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Introduction 

Watersheds capture and deliver freshwater to 
streams, rivers, wetlands and lakes. They are 
fiindamental landscape units for freshwater 
fisheries because they govern the characteris- 
tics of the annual hydrograph, the configura- 
tion and physid  features of stream channels, 
and the input of organic matter and nutri- 
ents. Watersheds are also where we live, grow 
crops, and create various forms of industry, As 
the world's population grows, competition for 
water and the ecological goods and services 
that water provides grows more intense. Be- 
tween 1900 and 1995, global consumption 
of freshwater rose sixfold, about twice the rate 
of population growth (UNEP 2000). At the 
same time, freshwater capture fisheries re- 
mained at a high level and aquaculture con- 
tinued to increase (Figure I ) .  The result is an - 

increasing conflict between water for fisheries 
and water for other hiunan uses, with native 
freshwater biota becoming imperiled at an 
increasing rate (Table I ) .  So important is the 
need to develop sustainable water policies that 
the United Nations General Assembly in De- 

-- 
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cember 2003 proclai~nea tne years 2005- 
2015 as the International Decade for Action, 
"Water for Life," which began with World 
Water Day, 22 March 2005. 

Even as ecologists recognize the importance 
of maintaining and restoring aquatic produc- 
tivity through natural processes such as flood- 
ing, there will be increased pressure to remove 
water for agriculture, industry. and  human 
consumption, to isolate rivers from their flood- 
plains in order to maximize the land area avail- 
able for development. and to impound rivers 
for power generation, flood control, naviga- 
tion, and recreation. With so many societal 
conflicts, maintaining productive watersheds 
for fisheries while ensuring adequate water 
supplies for other uses will be an enormous 
undertaking in the 21st century (Naiman et 
al. 1995). Major challenges will include pro- 
tecting currently productive habitats and re- 
storing damaged ones, developing accurate 
forecasting and decision support tools, imple- 
menting monitoring programs to track fish 
population status and evaluate managenlent 
actions, overcoming the inertia of ineffective 
watershed governance, and coping with cli- 
mate change. In almost every case, policy- 
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Figure 1. Worldwide freshwater production of fishes, crustaceans, mollusks, and so forth., from aquac- 
ulture and capture fisheries from 1995 to 2001 . Data source: Food and Agricultural Organization of the 
United Nations (Vannuccini 2003) h t t p ~ ~ \ ~ ~ ~ \ ~ . f a o . o r ~ I / t r e n d s ~ o v e ~ a s p .  

Table 1. Fresh water is rapidly becoming a natural resource in critical s~ppIy~\~orldwide. The need for 
abundant, clean water for fisheries must be considered in a larger context of societal issues (sources: 
World Wildlife Fund, United Nations Environment Programme, and The Nature Conservancy). 

Freshwater ecosystems 1% of the earth's surface; 40% of the world's 
known fish species 

Status of freshwater biota 50% in decline over last 30 years; 20% of fishes 
have become extinct or are at significant risk of 
extinction 

Estimated annual value of ecological US$6.6 trillion 
services produced by fresh water 

Pollution Over 90% of wastewater is discharged untreated 
into rivers and streams in developing countries; 
80% of the pollution load in the ocean originates 
from activities in watersheds 

Annual human deaths from poor 
water quality 

5-7 million (10 times the number killed in wars) 

People facing moderate to high Currently one-third of earth's population; by 2050: 
water scarcity an estimated 7 billion people in 60 countries will 

face water shortage 



makers will be faced with balancing the eco- 
system needs of fishery resources with the need 
for drinking water, sanitation, agriculture, 
commerce, and recreation. Informed policies 
emerge when managers Fully understand the 
tradeoffs between difficult choices. 

In this paper we focus on some tools that can 
help managers find the balance between wa- 
ter and habitat for fisheries and water for other 
purposes. Although "scale" is important in 
watershed management-it provides a spatial 
and temporal context within which the effect 
of a policy can be judged-we use the term 
watershed without reference to a particular size 
or time interval because space and time have 
different meanings in different management 
settings. Our objective is to discuss concepts 
and tools that be used to bring complex, of- 
ten uncertain, watershed information to man- 
agers in a way that facilitates sound decisions, 
irrespective of the size of the watershed in 
question. 

