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INTRODUCTION 

Perspectives on Chesapeake Bay, 1992 is the third 
in a series of research volumes that have been 
published by the Chesapeake Bay Progll'am's 
Scientific and Technical Advisory Committee 
(STAC) since 1988. The purpose of these literature 
syntheses is to provide managers, scientists, legis-
lators, and other interested people with summaries 
of research findings, key management issues, and 
other information on a range of Chesapeake Bay-
oriented topics-all presented at a technical level 
comprehensible to the generalist. Each volume, 
therefore, is intended to make a useful conbibu-
tion to a better understanding and the improved 
management of the Bay's ecosystem-and· ulti-
mately to the restoration and sustained well-being 
of what is the nation's largest estuary. 

This volume consists of four papers, each of 
which focuses on a specific research topic: 

• "Ecological Functions and Values of 
Nontidal Wetlands," by Carl Hershner, reviews 
our current understanding of the functions of 
nontidal wetlands, assesses the· problems of 
assigning values to wetland functions, and surveys 
the use of these functions and values in manage-
ment programs of the mid-Atlantic states. Al-
though the author discusses nontidal wetlands in 
general, he makes it clear that the findings and 
implications of numerous wetlands research 
studies are directly applicalble to all wettlands in 
the Bay. 

The focus on nontidal wetlands is timeUy and 
relevant. Even though they account for over two-
thirds of the Bay area's wetland acreage, research 
generally has been limited 'lo specific wetlland 
types and functions; it has l'\Ot yet led to an equal 
understanding of all potential wetland functions. 
Among the functions described in the paper are 
groundwater recharge and discharge, flood 
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storage and desynchroniz.ation, shoreline anchor-
ing and the dissipation of erosive forces, sediment 
trapping, nubient retention and removal, food 
chain support, provision of habitat for fisheries 
and wildlife, and rE~eational opportunities. 

Currently, wetlands managers are faced with a 
dilemma of competing interests: the preservation 
of these irreplaceable resources versus the demand 
for development of natural areas by our rapidly 
expanding population. Given the ''fundamental 
incompatibility'' of these two interests, the author 
declares, it is essendal to have "a generally ac-
cepted method for determining the value of a 
wetland and for comparing t}:le value of one 
wetland with that of another.'' However, as he 
concludes, such a method is not yet available, 
although considerable progress could be made in 
the Chesapeake Ba~, region "if the efforts of 
multiple research and funding agencies could 
be ... [incorporated into a] well-planned research 
strategy." 

• "Groundwat1~r Discharge in Coastal Sys-
tems: Implications for Chesapeake Bay," by 
William G. Reay and George M. Simmons, Jr., 
examines the role of groundwater as both a source 
and transport mechanism of nutrients and other 
contaminants. As the authors demonstrate, that 
role is a significant one in many coastal regions, 
but it needs to be b~tter understood in the Chesa-
peake Bay watershed, where most research to date 
has concentrated on the contributions of point-
source contaminants and non-point source surface 
runoff. Furthermore, the studies reviewed by the 
authors mostly concentrate on dissolved inorganic 
nitrogen; however, there are other groundwater 
contaminants, such as syntheftic toxic compounds 
and pesticides, that also shouUd be studied closely. 
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· Drawing from their analysis of the leading 
studies, the authors conclude their paper with 
several broad research recommendations that are 
designed to provide a more complete scientific 
understanding of the Bay region's groundwater 
discharge processes and groundwater /wetland 
interactions, a more comprehensive system of 
groundwater monitoring, and the development of 
so called best management practices that take into 
account groundwater contamination and the 
transport of such groundwater-borne pollutants to 
aquatic systems. 

• ''Low-Level Effects of Toxic Chemicals on 
Chesapeake Bay Organisms," by David A. Wright, 
Jacqueline D. Savitz, and S. Ian Hartwell, focuses 
on the low-level effects that toxic substances have 
on certain Bay species. These effects are generally 

. less obvious and more pervasive than the lethal 
responses measured in the laboratory and ob-
served in the Bay waters. The authors describe the 
principal toxological approaches used by research-
ers and summarize the findings of numerous field 
and laboratory studies. They conclude that, 
although there is strong evidence that toxic 
substances do have adverse effects on the Bay's 
biota (tumors in fish have been correlated with 
exposure to toxicants, for example), more research 
is needed to ascertain the precise linkages that may 
or may not exist between low-level exposures and 
various effects, such as the decline of a fish stock. 
Furthermore, most of the studies to date have 
concentrated on the Elizabeth River, which is the 
most heavily polluted portion of the Bay system, 
and those studies have been useful in establishing 
a reliable connection between contaminant and 
effect. Accordingly, the authors call for a system-
atic approach to a Baywide determination of 
toxicity. 

• "Fisheries Assessment and Management 
Synthesis: Lessons for Chesapeake Bay," by 
William A. Richkus, Steven J. Nelson, and Herbert 
M. Austin, describes the basic approaches that are 
used for stock assessment of the fish and shellfish 
stocks of the Chesapeake Bay system. The authors 
summarize the principal methods of stock assess-
ment and fisheries management that have been-
and are being-applied to Bay fisheries, with 
particular emphasis on data collection and the use 
of models. They then present case studies of three 
critical species: (1) the striped bass, a Bay-spawn-
ing pelagic predator that has suffered a serious 
stock decline during the past two decades but 
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holds promise of being restored through the 
current use of a vigorous and effective manage-
ment strategy; (2) the blue crab, a benthic scaven-
ger that has been the basis of the Bay region's most 
valuable fishery for almost a decade but now faces 
the possibUity of undergoing a serious stock 
collapse calllsed by overfishing; and (3) the Eastern 
oyster, a native shellfish species that was long the 
basis of the Bay's leading fishery but, since the 
1l960s, has declined to the point where it is ques-
tionable that the fishery can continue. 

Both in the body of their paper and in the three 
case studies, the authors summarize the findings 
of a variety of studies (including some that look at 
striped bass stocks elsewhere in the United States, 
for comparative purposes), and they also summa-
rize the starus of stock assessment efforts and the 
pros and cons of the various models that have 
been developed and applied to Bay species. Based 
on their review, the authors conclude that the data 
required for effective stock assessment are still not 
available, which seriously hampers the use of 
models and other useful analysis and management 
tools. Accordingly, they state, "current fisheries 
management priorities for the Bay must continue 
to be focused on recruibnent-related issues." 

