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Figure 1. The spatially nested hierarchy used in the Division of Aquatic Resources Survey Database.
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Figure 2. ‘A‘amakäö Stream in Kohala displayed with hillshading and digital raster graphics added.
Nonsurveyed stream segments (dotted line), stream segments surveyed but no Lentipes concolor observed
(dashed line), segments with Lentipes concolor observed (solid line), and the individual survey points are dis-
played.



as any linear, undivided segment of stream. This definition results in a stream segment being coded
as a unique segment where the downstream node terminates at either the ocean or the next down-
stream segment, and the upstream segment terminates at either the end of the stream channel or at a
junction with another segment. In the simplest case, a stream could contain just one stream segment
if the stream contain no tributaries. The current stream network derived from USGS digital line
graphs is based on their 7.5-minute topographic maps. Fields containing the DAR coding as well as
their corresponding names were added to the attribute table. The stream segment level within the
database has undergone the most changes as the coding system is completely updated to include all
stream segments within the stream coverage. This level is likely to continue to undergo changes as
higher resolution flow networks will allow systematic coding of all intermittent and perennial chan-
nels with a stream system. As in the watershed level, past coding systems were retained along with
newer coding systems to allow for backward compatibility within the database system. Comparison
developed at the stream segment level includes positional comparison (distance from the ocean,
upstream area, etc.) of species distributions within a stream and quantification of extent of segments
surveyed. This level is also appropriate for linking to general reconnaissance surveys where long
sections of streams are surveyed without specific sampling locations.

The next level within the spatial hierarchy is the site level. The majority of surveys link to the
database at this level. The site level requires higher positional accuracy than the stream segment
level, and typically has a GPS coordinate location recorded with the site. Given the difficultly of
obtaining satellite fixes in some of the deep gorges containing streams in Hawai‘i, it is critical that
stream segment information is recorded in the field. Sites usually can be relatively accurately geo-
referenced after the surveys if the stream segment, elevation, and a few sites during the sampling
effort received GPS locations in the field. It is important to understand that a GPS location alone is
not always enough to locate the site within the appropriate stream segment. Horizontal error in the
GPS reading and errors in the digitizing of the stream segments may result in a situation where the
point location is closer to the incorrect stream segment than to the correct one. This is especially
common near tributary junctions. 

The site is the smallest spatial extent within the database and can be used in a number of ways.
The site shows the location that individual species were observed and allows for repeated sampling
to see if there are changes over time. The site also holds information on site attributes like water
depth or habitat type to allow comparison of habitat use vs. habitat availability.

Numerous additional tables exist or could be added to the database, but these tables will prima-
rily hold information on the species observed in the surveys. These tables can be linked to the over-
all nested spatial hierarchy of tables at the appropriate level of spatial resolution. Currently, the data
date back the 1960s and includes information on perennial and intermittent streams, lakes, reser-
voirs, ponds, ditches, and diversions.

Linking the Database to GIS
As a result of the design of the DAR Survey Database around a spatially nested hierarchy, linking
the data to a GIS is relatively straightforward. A GIS in its simplest description is a spatial database,
where each piece of information can be located on a map. While the DAR Survey Database could
be fully replicated in a geodatabase, the intention was not to require the use of a GIS in data entry,
storage, or access, but to allow full integration with a GIS when needed.

As a concurrent effort to the redesign and development of the DAR Survey Database, the spa-
tial data layers for the streams of Hawai‘i were updated to include all of the necessary location fields
to allow seamless integration with the DAR Survey Database. Each of the levels from island to
stream segment had attribute fields with data added to the stream coverage, so that a unique location
field in both the database and the stream coverage existed for each level. To add the database infor-
mation into a GIS, the location field of the table must be included with any attribute information in
a query. The resulting database file can be linked to the comparable location field in the GIS cover-
age, and then the results can be displayed in map form within the GIS.
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By integrating the database information with the GIS, we can relate information observed in a
relatively small location with conditions not only nearby, upstream, or downstream of the sampling
location, but to the watershed, region, or island as well. This provides the resource manager a mech-
anism to aid in determining the positive or negative effects of changes to the environment on the
stream ecosystem.

An example of database and GIS integration
In order to display the data from the DAR Survey Database in the GIS, database queries are needed
to be developed to extract the relevant information. In order for these database queries to be linked
to the GIS, the query must contain a related location field to join the information. In the DAR Survey
Database, the location fields are generally codes. The codes remain static within the database, but as
new information on a particular area is acquired, the data can be updated without disrupting the data-
base structure. These codes occur only once in the database so there is no chance of the information
being duplicated.