Ecosystem Management Plans for 
Watersheds 

Managing aquatic ecosystems to maintain a 
level of producti\ricy sufficient to support sus- 
tainable fisheries means ensuring that the com- 
ponents of the watershed (its biological com- 
munities and physical environments) and the 

- .  

processes that maintain those components (for 
example, floods, erosion, and inputs of organic 
matter) are protected against anthropogenic 
changes that reduce or eliminate some com- 
ponents or  strongly alter key processes. In 
many watersheds the emphasis has been to 
restore selected components such as habitat 
structure without regard to the processes that 
created them. The slogan "If you build it, they 
will come" seems to have influenced many 
restoration decisions in freshwater. While it is 
true that mitigation can be an important part 

of watershed restoration, mitigated habitats 

alone rarely achieve sustainable, productive 
freshwater ecosystems without adequate pro- 
visions for the processes that created them in 
the first place. The problem is that some of 
those processes may be incompatible with 
other societal objectives such as flood control 
or wildfire suppression. To address this di- 
lemma, ecosystem management plans for wa- 
tersheds often attempt to balance natural pro- 
cesses with some controls on these processes 
to protect human development. 

Balancing watershed processes that support 
fisheries with the protection of other water 
uses leads to ~ o l i c y  decisions that vary from 
location to location. Policymakers need data 
to make informed choices, so ecosystem man- 
agement plans should contain basic informa- 
tion that facilitates a clear understanding of 
the current status of the watershed and pro- 
vides a means evaluate tradeoffs. The types of 
information should include: 

1 .  An assessment of the overall condition of 
the watershed, including the location and 
quality of important aquatic habitats and an 
estimate of the range of conditions that ex- 
isted prior to anthropogenic change; 

2. A summary of key ecological processes that 
contribute to the full spectrum of habitats that 
would occur naturally in the area; 

3. The type and location of land and water 
use actions that are and are not compatible 
with those processes; 

4. Strategies for restoring damaged aquatic 
habitat which allow the processes to operate 
to some degree without continued, expensive 
intervention; and 

5. Plans for adequately funded monitoring 
programs that provide timely feedback so in- 
effective actions can be corrected. 



These goals are easy to state but exceedingly 
hard to achieve, and failures far outnumber 
successes (Collins and Pess 1997). "Ecosys- 
tem management" has become a popular term 
applied to  many natural resource policies of- 
ten without a common understanding of its 
goals (Yaffee 1999) or a real commitment to 
make it work (Healey 1998). 

The difficulty in blending fisheries objectives 
with other land and water use objectives in 
watersheds stems from the effort and expense 
needed for the five elements noted above, re- 
sulting in one or more of these elements be- 
ing inadequately addressed. In most cases the 
data needs are beyond the capability of a single 
organization and collaboration at multiple 
governmental and societal levels is required. 
Many watershed councils have been formed 
over the last three decades to coordinate rhe 
management of local and regional fisheries as 
well as other beneficial uses of water within a 
watershed (von Hagen er al. 1998). Water- 
shed councils are usually self-generated by 
members of the local community who have 
grown tired of socially disruptive conflicts 
between fisheries and other water uses. Some 
watershed councils have been successful in 
reducing conflicts and in making genuine 
progress towards conservation; others have 
made few substantive changes (National Re- 
search Council 1996). 

