels off (number of species no longer 

increasing) is considered adequate. A typical forest plot should be 200-500m2. After 

analyzing aerial photographs and walking through as much of the assessment area as 

possible, the observer places a plot in what they perceive to be a homogenous zone 

(Mueller-Dombois, 1974), representative of the entire assessment area. Once the plot 

is established the observer identifies each plant species and estimates foliar coverage 

for each species by strata using cover classes (i.e., 1-2%, 2-5%, 5-10% absolute cover, 

etc.). Cover classes lead to more consistent results than if each observer were to 

estimate an exact value. Mid-points can be used for calculations that require a whole 

number, such as FQA. 

The subjective judgment of homogeneity is supported by Daubenmire (1968), 

who researched subjective plot placement using a chi-square test to compare the 

composition of each quarter of a plot. He found each quarter to be statistically similar 

to the entire plot. Relevés are accepted by Natural Heritage Programs across the 

country, for example, NH Natural Heritage employs this method for vegetation 

sampling in Level 3 Ecological Integrity Assessments (Faber-Langendeon and 

Nichols, 2014).  
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Timed meander 
The timed meander approach was established by Goff et al. (1982) to 

determine the presence of rare plant species. It is used in development of rapid FQA 

protocol, by some states, due to demonstrated sampling efficiency. A trained botanist 

walks through the assessment area, usually mapped at a natural community level, and 

records species and collects specimens. He or she begins at a point of easy access, and 

records species noted at the point of entry. In an aim to add more species to the list, he 

moves to another point he suspects to find different species. The observer continues 

until he decides, by his own professional judgment, that he has seen most species in 

the assessment area. The time between each point and number of species recorded at 

each point are noted and can be used to produce a species/effort curve (Goff et al., 

1982). Similar to a species/area curve, a species/effort curve can be used to define the 

appropriate sampling duration for a community type (Goff et al., 1982).  

Although a complete species list is compiled for each assessment area, the 

timed meander is less quantitative than other methods because it isn’t aimed to assess 

dominant species. The timed meander is a semi-quantitative method that focuses on 

the discovery of rare, threatened, and endangered species (Goff et al., 1982). A major 

benefit is that a timed meander doesn’t require a sub-set plot and can therefore cover a 

more variable area within a community type, as opposed to more quantitative methods 

which require homogeneity and sometimes requires multiple plots to cover variation. 

The method is almost always faster than collecting plant data by plots.  

Hlina et al. (2011) compared the timed meander and Whittaker (nested plot 

design) methods for collecting FQA data in three Wisconsin community types. They 

recommended the timed meander for graminoid communities and found the timed 

meander to be four times more efficient than Whittaker in scrub-shrub communities. 

Oppositely, the Whittaker method outperformed the timed meander in hardwood 

swamps. The main reasons are that it is a challenge to set up a plot in scrub-shrub 

communities, which are usually dense, while there is usually less biomass in 

hardwood swamps and therefore easier for a person to get around (Hlina et al., 2011). 

The authors note the risk of missing species in a hardwood swamp when using the 

timed meander method because hardwood swamps also tend to have more layers and 

therefore require more careful inspection.  

 In an unpublished study, Bourdaghs compared plot sampling methods with the 

timed meander method in Minnesota wetlands. He found that an accurate assessment 

can be obtained using the timed meander method. While the results do indeed differ by 
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method in terms of Floristic Quality and native species richness, relative rankings did 

not change by method. Results were proportionate and considered adequate for 

comparison between sites. The Minnesota Pollution Control Agency currently 

employs FQA for wetland quality assessment and monitoring, and their Rapid FQA 

Manual (Minnesota Pollution Control Agency, 2014) is based on the timed meander 

method.  

 

Indices 

Following field based species inventories, Floristic Quality is most commonly 

captured as two separate but related indices. The Mean Coefficient of Conservatism 

(Mean C) and FQI (the Floristic Quality Index) are derived through applying the 

appropriate C-value to each species and performing simple calculations. Mean C is 

simply the average of C-values within the assessment area. Swink and Wilhelm (1994) 

designed the FQI formula to identify areas based on typical conservation and 

monitoring goals. It is calculated as the Mean C multiplied by the square root of 

species richness. FQI is based on the idea that assessment areas rich in number of 

species, particularly conservative species, are the most desirable targets for 

conservation and indicate successful restoration. However, they suggest it useful to 

consider Mean C as an indication of aggregate conservatism. Conceptually, Mean C 

should decrease with increasing disturbance (Figure 5).  

 

 
 

Figure 5. Conceptual Depiction of Conservatism Across a Condition Gradient.  Rocchio 

(2007) captured the conceptual relationship between C-values, Mean C, and level of human 

disturbance. Intact sites host conservative species and therefore have high Mean Cs, while 

slightly impacted sites host moderately conservative species and have a lower Mean C than 

intact sites, and highly impacted sites host non-conservative species and therefore Mean C is 

lower than the sites subject to less human disturbance .  
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Some authors have highlighted weaknesses regarding FQI. Spyreas (2014) 

suggests that if knowingly comparing sites of different sizes, FQI is an inadequate 

representation of community composition because richness is a function of size. Taft 

et al. (1997) and Francis et al. (2000) identified richness as a weakness of FQI based 

on the observation that assessment areas with a larger number of low scoring species 

scored higher than assessment areas with less higher scoring species. In a study 

comparing these two measures of Floristic Quality to an Index of Human Disturbance 

in forty forested wetlands of Pennsylvania, Miller and Wardrop (2006) found both 

Floristic Quality Indices (Mean C and FQI) to indicate disturbance. However, they 

also reported that the FQI was distorted by species richness, which they tested further 

by creating four hypothetical scenarios (Figure 6). Additionally, many authors 

recognize that Mean C is less sensitive to area and sample date (Bourdaghs et al., 

2006; Francis et al., 2000; Matthews, 2003).  
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Figure 6. Effect of Species Richness on FQI in Four Scenarios.  From Miller and Wardrop 

(2006), the four graphs show that FQI may misrepresent conservation value in some cases. 

FQI is higher in Site A than Site B in scenarios one through three because of a higher Mean 

C and higher richness (Scenario 1), a high Mean C (Scenario 2) where richness is equal in 

the two sites, and a high Mean C and lower N (Scenario 3). Site A scores higher than Site B 

when the C-value is higher and species richness is lower in Site A than in Site B (Scenario 

4).  

 

Miller and Wardrop (2006) described the implications of the effect of species richness 

of FQI saying  

“Greater species richness, however, is not always equivalent to greater habitat 

quality. In fact, increased species richness is often associated with low to 

intermediate levels of disturbance which may increase resource availability and 

decrease competition (Dittmar and Neely, 1999; Sousa, 1984). By taking the 

square root of this value, Swink and Wilhelm (1994) attempted to dampen the 

effect of high species richness on the index. Despite this transformation, 

species richness is still a driving factor in the Adjusted Floristic Quality Index 
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(FQAI) and this sensitivity is often viewed as a fundamental flaw in the 

method (Francis et al., 2000).” 

 

 

Bowles and Jones (2006) recommended weighting C-values by cover 

(Weighted C) to provide a high resolution index without the risk of being skewed by 

species richness. For example, consider assessment area A, with one occurrence of an 

invasive (C-value of 0) and otherwise a highly conservative plant (C-value 8, for 

example) covering the majority of the area. Mean C would be 4. Now compare that 

assessment area to assessment area B, one dominated by an invasive and one 

occurrence of a highly conservative plant. Again, Mean C would be 4. Weighting by 

cover provides a distinction between the two sites, giving more weight to the dominant 

species and less to the single occurrence. As a result of this weighting, assessment area 

A would score lower than B.   

It is important to remember that FQA captures only one aspect of condition. 