In the example query for this paper, the first database query was developed to find all the trib-
utaries in the state, followed by a query to list all tributaries that had at least one point quadrat sur-
vey. Finally, from the tributaries that were surveyed, a query was developed that lists the tributaries
that recorded the presence of Lentipes concolor.

In this example, the first query resulted in 4,988 segments contained within all Hawaiian
streams. From the 4,988 perennial segments, 282 (5.6%) had at least one point quadrat survey. Of
these, Lentipes concolor was present in 132. The total number of point quadrat surveys as of 17 June
2004 included 6,574 individual surveys (Sakuda, 1989–1994, Devick, 1995–2004). Of the point
quadrat surveys 1,538 or 23% showed the presence of Lentipes concolor.

After the appropriate queries were created and exported from the database, the next step was to
import and display the information in the GIS. The perennial stream coverage, named darstreams, can
be obtained from the Department of Business and Economic Development and Tourism (DBEDT),
Office of Planning (OP) GIS dataserver at http://www.hawaii.gov/dbedt/gis/download.htm. The attrib-
ute table for the darstream coverage includes all location fields necessary for linking to the database
at all levels of the spatially nested hierarchy. In the example, the join was based on NDAR_CODE field
from the darstreams coverage and the DAR_CODE from the database table. Additionally, the individ-
ual survey points can be displayed by using the coordinate fields Lat DD and Long DD. After develop-
ing the queries and linking the appropriate location fields, the data can be displayed in the GIS (Fig. 2). 

Conclusions

The Division of Aquatic Resources has redesigned a relational database to make survey information
available to interested parties. The information is available over the internet at
http://www.hawaii.gov/dlnr/dar/streams/stream_data.htm. The database allows for efficient integra-
tion with GIS software packages and supports a wide range of survey methodologies. The example
showed the ability to take the information from the database and link it in several different ways to
the GIS stream coverage. The important concept is to use the location fields of the spatially nested
hierarchy and be able to correctly link the database to the GIS. In addition to the location fields, the
attributes fields are important as they allow the display of many different types of information. These
attributes are limited only by the information collected by the surveyors. 
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Abstract

Since the development of the first quantitative instream flow techniques in the 1970s and 1980s much
has been learned about ecological processes of rivers. Though much remains to be learned, many tech-
nical tools or methods have been developed to incorporate that understanding into developing and
applying instream flow prescriptions. However, most studies to date have focused on only one or a
few of the several elements that affect biological processes and ecosystem needs of rivers. In a recent
project by the Instream Flow Council, a template was developed for conducting instream flow stud-
ies and improving strategies for riverine management. That construct draws on existing facts and
knowledge to emphasize that effective instream flow management should integrate 5 riverine compo-
nents (hydrology, geomorphology, biology, water quality and connectivity), public education and
involvement, and legal/institutional elements. This report will illustrate the general characteristics of
these various components, explain why it is important to integrate them all, and provide an example
of how they might be addressed to improve the quantification of instream flow needs and protection
of riverine resources.

Introduction

The following is the Executive Summary from the recent publication (Annear et al., 2004), Instream
Flows for Riverine Resource Stewardship, Revised Edition, published by the Instream Flow Council.
The book was a collaborative effort with sixteen contributing authors: Peter Aarrestad, Connecticut
Department of Environmental Protection; Tom Annear, Wyoming Game and Fish Department; Hal
Beecher, Washington Department of Fish and Wildlife; Ian Chisholm, Minnesota Department of
Natural Resources; Chuck Coomer, Georgia Department of Natural Resources; Christopher Estes,
Alaska Department of Fish and Game; Joel Hunt, Manitoba Water Stewardship; Rick Jacobson,
Connecticut Department of Environmental Protection; Gerrit Jobsis, South Carolina Department of
Natural Resources; John Kauffman, Virginia Department of Game and Inland Fisheries; Allan
Locke, Alberta Department of Sustainable Resource Development; John Marshall, Ohio Department
of Natural Resources; Kevin Mayes, Texas Parks and Wildlife Department; Gary Smith, California
Department of Fish and Game; Clair Stalnaker, and Rod Wentworth, Vermont Department of Fish
and Wildlife.