It is our belief that the failure of many eco- 
system management plans to yield an im- 
proved balance of fisheries with other water- 
shed uses is also caused by a lack of apprecia- 
tion of the full range of ecological and soci- 
etal values provided by clean water. In addi- 
tion to supporting fisheries, clean water is 
necessary for human consumption and sani- 
tation as well as for agriculture, industry, and 
recreation, yet these values are rarely pre- 
sented in ecosystem management plans in a 
way that allows policymakers to understand 

the full consequences of different manage- 
ment decisions on water for fish and water 
for other uses. The majority of environmen- 
tal protection plans tend to be narrowly fo- 
cused on a particular type of development 
(e.g., forest management or industrial waste 
discharge) without adequately considering 
the cumulative effects of different land and 
water uses a t  the scale of an entire water- 
shed. Improvement of conservation practices 
in one type of development can easily be 
masked by continued habitat degradation 
from another type. Ecosystem management 
plans for watersheds will be more effective if 
they consider all impacts and not 
be constrained to one type of land or water 
use, and for plans to be successful at this scale, 
all major watershed stakeholders should par- 
ticipate in data and evaluating the 
effects of past and future actions. 

Watershed Analysis 

Where implemented, landscape scale strate- 
gies that address the cumulative effects of dif- 
ferent actions on freshwater ecosystems have 
often relied on formalized procedures designed 
to satisfy information needs (1) and (Z), above. 
These procedures have been termed "water- 
shed analysis," "watershed assessment," o r  
similar names (Beechie et al. 2003). Time and 
expense of watershed analyses are usually re- 
lated to the size of the area in question. Rela- 
tively small watersheds (4,000-20,000 ha) 
can be characterized in a few months, but very 
large drainage areas usually require several years 
of data collection and analyses. 

One  example of such an assessment is the 
Interior Columbia River Basin Ecosystem 
Management Project (ICBEMP), in which a 
number of U.S. agencies launched an ambi- 
tious effort to characterize the 500,000 km2 
Columbia River Basin in western North 
America. The  Columbia River was histori- 
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cally one of the most productive salmon riv- 
ers in the world, but by the mid-1990s a 
number of its salnion stocks were at risk of 
extinction and formally under the 
U.S. Endangered Species Act (ESA). The goal 
was "to develop and then adopt a scientifi- 
cally sound. ecosystem-based strategy" for 
managing all federal lands within the river 
basin (U.S. Department of Agriculture, For- 
est Service 1996), including a strategy that 
would protect fisheries resources while allow- 
ing for other land and water uses. The as- 
sessments produced a wealth of important 
aquatic habitat data at a very large scale, and 
clarified dramatic and persistent alterations 
to aquatic biodiversity across the watershed 
(Figure 2). These scientific databases will re- 
main useful to decision makers responsible 
for evaluating risks and benefits of various 
management alternatives, even in the face of 
shifting social values or  policies (Lee 1993). 

Significant impediments can stand in the way 
of crafting workable, balanced management 
plans, includi~lg conflicting watershed resource 
values, opposing perceptions of desirable 
aquatic habitat, divergent i~istitutional goals, 
and various political pressures. In the case of 
the ICBEMP project, the scientific assessment 
was completed and a preferred management 
option was selected, but the project never con- 
cluded with a binding agreement. One major 
stumbling block was the inability to reconcile 
an emerging scientifi c view that watersheds are 
dynamic and rivers should be managed for a 
natural range of conditions in order to main- 
tain habitat diversity objectives, with the tra- 
ditional view that watershed features and aquatic 
habitats should meet fixed environmental stan- 
dards. The participants in the project could 
not reach consensus on the future conditions 
desired for the watershed. We conclude that a 
better appreciation for ecosystem processes is 
needed so that realistic expectations for future 
habitat co~~ditions can be'developed. 

Natural Disturbances and Watershed 
Productivity 

It is becoming increasingly apparent that rec- 
onciling fisheries with conservation in water- 
sheds will require a new perception of the role 
of natural disturbances. Natural disturbances 
such as wildfires and floods often result in short- 
term damage to aquatic habitat, but over longer 
periods they are the source of many of the 
physical elements (coarse sediment and large 
wood) needed for productive riverine habitats 
(Reeves et al. 1995; Weins 2002). However, 
natural disturbances are unpredictable and can 
cause problems for other land and water uses, 
and societal needs usually dictate that distur- 
bance effects be managed. Floods are controlled 
by damming or by isolating rivers from their 
floodplains with levees, wildfires are aggressively 
suppressed, and various methods are employed 
to capture and prevent sediment and trees (of- 
ten assigned the u~icomplin~entary term "de- 
bris") from being carried by streams and rivers 
to areas where they could harm life and prop- 
erty. Thus the need to control natural distur- 
bances can conflict directly with managing pro- 
ductive watersheds for fisheries. 