Solomons Island, MD 
June, 1992 



ECOLOGICAL FUNCTIONS AND VALUES OF NONTIDAL WETLANDS 

Carl Hershner 
Virginia Institute of Marine Science 
College of William and Mary 
Gloucester Point, Virginia 23062 

Introduction 

Until the latter half of this century, wetlands 
were generally considered to be wastelands, and 
efforts to drain or fill them were applauded. 
Today, the United States has already lost more 
than half of its original wetlands. An ever-expand-
ing body of research is clarifying our understand-
ing of the functions of wetlands and has brought 
with it the realization that wetlands are of enor-
mous value to us. 

Wetlands directly or indirectly benefit the entire 
ecosystems in which they are found, including the 
resident human population. Among other benefi-
cial functions, wetlands can filter out excess 
nutrients and contaminants from runoff and can 
facilitate their breakdown before they are trans-
ported to open water or aquifers. If they occur in a 
flood zone, wetlands can absorb some or all of the 
destructive force of floodwater, protecting land 
and human populations located downriver. 

About 1.2 million acres of wetlands dot the 
Chesapeake Bay drainage basin, covering about 
3% of the watershed's total area. Contrary to 
popular impression, two-thirds of this acreage 
consists of nontidal, or inland freshwater, wet-
lands. Recognizing the significance of nontidal 
wetlands has led to an appreciation of the need for 

This review is contribution no.1699 from the College of 
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preservation and conservation of these resources, 
especially in the Bay region. 

Currently, we are confronted with the problem 
of managing wetlands in the face of demands 
associated with a dramatically expanding human 
population. Among these demands is the pressure 
to convert natural areas, especially wetlands, into 
developed landscapes for direct and obvious 
short-term advantages to humans. Such conver-
sions, though, not only reduce or nullify the 
function and value of the converted wetlands but 
also place increased pressures on remaining 
wetland resources. These two competing inter-
ests-the demand for space for an expanding 
human population and the obligation to preserve 
irreplaceable natural resources-represent an 
obvious dilemma for wetland managers. Given 
the fundamental incompatibility of the two 
interests, it is now 1nore important than ever that 
we have an established and generally accepted 
method. for determining the value of a wetland 
and for comparing the value of one wetland with 
that of another. 

Establishing appropriate management practices 
for nontidal wetland resources has become the 
focus of extensive public debate in recent years. 
Several factors hav1e combined to make the issue 
particularly contentious within the Chesapeake 
Bay region. For example, many of the remaining 
nontidal wetlands occur where population growth 
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and development are most pronounced, as in 
southeastern Virginia. In addition, many of the 
areas now recogni7.ed as nontidal wetlands consist 
of land types that, in the Chesapeake Bay region, 
historically have been converted to other uses. 
Consequently, preservation or conservation of the 
resource requires a departure from previously 
accepted practices (92]. 

A thorough understanding of the functions of 
nontidal wetlands-what they do that is of value 
to society-is key to resolving the debates about 
wetland management. Should wetlands be 
preserved in favor of competing uses for the land 
area? How can our knowledge of wetland func-
tions be used to better manage these disappearing 
resources? 

This paper provides a brief review of the cur-
rent state of understanding of nontidal wetlands 
and their functions and notes current management 
programs that are making an effort to incorporate 
such information. It analyzes some aspects of the 
relationship between management efforts and the 
current technical understanding. of the resource. 
Finally, it forecasts a general trend in the manage-
ment of nontidal wetlands based on the integration 
of developing technical insights into management 
efforts. 

Two terms, function and value, are used 
throughout this paper. Functions of nontidal 
wetlands are biological and physical processes that 
can be measured, usually quantitatively. A value 
of a nontidal wetland refers to a positive character-
istic that results from the performance of one or 
more functions. For example, floodwater storage 
is a function of some wetlands, and, for obvious 
reasons, it lends value to those wetlands. Values 
are either qualitative or quantitative and are 
identified through an assessment process. 

Oassification of N ontidal Wetlands 

The structure of a nontidal wetland is influ-
enced by many factors, including the vegetative 
community, soils, hydrology, water chemistry, 
local topography, and human activities (34, 50, 81]. 
Efforts to classify nontidal wetlands can be based 
on any one or several of these characteristics, but 
most commonly the vegetative community and 
hydrology serve as discriminating factors. In 
reference to dominant vegetation, there are four 
general groups of nontidal wetlands common to 
the Chesapeake Bay region: (1) forested wetlands, 
(2) scrub-shrub wetlands, (3) emergent wetlands, 
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and (4) aquatic beds. Of these, forested wetlands 
are by far the most common (112, 113, 119]. 

The most broadly employed and referenced 
classification scheme for nontidal wetlands is one 
developed by the U.S. Fish and Wildlife Service 
(USFWS) to conduct an inventory of the nation's 
wetlands (34]. It classifies wetlands on the basis of 
three factors: (1) the source and frequency of 
flooding of the wetland, (2) the predominant type 
of vegetation occurring in the wetland, and (3) the 
soil type within the wetland. 

According to the USFWS classification, the 
majority of nontidal wetlands in the Chesapeake 
Bay region fall within the palustrine system. 
Palustrine wetlands are tidal or nontidal fresh-
water systems (other than riverine or lacustiine) 
typically dominated by trees, shrubs, or other 
emergent plants. The common water regime for 
forested wetlands is either seasonal or temporary 
flooding. 

Although the USFWS classification scheme is 
referenced frequently in wetland management 
programs, it is not usually the basis for organizing 
the management effort. Most state programs that 
distinguish between wetland types for regulatory 
purposes classify wetlands on the basis of land-
scape position or performance of a special function 
or functions. For example, Virginia's Chesapeake 
Bay Preservation Act identifies nontidal wetlands 
of interest to the management effort on the basis of 
their proximity to surface waters or tidal wetlands. 
Maryland identifies ''wetlands of special State 
concern" based on their service as habitat or as 
ecologically important buffers for endangered or 
·threatened species. At the federal level, the 
USFWS is developing a national wetlands priority 
conservation plan [118] by identifying those 
wetlands that provide significant functions or 
value that affect at least two of the following areas: 
wildlife, fisheries, water supply, flood and erosion 
protection, outdoor recreation, or special concerns· 
(such as research, education, archaeology, unique-
ness of the resource). 