Other parameters should be considered alongside FQA to produce a more 

comprehensive view (Bried et al., 2012b; Hargiss et al., 2008; Mack et al., 2008; 

Mortellaro et al., 2012). Ervin et al. (2006) developed the Floristic Assessment 

Quotient for Wetlands (FAQWet) to incorporate other vegetative parameters into a 

single index for assessing Mississippi wetlands. They used proven human disturbance 

indicators (species richness, wetland affinity of species, and a measure of exotic 

species, as well as a floristic quality index) in the FAQWet index.  

The Colorado Department of Natural Resources (DNR) developed a 

Vegetation Based Index of Biotic Integrity (VIBI). The VIBI is an excellent example 

of a multi-metric assessment method that uses Mean C, % intolerant species, % 

tolerant species, % non-native species, invasive species richness, % native perennial 

species, % forb species, relative cover for hydrophytes, and the mean wetland 

indicator status to compute a final VIBI score for an area (Lemly and Rocchio, 2009).  

According to the literature, the standard measures of Mean C and FQI leave 

room for improvement. Consistency within the method is valuable for defensibility. 

Overall, there are a variety of ways to capture Floristic Quality, and there is a clear 

need for research to identify the most effective indicators of human disturbance.  
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Applications and Utility  

FQA is used for identifying valuable natural areas for conservation, making 

site to site comparisons, and monitoring impacts of development (Bourdaghs et al., 

2006; Chu and Molano-Flores, 2013; Rocchio, 2007; Swink and Wilhelm, 1994). For 

example, U.S. Fish and Wildlife utilized FQA in their assessment and monitoring 

section of the Comprehensive Conservation Plan for Neil Smith National Wildlife 

Refuge in the Midwest (U.S. Fish and Wildlife Service, 2013). FQA is also used to 

enforce the Kane County Stormwater Ordinance in Illinois (Chu and Molano-Flores, 

2013).  

It is also important to consider the disagreements surrounding application for 

restoration monitoring. Matthews and Spyreas (2010) wrote that FQA appeared 

effective for short term monitoring yet it was unclear how it performed in the long 

term. They also identified a potential “false positive” related to the typical length of 

monitoring periods (usually three to five years following restoration) because richness 

often increased immediately after disturbance (Anderson, 2007). Therefore they 

recommended longer monitoring periods and preferred indicators based on species 

composition alone rather than indices including species richness (such as FQI).   

Matthews et al. (2009) compared vegetation based indices and tested the 

assumption of an increasing temporal trajectory model, representing mitigation 

progress. They tracked mitigation progress by comparing eleven ecological indicators 

in twenty-nine restored mitigation wetlands (from four to fourteen years old) to two 

sets of naturally occurring reference sites (55 from the Illinois Natural History Survey 

and 181 from the Illinois Critical Trends Program). Here, they found FQI and Mean C 

to behave quite differently. FQI exhibited asymptotic trajectories, indicating 

successful restoration, while Mean C remained at low levels in some sites and 

exhibited peak trajectories in others, indicating that restored wetlands may reach a 

point of measurable success that is short-lived before decreasing to values much lower 

than the reference sites. Based on those results, Matthews et al. (2009) suggested that 

species richness, a component of FQI, was a false indicator of success because species 

richness increases after a disturbance, usually reaching a peak and then declining 

(Anderson, 2007). When knowingly comparing sites of different sizes, Spyreas (2014) 

suggested that FQI was an inadequate representation of community composition 

because richness is largely a function of size. To overcome barriers such as natural 

variability and differences in indicator trajectories, Matthews et al. (2009) suggested 

expressing restoration performance as a percentile relative to reference distribution, 
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and recommended monitoring restoration beyond the typical three to five year period. 

In the absence of a large number of reference sites needed to follow their 

recommended method, Mean C may be the most logical and reliable indicator for 

restoration monitoring.  

Still, the most common applications include identifying remnant natural areas 

and providing baseline information. The National Wetland Condition Assessment 

report is expected to provide a comprehensive overview of the Floristic Quality of the 

Nation’s Wetlands and also identify the strengths and weaknesses of applying the 

method on a nation-wide scale.   

 

Variability by Community Type 

Despite the widespread application of FQA, little research has focused on 

natural variability. It is assumed that FQA scores are comparable within FQA regions, 

despite community type (Bried et al., 2013; Mortellaro et al., 2012; Nichols et al., 

2006; Wilhelm and Ladd, 1988) and some have found consistency across wetland 

types (Ervin et al. 2006, Miller et al., 2006, Johnston et al. 2009). However, some 

authors suggested that comparisons should be limited to within a given community 

type due to the natural variation in baseline floristic quality unrelated to disturbance 

history or conservation value (Bernthal et al., 2003; Bowles and Jones, 2006; 

Matthews, 2003; Rooney and Rogers, 2002; Spyreas, 2014). For example, a high 

quality forest and a low quality marsh may have similar scores.  

Spyreas (2014) compared Floristic Quality across habitat types in 399 sites 

representing a range of conditions using ANOVA. His results indicated significant 

variation in Mean C across habitat types (particularly between forests and wetlands 

and within three wetland types: floodplain forests, marshes, and sedge meadows). His 

recommendations aligned with other authors (Medley and Scozzafava, 2009; Rocchio, 

2007), who stated that FQA comparisons should be limited to within similarly 

classified systems. Related work in Minnesota wetlands (Bourdaghs, unpublished) 

produced similar results (Figure 7).  
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Figure 7. Mean C Varies by Community Type.  From Bourdaghs (unpublished).  Mean C 

varies by Eggars and Reed classification categories, suggesting that Mean C may not be 

evenly comparable across wetland types. 

In a study of 32 non-forested seasonal wetlands in upstate New York (Bried et 

al., 2013), land use scores were compared to metrics of natural variability (wetland 

size, water depth, landscape context, and plant community type). Their results 

indicated that FQA signaled human disturbance over natural variability. However, 

similar hypotheses have not been thoroughly investigated in forested systems. 

 

Forested Wetlands 

FQA’s application to the full suite of natural community types is questionable, 

especially for forested wetlands, as indicated by Miller and Wardrop (2006).  In 

Midwestern wetlands, where the majority of FQA application has occurred and for 

which the FQA was designed, shrub and canopy layers are not present (Mitsch and 

Gosselink, 2000). Some have suggested that FQA is potentially insensitive in forests 

because of the slow response of the canopy and shrub layers to environmental change 

(Nichols et al., 2006; U.S. Environmental Protection Agency, 2002). This could be 

due to ecological resilience and ecological inertia (Von Holle et al., 2003). Yet, others 

suggest FQA indices could be adjusted for forested areas (Miller and Wardrop, 2006; 

Nichols et al., 2006).   

Nichols et al. (2006) studied the relationship between Floristic Quality and 

human disturbance in eleven forested wetlands of Virginia (hardwood flats). Data was 
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collected at two randomly placed points within each wetland. They calculated Mean C 

for the herbaceous strata, absolute abundance weighted Mean C of the shrub layer, 

Mean C weighted by the diameter of each species at breast height for the canopy layer, 

as well as an aggregate Mean C containing all layers. They calculated FQI for each 

stratum and all strata combined and used landscape data to gauge human disturbance 

in the surrounding landscape. Land use and land cover were assessed at a watershed 

scale and also within a five-hundred meter buffer. The land use indices were both 

incorporated into overall land use disturbance scores for each wetland. Spearman’s 

rank correlation tests were used to evaluate the relationship between each Floristic 

Quality Index (by layer and for all species) and each land use index (for watershed, 

buffer, and combined). There was a significant negative correlation between FQI of 

the herbaceous layer and the disturbance score of the buffer. FQI of the shrub and 

canopy layers, as well as the aggregate FQI, were negatively, but not significantly, 

correlated with disturbance.  