Two questions are at the heart of attempts to 
reconcile a dynamic, disturbance-based view 
of watershed-management with society's de- 
sire for predictability and protection from se- 
vere disturbance events. First, is it possible to 
maintain watershed productivity for fisheries 
while severely restricting the effects of natural 
disturbances? Second, is it possible to allow 
uncontrolled natural disturbance in part of 
the watershed that could wnrribute to habi- 
tat benefits throughout the entire drainage 
network? Control of natural disturbances in- 
terrupts long-term processes that create and 
sustain aquatic habitats in watersheds, lead- 
ing to reduced habitat diversity (Beechie and 
Bolton 1999). Historically, artificially created 

habitats have been the most common method 



of mitigating the loss of disturbance-related - 
habitats and ecosystem functions. Engineered 

:? - , 

habitats, however, have rarely replaced the full 

Interior Columbia River 
Basin 

range of conditions that have been lost as the 
result of attempting to control natural distur- 
bances in aquatic ecosystems (National Re- 
search Council 1992; Bisson et al. 1997), and 
freshwater habitat substitutions have never 
succeeded in fully mitigati~lg fishery losses at 
the population level (Hilborn and Winton 
1993; Roni et al. 2002). Replacing the range 
of conditions created a ~ d  maintained through 
the natural disturbance regime by artificial 
habitats remains beyond the capacity of cur- 
rent technology. Nevertheless, artificial habi- 
tats may be the only option in very heavily 
developed watersheds, with the caveat that 
they cannot duplicate natural conditions. 

The question ofwhether it is possible to achieve 
a full range of habitats by setting aside parts 
of a watershed where natural disturbances are 
permitted to occur, or by deliberately con- 
ducting management activities to  enlulate 
natural disturbances, remains largely unaa- 
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swered. Parks and land reserves serve as de facto 
natural disturbance areas, but very often wild- 
fires are suppressed, erosion is controlled, and 
floods are restrained if they potentially harm 
human dwellings or special features within 
reserve areas. There is a trend toward allowing 
disturba~lces such as wildfire to behave natu- 
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Figure 2. The portion of Interior Columbia Rier Basin 
(upper) in the USA, the inferred historical diversity of 
important salmon and trout species prior to the mid- 
19th century (middle), and the current diversrty of salrncs 
nids in the same area after abwt 150 years of watershed 
development (lower). Dark shading indicates greater 
abundance and species diversrty; light shading indicates 
low abundance or diversity; no shading indicates ab- 
sence of native salmonids. Very large graphical presenta- 
tions wch as these illustrate the widespread extent of 
popubtion declines and also hdp idenw locationsi+here 
fish communities are relatively healthy. Data source: 
United States Departrr.tw~t of Agriculture, Forest Service 
( USD A  for^; t Scuj~t e 1996! I~ttp.//nv.n\ ~itwn ~p gov/yx3- 
tiawbdodabbrev-sunl/l~tmVhighlighted.shtmI. 

rally in many parks. Such has been the case 
with fires in natiotlal parks of North America, 
where a policy of allowing some naturally- 
caused wildfires to burn freely as an ecosys- 
tem process has been in place for over two 
decades (http://www.fireplan.gov/; http:// 
c o l l e c t i o n . n l c - b n c . c a / 1 0 0 / 2 0 0 / 3 0 1 ~  
parkscanadalfire-in-efIFire-e.htm). This has 