Currentlly, classification of nontidal wetlands 
appears to take one of two forms in the Chesa-
peake Bay ll'egion. Wetlands tend to be classified 
based on their structure (for purposes of inventory 
development) or on their function (for manage-
ment purposes). If management is based on an 
interest in function, why are inventories not 
produced on that basis? Structure is easy to 
observe, but functions are much more difficult to 
determine, which reflects our current state of 



knowledge. Although there are links between 
these two aspects of a wetland, the relationship is 
not strong enough to permit the prediction of one 
from the other with certainty. Nevertheless, 
structure is used commonly to assess the opportu-
nity a wetland has to perform certain functions, 
and management decisions are frequently based 
on opportunity assessments rather than an abso-
lute determination of functions. 

Nontidal Weiland Functions 

The technical understanding of nontidal 
wetland functions is expanding rapidly. At 
present, there are volumes of information on 
particular wetlands and on specific functions of 
various wetland types, but research is not pro-
gressing uniformly in that we do not equaUy 
undell'Stand all the potential functions of a wet- · 
land. Understanding has progressed, however, to 
the point that numerous efforts have been sup-
ported to develop methods for cumulative assess-
ments of the value of individuan wetlands. 

Definitions of the potential roles of wetlands are 
generally agreed upon among researchers. This 
consensus is evidence of progress toward a truly 
comprehensive understanding of the role of 
wetlands within the ecosystem. The list of roles 
currently used in most discussions of the resource 
has not changed drastically in more than a decade. 
On the other hand, the methods for assessing 
many of these functions and! va]ues remain the 
focus of much debate and development, and no 
one seems willing to accept any one method as 
appropriate for all systems. This debate does not 
reflect a failure of the science. Rather, it is a 
consequence of the evolving understanding of the 
complexity of processes both within wetlands and 
between wetlands and the surrounding landscape. 

There have been many attempts to develiop a 
composite list of the functions of wetlands. One of 
the first such efforts was condu<.1ed in the 1970s by 
the National Wetlands Technical Council [27], 
which grouped functions into five general catego-
ries: (1) food chain values, (2) habitat values, 
(3) hydrologic and hydraulic values, (4) water 
quality maintenance values, (5) harvest and 
heritage values. 

In an effort to develop an. assessment methodol-
ogy for wetlands, Adamus [1] expanded the 
council's list to include 11 specific functions. 
Although his expanded list lis often modified by 
subdividing certain functions [4, 67, 104], one form 
or other of the basic list is commonly used as a 
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practical basis for current work. As developed by 
Adamus, the basic l:ist of wetland functions is: 

(1) Groundwal:er recharge 
(2) Groundwa1:er discharge 
(3) Flood storage and desynchronization 
(4) Shoreline anchoring and dissipation of 

erosive forc:es 
(5) Sediment b·apping 
(6) Nubient retention and removal 
(7) Food chain support 
(8) Habitat for fisheries 
(9) Habitat for wildlife 

(10) Active recr,?ation 
(11) Passive recreation and/ or heritage value 

In the following brief discussion, the basic list 
has been collapsed into 8 categories. 

Groundwater Recharge or Discharge 

Wetlands may serve to recharge groundwater 
supplies or as point!, of groundwater discharge to 
the surface. The probability of these occurrences us 
related to the wetland's position with respect to 
the local groundwater table and the surrounding 
topography [56, 64, ,31]. Wetlands that are net 
recipients of surface and interflow waters are 
potential contributors to local groundwater 
aquifers if they also possess a positive hydraulic 
head with respect to, the aquifers. Even when the 
physical setting is appropriate, a wetland must 
overcome significant evapotranspiration losses 
before it becomes a net conbibutor to groundwater 
[30, 39]. In addition, because the soils of wetlands 
are typically less permeable than soils associated 
with groundwater rc;!Charge areas [70], wetlands 
are less likely to recharge groundwater than other 
areas are. Nontidal wetlands have been shown to 
play significant role:; in groundwater recharge in 
certain settings [64, '.76, 79], but typically they 
accomplish this fun<=tion only seasonally, if at all. 

Wetlands commonly occur in areas where 
groundwater is being discharged and, in this 
context, they may SE·rve as indicators of shallow, 
high-yield aquifers 155]. This correlation has been 
demonstrated in glaciated landscapes, sudt as in 
Wisconsin [87] and Massachusetts [83], but re-
mains uncertain elsewhere. For example, it is 
believed that bottomland hardwood wetlands 
generally do not serve as groundwater discharge 
sites because of their saturated conditions, flat 
hydraulic gradients, and tendency to accumulate 
organic matter 13, 25,]. 
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The role of wetlands as groundwater recharge 
or discharge sites is apparently site-specific, with 
the net direction of water flux determined by the 
local hydrology. In the Chesapeake Bay region, 
many nontidal wetlands may play only minor 
roles in the recharge of groundwater aquifers. 
Some wetlands may vary seasonally between 
serving as significant discharge sites when evapo-
ration and transpiration are highest, and as minor 
recharge sites during wet winters. Without site-
specific investigations, hydrologists do not agree 
on the characteristics that might be used to indi-
cate whether a wetland is primarily a discharge or 
recharge site [104). 

Flood Storage and Desynchronization 

The role of wetlands in modifying the impact of 
runoff from storm events is widely accepted and 
extensively documented. Wetlands occupy 
positions in the floodplains of many rivers, provid-
ing a uniquely adapted avenue for the down-
stream transport of floodwaters [25, 63, 72]. 
Wetlands also are found at or near the headwaters 
of many small tributaries. In such locations, they 
can intercept and slow the movement of runoff, 
thereby reducing the 11flashy'' behavior of some 
watersheds where upland runoff conditions 
develop rapidly following rain events [69, 103). 
Individual wetlands can absorb and thereby retard 
some or all of the force of a flood. Retardation of 
flood flows by multiple wetlands in a watershed 
generally results in desychronization of flood 
flows in the sub-watershed area served by the 
wetlands. 