Miller and Wardrop (2006) evaluated the application of FQA in forested 

headwater wetlands of Pennsylvania. Forty wetlands were sampled by nested plot 

design. They found a relationship between FQI scores and land use disturbance scores 

within a five-hundred meter buffer, a stressor score, and road density. They also 

offered the Adjusted Floristic Quality Index (FQAI) that was a percentage of the 

highest attainable FQI for the community type, which had a slightly higher correlation 

with disturbance.  

The two studies that focused on FQA in forested wetlands (Miller and 

Wardrop 2006; Nichols et al., 2006) used different indices and offered conflicting 

results. It is possible that including non-natives and weighting all layers by percent 

cover could yield different results. The majority of NH wetlands are forested. To 

identify defensible metrics for the assessment and monitoring strategy for NH, further 

research in to the application of FQA in forested wetlands is necessary.  

The major goal of this study is to determine if FQA is a reliable method for 

assessing the natural quality of forested wetlands. Therefore, I tested the hypothesis 

that FQA indicates human disturbance in forested wetlands of NH using data from 

eleven Red Maple – Sphagnum Basin Swamps. I expected Weighted Mean C of the 

herbaceous layer to be positively correlated with Ecological Integrity Assessment 

scores and negatively correlated with the percentage of developed land within the 

contributing watersheds. Results are pertinent to the current development of NH’s 

wetland assessment protocol and to local land trusts. 
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CHAPTER 2: APPROACH/ METHODS 

My main hypothesis is that FQA indicates human disturbance in forested wetlands 

of NH. 

To test this, I compared Floristic Quality to two human disturbance proxies (EIA 

scores and percentages of land cover types within each contributing watershed) in 

eleven Red Maple – Sphagnum Basin Swamps (RMSBSs). I also compared each FQA 

index to the buffer attributes of each site. I chose to work within a single community 

type to reduce natural variability between survey sites (related to landscape setting, 

hydrologic regime, soil type, nutrients, affecting the expected vegetation type). 

Spearman’s test was my means for evaluating the relationship between the FQA 

indices and human disturbance proxies. Figure 8 illustrates the relationship between 

FQA and the human disturbance proxies.  

 

Conceptual Relationship Among Variables 

 

Figure 8 .  Conceptual Relat ionship Among Variables.  FQA is des igned to  measure 

the human impact  on the  plant  communi ty us ing coefficients o f conserva ti sm, a  

ref lect ion of each species’ f idel i ty to  nat ive p lant  communi t ies.  The independent 

var iab le,  FQA, i s  compared to  two human  d is turbance proxies;  EIA and land -cover  

type within the contr ibuting watershed.  
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COMMUNITY TYPE 

RMSBSs are common throughout the Southern New England Uplands, Seaboard 

Lowlands, and Coastal Plains (Golet et al., 1993). This type of natural community 

occurs within temperate peat swamp systems (Sperduto, 2011). RMSBSs form in 

glacial outwash basins with limited drainage (Sperduto and Nichols, 2004). Nutrient 

influx is limited by the small size of their typical watersheds. Saturated to seasonally 

flooded peat soils approximately forty centimeters in depth, are characteristic of these 

acidic and nutrient poor swamps (Sperduto and Nichols, 2004). RMSBSs are valuable 

in terms of water storage, flood relief, water purification, and as a source of wood 

products, biodiversity, and wildlife habitat (Golet et al., 1993). 

RMSBSs are dominated by the two acid tolerant species for which they are 

named (Acer rubrum and Sphagnum spp.) and commonly occur with yellow birch 

(Betula alleghaniensis), hemlock (Tsuga canadensis), and red spruce (Picea rubens) 

as sub-dominant species (Sperduto and Nichols, 2004). Species of the Heath 

(Ericaceae) and Holly (Aquifoliaceae) families typically dominate the shrub layer. 

Common herbs include cinnamon fern (Osmundastrum cinnamomeum), marsh fern 

(Thelypteris palustris), and species of the Sedge family (Cyperaceae). Pit and mound 

micro-topography forms as peat accumulates over time on fallen trees and is most 

pronounced in wetter swamps (Monthey, 2013).  

 

SELECTION OF SURVEY LOCATIONS 

After locating reference examples of RMSBSs using the NH Natural Heritage 

database, I selected potentially degraded sites based on the results of a remote wetland 

condition assessment by NHDES (Edwardson, 2013). Edwardson (2013) produced 

numeric condition scores from information on surrounding land use, such as, wetland 

dredge and fill permitting records, historical and active logging records, commercial 

and residential development, connectivity to mapped wildlife corridors, conservation 

easements, as well as mapped obstructions such as bridges or culverts. The ten 

(depicted in Figure 9) sites included in my survey are located in the southern half of 

NH. The assessment area locations are shown in Figure 9.  
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Survey Locations 
 

 
Figure 9 .  Survey Locations .  Map sho wing locat ions o f the ten RMSBSs in New 

Hampshire included  in this s tudy.  FQA and EIA were completed a t  each loca tion.  

 

 

 

PRE-PROCESSING 

I cross-referenced the survey locations with conservation land geospatial data 

(ESRC, UNH and Cartographic Associations, 2013) in ArcMap (ESRI). I requested 

permission to access private property by mailing a letter to landowners.   

I obtained some of the survey locations and data through a data sharing 

agreement with NH Natural Heritage, which included polygons for some of those 

sites. For the remaining sites, I created polygons based on aerial imagery. I created 

multi-ring buffers around each site in order to perform buffer analyses using 

methodology described in the L2 EIA Manual (Faber-Langendeon and Nichols, 2014). 

I calculated a land use index for 0-100 and 0-500 meter buffers surrounding each site 
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using, estimated the percentage of each perimeter having a buffer of at least five 

meters, and calculated the average buffer width measured along eight spokes in a 0-

100 meter zone surrounding each wetland.  

 

FIELD DATA COLLECTION 

I surveyed each survey site between July and August of 2014, as vegetation is 

best represented during the mid-growing season (Tiner, 2002). I conducted EIAs in 

each assessment area according to protocol described in the NH Natural Heritage 

Bureau and NatureServe Level 2 Ecological Integrity Assessment Manual (Faber-

Langendeon and Nichols, 2014). In the field portion of the assessment vegetation, 

hydrology, soils, and stressors are described. I placed a single four-hundred square 

meter plot in each survey location. I placed each plot to represent overall species 

composition at each location and minimize inclusion of fringe transition zones. In 

some cases, including the transition zone between the RMSBS and adjacent 

community was inevitable due to size constraints. To mark each corner of the plot, my 

field assistant and I measured 14.14 meters in each cardinal direction from the center 

of the plot. A photo log was kept for each location. 

Working by layer, I identified each species either in the field or later from 

collected specimens to identify with more time and resources. Absolute cover of each 

species was estimated using cover classes. The diameter of each tree at breast height 

(DBH) was measured and recorded to yield an average DBH for the plot.  

I completed EIA data forms prepared by NH Natural Heritage and NatureServe 

in each RMSBS. The fundamental evaluation form provided written descriptions to 

prompt the observer through scoring each metric. As an example, Figure 10 shows a 

section of the hydrology metric for non-tidal wetlands. 
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Figure 10.  An Exa mple of  the  EIA Scoring  Process.  An excerp t  from the EIA 

metr ics field  fo rm (NH Natural  Her i tage) .  The scoring process ,  based on 

profess ional  judgment,  i s  guided by wri t ten descr ipt ions for  each metr ic .   

 

DATA PROCESSING 

Collected specimens were pressed and identified using a variety of resources, 

including the herbarium at Plymouth State University, The New England Wildflower 

Society’s web based plant ID tool (gobotany.newenglandwild.org), and the USDA 

plants database. Nomenclature follows Haines' Flora Novae Angliae (2011). I 

calculated floristic quality scores using four different formulas (see Table 3) because I 

expected the relationship between each index and the human disturbance proxies to 

vary between the four Floristic Quality indices. I used the mid-point of each cover 

class to calculate the cover-weighted indices. I applied each formula to each 

vegetation layer (herbaceous, shrub/sapling, and canopy) and to an aggregate of all 

layers combined.   
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Table 3 .  Indices of  Flor ist ic  Quality .  Adapted from Rocchio  et  al .  (2007) .  