I 
I 
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undoubtedly resulted in watersheds with a 
greater diversity of vegetative con~mutlities and 
aquatic habitats, but many watersheds have 
been so thoroughly altered by logging, graz- 
ing, cultivation, and fire and flood suppres- 



sion (Figure 3) that simply abandoning a such as native forests to conctitions more like the 
policy of aggressive controls and allowing natu- ones existing prior to development (Figure 3). 
ral disturbances to take place unhindered may 

result in environmental effects far more severe The need to reconnect large alluvial rivers with 
than intended (Hessburg and Agee 2003). their floodplains in order to maintain natural 
Landscapes chat have been extensively altered functions. and the sin~ultaneous need to pro- 
may need to be "prepared for natural distur- tect infrastructure such as roads, has led to 
bances by returning certain watershed features innovations in river engineering. Historically, 

Structure Fuel badirlgl' Crown fire potential Flame length 
s b d i n m  ~ e r y b w  U none very low 
~ a e m a x d r r s k n  l a a r  very low low 

understory reinitiation moderate low . moderate 
young forest high moderate .- %Ll high 
old forest W very high high very high 

K? nonforest vety high severe 
severe FI 

4 
Figure 3. Forest conditions in the Peavine Creek watershed of northeast Oregon, USA, circa 1800 -1 . 
(historic) and 2000 (current) showing the high patchiness and diversity of predevelopment forest stands - 
and their vulnerability to wildfire, versus the relatively simplified stands and vulnerability to severe fires . 
that currently exist after decades of logging, grazing, and fire suppression. From Hessburg and Agee 
(2003) with permission. 



streambailk protection projects and levees uti- 
lized primarily large rock to reduce streambank 
erosion and protect human developments. A 
restoration technique now popular in many 
areas is to use large wood instead of rock, and 
this approach combined with floodplain con- 
servation easements has helped create more 
natural riverine habitats. In addition. func- 
tional floodplains are now being recognized 
as a benefit to society because of their ability 
to attenuate peak flows during severe storms 
and reduce flood damage downstream. The 
long-term benefits of initial projects are yet 
to be determined, but early results demon- 
strate improvements to aquatic ecosystenls and 
reduced damage from flooding using stream- 
ba~lk  materids that would normally exist in 
floodplains (accumulations of large wood) 
combined with levee renloval in certain areas 
where flooding will not damage infrastructure 
(Abbe et al. 2003). 

The Colorado River ofwestern North America 
is one of the most highly regulated rivers in 
the world, with large water withdrawals and 
daily water fluctuations caused by hydroelec- 
tric power generation contributing to a radi- 
cally altered hydrograph. Nearly all of the 
native fishes in the lower Colorado are at risk 
of extinction and water diversions have been 
so extensive that the marine fishery in the 
upper Gulf of California, into which the Colo- 
rado River drains, has collapsed. In 1996, an 
experimental flood was generated from Glen 
Canyon Dam to help recreate sand bars in 
the Grand Canyon that  were important  
spawning and rearing habitats for several fish 
species. Although the magnitude and dura- 
tion of the experimental flood was quite mod- 
est relative to preimpoundment spring tloods 
(Andrews and Piui 2000). new sand bars were 
created and benefits of the flood for fisheries 
clearly outweighed drawbacks. In this case, 
an anthropogenic disturbance designed to 
simulate natural flooding provided the eco- 

system processes needed to maintain fish habi- 
tat. Other studies have shown that managed 
disturbances can be effective tools for control- 
ling unwanted invasive riparian species 
(Sprenger et al. 2002). Deliberately caused 
disturbances, however, are politically hard to 
implement and public concerns over negative 
or unintended consequences of the distur- 
bances ofien limit these experiments to rela- 
tively small scale, short duration events. Ad- 
ditionally, the benefits of managed distur- 
bances may not always be realized. When 
water was released from Glen Canyon Dam 
to recreate another flood in November, 2004, 
preliminary evidence indicated the abundance 
of juvenile endangered fishes dropped the fol- 
lowing spring. Investigators noted in a news 
interview that cold water released from the 
dam was well below the preferred tempera- 
ture range for spawning by the endangered 
humpback chub Gila cypba, whose popula- 
tion of juveniles declined 63% afier the 90-h 
flood release (http:l/msnbc.n~sn.com/id/ 
71 262481). Because few large experiments 
such as the Colorado River simulated floods 
have been studied, it should be made clear to 
policymakers that the benefits of deliberate 
anthropogenic disturbances for fisheries, like 
those of artificial habitats, may be quite un- 
certain. 