Six major factors have been identified by 
Adamos and Stockwell [4] as affecting the ability 
of wetlands to perform flood control functions: 

(1) Magnitude and duration of storm events 
(2) Ability of upslope areas to retain and 

dissipate runoff 
(3) Above-ground wetland basin storage 

capacity 
(4) Frictional resistance offered by wetland 

basin morphology and vegetation 
(5) Below-ground water storage capacity of 

wetland sediments 
(6) Position of wetland basin in the 

watershed 

The beneficial function of wetlands in flood 
storage and desynchronization of flood flows has 
been demonstrated in studies of two specific 
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basins in Massachusetts [29, 31, 35). These studies 
estimated the change in flood stage resulting from 
removal of wetlands from the watershed, 
channelization of the river, or replacement of 
wetlands with man-made flood control structures. 
The U. S. Army Corps of Engineers developed a 
framework for analyzing floodwater storage and 
retardation functions of wetlands [l(JO]. The corps 
concluded that flood storage potential is high 
when wetlands constitute more than 20% of the 
total watershed area, and that the potential for 
flood retardation is high when the vegetative cover 
of wooded or shrub swamps is more than 30%. 

More recent work in Massachusetts [94, 95, 96) 
has demonstrated that the effectiveness of a 
wetland in reducing downstream flooding in-
creases with (1) the siz.e of the wetland, (2) the 
wetland's proximity to the area of potential 
damage, and (3) the magnitude of flooding. On 
the other hand, the wetland' s effectiveness de-
creases (].) as the distance increases between the 
wetland and the area of potential damage down-
stream, (2) with increased human encroachment 
into the wetland, and (3) as the areas of water 
storage decrease upstream of potential damage 
locations. 

Shoreltne Anchoring and Dissipation of 
Erosive Forces 

Wetland vegetation is generally regarded as 
effective in binding soil particles to roots and 
rhizomes, but the degree to which nontidal 
wetland plants perform this important function is 
not extensively documented. · Studies of coastal 
wetlands indicate that they can establish them-. 
selves in low-energy settings and will persist in 
those settings given sufficient opportunity to 
establlish below-ground structures [54). It is likely 
that similar processes enable nontidal wetlands to 
be effective in buffering sediments against erosive 
forces that occur in occasional and unusual epi-
sodic events [59). Little has been published on 
landscape anchoring of nontidal wetlands. Conse-
quently, no criteria or characteristics of non tidal 
wetlands can be applied generally to an assess-
ment of their value in this role. 

Sediment Trapping 

Wetlands are widely considered to be effective 
traps for sediments; thus, they help mitigate the 
effects of nonpoint-source pollution. The develop-



ment of wetlands in certain settings, particularly in 
areas bordering open-water environments, is 
attributed to their ability to retain deposited 
sediments and organic matter. The success of a 
wetland in acquiring and retaining sediments is 
affected by the amount of sediments transported 
into the wetland, the capacity of the wetland 
vegetation to dissipate the energy that keeps the 
sediments in suspension, and the abiility of the 
vegetation to protect the sediments from 
resuspension [10, 12, 20, 28, 59]. 

The relevant literature provides no specific 
criteria for assessing the values of nontlidai.l wet-
lands as sediment traps, but there have been a few 
studies of specific wetlands that give evidence of 
the sediment-trapping capacity of such systems 
[59, 66). Analysis of watersheds in northern 
Wisconsin has established a rellationship between 
the amount of wetlands in a watershed and the 
sediment load of the system [86). Watersheds 
with 40% coverage by wetland and open-water 
acreage had sediment loads approximately 90% 
lower than watersheds with no wetlands. A 
similar study conducted in Minnesota [88] con-
cluded that maintaining about 10% of a watershed 
as wetlands achieved a practical maximum level of 
efficiency in sediment retention. Greater amounts 
of wetlands produced only marginal increases in 
retention effectiveness. Studies on the transport 
and deposition of sediments in a North Carolina 
agricultural watershed [28] found that 80% of 
sediment loss from fields was deposited in riparian 
areas, with the remaining 20% being deposited in 
the floodplain swamp. The above studies suggest 
that freshwater wetlands can be particularly 
effective as filters in the landscape, but currently 
there are no generalized quantitative methods for 
assessing this function without site-specific 
studies. 

Nutrient Retention and R.emoval 

The role of nontidal wetlands in the intercep-
tion and processing of excess nutrients and other 
pollutants is of intense interest in the Chesapeake 
Bay region. The capacity for wetland systems to 
reduce the transport of such substances to adjacent 
open-water systems is one of the principal reasons 
for management interest. There have been numer-
ous studies of selected wetland systems that 
demonstrate the capacity of wetlands to serve as 
sinks, sources, or transformers of nutrients [14, 15, 
16,20,23,24,32,33,45,46,48,61,62,63,65,66,68, 
77, 78, 79, 85, 90, 93, 97, 102, 111, 114, 120, 122, 123). 
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Although much research has focused on this 
function, there are no quantitative generalizations 
applicable to all wetlands. For management 
purposes, most evailuations of the function rely on 
qualitative assumptions that, in essence, address 
the opportunity a wetland has to perform the 
function. A wetla11.d can be either a sink or source 
depending on the nutrient (whether it is organic or 
inorganic, reduced or oxidized, and what its 
loading rate is), thE? time of year, and whether the 
wetland is aggradi:ng owing to deposition or 
degrading owing to erosion [101]. In general, a 
wetland's opportunity to trap or transform a 
substance is positively related to the duration of 
contact. Anything that increases the duration of 
contact, such as gn!ater wetland si7.e or greater 
dispersion of transport pathways, potentially 
increases the ability of a wetland to perform the 
trapping or conversion processes successfully. 
These relationship!i are not unbounded, however. 
Studies have repeatedly indicated that there are 
limits to the capacity of wetlands to retain nubi-
ents and other pollutants. The processes that 
reduce the transpo:rt of these substances to adja-
cent waters result in physical, biological, and 
chemical changes i:n wetland systems that can 
reduce their capacity for additional assimilation. 
The biological and chemical processes involved in 
nutrient removal allso are constrained by their own 
rate limitations [33]. 

In many respects, the increasing understanding 
of how a wetland's biological, geochemical, and 
physical characteristics define its capacity to 
influence water qu.:1lity has complicated efforts to 
produce generaliza.tions about this wetland 
function. A wetland' s efficiency in nutrient 
retention apparently varies depending on several 
characteristics, including the wetland's vegetative 
makeup, geographic location, size, water chemis-
try, temperatures, and pH level, and the nature of 
the substrate in which the nutrient is located [104). 
Accurate evaluation of nutrient retention and 
removal in a particular wetland can require rather 
specific information about the wetland's structure. 