Mean C =
∑𝑪

𝒏
 

Cover Weighted Mean C =
∑𝐶𝑖 ∗ 𝑀𝐶𝑖

𝑇𝐶
 

FQI = 𝐶̅ ∗ √𝑛 

Cover Weighted FQI = (
∑〖𝐶𝑖 ∗ 𝑀𝐶𝑖〗

𝑇𝐶
) ∗ √𝑛 

i=individual species, MC= Mean Cover, TC= Total Cover 

 

I entered the scores of each pre-field and in-field metric into the EIA score 

calculator provided by NH Natural Heritage. The calculator output is a range based 

score that falls within a larger scale of zero to five (five being the highest attainable 

ecological integrity). I used the mid-point of the range for each site for the purpose of 

statistical analyses. 

Using ArcMap 10.2, I delineated contributing watersheds for each survey site. 

I reclassified the sixteen land-cover classes in the National Land Cover Dataset 

(NOAA, 2011) into five broad categories (Table 4). None of the sites had any 

unclassified land-cover, therefore I worked with four categories by which I extracted 

land-cover percentages for each based on a reclassification of the National Land Cover 

Dataset (Jin et al., 2013). An example product is shown in Figure 11.  
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Table 4 .  Land Cover  Reclassif icat ion Scheme  

 
 

 

 
Figure 11 .  Exa mple of  Land Cover  within a Contr ibut ing Watershed .  Land-

cover  category percentages wi thin the boundary of the watershed contr ibut ing to  

Mal lego Plains RMSBS in Dover ,  NH  

2011 NLCD Class Reclassified Category

Unclassified Unclassified

Open Water Natural

Developed, Open Space Cleared / Open Space

Developed, Low Intensity Developed

Developed, Medium Intensity Developed

Developed, High Intensity Developed

Barren Land Developed

Deciduous Forest Natural

Evergreen Forest Natural

Mixed Forest Natural

Shrub/Scrub Natural

Herbaceuous Cleared / Open Space

Hay/Pasture Agricultural

Cultivated Crops Agricultural

Woody Wetlands Natural

Emergent Herbaceuous Wetlands Natural
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DATA ANALYSIS 

 

EIA scores, Floristic Quality Scores, and land-cover percentages were not 

normally distributed. Spearman’s test is appropriate for comparing non-normal data. I 

compared the FQA indices to each disturbance proxy. Using Spearman’s correlation in 

R (R Development Core Team, 2008), I tested the relationship between each FQA 

index, by layer and for all layers combined, and EIA scores. I also compared each 

FQA index to buffer attributes; the land use index for the 0-100 and 0-500 meter 

buffers, the percentage of each perimeter having a buffer of at least five meters, and 

the average buffer widths using Spearman’s test. I also used Spearman’s test to 

compare each FQA index, again by layer and for all layers combined, and the 

percentages of each of the four land-cover categories within the contributing 

watersheds.  
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CHAPTER 3 RESULTS 

 

EIA SCORES 

Numeric EIA scores correspond with letter grades which were determined 

using the ranking scheme defined in the EIA manual (Faber-Langendoen and Nichols, 

2014) as shown in Table 5. The letter grades were then used to illustrate the 

distribution of ecological integrity classes within the eleven RMSBS (Figure 12). EIA 

Scores (see Table A1 in Appendix) ranged from 2.39 (C) to 3.97 (A) on a scale of 0 to 

4 (D to A). For a list of scores see Table A1, Floristic Quality and Ecological Integrity 

Scores by Site, in the Appendix.  

 

Table 5. EIA Ranking Scheme. Numeric EIA scores fall in to one of eleven ranges defined 

by NH Natural Heritage. Each range corresponds to a letter based rank category.   

 

 

 

  

0-0.83 0.84-1.17 1.18-1.50 1.51-1.84 1.85-2.17 2.18-2.50 2.51-2.84 2.85-3.17 3.18-3.50 3.51-3.84 3.85-4.17

D- D D+ C- C C+ B- B B+ A- A
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Figure 12. Distribution of EIA Scores. The eleven RMSBSs are sorted by EIA score in the 

form of an A to D ranking to show the number of sites with each score.  

 

FQA 

Ninety-three species were observed in the eleven plots. C-values ranged from 0 

to 8 with a mean of 4.14. The most frequently occurring species (those that occurred in 

greater than fifty percent of the plots) were Acer rubrum, Aralia nudicaulis, Betula 

alleghaniensis, Coptis trifolia, Carex trisperma, Kalmia angustifolia, Osmunda 

regalis, Osmundastrum cinnamomeum, Pinus strobus, Tsuga canadensis, Thelypteris 

palustris, and Vaccinium corymbosum. C-values of the most common species ranged 

from 2 to 6.  Figure 13 and Table 6 show the occurrence of each C-value among the 

eleven plots.  
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Figure 13. Distribution of C-values. C-value occurrence was calculated as the number of 

times each C-value occurred in the eleven plots. Percent occurrence is the C-value 

occurrence divided by the total number of occurrences and multiplied by one -hundred. The 

graph shows the distribution of C-values. For example, thirty-three percent of occurrences 

are of the C-value 4.  

 

Table 6. C-value Occurrence. Breakdown of C-value occurrence. For example, species with 

a C-value of 0 were encountered four times, and represented 2% of all occurrences.  

C-value 0 1 2 3 4 5 6 7 8 9 10 Total 

Occurrences 4 2 23 45 78 41 27 13 1 0 0 234 

Percent  2 1 10 19 33 18 12 6 0 0 0 100 

 

Trees: Mean C ranged from 2.50 to 5.00, Weighted Mean C ranged from 2.98 

to 5.06, FQI ranged from 3.00 to 12.25, and Weighted FQI ranged from 1.67 to 

3.01 in tree layers (see Table A1 in the Appendix). 

Shrubs / Saplings: In one site, there were no shrubs. That site was removed 

from the shrub / sapling layer statistical comparison. In shrub / sapling layers 

Mean C ranged from 3.67 to 5.50, Weighted Mean C ranged from 3.31 to 5.57, 

FQI ranged from 4.00 to 11.33, and Weighted FQI ranged from 1.20 to 4.00 

(see Table A1 in the Appendix)..  
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Herbs: Mean C ranged from 3.43 to 5.22, Weighted Mean C ranged from 3.21 

to 5.48, FQI ranged from 11.00 to 20.88, and Weighted FQI ranged from 0.75 

to 1.80 in the herbaceous layers (see Table A1). 

All Layers: Mean C ranged from 3.50 to 4.70, Weighted Mean C ranged from 

3.36 to 4.52, FQI ranged from, 15.75 to 22.45 and Weighted FQI ranged from 

0.67 to 1.09 in all layers combined (see Table A1). 

 

BUFFER ATTRIBUTES 

 The land use index ranged from 5.96 to 10.00 within the 0-100 meter buffer 

and from 7.58 to 10.00 within the 0-500 meter buffer. For all of the sites, the percent 

perimeter having a buffer of at least five meters ranged from 60 to 100%. The average 

buffer width ranged from 57.50 to 100 meters. The land use index, percent of each 

perimeter having buffer, and the average buffer width for each site are shown in Table 

A3 of the Appendix. 

LAND COVER 

Land-cover percentages ranged from 0 to 41.78% development, 0 to 13.23% 

agricultural, 0 to 3.79% cleared / open space, and 44.99 to 100% natural (see Table A4 

in the Appendix). Natural cover was the most dominant followed by development, 

cleared / open space, and agricultural cover.  