Seeing the Big Picture 

One of the most challenging issues in reconcil- 
ing fisheries with conservation in watersheds is 
educating makers and stakeholders about 
the importance of placing an activity that could 
affect fisheries in a larger context, as there is a 
tendency to view a proposed activity as influ- 
encing only its immediate surroundings. De- 
velopn~e~~r of new rnethods to display a variety 
of landscape-scale information that is spatially 
explicit has provided scientists, fishery manag- 
ers, and policy makers with the ability to view 
watersheds and aquatic resources in ways that 
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have not been possible befbre. In fact, we be- 
lieve the advent of geographic information sys- 
tem (GIs) technology, perhaps more than any 
other new development, has catalped our abil- 
ity to think of watersheds, rather than indi- 
vidual project sites, as basic management units. 
In addition to computer-based mapping, other 
remote sensing tools such as satellite photogra- 
phy and laser imagery have generated an enor- 
nlous amount of data and images, and much 
of this is readily available on the internet. Many 
technologies originally developed for military 
applications are being adapted to watershed 
management. 

Comparison of historic and current conditions 
in watersheds is an important analysis step 
that documents habitat loss and identifies 
fisheries restoration targets (Beechie and 
Bolton 19991, and GIs  technology has facili- 
tated such assessments over larger areas and 
with greater detail than were previously pos- 
sible (Collins et al. 2003). It is often neces- 
sary to recreate historic data layers with the 
aid of old field notes, river navigation charts, 
land ownership and other l e d  records, topo- 
graphic and geological surveys, and drawings 
and photographs. Once this information is 
compiled, comparisons of historic and current 
conditions become possible, and relative con- 
fidence can be ascribed to the description of 
watersheds prior t o  development. Few such 
analyses were con~pleted prior to the wide- 
spread availability of GIS (e.g., Sedell and 
Luchessa 1982; Beechie et  a]. 1994), but 
many such comparisons have been completed 
in the last decade and have been the focus of 
the initial assessment phase of watershed analy- 
sis. An example is shown in Figure 4, in which 
the condition of the drainage network and 
associated land development in Washington 
State's lower Snohomish River and its two 
major tributaries, the  Snoql~a lmie  and  
Skykomish Rivers, are contrasted between 
1870 and 1990 (Collit~s et al. 2003). 

It is important for stakeholders to understand 
the likely consequences of different watershed 
man,agement scenarios, but long-term forecast- 
ing is never certain and outcomes are hard to 
visualize at this scale. An important use of 
spatial analysis has been to project future con- 
ditions in watersheds and trends in aquatic 
habitat based on assumptions about popula- 
tion growth and alternative development strat- 
egies. In the Willamette River basin of west- - 
em Oregon, USA, a consortium of agency and 
academic scientists, working with state and 
local land use ~lanners,  conducted an analy- 
sis of future changes using different develop- 
ment scenarios (Hulse et al. 2002). T h e  
Willamette Basin contains the richest native 
fish fauna in Oregon and has several high pro- 
file species (e.g., spotted owls, Chinook 
salmon Onrorbynchus tshauytscha) that are 
listed under the- Endangered Species Act. The 
management scenarios were all based on an 
assumption that the human would 
nearly double between 1990 and 2050, but 
that development patterns could follow one 
of three alternative trajectories: 

1. Plan Trend 2050-a continuation of the 
current status quo (i.e., development would 
follow current plans and trends). 

2. D e ~ e l o p n r ~ n t  2050-a future projection 
that emphasized agricultural and industrial 
development with a loosening of environmen- 
tal regulations; and 

3.  Co?uwvrztion 205&a strategy that en~pha- 
sized protection of important habitats for fish 
and wildlife while concentrating human de- 
velopment in smaller areas with a lower over- 
all environmental impact. 