Food Chain Supiport 

Adamos and Stockwell [4] have defined food 
chain support in wetlands as the direct or indirect 
use of nutrients, in any form, by animals inhabit-
ing aquatic environments. Wetland vegetation 
supports food chains by converting solar energy 
and inorganic· nutrients into useful organic com-
pounds. Wetlands are typically more efficient in 
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performing this activity than terrestrial systems 
are. Formerly, the organic output of their high 
productivity was assumed to provide valuable 
support to adjacent aquatic systems. This feature 
is no longer accepted as a uniform characteristic of 
wetlands. The relationship between a wetland and 
the adjacent aquatic system is influenced primarily 
by hydrologic conditions (e.g., frequency of 
flooding) [17, 18, 25, 30, 33, 53, 101, 111, 120, 123]. 
Although wetlands may- generally be very produc-
tive parts of the landscape, the contribution of 
nutrients and organic material to adjacent systems 
is controlled primarily by the movement of water 
through the wetland. This process has not been 
studied as extensively in inland freshwater wet-
lands as it has in coastal wetlands. In 1981, 
Brinson et al. [18] reviewed the literature and 
concluded that rivers draining watersheds in 
which wetlands are a significant component have 
higher levels of total organic carbon than do 
watersheds with few wetlands. In 1983, however, 
Adamos and Stockwell [4] summarized the 
available information and determined that no link 
between wetland-derived materials and fisheries 
production had been decisively documented for 
any freshwater system. In a more recent review, 
Sather et al. [104] have concluded that the func-
tional value of wetlands, in terms of food chain 
support, is not well understood. They attribute 
this finding to the large number of factors and 
processes that can influence the function, and to 
the lack of reliable information on the ways in 
which these factors and processes are related to the 
support of food chains. 

Habitat for Fauna and Flora 

The habitat function of wetlands has probably 
received more intensive study than any other 
aspect [4, 26, 38, 40, 49, 93, 104, 109, 123]. A great 
deal of information has been amassed about the 
characteristics of wetlands that make them suitable 
habitat for those species of birds and fish studied. 
Less information is available for flora; the presence 
of various plant species in wetlands has been 
documented, but habitat requirements for wetland 
plant species, particularly rare and endangered 
species, have not been documented as well as 
many of the fauna! species requirements have 
been. As a consequence, though some important 
research has been done on floral habitat require-
ments, the information bases that have been 
generated for faunal habitat requirements are 
disproportionately stronger. 
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In general, a wetland's value as habitat seems 
related to the complexity of both the wetland and 
the surrounding landscape. For some fauna, 
wetlands typically serve as only a part of a 
species's overall habitat requirement. Birds use 
wetlands for refuge, nesting sites, and feeding 
areas. Similarly, fish enter wetlands from adjacent 
aquatic halbitats in search of refuge, food, and 
nursery areas. Few fauna! species are restricted to 
wetlands for their entire life cycle; however, 
wetlands are often critical to the successful 
compnetion of some phase in the life cycles of 
many species. The quality of the adjacent terres-
trial andl aquatic systems is related to wetland 
value as habitat. Interspersion of relatively 
pristine upland, wetland, and open-water areas 
within a region seems to enhance the habitat value 
of the landscape for most species investigated. 

Socioeconomic Values, including 
Recreation and Heritage Value 

Thlis suite of wetland roles includes aesthetic, 
historic, and archaeological values, as well as 
service for recreation, education, and research. 
Adamus and Stockwell [4] identified categories of 
active and passive recreation functions, which 
have been expanded in many more recent reviews 
of the subject to include the potential economic 
benefits derived from the use of wetland resources. 
Although such functions are included in most 
efforts to assess individual wetlands, there is no 
generally applicable value. The importance of the 
functions varies greatly among wetlands. In 
addition, no concensus has been reached concern-
ing the choice of methods used to determine their 
importance. 

Socioeconomic and recreational functions of 
wetlands are usually grouped into consumptive-
and nonconsumptive-use values. The noncon-
sumptive uses are not easily translated into 
quantifiable values. Numerous methodologies for 
measuring, for example, the aesthetic, historic, or 
other social values of wetlands have been devel-
oped and argued [11, 41, 43, 52, 75, 84, 99, 105, 106, 
107, 108, 115, 117, 121]. Although the science of 
measuring human perception· continues to evolve, 
precise quantification of these functions or their 
values remains elusive. Several authors [104, 110] 
have noted that many of the wetland characteris-
tics typically employed in assessment of 
nonconsumptive-use values are the same as those 
that are key to the function of wetlands as animal 
habitat. 



Consumptive uses of wetlands have been 
extensively documented and evaluated. The 
ability of wetlands to produce or support 
harvestable resources has been assessed for timber 
[13, 58, 60], agricultural crops [36, 37], energy [42, 
98, 1()0], fisheries [74], wildlife [22, 74], and! water 
supply [7, 82]. Despite the extensive documenta-
tion of the existence of wetland values in these 
areas, there is no consensus. on an appropriate 
evaluation method [11, 19, 44, 67, 91, 104, 105, 106, 
107, 108]. The capacity of a weftland to support 
consumptive uses is dependent on specific charac-
teristics of the wetland (both physical and biologi-
cal), and the value of such uses is related fto the 
opportunities or demand for tlh.e uses. -One 
characteristic of consumptive u.ses that makes 
them difficult to assess is the i1nherent alteration of 
the wetland system. The resultant impact-
usually negative-on other wetland functions is 
unavoidable and often long term. 

Methods for Assessing Wetland Functions 

Through the years, a number of methodologies 
have evolved for assessing one or more of the 
functions of wetlands [1, 2, 3, 4, 5, 8, 9, 21, 43, 49, 
57, 67, 69, 70, 71, 73, 75, 89, 96, 99, 115, 117]. The 
development of these various methodofogies has 
occurred as a result of increased technical under-
standing of the systems and in response to the 
needs of management programs. The USFWS' s 
Habitat Evaluation Procedures (HEP) [116] are an 
example of one method that has been frequently 
employed or modified for analysis of a single 
wetland function. However, the U. S. Army Corps 
of Engineers' Wetlands Evaluation Technique 
(WET) (1, 2, 4] probably is the most commonly 
used or adapted method for a comprehensive 
assessment of wetlands. 