Executive Summary
Instream Flows for Riverine Resource Stewardship, Revised Edition

Federal, state, provincial, tribal, and local governments are charged with stewardship responsibili-
ties to wisely manage the quantity and quality of waters within their jurisdictions for current and
future generations. Fundamental to that charge is ensuring that sufficient water is retained in rivers
and lake systems at all times of year to sustain fishery and aquatic wildlife resources and ecological
processes.

In the United States, the authority of state fishery and wildlife agency stewardship is derived,
in part, from the Public Trust Doctrine. The basic tenets of the doctrine, as described in this book,
intertwine principles of common and statutory law, including property law. When combined with
other laws, the doctrine can be a very powerful tool for protecting and restoring instream flows in
some situations. At present, the Public Trust Doctrine forms no recognized basis of law in Canada.
Instead, Canadian stewardship responsibilities are broadly based on the provinces’s need to act in the
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public interest. Although the Public Trust Doctrine is not formally incorporated in statute, we argue
that the principles of the doctrine may be included in current Canadian law.

Instream Flows for Riverine Resource Stewardship presents the collective views and recom-
mendations of the Instream Flow Council’s (IFC) state and provincial fishery and wildlife agency
members regarding appropriate instream flow strategies for managing, maintaining, or restoring
riverine fishery and aquatic wildlife resources and processes. We also identify eight components that
should serve as guidelines in establishing or improving existing agency instream flow programs and
in developing prescriptions to be addressed in each instream flow assessment. These components
include hydrology, biology, geomorphology, water quality, and connectivity as well as legal, institu-
tional, and public involvement.

Although our work is similar to that of other works published on instream flow methods, it
extends beyond a mere listing of methods and a description of their strengths and weaknesses; it
incorporates ideas, policies, and recommendations that the IFC believes should, at a minimum, be
addressed in all instream flow assessments.

In overseeing the management of game, fishery, and wildlife programs, resource managers rou-
tinely set goals and objectives, monitor progress, and evaluate performance. The IFC recommends
that this approach be expanded to include the management of instream flow programs and that pro-
gram development and evaluation encompass the concepts recommended herein. When developing
goals and objectives for riverine management, it is important that resource managers seek strategies
that explicitly address public demands and help them fulfill their legal responsibilities to maintain
and restore healthy aquatic ecosystems.

The IFC promotes the goal of maintaining the ecological integrity of unregulated rivers and
restoring regulated rivers to the ecological conditions that more nearly approximate their natural
form and function. To move toward this goal in any increment, instream flow practitioners should
address the eight ecosystem components in developing an instream flow program and incorporate
them as appropriate.

Prior to the 1980s, many of the instream flows that were provided for water projects were lim-
ited to a flat-line “minimum” flow because water developers and managers had little or no appreci-
ation for the importance of natural flow variability. In most of these cases, water managers ignored
the recommendations of the early instream flow practitioners who noted the potential shortcomings
and negative riverine effects that could result from a flat-line minimum instream flow versus main-
taining or restoring variable flows that more nearly resemble the seasonal flow patterns and process-
es that sustain natural ecological functions.

Since the 1980s, laws and regulations have been developed in many states and some provinces
to begin addressing these water management needs. These statutory and regulatory changes, com-
bined with better understanding of riverine processes and enlightened attitudes, have improved the
opportunity for instream flow practitioners to quantify and establish variable flow regimes for sus-
taining viable fisheries and riverine processes. Although opportunities now exist for protecting
instream flows in most jurisdictions, the legal and institutional opportunities for reserving water for
riverine purposes in most states and provinces are still more restrictive than those that exist for out-
of-channel users and uses.

We provide guidelines for quantifying flow regimes and developing recommendations for
replacing formerly assigned minimum flows and insufficient flow caps with more appropriate vari-
able flows. Before initiating plans that will modify the flow of streams and rivers, water developers
and managers should ask what the maximum amount of water is that can be removed at any given
time without adversely altering the river system and its natural functions and processes rather than
the minimum flow needed to sustain the resource.

The natural flow paradigm (preservation of the natural flow variability and ecological function
of river systems) is axiomatic to ecological integrity of river systems. Managers establishing
instream flows must recognize the importance of inter- and intra-annual flow variability in riverine
systems because different flow levels enable critical ecological processes that cannot occur other-
wise. For example, it was formerly accepted, and in some cases is still believed, that higher flows

BISHOP MUSEUM BULLETIN IN CULTURAL AND ENVIRONMENTAL STUDIES 3 (2007)324



represent “excess” water in rivers and that flood water can be removed without harm and, perhaps,
even benefit the ecological function of the river. However, as initially recognized by instream flow
practitioners as early as the 1970s, seasonal high flows are critical components of river ecology. This
is especially true at the terrestrial/aquatic interface where high flows deposit sediment, shape chan-
nels, rejuvenate and maintain riparian vegetation and habitats, improve water quality, expand and
enrich food webs, maintain the valley, and provide access to spawning and rearing sites in the flood-
plain. The same can be said about the importance of natural periods of low flow (drought). Likewise,
there is a growing body of evidence that supports the maintenance of natural processes of ice forma-
tion and breakup.