The three trajectories were developed afier 
consultation with local stakeholders and gov- 
ernment agencies, and were considered to be 
feasible, realistic alternatives. Using econon~ic 
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that require knowledge of spatial habitat het- 
erogeneity, longitudinal and lateral connec- 
tions within watersheds, abilities of aquatic 

organisms to adapt to change, and climate 
trends. Many of these considerations have 
been incorporated into a perspective termed 
"riverscapes"by Fausch et al. (2002), in which 
freshwater fisheries models will require data 
on spatial patchiness at multiple scales (drain- 
age basin, stream segment, reach, channel unit, 
and microhabitat) as well as the preferred habi- 
tats and movement patterns of important spe- 
cies. So great is the need for new modeling 
approaches that can be coupled to spatially 
referenced data that we examine the topic in 
the following section. 

Watershed Models 

Decision ~ilaliing can be hampered if a water- 
shed becomes engulfed in a "collision of mod- 
els," where interest groups and agencies use 
models to advocate the co~~clusions that best 
support their interests and mandates. There 
are now at least three distinct approaches to 
modeling for decision support. These are de- 
cision anahis, statistical, and expert system. and 
it is important to understand the strengths 
and limitations of each model type. 

O f  the three approaches, decision analysis 
(e.g., Peters and Marmorek 2001) is most 
closely directed at providing management 
advice, and it is the most formal about factor- 
ing uncertainty into the analysis. This ap- 
proach includes most "weight of evidence'" 
models. The decision analysis approach has 
the potential to be the most useful to water- 
shed decision makers but it is very difficult to 
implement successfillly. Its success depends 
crucially on the engagement of the actual de- 
cision makers in framing the questions that 
need to be answered, identifLing the water- 
shed management options that are under con- 
sideration, and in defining the values put on 

the various possible outcomes. Such engage- 
ment and communiation is often difficult to 
achieve where there is fragmentation of deci- 

sion-making authority. 

The statistical approach (e.g.. Kareiva et al. 
2000; Wilson 2003) is the most classical of 
the three, and it can operate with a large de- 
gree of detachment from policy. It proceeds 
by testing hypotheses and estimating life his- 

tory parameters with available data for fishes 
in the watershed. This has the advantages of 
clarity rigor, and empirical objectivity. The 
limitation of this approach is that the scope 
of the cjuestions that can be answered with 
satisfactory concli~siveness is restricted by the 
availability of data. In a donlain that is data- 
poor, many pressing questions may go unan- 
swered. and conclusions are strongly influ- 
enced by assumptions made in the analysis 
process. For example, Kareiva et d. (2000) and 
Wilson (2003) employed the same basic 
model to  analyze restoration options for Co- 
lumbia River salmon, but arrived at opposing 
conclusions regarding removal of large dams 
as a restoration action because of differing as- 
sumptions about how to represent the sal~non 
life cycle in the model. 

Expert system approaches (e.g., Mobrand et 
al. 1997) fill gaps in data with expert opin- 
ion. In the context of fisheries issues, expert 
opinion allows consideration of the most con- 
crete menu of specific options for actual man- 
agement. Expert opinion is. admittedly, a 
weaker basis for scientific prediction than is a 
mathematical relationship validated with an 
archive of quantitative empirical data (i.e., the 
statistical approach). I t  is important to recog- 
nize, however, that at the level of spatial reso- 
lution and environmental detail required to 
make fisheries management decisions at wa- 
tershed scales, there are rarely any validated 
mathematical relationships for predicting re- 
liably the effects of management actions on 
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fish, and there is usually no adequate data 
archive for deriving such relationships. How- 
ever, the expert system approach may well be 
a reasonable and practical method for provid- 
ing tentative answers to some watershed man- 
agement questions that need to be addressed 
quickly. 