 

EIA SCORES VS. FQA 

Weighted Mean C exhibited a statistically significant (p < 0.05) relationship 

with EIA Scores in two of the four comparisons. Figure 14 illustrates the relationship 

between EIA scores and the four FQA indices for all layers combined. Table 7 offers 

the results of Spearman’s test comparing each EIA scores and each FQA index by 

layer and for all layers combined. Weighted Mean C (rho = 0.71, p = 0.01) and Mean 

C (rho = 0.61, p = 0.05) exhibit significant positive correlations with EIA scores, 

while Weighted FQI (rho = 0.48, p = 0.97) exhibits an insignificant positive 

correlation. FQI (rho = 0.01, p = 0.14) exhibits an insignificant negative correlation 

with EIA scores.  
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Figure  14 .  EIA Score  and Florist ic  Quality  Relat ionships.  Spearman’s  rho,  on the 

hor izontal  axes,  indicates  the strength of  the  correla t ions  between EIA Scores and  

each measure o f Flor ist ic  Quali ty ( for  a l l  layers combined) .  Rho  of “0” indica tes no  

rela t ionship .  The  s trength of a  posit ive cor relat ion increases as  rho  approaches 1 .  

The st rength of  a  negative  correlat ion increases as  rho approaches -1 .  p  indica tes the  

probabil i ty that  the va lue for  rho is  re l iable.  As  p  decreases,  the rel iabil i ty o f the  

rela t ionship  ind ica ted by rho increases.   
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Table 7 .  Results of  Spearman’s Test  Comparing EIA Scores and Flor ist ic  

Qual ity .  The result s  o f Spearman’s test  co mpar ing the four  measures o f  Flor ist ic  

Qual i ty (Mean C,  Weighted Mean C,  FQI,  and  Weighted FQI)  o f  each layer  ( trees,  

shrubs /  sapl ings,  herbs)  and al l  layers combined .  Values in  bold identi fy  a  

signi ficant  re lat ionship  (p < 0.05)  between EIA scores and each index by layer .   

Layer   Mean C wMean C FQI wFQI 

All  
p 0.05 0.01 0.97 0.14 

rho 0.61 0.71 -0.01 0.48 

Trees 
p  0.13 0.17 0.65 0.76 

rho 0.48 0.45 0.15 -0.11 

Shrubs / Saplings 
p 0.27 0.28 0.25 0.07 

rho 0.38 0.38 -0.41 0.61 

Herbs 
p 0.07 0.05 0.42 0.38 

rho 0.57 0.61 0.27 0.29 

Summary 

Number of times index 

exhibits strongest 

correlation to land-cover 

category  1 2 0 1 

 

BUFFER ATTRIBUTES VS. FQA 

 Spearman’s test indicated a significant relationships between the percentage of 

the site perimeter having a buffer of at least five meters and Mean C (rho = 0.64, p = 

0.03). There was also a noteworthy relationship between the percent of the site 

perimeter having a buffer and Weighted Mean C (rho = 0.57, p = 0.06). The 

relationships between the four FQA indices and the land use index and average buffer 

widths were insignificant.  
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Table 8 .  The Results of  Spearman’s Test  Comparing Buffer Attr ibutes and the  

Four FQA Indices.  The resul t s  of Spearman’s tes t  compar ing the four  measures o f 

Flor ist ic  Quali ty (Mean C,  Weighted Mean C,  FQI,  and Weighted FQI)  for  al l  layers 

combined  wi th the  four  buffer  a t tr ibutes  ( the land use  index a t  0 -100 meters and 0 -

500 meters,  the percent  of each s i te  per imeter  having a buffer  o f at  least  f ive meters,  

and the average buffer  wid th wi thin a  100 meter  radius.  Values  in bo ld  represent  a  

stat is t ical ly signi ficant  rela t ionsh ip  (p  < 0 .05) .  

Buffer Attribute   Mean C wMean C FQI wFQI 

Land Use Index (0-100 meters) 
p 0.73 0.84 0.73 0.88 

rho 0.01 -0.07 -0.11 0.05 

Land Use Index (0-500 meters) 
p 0.91 0.90 0.50 0.38 

rho -0.04 -0.04 -0.21 0.28 

% Perimeter Having Buffer 
p 0.03 0.06 0.08 0.65 

rho 0.64 0.57 0.55 0.16 

Average Buffer Width 
p 0.81 0.54 0.92 0.53 

rho 0.08 0.21 0.03 0.21 

 

LAND COVER VS. FQA 

Weighted Mean C outperformed the other three indices in terms of Spearman’s 

rho and probability value in six out of sixteen comparisons to land cover categories. I 

observed overall weak relationships between the four FQA indices and each land-

cover category, with the exception of a strong negative relationship between Weighted 

Mean C and the percentage of Cleared / Open Space  (rho = -0.51, p = 0.11) in the 

contributing watersheds. The relationships between each land-cover category and each 

of the four FQA indices (for all layers combined) are shown in Figure 15 and also in 

Table 9. Raw land-cover percentages by site are available in Table A4 (see Appendix).  

Overall, there were weak relationships between each of the four indices (Mean 

C, Weighted Mean C, FQI, and Weighted FQI) and the four land-over types 

(clockwise: natural, cleared / open space, agriculture, and development). 

 

Natural Cover - Mean C, Weighted Mean C, and FQI exhibit insignificant 

positive correlations with the percentage of natural cover in the contributing 

watersheds. Weighted FQI exhibits a weak negative correlation with natural 

cover.  

Cleared / Open Space - Mean C exhibits a weak positive correlation with the 

percentage of cleared / open space within the contributing watershed. FQI and 

Weighted FQI exhibit insignificant negative correlation while Weighted Mean 

C is nearly significantly correlated with the percentage of cleared / open space. 
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Agriculture - Mean C, Weighted Mean C, FQI, and Weighted FQI each 

exhibit insignificant positive correlations to the percentage of agriculture 

within contributing watersheds. 

Development - Mean C, Weighted Mean C, and FQI each exhibit insignificant 

negative correlations to the percentage of development within the contributing 

watersheds. Weighted FQI exhibits an insignificant positive correlation.  
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Figure 15. Results of Spearman’s Test: Land Cover vs. Floristic Quality. The graphs show 

the relationship between each measure of Floristic Quality and the percentage of each land 

cover within the contributing watersheds. Rho indicates the magnitude of that relationship and  

p indicates its probability. Rho of “0” indicates no relationship. The strength of a positive 

correlation increases as rho approaches 1. The strength of a negative correlation increases as 

rho approaches -1. p indicates the probability that the value for rho is reliable. As p decreases, 

the reliability of the relationship indicated by rho increases. 
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Table 9 .  Results of  Spearman’s Test:  Land Cover  vs.  F lorist ic  Quality .  Bold 

scores indica te a  s igni f icant  relat ionship  (p  < 0.05)  between each cover  type and 

each index by layer  ( rho  c losest  to  1  or  -1  and lowest  p  indica te strongest  

rela t ionship) .   