One characteristic of both the HEP and the 
WET, and their many subsequent modifications, is 
the focus on an individual wetland or set of 
wetlands. Neither method is designed to support 
assessmei:tt of broad types or classes of wetlands. 
As such, the most significant use of the methods is 
in implementing, rather than developing, wetland 
management policies. 

The HEP is useful in assessing an area's value 
as habitat for selected fish and wildlife species. 
Use of the HEP involves selection of a species or 
group of species as the focus of the assessment. If 
the species' s habitat requirements have been 
described by a Habitat Suitability Index (HSI) 
model, which assigns a value based on a field 
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checklist, then an index value can be developed for 
the wetland area of interest. This index value, in 
conjunction with the wetland's size, can be used to 
develop a quantitative assessment of the habitat 
value of the wetland for the species selected. The 
HEP can be used to evaluate changes in habitat. 
quantity and quali~y resulting from actual or 
proposed changes to an area. The method requires 
specific definition c,f each species' s habitat require-
ments (HSI models). Its application is therefore 
limited to those species for which the information 
is available. The method is sometimes critidz.ed 
because there is no consensus on the suite of 
species that is most appropriate for inclusion in an 
analysis; the species included can influence the 
assessment derived by using the method. 

the WET is used to evaluate individual wet-
lands for performance in groundwater recharge/ 
discharge, flood flow alteration, sediment stabili-
zation, sediment/ toxicant retention, nutrient 
removal/ transformation, production export, 
aquatic diversity/ abundance, wildlife diversity/ 
abundance, and recreation/uniqueness/heritage. 
This technique seelcs to evaluate a wetland on the 
basis of the social significance of each function, 
how effectively each is performed, and the likeli-
hood that the wetland will have the opportunity to 
perform each functilon. The result is a qualitative 
rating (high, medium, or low) of the probability 
that the wetland performs t11-e function. The WET 
can be used to assei,s the consequences of change if 
sufficient informati,on is available. Criticisms of . 
the WET generally focus on the substantial amount 
of effort and infomiation needed to complete an 
assessment. In addition, the WET is not equally 
appropriate for all types of wetlands. As a conse-
quence, there have been numerous efforts to 
modify the procedure for specific types of wet-
lands or specific ge::>graphic regions [3, 47, 51, 58, 
94, 118]. 

One example of such a modification is the 
Wetlands Evaluation Technique for Bottomland 
Hardwoods (WET--BLH) [3], which applies specifi-
cally to bottomland hardwoods in the southeastern 
United States. The assessment method is similar to 
that used in the WET, but the functions assessed 
are altered to be more appropriate to bottomlandl 
wetlands. 

Regional modifi,:ations of the WET are being 
developed in both Maryland and Virginia. In 
these efforts, the conceptual approach remains 
unchanged, but the range of parameters evaluated 
is narrowed to reflEd: more accurately the condi-
tions typical of the :region. 
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Use of Wetland Functions and Values in 
State Management Programs · 

State management programs for nontidal 
wetlands vary in the manner in which they incor-
porate information on wetland functions. The 
values most commonly cited include flood and 
storm water control, wildlife habitat, fisheries 
habitat, water quality maintenance, and sediment 
control. Values that are al~ commonly cited, 
though less frequently, include aesthetics, erosion 
control, water supply, recreation, commercial uses, 
education, and scientific research. All manage-
ment programs dte the importance of nontidal 
wetl~nds as habitat for threatened and endangered 
speaes. 

The approaches taken by New York, New 
Jersey, Delaware, Connecticut, and Pennsylvania 
typify those in which selected functions are 
prioritized as a matter of policy, and wetlands are 
managed according to their involvement in those 
functions. Maryland uses a version of this ap-
proach but actually identifies specific wetland 
areas in its regulations as priority management 
concerns. Virginia's approach is another variation, 
differing in its implicit focus on a relatively 
restricted group of functions that affect water 
quality maintenance. North Carolina, while also 
using wetland functions to direct management 
efforts, does not explicitly rate functions. There, 
for example, wetlands can achieve similar cumula-
tive valuations by providing a variety of combina-
tions of services. 

In classification systems, prioritizing wetlands 
for protection is based on wetland type. Evalua-
tion techniques, however, rank wetlands on a site-
specific basis; they generate a relative value for 
each particular wetland. Although the two 
r~nking methods differ in purpose and applica-
tion, they share some similarities in that both are 
based on wetland values. For example, in classifi-
cation systems, all wetlands that provide habitat 
for threatened and endangered species are given 
the highest priority. Likewise, evaluation tech-
niques assign the highest numerical rank to 
specific wetlands that provide habitat for threat-
ened and endangered species. 

A state-by-state summary of wetland manage-
ment programs follows. 

New York state regulations (New York Code of 
Regulations, title 6, chapter 10, part 664, 1980) 
define four ranked classes of wetlands based on 
the following characteristics: cover type, ecologi-
cal associations, special features, hydrological 
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features, pollution control features, distribution, 
and location. Each class of wetlands is defined by 
a- specific set of characteristics. Class I wetlands 
must have any one of the following five character-
istics: They must (1) have the geophysical struc-
ture of a classic kettlehole bog, (2) serve as habitat 
foll' endangell'ed or threatened species, (3) serve as 
habitat for unusual animal species, (4) have the 
potential to ll'educe flood damage, or (5) be con-
nected to public water supplies. Class II wetlands 
are defined by 17 characteristics. They include 
archaeological significance, association with an 
unusual geological feature, potential future 
significance in reduction of flood damage, connec-
tion to potentially useful water supplies, and 
service as tertiary treatment for sewage disposal 
systems. Oass III wetlands are identified by any 
of 15 characteristics, which include the presence of 
certain types of vegetation (e.g., deciduous 
swamps, shrub swamps, or submerged vegeta-
tion), amel~oration of pollution entering surface 
waters, and the presence of certain aesthetic 
functions. Class IV wetlands consist of all wet-
lands ithat do not qualify for the other three classes. 