Most traditional state and provincial fishery and wildlife instream flow programs have limited,
if any, staff primarily trained as fishery biologists. Although many agencies provide some training in
instream flow assessment methods, trained staff often spends limited time on instream flow issues.
Effective instream flow programs entail more than an occasional instream flow study or periodic
mitigation negotiation with water development interests or consultants for a planned water project.
Such programs require well-trained specialists who are capable of integrating the five riverine com-
ponents into complex legal and institutional procedures while also ensuring effective public involve-
ment. This is a daunting challenge for state and provincial fishery managers and one that makes their
responsibilities uniquely different from those of instream flow practitioners whose assignment is less
broad.

In developing an instream flow prescription to enhance or restore a degraded stream, it is pru-
dent to involve all stakeholders, formally identify the problems to be addressed, solicit technical
expertise, and devote attention to study design. Perhaps the most critical aspect of developing an
instream flow prescription is to routinely and formally document the rationale used to decide a par-
ticular course of action. The strategy should address the riverine components individually and col-
lectively, whether or not inclusion of a particular component in the study design is warranted. This
approach drives the practitioner to consider all factors in developing prescriptions, documents the
considerations for the record, and provides the basis for adjusting recommendations as new informa-
tion or opportunities become available.

There is no universally accepted method, or combination of methods, that is appropriate for
establishing instream flows on all rivers or streams. Selection of a method or adaptation of methods
is dependent on the water body and potential modification under consideration. Moreover, selected
methods should only be applied in accordance with the guidelines recommended in this document
to ensure a solid scientific basis for establishing an instream flow prescription. Only when used in
conjunction with other techniques can a specific tool afford adequate instream flow protection for all
of a river’s needs.

In some situations, scientifically sound demonstrations of tangible harm and benefit resulting
from a range of experimentally controlled instream flow levels over extended periods of time may
be required. Adaptive management may be a useful tool in some, but not all, of these situations. It
is most appropriate when financial investment is significant, values for riverine resources are high,
risk to all parties is considerable, and the time frame for the project allows prolonged monitoring.
Further, binding commitments among stakeholders must be established at the start of studies to
ensure that adequate resources (water and money) are available to fulfill testing needs for the full
range of potential mitigation strategies, and that safeguards are provided to avoid irrecoverable
impacts to riverine resources. As we emphasize throughout this work, studies that focus on only a
limited number of components, such as the response of fish populations, should be avoided because
they are often confounded by interrelations with riverine components other than streamflow.
Consequently, managers must be critical of efforts to ascribe perceived short-term changes, or lack
thereof, to a single factor such as streamflow alone. Measurable targets or conditions and defined
decision points are essential.

Of the many instream flow quantification methods and variations developed over the last 30
years, we assess 34 of those most commonly used. In some cases, a broad class of methods is
addressed collectively within a single review (e.g., flushing flow methods and biological response
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correlations). Although not exhaustive, tool evaluation is sufficiently broad to allow practitioners to
identify an appropriate methodology for most study designs that may be encountered. Evaluation
addresses 14 categories, ranging from the method’s purpose to the IFC’s critical opinion.

Understanding the underlying mechanism(s) responsible for the biological, physical, and chem-
ical outcomes evident in river systems must underpin the instream flow prescriptions if they are to
succeed. However, much remains to be learned about the role and interrelations of factors govern-
ing riverine resources and processes. We do not presume to imply that this document is the defini-
tive resource for all instream flow study needs. The science of instream flow management is a rela-
tively young and evolving discipline and much additional research is needed. Although we do not
provide a summary of additional research needs, we note that research is being conducted in many
settings throughout the United States, Canada, and elsewhere. Clearly, there is a need for research
that better identifies how to build a flow prescription that addresses the eight ecosystem components
in concert. We urge instream flow practitioners and water managers to remain open to the applica-
tion of new assessment tools as they continue to be developed and accepted by the instream flow
community.
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Introduction

Hawai‘i is the water state, renowned for its spectacular waterfalls and surrounding blue sea. Our
hundreds of freshwater streams by contrast barely register. To the callously uninformed, streams are
at best environmental annoyances that catch waste from the land, pollute the ocean, kill coral reefs,
and at times inconveniently inundate structures built on flood plains. Unless these waters are cap-
tured or diverted for beneficial uses such as irrigation, the water flowing out to the sea is wasted.
Streams flowing through urbanized areas must of course be bulldozed, reconfigured, and filled with
concrete to move water through more rapidly and contain storm flows within artificial banks. 