Cover Category   Mean C wMean C FQI wFQI 

All Layers 

Developed 
p 0.46 0.48 0.35 0.73 

rho -0.25 -0.24 -0.31 0.12 

Agricultural 
p 0.52 0.75 0.50 0.79 

rho 0.22 0.11 0.23 0.09 

Cleared / Open Space 
p 0.48 0.11 0.23 0.68 

rho 0.24 -0.51 -0.40 -0.14 

Natural 
p 0.59 0.57 0.53 0.81 

rho 0.18 0.19 0.21 -0.08 

Trees 

Developed 
p 0.44 0.35 0.76 0.94 

rho -0.26 -0.31 -0.11 -0.03 

Agricultural 
p 0.32 0.52 0.38 0.91 

rho 0.33 0.22 0.29 -0.04 

Cleared / Open Space 
p 0.26 0.18 0.06 0.06 

rho -0.04 -0.43 -0.59 0.58 

Natural 
p 0.65 0.49 0.93 0.98 

rho 0.15 0.23 0.03 0.01 

Shrubs / Saplings 

Developed 
p 0.19 0.52 0.90 0.88 

rho -0.45 -0.23 -0.04 0.06 

Agricultural 
p 0.92 0.64 0.85 0.42 

rho 0.04 0.17 -0.07 0.29 

Cleared / Open Space 
p 0.03 0.13 0.67 0.17 

rho -0.69 -0.51 0.16 -0.47 

Natural 
p 0.29 0.72 0.93 0.82 

rho 0.37 0.13 -0.03 -0.08 

Herbs 

Developed 
p 0.32 0.23 0.71 0.86 

rho -0.33 -0.40 -0.13 -0.06 

Agricultural 
p 0.93 0.31 0.67 0.45 

rho -0.03 -0.34 0.15 -0.25 

Cleared / Open Space 
p 0.61 0.77 0.68 0.99 

rho -0.17 -0.10 -0.14 0.00 

Natural 
p 0.34 0.18 0.71 0.78 

rho 0.32 0.43 0.13 0.96 
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CHAPTER 4: DISCUSSION 
Plant based indices of wetland integrity are gaining popularity in the U.S. as a 

means of compliance with federal guidelines due to their repeatable objective nature. 

While the reputation of FQA as an effective evaluation tool is growing, its efficacy in 

forested wetlands has been questioned but understudied. Multiple Floristic Quality 

indices have been developed over time, but the index that most consistently signals 

human disturbance in forested wetlands has been unclear. I applied four possible 

indices of Floristic Quality in eleven RMSBSs and compared each index to two 

disturbance proxies to test the hypothesis that FQA signals human disturbance in 

forested wetlands of NH. Another major goal of this study was to identify a Floristic 

Quality index most appropriate for assessing human impacts on forested wetlands by 

testing the four most common indices, which are variations of a simple formula. 

Overall, the results supported my hypothesis that FQI indicates human disturbance in 

RMSBS. The results are unique in that Weighted Mean C outperformed the other three 

indices in terms of statistical significance, with Mean C following close behind. The 

two species richness weighted indices (FQI and Weighted FQI) disagreed with the two 

disturbance proxies.  

 

EIA VS. FQA 

Weighted Mean C was the best indicator of human disturbance in forested 

wetlands based on the comparison of the four indices to EIA scores. Weighted Mean C 

is recommended for making comparisons across habitat types (Minnesota Pollution 

Control Agency, 2014) and is the primary FQA metric employed by The Minnesota 

DNR for monitoring open and forested communities. However, the Weighted Mean C 

is not widely applied in the U.S., perhaps due to the fact that FQA is most popular in 

the Midwest where forested wetlands are lacking. A similar study (Poling et al., 2003) 

described weak correlation between Weighted Mean C and disturbance in tallgrass 

prairies in the Midwestern U.S. My findings ran counter to those in non-forested 

systems of New Hampshire. The New Hampshire Natural Heritage Bureau (2013) 

compared four wetlands assessment methods in thirty-two wetlands (including 

peatlands, drainage marshes, and shrub-swamps). In this study, Mean C outperformed 

Weighted Mean C in terms of correlation with a landscape development index. It is 

clear that the appropriate FQA index depends on the type of plant community it is 

being applied to.  

Based on the idea that the presence of woody plants contribute to the overall 

ecological inertia of a plant community, Lopez and Fennessy (2002) suggested 

observing relationships between the plant cover and disturbance at the scale of plant 

guilds (layers). My results indicated that the herbaceous layer heavily influenced 

overall Floristic Quality, and that combining the herb, shrub / sapling, and tree layers 
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into an all-inclusive index increased the strength of the Weighted Mean C to the point 

of surpassing the other indicators (in terms of significance p < 0.10) when compared 

with EIA scores. Nichols et al. (2006) identified a strong relationship between a 

human disturbance index and FQI of the herb layer in forested wetlands. They 

attributed this to high diversity of the herb layer and the tendency of that layer to exert 

less ecological inertia than tree and shrub layers based on their typical life expectancy, 

particularly seasonal senescence of herbs. Therefore the herb layer in RMSBS is 

probably a better indicator of recent changes than longer lived species.  

According to the results of this research in forested wetlands of New 

Hampshire, of the four Floristic Quality indices testes, FQI appears to be an 

inappropriate gauge of human disturbance in forested wetlands. FQI of the shrub and 

tree layers were very weakly correlated to EIA, and marginally correlated to land-

cover percentages. Opposite of what I expected and contrary to the concept of 

Conservatism, FQI was inversely related to EIA scores (as EIA increased, FQI 

decreased) in most layers. FQI is influenced by species richness and is largely a 

function of size. The inclusion of species richness appeared to inappropriately skew 

the resulting indices. Similar studies urged caution when applying FQI and Weighted 

FQI due to the fact that species richness can lead to misinterpretation of Floristic 

Quality. Similar to Dittmar and Neely (1999) and Sousa (1984), Chu and Molano-

Flores (2013) observed species richness increasing following local disturbance.  

RMSBSs seem to differ from open wetlands in that their natural composition 

exhibits a narrow range of relatively low C-values. The C-values of the characteristic 

tree, shrub, and herb species (Acer rubrum, Vaccinium corymbosum, Osmundastrum 

cinnamomeum) in this particular community type ranged from three to four, 

designating them as tolerant of human disturbance. Co-occurring, but less abundant 

species contributed values near both ends of the Conservatism scale. For example, 

Picea rubens (C-value = 7) was sub-dominant in RMSBSs. There was approximately 

5% Picea rubens in the canopy in site A, but in site B this conservative tree covered as 

much as 30%. The weighted index detected the difference in Floristic Quality while 

the mean index did not. With the tight distribution of C-values in RMSBSs, the 

proportion of each species became more valuable in capturing Floristic Quality. 

Weighting Mean C by cover was particularly useful in these forested wetlands because 

it captured finer resolution of conservatism in systems that naturally host species with 

mid to low C-values. 

Due to the lack of research in forested wetlands, I reached out to the Maine 

Natural Areas Program (MNAP), who also collected EIA and FQA data in a similar 

community type (fourteen Red Maple Swamps) for supporting evidence. MNAP used 

the same survey methodology and shared their data in order to independently test my 

results. Spearman’s test revealed a significant relationship between Weighted Mean C 

and EIA scores (rho = 0.55, p = 0.04) in the Maine samples. I also combined the 
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Maine and NH data to gain statistical power (n = 25) and found a significant 

relationship between Weighted Mean C and EIA scores (rho = 0.54, p = 0.01). The 

distribution of EIA scores for Maine are shown in Table A5 and Figure A1 in the 

Appendix.  

 

BUFFER ATTRIBUTES VS. FQA  

  The percentage of the sites with a perimeter having a buffer was the only 

buffer attribute that showed a significant correlation with Floristic Quality. Mean C 

and Weighted Mean C had significant relationships with that buffer attribute. Of the 

four buffer attributes considered, the percentage of the sites with a perimeter with a 

buffer of at least five meters may have the largest effect on Floristic Quality because it 

considers the most proximal land use of the four buffer attributes. Castelle et al. 

(1994) recommend a buffer of fifteen meters to sufficiently protect most wetlands 

from local disturbance, suggesting that the land use within fifteen meters has the most 

influence on the habitat quality. Miller and Wardrop (2006) reported a significant 

relationship between FQI and a buffer score (based on buffer type and width) in forty 

forested wetlands of Pennsylvania. One possible reason for the differing results is that 

Miller and Wardrop captured a wide range of variation in buffer attributes while our 

study did not. Our ability to draw a broad conclusion from our results is limited by the 

fact that there was very little variation in three of the four buffer attributes. Also, we 

looked at buffer width within the nearest 100 meters as suggested by the L2 EIA 

Manual, but there may have been more variation in average buffer width beyond the 

specified distance.  