New Jersey state regulations (Freshwater 
Wetlands Protection Act, N.J.S.A. 13:9B-1, 1982) 
include a ll'elatively simple classification system 
that distinguishes among 11freshwater" wetlands of 
exceptional, ordinary, and intermediate resource 
value. Wetlands of exceptional resource value are 
those fchat discharge into waters of specific interest 
or that serve or might serve as habitat for threat-
ened and endangered species. Freshwater wet-
lands of ordinary resource value are those that do 
not exhibit characteristics of exceptional wetlands. 
Tlhis category consists of certain isolated wetlands, 
man-made ditches, swales, pr detention facilities. 
Freshwater wetlands of intermediate resource 
value are all wetlands not classified as exceptional 
or ordinary. · 

Delaware is preparing nontidal wetlands 
protection legislation that will require the state 
secretary of natural resources and environmental 
control to establish five wetland categories. 
~ategory I wetlands are those that provide excep-
t1onall value or unique biotic assemblages, such as 
Delmalrva bays, dune swale wetlands, Atlantic 
white cedar swamps, and bald cypress swamps. 
Category H wetlands are those generally consid-
ered "pennamently wet'' to "seasonally wet" or 
those fcmlt pmviide significant habitat or biotic 

· vcnlue5. Category III wetlands include temporarily 
flooded wetllands and all wetlands not included in 
another category. Category IV wetlands consist of 



fanned wetlands. Catego1y V wetlands are all 
man-made wetlands created from uplands for 
purposes other than compensation (e.g., dll'ainage 
ditches, farm ponds, stonn water retention basins, 
and borrow pits). 

Connecticut has an evaluation procedure to 
assess "inland" wetlands of the state [6]. The 
original procedure, which assessed 13 functional 
values, is being modified to include 14 such 
values. The 14 values to be assessed by the. 
procedure are flood control, ecological ftntegrity, 
wildllife habitat, finfish habitat, nutrient retention 
and sediment trapping, educational potenttlial, 
visual or aesthetic quality, agricultural ]POtential, 
forestry potential, recreation, groundwater, 
erosion protection, archaeological site potential, 
and noteworthiness (i.e., serving as habitat for 
threatened and endangered species or possessing 
other natural uniqueness). This evaluation proce-
dure uses simple mathematical calculations and 
qualitative guidelines to determine wetland value 
units for each of the functional values. The num-
ber of value units is adjusted for each area so that 
wetlands can be compared in terms of their 
functional values. · 

Pennsylvania manages its wetlands under 
authority granted to its Department of Environ-
mental Resources by the Dam Safety and En-
croachments Act. Regulations set forth under the 
act (chapter 105) define "important'' wetlands and 
establish management protocols for actlivities in or 
around such wetlands. An "important'' wetland is 
one that performs any of six functions deemed 
important to the public interest: (1) providing 
important habitat for aquatic or land species; 
(2) serving as a sanctuary, refuge, or research site; 
(3) maintaining natural drainage characteristics, 
sedimentation patterns, naturat water filtration, or 
other environmental characteristics; (4) buffering 
erosion; (5) providing storage for stonn and 
floodwaters; and (6) serving as prime natural 
recharge areas. Proposed amendments to the 
regulations are intended to define and clarify the 
department's wetlands protection policy. The 
amendments would continue tthe approach taken 
in the existing regulations by identifying wetlands 
of "exceptional value." 

Maryland requires expanded buffers folI' 
nontidal wetlands of special state concern and for 
wetlands with adjacent areas containing steep 
slopes or highly erodible soils. Nontidal wetlands 
of special state concern are defined in state regula-
tions as being wetlands that provide habitat or 
ecologically important buffers for habitat of plant 
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and animal species listed as endangered or threat-
ened or considered as candidates for listing, or 
wetlands that are unique or contain ecologically 
unusual natural communities [title 8, subtitle 5, 
Water Resources Administration]. The wetland 
values associated with these protective measures 
are fish and wildlifo habitat, erosion and sediment 
control, and water quality improvement. 

Although Virginia currently does not have a 
specific manageme:nt program for nontidal wet-
lands, the resource is explicitly addressed by the 
state's Chesapeake Bay Protection Act. Implemen-
tation of the act, which occurs at the level of locall 
government, calls for establishment of protective 
buffers around nontidal wetlands that are adjacent 
to surface waters or tidal wetlands in the coastal 
plain of the commonwealth. Other nontidal 
wetlands may be afforded varying levels of 
protection at the discretion of local governments. 
The intent of the act is to protect those wetland 
areas so that they may continue to maintain or 
improve the water quality of Chesapeake Bay and 
its tributary rivers and.streams. 

North Carolina is in the process of finalizing a 
wetland quality index evaluation procedure that 
will support a cumulative functional assessment of 
individual wetlands. The system, to be used for 
both nontidal and tidal wetlands, rates 12 to 14 
wetland values on a numerical scale of zero to five. 
The numerical ratings for each value are combined 
to produce the cumulative assessment. Values 
being considered for incorporation into the evalua-
tion procedure include endangered and threatened 
species habitat, wildlife habitat, groundwater 
recharge, sediment removal, and commercial uses. 
This evaluation procedure is intended to take less 
time than other methods currently available and to 
generate a quantitative evaluation to facilitate 
resource management efforts. 

The Relationshiip Between Wetland 
Values and Ivlanagement Policy 

The rationale for managing nontidal wetlands is 
based on a wetland's ability to perform functions 
that are valued by society. Technical understand-
ing of these functio:ns affects management efforts 
in several ways. Management policies and/ or 
rationales generally reflect the latest technical 
understanding within the field, although they may 
not be in perfect syi,chroniza.tion. Early in the 20th 
century, wetlands were understood as habitat for 
noxious pests, and accordingly, management 
policies focused on eliminating the habitat value or 
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the wetland itself. In the last 25 years, numerous 
other functions of significant potential value to 
natural and human systems have been identified. 
This expanded awareness has resulted in the 
evolution of no-net-loss policies at both state and 
federal levels, which focus on the maintenance of 
existing areas and functions of all extant wetlands. 

The degree of asynchrony between technical 
understanding and management policy goals is 
demonstrated best, perhaps, by the emergence of 
the no-net-loss policy. The policy was a reaction to 
the mounting evidence that wetlands could, and 
often did, perform valuable functions. However, 
at the time the policy was first articulated, there 
was no evidence that all wetlands performed 
valuable functions. In this sense, the policy leaped 
ahead of the technical information. Nevertheless, 
the goal of maintaining and even increasing the 
resource is justified by a recognition of the limits of 
current understanding about the resource. If 
current knowledge is incomplete, then decisions to 
alter or eliminate wetlands require an assumption 
that no additional valuable functions of wetlands 
will be identified in the future. A no-net-loss 
policy seeks to minimize this risk. 