The select but small group attending the Symposium on the Biology of Hawaiian Streams and
Estuaries knows better. In biological reality, Hawaii’s streams are mauka-makai lifelines that inex-
tricably tie the land and sea in a unified system that sustains a native biota unique to the islands.
Properly managed streams literally feed the sea, not just with water. They replenish groundwater and
wetlands. They form estuaries, green-blue bridges, where fresh and salt waters mix. These transition
zones serve as nurseries for a wide variety of marine organisms and are especially susceptible to
upset from human interference with naturally functioning ecosystems. 

The original Polynesian immigrants to Hawai‘i developed a complex society inseparably linked
with stream resources and formed deep emotional attachment to stream biota. Postlarval ‘o‘opu,
known collectively as hinana, were harvested en masse and considered a delicacy. Certain of the
inland ‘o‘opu were reserved as food for the ali‘i. Streams, their watersheds, their biota, diversions
for taro with return of water to the streams, fishponds, and fronting waters of the ocean were intel-
ligently managed with a unit known as an ahupua‘a. Some present-day local communities have
retained an intense appreciation of these resources and understand their contribution to the cultural
heritage of native Hawaiians.

The ascendance of westernized customs in Hawai‘i highlighted exploitation of resources and
transformed local practices definable as sustainable management to maximization of economic gain.
The ahupua‘a ideal, which was roughly analogous to ecosystem-based management, was subverted
by many actions but most dramatically by diversion of water from streams for industrial scale agri-
culture, especially sugar cane cultivation. With the loss of stream water, the native stream biota were
devastated, taro culture declined, fishponds deteriorated, and biological productivity of nearshore
marine waters was likely reduced. By the 1980s, it became blatantly apparent that unless positive
action was taken, the native stream biota would inevitably dip to threatened or endangered status.

Discussion

Creation of a State Water Code in 1987 and formation of the State Commission on Water Resource
Management (CWRM), reinforced by a growing appreciation of streams in the conservation com-
munity, provided a vehicle for halting the slide. For the first time there was an assertion of State
authority over surface waters, which previously had been viewed as privately owned and therefore
beyond the scope of state regulation. With the new assertion of authority came an unavoidable
responsibility to protect the surviving biological resources despite the increasing demands of the
ever-growing human population. Although far from perfect, the resultant process has tended to meet
an implicit objective of “no net loss of habitat” occupied by native biotic populations recognized as
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significant and has encouraged rapid improvement in understanding fundamental elements of the
occurrence, distribution, behavior, habitat requirements, and other components of endemic and
indigenous species and of non-human threats which persist, in particular invasions by non-native
species. 

There is an inherent presumption that the State Water Codes should accommodate the require-
ments of Public Trust Doctrine (PTD), which legal authorities have emphasized is expressed in the
State Constitution. PTD seems to be an expression of the original meaning of “conservation” in
which natural resources should be managed in a manner that ensures their perpetuation for use and
enjoyment by future generations. Government is supposed to manage these resources in a responsi-
ble manner, weighing human needs or wants against the ability of the environment to accommodate
those demands. 

That can lead to a conflict between perceived “public interest” and the expectations of PTD.
They should be identical. But given economic and political pressures, combined with a lack of
understanding at all levels of the consequences of decisions that are made, short term interests that
maximized use have historically prevailed in the decision-making process at the expense of long
term sustainability of not only the targeted resource but also of the natural system to which they are
indivisibly linked. Ideally, recognition of the priority that should be given to PTD will in the future
shift the fulcrum in balancing those decisions from the side of exploitation to protection.

The past half century has seen a dramatic shift in attitudes towards how living natural resources
should be managed. Originally these living resources were presumed to be renewable, with appro-
priate management, and the highest good was to increase their availability to man. Accordingly,
habitats were being altered for human convenience. If we build on a flood plain, channelize the
stream to prevent flooding. As we produce more and more waste, just dump it in a stream or in the
ocean. While we are at it bring in lots of alien species that intentionally or accidentally become per-
manent residents, reducing native species biodiversity in the process. Virtually all of living resource
problems we are facing—from declining fish populations, loss of native species and habitats to alien
species invasions and ultimately global warming—have as their root cause excessive human
exploitation. 