LAND-COVER VS. FQA 

The results of the land-cover comparison were inconsistent in that no particular 

layer or index was consistently related to any of the four land-cover categories in the 

contributing watersheds, but Weighted Mean C outperformed other indices in six of 

the sixteen land-cover comparisons. In most cases, the percentages of development, 

agriculture, and cleared / open space inversely related to Floristic Quality, while the 

percentage of natural land-cover was positively correlated to Floristic Quality, as 

expected. The most significant relationships (p < 0.10) were between the cleared / 

open space category and all layers combined (the tree layer and the shrub / sapling 

layer). The percentage of cleared and open space may have the most influence on 

Floristic Quality because those areas are ideal for non-conservative species. In theory, 

non-conservative species prefer areas high in sunlight and poor soil conditions such as 

a cleared area. Clearings are prone to inhabitance by non-conservative plants that 

spread to the wetlands by animals, wind, or surface water flow. However, most of the 
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cleared areas are uplands and do not host wetland species. Cleared areas have been 

found to decrease regeneration sources for neighboring habitats (Jacquemyn et al., 

2001; Poschold et al., 1996). Nekola and White (1999) stressed the idea that the 

uniqueness of natural communities depends largely on the distance paradigm. The 

distance paradigm  (Roughgarden et al., 1987) emphasizes the potential impacts of 

local land-cover changes on the composition of nearby natural communities. 

Evapotranspiration is lower in cleared areas than forests and therefore the clearings 

may alter the hydrology of nearby wetlands. Additionally, fertilizers are often used on 

cleared areas and may alter the local water chemistry, changing the growing 

conditions within a wetland that receives the water (Ehrenfeld, 2000). 

 

LIMITATIONS 

Constraints of the project resources (e.g. field crew and finding) necessarily 

limited the study to eleven sites. The sites included in this study fell on the high side 

of the Ecological Integrity Scale. Poor quality sites were not well-represented in these 

data. Increasing the sample size may have resulted in a more comprehensive 

disturbance gradient and produced more robust results. Another shortcoming of this 

study was related to the subjective sampling methodology recommended by the EIA 

protocol. Random plot placement is more robust and provides more statistical power. 

Also, identification of community types could be considered a subjective process for 

less experienced ecologists and a potential source of error.  

 

BROADER SIGNIFICANCE 

These results support the application of FQA in forested communities and 

contribute to the overall defensibility of the method and performance of NH C-values. 

I also reached beyond the scientific audience to the landowners involved through site 

specific reports. The reports provided details about their property and described the 

goals and results of this study not only to provide knowledge but to stimulate interest 

and engagement in local wetland management practices. A survey to gauge the reports 

effectiveness accompanied each report. Responses indicated success and generated 

interesting follow-up questions related to wildlife.  

 

FUTURE DIRECTIONS 

The next steps of Floristic Quality research should focus on intense sampling 

of forested wetlands. This study identified Weighted Mean C as the most effective 

index of Floristic Quality, suggesting that future research should consider the index, 

especially in forested wetlands. Community specific studies are necessary to identify 

local patterns by which quality thresholds should be identified. Bourdaghs et al. 

(2006) identified a need to calibrate index thresholds at a local scale to determine cut-
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offs for categories of “low”, “medium”, or “high” Floristic Quality so that managers 

can effectively interpret scores. Thresholds can and should differ from national 

recommendations based on variation in community type and the uneven distribution of 

poor quality sites; poor quality in NH might be higher than in a state with widespread 

degradation.  

Given the conclusion that FQA signals human disturbance, other questions 

arise that could be answered through a more intense investigation on a natural 

community scale. For example, can FQA be used to evaluate specific ecosystem 

functions such as water filtration? Such research will inform decision making trade-

offs by linking human disturbance with functional degradation. Functions and 

response to degradation varies by community type and therefore is most effectively 

assessed on at the level of natural community or system. Such a link would be 

valuable for watershed management and mitigation planning in particular. Similar 

research has been conducted in non-forested environments (Lopez and Fennessy, 

2002).  
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CHAPTER 5: CONCLUSIONS  

Compliance with federal environmental laws such as NEPA and the CWA 

requires multi-metric methods for assessing and monitoring environmental quality. 

Science-based indicators are paramount to consistency and defensibility of any 

evaluation tool. Indicators should be applicable to any type of natural community, cost 

effective, and easy to apply. FQA, a plant based assessment tool, has gained popularity 

over the last thirty years, however, its efficacy as a human disturbance indicator in 

forested wetlands had remained unclear, before this study. Additionally, multiple FQA 

indices have been developed over the years and the most appropriate index has been 

debatable. I compared four FQA indices to two disturbance proxies (EIA scores and 

percentages of four land-cover categories) in eleven RMSBSs of NH to investigate 

these uncertainties. In addition, I compared the four FQA indices to four buffer 

attributes. The results indicated that Mean C and Weighted Mean C effectively signal 

human disturbance in RMSBSs. Of the four Floristic Quality indices tests, Weighted 

Mean C was the most consistent indicator for evaluating the impact of human 

disturbance in RMSBSs. Data from a similar community type in Maine provided 

independent verification of the results.   

Overall, the results supported my hypothesis that FQA signals human 

disturbance in forested wetlands, warranting a greater effort to obtain larger data sets. 

The next steps for the research of FQA in forested wetlands must include more 

intensive sampling. Specifically, a larger sample size that would capture the full 

spectrum of environmental quality is necessary. Such research is essential for 

determining Floristic Quality thresholds in RMSBSs. The performance of the four 

FQA indicators should also be tested in other forested wetland community types to 

effectively determine thresholds.  

As C-value criteria are refined and lists are developed at the scale of eco-

regions, I expect the value of FQA as an indicator of human disturbance to increase. It 

is important to remember that Floristic Quality is a human concept and not a true 

ecosystem property, as stated by (Bourdaghs et al. (2006), but based on the 

contribution of this research, the concept is useful in forested communities. Weighted 

Mean C and Mean C indicate human disturbance in RMSBS and should be utilized for 

assessment in other forested wetlands of New Hampshire.  
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APPENDIX 

Table A1. Floristic Quality and Ecological Integrity Scores by Site 

 Table A2. Summary of Species Data 

 

Family Genus species Common name C-

value 

Total 

Number of 

Occurrences 

Actinidiaceae Sambucus nigra Black elderberry 5 1 

Adoxaceae Viburnum dentatum Smooth arrowwood 4 2 

Adoxaceae Viburnum nudum Withe-rod 6 1 

Anacardiaceae Toxicodendron radicans Poison ivy 2 2 

Apiaceae Aralia nudicaulis Wild sarsparilla 4 6 

Apiaceae Sium suave Water parsnip 3 1 

Aquifoliaceae Ilex mucronata Mountain holly 7 4 

Aquifoliaceae Ilex verticillata Common 

winterberry 

3 4 

Araceae  Arisaema triphyllum Jack in the pulpit 5 1 

Araceae Calla palustris  Water arum 6 2 

Araceae Lemna minor Duckweed 5 1 

Araceae Peltandra virginica Arrow arum 6 1 

Asteraceae Bidens frondosa Devil's beggartick 1 2 

Asteraceae Eutrochium maculatum Spotted joe-pye 

weed 

4 1 

Asteraceae Cf. Symphyotrichum novi-

belgii 

New York 

American-aster 

3 2 

Balsaminaceae Impatiens capensis Jewelweed 4 2 

Betulaceae Alnus incana Speckled alder 3 2 

Betulaceae Betula alleghaniensis Yellow birch  5 7 

Betulaceae Betula papyrifera Paper birch 3 1 

Betulaceae Betula populifolia Gray birch 3 1 

Betulaceae Betula lenta Black/sweet birch 5 1 

Colchicaceae Uvularia sessilifolia Wild oats 5 1 

Cornaceae Chamaepericlymenum 

canadensis 

Bunchberry 4 4 

Cornaceae Nyssa sylvatica Black gum 7 3 

Cupressaceae Chamaecyparis thyoides Atlantic white cedar 7 2 

Cyperaceae Carex canescens Silvery sedge 6 2 

Cyperaceae Carex crinita Fringed sedge 6 1 

Cyperaceae Carex folliculata Northern long sedge 5 4 

Cyperaceae Carex intumescens Greater bladder 

sedge 

4 3 
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Cyperaceae Carex lupulina Hop sedge 6 1 