Despite an inability to generate comprehensive 
assessments of wetland values, the resource must 
still be managed. Most states within the Chesa-
peake Bay region have officially articulated a no-
net-loss policy, but, interestingly, the regulatory 
programs implementing these policies generally 
adopt a more pragmatic approach. In most 
programs, the desire or need to regulate activities 
in a wetland is conditioned by the identifiable 
functions of the wetland. In essence, the states 
recognize that not all wetlands are equal, and, 
therefore, the public's interest in wetlands can 
vary. The acknowledgment that wetlands vary in 
value may be viewed as a deviation from the 
blanket assertion of implicit value reflected in the 
no-net-loss statements. However, it establishes a 
link to the current state of understanding and 
implies a responsiveness to future advances in that 
understanding. 

Management on the Basis of 
Opportunity to Perform 

Our understanding of nontidal wetland fumc-
tions continues to expand, and the insights gained 
seem to reflect an increasing appreciation of the 
variable nature of wetland processes. For ex-
ample, although one wetland may be structured 
similarly to another, it may perform a given 
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function at an entirely different level in response to 
factors external to that wetland. Habitat value, for 
instance, is influenced by the composition of the 
surrounding landscape and by the needs of the 
extant biota of the system. As a function, nutrient 
retentlion and removal are valuable only if there 
are nutrients to retain or remove. Even when 
certain functions are provided by a wetland, they 
are usually not constant over time. Absolute 
determination of the functions and consequent 
value of a wetland can thus be a laborious task that 
must be repeated for every wetland. Such a task is 
clearly beyond the resources of most management 
programs. As a consequence, most management 
decisions are based on an assessment of the 
potential or opportunity that a given wetland may 
have to perform functions of interest. These 
assessments are typically based on identification of 
structural similarities between wetlands that are 
being managed and wetlands in which functions 
and values have been documented. 

Most people agree that managing nontidal 
wetland resources on the basis of the wetland' s 
opportunity to perform certain functions is the 
most reasonable approach. Scientists have 
documented! the values of certain wetlands suffi-
ciently to convince policymakers that the resource 
can be imJPOrtant; however, practical implementa-
tion of management policies necessitates making 
generaiizations based on assumptions. 

Future Management Based on Wetland 
Functions and Values 

The understanding of nontidal wetland func-
tions amd values will continue to evolve on many 
fronts. Most certainly, the ability to assess func-
tions aissociated with habitat requirements, water 
quality enhancement, and socioeconomic values 
will become more sophisticated and accurate. 
Undoubtedly, new techniques for more compre-
hensive evaluations of individual wetlands will be 
developed. All going well, they will converge into 
one generally agreed-upon approach. 

In addition to these possible future trends, the 
one all'ea of developing understanding that seems 
to promise the greatest revolution in current 
management approaches is the analysis of the 
relationships between wetlands and the rest of the 
ecosystem. This is not a new area of investigation, 
but it is an extraordinarily complex one. It is also 
increasingly appreciated as the only effective way 
to manage natural resources." Essentially, this 
approach recognizes and incorporates the under-



standing that wetlands do not perform their 
functions in a vacuum. A wetland has value 
because the functions it performs are essential to 
the system in which it is found. By extension, the 
wetland loses value as the need for its functions or 
the opportunity to perform thost? functions dimin-
ishes. These effects can be induo..:td by alteration of 
the landscape surrounding the wetland. Because 
the value of the wetland resource is so intimately 
linked to the condition of the larger system, fue 
public benefit derived from the wetland can be 
maximized only if the entire system is managed as 
a whole. 

Condusion 

Currently, we do not have a practical method 
for determining the value of nontidal wetlands. 
Although the natural pace of scie·nce wm undoubt-
edly fill in the deficiencies in our technical under-
standing of the functions and values of nontidal 
wetlands, the need for decisions regarding the 
management of the resource is illnmediate. On a 
daily basis, managers are faced with decisions 
concerning the development of wetlands and the 
consequences of such development. Similarlly, it is 
critical that the latest technical information on 
nontidal wetlands be available for legal, economic, 
and land development decisions. Specifically, we 
need a sound scientific basis for revising the 
federal Manual for Defining Wetlands and other 
governmental procedures. 

There is an obvious and urgent need for effec-
tive and efficient methods for evaluating the 
functions performed by individual wetlands. 
Although various techniques have emerged, most 
require so much specific information that they are 
impractical for routine application. The time and 
effort required to identify a function and assess the 
extent to which a specific wetland performs the 
function preclude the use of such an assessment 
for immediate management needs. 

Although it might be best to preserve all 
wetlands until we have full knowledge of their 
value, the scientific community realizes that this is 
not a practical alternative. In an attempt to offer 
advice based on the best available information, 
researchers often extrapolate to ascertain a 
wetland's function, and thus its value, based on its 
structure or type. However, this is an imperfect 

_ method. The evolving understanding of wetland 
functions suggests that value may be more appro-
priately assessed if information on a wetland's 
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structure or type is amended to include an analysis 
of the surrounding landscape. The relationships 
among wetland type, surrounding landscape . 
configuration, and w,etland value are difficult to 
define. The problem may be most tractable if 
approached on a regional basis; however, even on 
that scale, success willl require a substantial and 
well-planned researcln effort. 

It is important to recognize that there is not, and! 
there cannot be, a sin,gle simple solution to the 
problem of appropria1te recognition and manage-
ment of nontidal wet:land functions and values. 
The fact that decisions must be made immediately 
about management of certain wetlands requires 
scientists, no matter how imperfect the knowledge 
base, to offer guidanc:e. However, we should 
consider it our responsibility to improve the 
existing body of knowledge with every available 
opportunity, in that t,~day's decisions can have far-
reaching consequences. Similarly, it is essential 
that manager:nent prcigrams be designed with 
enough flexibility to allow them to evolve along 
with advances in undlerstanding. 

In the Chesapeake Bay region, considerable 
progress could be made in developing an appro-
priate method for determining wetland value if the 
efforts of multiple research and funding agencies 
could be coordinated. A well-planned research 
strategy is called for, which will require coopera-
tion across scientific disciplines and on a multi-
jurisdictional level. Only through such an inte-
grated effort can we hope that it will be found 50 
or even 100 years from now that we managed this 
critical resource wiselly. 
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