That is hardly a revelation. But only recently has it been generally recognized that living
resource management can not be done in isolation from what is happening in the rest of the world.
The mantra now is “ecosystem-based management”, which can be quite elusive in practice.
Although in practice we still tend to be mired in single-species mindsets, it is imperative that we
strive to develop the tools to construct an effective management framework that approaches an
ecosystem-based ideal.

At the heart of successful ecosystem-based management must be good science. At the biologi-
cal level we must do our best to understand the requirements of species, their relationships to other
species, and the impact of perturbations associated with landscape changes and other impacts of
human activity. This is open-ended and can not be done cheaply, but as understanding increases so
will better identification of key questions that need to be addressed. If good science is set aside as
an economic expedient, it is certain that the messes accumulated in the last half century will contin-
ue to pile up.

The group represented in the symposium has made enormous progress in developing the good,
hard science needed to support the stream-related decision-making process under the Water Code in
Hawai‘i. But we are far from knowing all that needs to be understood, and what is known must be
integrated in a strong administrative structure to be meaningful. The Instream Flow Council in an
exceptionally high quality publication (Annear et al., 2004) on instream flow issues, programs and
methodologies recognizes the following:

“Managing instream flows to protect public natural resources within the legal and institutional
bounds of water allocation is a highly complex job. It is a daunting and potentially confusing maze
that state and provincial managers must negotiate to fulfill their responsibilities. Few, if any, fishery
biologists possess the skill to integrate their own biological knowledge with knowledge of hydrolog-
ic and geomorphologic concepts, legal and administrative processes, and public involvement. Clearly,
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agency managers need to expand their horizons. To fulfill fishery and wildlife management responsi-
bilities for present and future generations, state and provincial fishery and wildlife agencies must
make water management a top priority, hire and retain qualified and trained staff, and participate fully
in water management decisions. Although Hawai‘i has a nascent structure to meet these expectations,
it has to be formalized and strengthened to meet the constitutional imperatives of PTD”.

At present, stream management and regulation in Hawai‘i ostensibly falls under the Department
of Land and Natural Resources (DLNR), which has basic regulatory authority through CWRM and
the Division of Aquatic Resources (DAR), which serves as an informal information source to
CWRM about stream biota and has some related rule-making authority. Peculiarly, water quality reg-
ulation falls under the Department of Health (DOH), although there is a connection in that the DOH
Director is a CWRM member. Given the many pressures, differing mandates, and limited funding
available to agencies, this system is too diffuse and dependent upon the personal predilections of
staff or higher authority at any point in time. A system that unifies these responsibilities within a sin-
gle institutional authority is needed.

This can be done by formalizing the presently de facto operations and integrating them into a
genuine instream flow program. There is a proposal for establishment of a stream, estuarine, and
alien species center in Hilo, taking advantage of facilities that already exist. There is already an
informal agreement to link the center with the Hawai‘i Institute of Marine Biology. The center would
have to be recognized within the DLNR organization as a bridge between DAR and CWRM.
Because the center would be primarily a science-based operation, it could incorporate water quality
considerations in its contributions to CWRM. 

To reiterate, the Hawaii State Constitution, Article X, Section 1 states the following: 

“For the benefit of present and future generations, the state and its political subdivisions shall con-
serve and protect Hawaii’s natural beauty and all natural resources, including land, water, air, miner-
als and energy sources, and shall promote the development and utilization of these resources in a man-
ner consistent with their conservation and in furtherance of the self-sufficiency of the state. All pub-
lic natural resources are held in trust by the state for the benefit of the people”.

This is a clear directive that in combination with the Water Code should impel the state to estab-
lish a focused and comprehensive instream flow program. More than the foundation, PTD provides
the glue to bond the pieces of the program together permanently. In the broader sense it mandates all
government entities to look further into the future, and account for their actions accordingly, to
ensure perpetuation of the resources for which they are responsible. And their actions should not be
taken in isolation. Much greater emphasis on public outreach and education will be needed. PTD
may be a step ahead of much of our political leadership, but that too may change as more people
realize that it is not just an unattainable ideal, but it instead provides a realistic framework for effec-
tive resource management.