There is another class of models that do not 
describe the behavior of fish but 
instead the ph\ \ical processes that create fish 
habitats. Physical process models are just as 
critical to planning watershed conservation 
strategies as biological models. Whatever the 
fishery resources of concern, conservation and 
restoration efforts begin with an understand- 
ing of local and regional landform. hydro- 
logical and erosion patterns because these pro- 
vide the physical template upon which man- 
agement decisions are based. The observa- 
tion that fish populations in freshwater are 
not uniformly distributed along drainage gra- 
dients but instead utilize preferred habitats 
("hotspots") for different life history func- 
tions suggests that riverine fishes are often 
segregated into subpopulation units within 
the larger metapopulation of the river basin, 
with limited genetic exchange among sub- 
populations and with multiple life history 
strategies that spread the risk in an unpre- 
dictable environment (Schlosser and Anger- 
meier 1995). Conservation of biological 
hotspots for aquatic communities and provi- 
sion of ecological connections between pro- 
ductive areas has become an important para- 
digm in watershed management (Sedell et 
al. 1994; Angermeier and Schlosser 1995) 
and is generally considered necessary for pro- 
tecting biodiversity. Within watersheds, some 
areas are likely to be productive most of the 
time, other areas may have little production 
(Pess et al. 2002), and some places may al- 
ternate between periods of high and low pro- 
ductivity as disturbance-recovery cycles play 
out over time (Benda et al. 1998). 

Physical process models can help watershed 
managers assess the potential long-term risks 
and benefits of certain types of land use. For 
example, in the Mae Chaem watershed 
(3,900 km2) in northern Thailand, lowland 
residents are concerned that deforestation and 
conversion to agriculture by residents of the 
headwaters (Figure 6) would exacerbate flood- 
ing in the wet season and result in reduced - 
dry season flows-both of which would be 
harmful to fish habitat and existing develop- 
ment. Using a large scale runoff model (Dis- 
tributed Hydrology Soil-Vegetation model, 
DHSVM), streamflow under alternative fu- 
ture scenarios in which cultivated agricultural 
lands would be increased from the current 
10% of the watershed area to 20% and 60Y0, 
were simulated based on real discharge data 
from 1996  to  1999 (Porranee Rattana- 
viwatpong and others, unpublished). Dou- . - 

bling the amount of land under cultivation 
from 10% to 20% of the watershed was pre- 
dicted to cause a slight increase in peak flows 
and essentially no change in low flows, 
whereas increasing the amount of cropland 
to 60% would raise peak flows by about 25- 
50% and, surprisingly, also increase low flows 
by about 20-30n/n. Presumably the increased 
low flows would result from lower evapo- 
transpirative water losses if forests were 
cleared from a substantial part of the water- 
shed. Hydrologic modeling used in this way 
can provide newr insights into the long term 
effects of land use changes, and pose testable 
hypotheses in an adaptive management con- 
text. 

Conclusion 

A variety of new techniques for characterizing 
watersheds and their aquatic resources are be- 
ing explored, yet while new and innovative 
techniques provide information that provides 
a broader spatial and temporal context for 
~ o l i c y  decisions, they often cannot resolve 
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Figure 6. Land aover of the Mae Chaern watershed, northern Thailand, under current conditions and 
projected future conditions in which agricultural lands would be increased to 20% and 60% of the 
watenhed area, respectively (Porranee Rattanaviwatpong, unpublished, with permission). ,. - .  t 
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difficult natural resource tradeoffs (e.g., fish References 
versus crops or electricity) nor can they ad- 
dress the fragmented management structure Abbe,T., G .  hs, D. R Montgomery,and K L ktherston. . . . 
that results from the mismatch of watershed 2003. Integrating engineered log jam technology into 

boundaries with md river rehabilitation. Pages 443-182 in D. R Monr- 
gomery, S. Bolton, D. B. Booth, and L. Wall, editors. litical jurisdictions. In many ways, these are 
Restoration of Puget Sound! rivers. University of 

the most vexing issues that challenge our abil- wYhingon Prs, Sode. , . 
ity to reconcile fisheries with conservation in ~ ~ h ~ ~ ,  E. ~ . , , , d  L.  pi^. 2008,q&of~e cola- 
watersheds. Given the precarious condition of rado River B o d i n  Grand &,yon. Hjdrql%ical Sci- 
the world's freshwater resources, however, real 
-ts in d e d  management must 
emerge from a more usehl blend of ecological 
and political disciplines. 
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