Cyperaceae Carex stricta Upright sedge 2 2 

Cyperaceae Carex trisperma Three-seeded sedge 4 7 

Cyperaceae Dulichium arundinaceum Three-way sedge 5 1 

Cyperaceae Rhynchospora alba White beacksedge 7 1 

Dennstaedtiaceae Pteridium aquilinum Eagle fern/ Bracken 

fern 

3 1 

Droseraceae Drosera rotundifolia Round- leaved 

sundew 

5 2 

Dryopteridaceae Dryopteris carthusiana Spinulose wood fern 5 1 

Ericaceae Chamaedaphne calyculata Leatherleaf 6 1 

Ericaceae Gaultheria hispidula Creeping snowberry 6 1 

Ericaceae Gaultheria procumbens Eastern teaberry 4 4 

Ericaceae Kalmia angustifolia  Sheep laurel 5 5 

Ericaceae Rhododendron groenlandicum  Labrador tea 7 1 

Ericaceae Vaccinium corymbosum Highbush blueberry 4 10 

Ericaceae Vaccinium fuscatum Black highbush 

blueberry 

4 2 

Ericaceae Vaccinium myrtilloides Velvet leaved 

blueberry 

5 1 

Fagaceae Fagus grandifolia American beech  4 2 

Fagaceae Quercus alba White oak 4 3 

Fagaceae Quercus rubra Red oak 4 4 

Hamamelidaceae Hamamelis virginiana American 

witchhazel  

4 2 

Hypericaceae Triadenum virginicum Marsh St. Johnswort 4 2 

Juncaceae Juncus effusus Soft rush 0 1 

Lamiaceae Lycopus uniflorus Northern bugleweed 4 2 

Lamiaceae Mentha arvensis Wild mint 0 1 

Lamiaceae Scutellaria lateriflora Mad-dog skullcap 0 1 

Liliaceae Clintonia borealis Bluebead lily 5 4 

Melanthiaceae Trillium sp. Trillium 6 1 

Myrsinaceae Lysimachia borealis Star flower 4 4 

Myrsinaceae Lysimachia terrestris Swamp candle 4 3 

Onagraceae Circaea alpina Small enchanter's 

nightshade 

7 1 

Onagraceae Ludwigia palustris Common water 

primrose 

5 1 

Onocleaceae Onoclea sensibilis Sensitive fern 2 2 

Osmundaceae Osmunda regalis Royal fern 4 5 

Osmundaceae Osmundastrum cinnamomeum Cinnamon fern 3 9 

Oxalidaceae Oxalis stricta Yellow wood sorrel  2 1 

Pinaceae Abies balsamea Balsam fir 3 3 
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Pinaceae Larix laricina Tamarack 6 1 

Pinaceae Picea mariana Black spruce 6 4 

Pinaceae Picea rubens Red spruce 5 1 

Pinaceae Pinus strobus White pine 2 6 

Pinaceae Tsuga canadensis Hemlock 4 5 

Poaceae Calamagrostis canadensis Bluejoint grass 2 3 

Poaceae Dichanthelium acuminatum Tapered rosette 

grass 

3 1 

Poaceae Eragrostis capillaris Lace grass 3 1 

Poaceae Glyceria acutiflora Creeping manna 

grass 

7 1 

Poaceae Leersia oryzoides Rice cut grass 4 1 

Polygonaceae Persicaria arifolia Halberd-leaved 

tearthumb 

3 2 

Ranunculaceae Coptis trifolia Goldthread 5 7 

Rhamnaceae Rhamnus cathartica Common buckthorn 0 1 

Rosaceae Aronia melanocarpa Black chokeberry 4 1 

Rosaceae Rubus dalibarda Dewdrop, robin 

runaway 

5 1 

Rosaceae Rubus hispidus Dewberry 2 1 

Rosaceae Spiraea alba White 

meadowsweet 

3 2 

Rubiaceae Cephalanthus occidentalis Buttonbush 4 3 

Rubiaceae Galium aparine Scratch bedstraw 3 1 

Rubiaceae Mitchella repens Partridgeberry 6 4 

Ruscaceae Maianthemum canadense Canada mayflower 2 5 

Sapindaceae Acer rubrum Red maple 3 11 

Thelypteridaceae   Parathelypteris 

noveboracensis 

New York fern 5 1 

Thelypteridaceae  Parathelypteris simulata MA fern / bog fern 8 1 

Thelypteridaceae Thelypteris palustris Marsh fern 6 7 

Typhaceae Sparganium americanum American bur-reed 3 1 

Typhaceae Typha latifolia Broadleaf cattail 2 1 

Vitaceae Parthenocissus quinquefolia  Virginia creeper 3 2 
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Table A3. Buffer Attributes 

Buffer Analysis 

Site 
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0
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0
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(m
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Bear Brook 9.01 9.79 100 100 

Blackbriar Woods 10.00 9.61 100 100 

Fort Rock 10.00 9.27 100 100 

Mallego Plains 8.57 8.85 60 57.5 

ManchesterWW 8.26 8.15 95 78.75 

Parker Mountain 10.00 10.00 100 100 

Stratham Hill 5.96 7.58 100 69.36 

Tamposi 10.00 7.72 100 91.25 

Tophet 9.67 9.08 100 93.75 

W. Stoddard Rocks 10.00 10.00 100 100 

White Oak 9.86 9.44 100 71.25 

Min 5.96 7.58 60.00 57.50 

Max 10.00 10.00 100.00 100.00 

Std. Dev.  1.25 0.87 12.00 15.50 
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Table A4. Land Cover within Contributing Watersheds by Site 

 

 

 

 

 

 

 

 

 

Site

D
ev

el
o
p

ed

A
g
ri

cu
lt
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ra

l

C
le

a
re

d
 /
 O

p
en

 

S
p

a
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N
a
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Bear Brook 4.41 0 0 95.59

Blackbriar Woods 2.16 0 0 97.84

Fort Rock 0 0 0 100

Mallego Plains 7.80 0 3.79 88.42

ManchesterWW 10.39 3 0.35 86.26

Parker Mountain 0 0 0 100

Stratham Hill 41.78 13.23 0 44.99

Tamposi 0 0 0 100

Tophet 5.72 0.8 0.67 92.8

W. Stoddard Rocks 0 0 0 100

White Oak 1.70 4.01 0 94.29

Min 0 0 0 44.99

Max 41.78 13.23 3.79 100

Std. Dev. 12.15 4.01 1.13 15.97
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Table A5. Data from Maine Natural Areas Program 

MNAP Sites 

EIA Score wMean C  

3.24 3.14 

3.34 4.87 

3.40 3.28 

3.40 2.19 

3.71 2.66 

3.82 4.89 

3.82 4.13 

3.82 3.73 

3.82 3.20 

3.86 4.65 

3.86 4.95 

3.86 4.72 

3.90 4.03 

3.90 4.89 
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Figure A1. Distribution of Ecological Integrity Assessment Scores for 

Maine and New Hampshire Red Maple Swamps Combined 
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