The Instream Flow Council (IFC) was formed in 1998 following the conclusion of a federally
supported National Instream Flow Program Assessment in 1995 that brought together instream flow
coordinators or their equivalents from each of the 50 states and the federal instream flow coordina-
tor from each of the seven regions of the U.S. Fish and Wildlife Service. Now comprised of state and
Canadian fish and wildlife agencies (Hawai‘i is a charter member), the IFC is a nonprofit organiza-
tion whose mission is to improve the effectiveness of instream flow programs for conserving aquat-
ic resources. It has issued 46 policy statements, of which their statement on Public Trust Doctrine
warrants special notice here:

“Laws, regulations, and/or policies affecting fishery and wildlife resources and the habitats upon
which they depend should be based on the state or province’s legal stewardship responsibilities to
manage those resources for the benefit and enjoyment of present and future generations”.
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Directions for Future Research in Hawaiian Streams and Estuaries:
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Introduction

On 26 and 27 April 2005, a Symposium on Hawaiian Streams and Estuaries was sponsored by the
Division of Aquatic Resources (Department of Land and Natural Resources, State of Hawaii) and
the United States Fish and Wildlife Service Sport Fish Restoration Program. This Symposium (co-
organized by the Louisiana State University Museum of Natural Science) had several goals. These
included bringing together researchers who had been working in Hawaiian streams and estuaries, as
well as biologists who study similar systems in other parts of the World. This forum allowed updates
and reports on research projects and facilitated collaboration between these scientists. Other goals
included educating local people on the status of freshwater and estuarine organisms and describing
the nature and scope of research on aquatic plants and animals. In addition to talks by experts, the
conference incorporated presentations by local naturalists and students and thus provided unique
opportunities for the scientists to learn from residents whose lives and livelihood have been associ-
ated with streams and estuaries for many generations. These latter presentations provided historical
and cultural perspectives that otherwise would have been missing from the conference. Finally, sym-
posium participants were charged with providing ideas and directions for future research on
Hawaiian streams and estuaries, and a discussion section was scheduled at the end of the sympo-
sium. This final discussion section was moderated by M.G. McRae and recorded by L.K. Benson
McRae. Participants were provided with a list of possible research directions and talking points as a
springboard for discussion. These initial ideas and directions were co-authored by J.M. Fitzsimons
& M.G. McRae from LSU and by R.T. Nishimoto & G.R. Higashi of the Hawaii Division of Aquatic
Resources. The list below includes these items as well as additional future directions provided by
conference participants.

Directions for Future Research in Hawaiian Streams and Estuaries

1. Hawaiian Stream Surveys:
a. Increase frequency of statewide surveys of streams, especially at the lower elevations

where data are limited.
b. Continue building the GIS-correlated stream database and make it web accessible to poten-

tial stream users and researchers.
c. Improve the integrity of spatial models of Hawaiian streams and native stream fish habi-

tats.
d. Establish flow requirements for streams and estuaries in Hawai‘i.
e. Maintain early life history studies of amphidromous fishes in the context of identifying

source and sink populations of adults.
f. Investigate the ecological importance of flash floods.
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2. Synthesize all information that has been compiled by different agencies and research groups per-
taining to hydrologic models.

3. Continue studies on Hawaiian stream organisms.
a. Complete life history studies for the principal species of fishes and aquatic invertebrates.
b. Develop a field identification key for nonindigenous species reported for Hawaiian

streams.
c. Continue studies contrasting the two species of Kuhlia as a background for management

recommendations.
d. Support studies on the distribution, systematics, ecology, and behavior of damselflies,

dipterans, and other invertebrates whose life cycles are tied to streams and estuaries.
e. Continue to explore the use of aquatic insects as indicator species for aquatic environ-

ments.
f. Pursue studies of freshwater and euryhaline algae and other aquatic plants to identify their

significance in community composition and structure in streams and estuaries. 
g. Expand investigations of the genetics of stream/estuarine organisms and the use of natu-

rally occurring stable isotopes to amplify details of the marine ecology of amphidromous
fishes and invertebrates.

h. Determine the role of anatomy and biomechanical capabilities of stream and estuarine
species in maintaining faunal composition and the distribution of plants and animals in
stream/estuarine ecosystems.

i. Extend surveys to determine Lentipes distributions.
j. Investigate the role of increased stream temperatures on goby climbing effectiveness.
k. Perform additional diet research on understudied species of gobies, and expand Sicyop-

terus feeding studies to contrast preference vs. availability of algae.
l. Accumulate information on traditional use and knowledge of native gobies by Hawaiians.

4. Support research on invasive aquatic species.
a. Develop procedures for removing alien aquatic species and assess their effectiveness.
b. Establish a program to educate the public about alien species and set up a hotline for

reporting.
c. Develop creative volunteer programs to assist with alien control.
d. Assess the impact of nonindigenous species on native fishes, crustaceans, and mollusks,

especially at the stream mouths where the interaction between amphidromous native
stream animals and coastal recreational fish species are temporally sympatric. 

e. Apply stock enhancement technology to analyze the impact of alien mullet (Valamugil) on
native mullet (Mugil). 

f. Determine if movements of native amphidromous and coastal species are transmitting par-
asites into pristine native habitats.

g. Assess parasite implications of the continued import of established exotics.
h. Evaluate links of parasite introductions with the aquarium trade. Determine whether the

import of poeciliids should be banned.
i. Investigate the pathology of parasites over time on the reproductive success, etc. of native

stream organisms.
j. Study the effects of exotics on native insects.

5. Extend research into larger watershed scale studies, with emphasis on the links between terrestri-
al/freshwater species.
a. Explore the biological links between terrestrial vegetation and aquatic plants and animals.
b. Ascertain the influence of terrestrial inputs on water chemistry in stream watersheds and

the implications for coastal marine fisheries. 
c. Determine the effects of exotic trees, ungulates, etc. on stream quality. 
d. Study the role of nutrient input from woody debris and riparian vegetation in streams and

estuaries.
e. Institutionalize the PABITRA methodology for stream assessment studies. (PABITRA =

Pacific-Asia Biological Transect Network; http://www.botany.hawaii.edu/pabitra/)
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f. Investigate the role of forested/nonforested habitats in cloud formation, rainfall, and water
flow in streams.

g. Study how vegetation, agriculture, and land use changes affect groundwater discharge.
h. Develop predictive models about the correlation between water quality and cover. 
i. Revisit zoning/land use planning issues regarding building and development near streams

and rivers and determine whether the currently mandated buffer zone is being enforced and
is adequate.

j. Expand ahupua‘a research to studies of management plans— learn from past management
approaches used by traditional Hawaiian cultures.

6. Extend toxicology research to address effects of contaminants on native fish fauna.
a. Broaden contaminant studies to include water quality issues with other native biota.
b. Determine how toxins in the marine environment affect growth and survival of amphidro-

mous larvae and investigate the subsequent implications for population sizes of adults.
7. Establish and coordinate restoration efforts.

a. Develop procedures for restoring streams, estuaries, and anchialine ponds.
b. Initiate a program of replacing exotics with native forest/riparian vegetation.
c. Encourage aquaculture of native species.
d. Restore goby populations to harvestable levels.
e. Examine natural vs. original vs. pristine conditions for developing attainable restoration

goals.
f. Determine historic flow regimes and determine how they are linked to the presence/

absence of stream animals.
g. Facilitate better public involvement in management and restoration.

8. Investigate the response of native stream animals to climate and other environmental changes.
9. Determine priority catchments for biodiversity conservation in the Hawaiian Islands.
10. Prepare formal reports that summarize past studies on the biology, conservation, and manage-

ment of native Hawaiian stream fishes and other aquatic animals.
11. Periodically organize symposia and publish the proceedings to set directions for future projects.
12. Develop partnerships with professionals on other Pacific Islands facing similar threats to stream

habitats.
13. Strengthen public education regarding the significance of streams and estuaries in the Hawaiian

Islands.

Closing Remarks

In summary, there was a general consensus that better communication and cooperation between
research groups, universities, and government agencies needs to exist. This conference led to numer-
ous discussions and brainstorming sessions that hopefully will facilitate a continuation of these dia-
logues; conference organizers were reminded to provide everyone involved with a list of participants
and contact information. It was noted that another potential venue for this type of meeting would be
in an aquatic session of the Hawai‘i Conservation Conference, hosted by the Hawai‘i Conservation
Alliance and held each summer in Honolulu. In addition, conference attendees were reminded of the
responsibility they have to report research findings and recommendations to the appropriate manage-
ment organizations. Researchers also were encouraged to facilitate building a common website for
reporting research findings, listing government documents and scientific publications, and describ-
ing upcoming projects. Finally, educational activities and continued participation of local students of
all ages were regarded as being of utmost importance, with the hope that future conferences on the
state’s streams and estuaries will showcase more research being done in Hawai‘i by Hawaiians.
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