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ABSTRACT

Environmental assessment of impacts, management, and policy are important aspects of protection of human health and
the environment. Assessing the impacts of human activities requires selection of bioindicator species that can be used to
assess, manage, and develop public policies that ensure ecosystem integrity, and therefore sustainability of social, cul-
tural, and economic systems. With the use of Chinook Salmon (Oncorhynchus tshawytscha), Pacific Cod (Gadusmac-
rocephalus), Mallard (Anas platyrhynchos), and Red Knot (Calidris canutus rufa), we explore assessment and measure-
ment endpoints, and their relationship to management and development of public policy. This combination of fish and
birds provides a diversity of life histories, ecosystem roles, human values, and resource use to explore their use as bio-
indicators and endpoints. It also allows examination of 1) conservation and protection of species and biodiversity, 2)
protection of ecosystems, 3) provision of goods and services, and 4) societal well-being.

K eywords: Assessment; Bioindicators; Contaminants; Endpoints Management; Public Policy; Fish; Birds

1. Introduction subsidence), anthropogenic effects (e.g. development on
land, in estuaries, and in the ocean), and globa change
(e.g. climate change, sea levels rise). Important compo-
nents of successful management, however, are meaning-
ful stakeholder involvement and community participation
[4], including attention to environmental justice consid-
erations[5,6].

In this paper we explore the relationship between en-
vironmental assessment and monitoring, measurement

Environmental management, and ultimately development
of environmental public policy, requires assessment of
species within ecosystems, and monitoring to determine
changes that can be used to predict population declines,
loss of environmental resources, loss of goods and ser-
vices, and effects of restoration and remediation, among
others. At its heart, environmental assessment requires
biocindicators, biomarkers, and other measures of the

health and well-being of organisms and ecosystems [1-3].

Stressors play a key role in the health of any population,
and stressors can be physical, chemical, and biological.
All three can be either natural or anthropogenic. And all
need to be assessed and monitored as a precursor to the
management and the development of public policy. Ha-
bitat loss is one of the most important stressors species
face, and such loss can be due to natural effects (e.g. dis-
placement of sand in coastal regions, accretion and land
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endpoints, management, and public policy by examining
different categories of environmental assessment that are
necessary for management and public policy. We use
four aquatic species to illustrate how the biology and life
history of each species, human values, and use of these
species contribute to management goals and the devel-
opment of public policy. In al cases the assessment
endpoint is the overall health of the species such that its
populations are sustainable, and they can continue to
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provide the goods and services that people value. The
bioindicators considered are Chinook Salmon (Oncor-
hynchus tshawytscha), Pacific Cod (Gadus macrocepha-
lus), Madlard (Anas platyrhynchos), and Red Knot (Cali-
dris canutus rufa). These species are iconic to various
stakeholders.

Our overall approach was to 1) review the relevant le-
vels of environmental assessment and monitoring that
apply directly to environmental and ecosystem manage-
ment, providing some examples, 2) provide the ecologi-
cal and human dimension characteristics that are impor-
tant for examining assessment, monitoring, management
and public policy needs for four bioindicators (2 fish and
2 bird groups), 3) develop assessment endpoints that can
also be used for monitoring for four species within the
fish and avian groups, and 4) discuss management op-
tions and public policy needs. We focus on anthropo-
genic effects on these species, as they are the ones that
are amenable to management and the development of
public policy. We also mention contaminants of concern
for each species, and evaluate management options for
each. The development of ideas, information on assess-
ment and management, and examples of public policy
development are given in the tables to highlight specific
aspects.

Our selection of indicator species reflects different
lifestyles, habitat use, environmental constraints and ex-
posures, degree of human interest or exploitation, and
different management opportunities. All of the species
are of interest to one or more recreational, subsistence, or
commercial stakeholders, are iconic and symbolic to
some Tribes or groups of stakeholders, are managed or
protected during some or all of their life cycle, and en-
gender controversy about their management. The fish are
managed by federal (National Marine Fisheries Service
of National Oceanic and Atmospheric Administration) or
state fisheries agencies, and the birds are managed by
state and federal resource agencies, as well as Treaties
between the United States, Mexico and Canada (Migra-
tory Bird Treaty Act of 1918).

There are several levels of environmental assessment
that are essential to evaluate the health and well-being of
ecosystems, to manage these systems, and to develop
viable, cost-effective and equitable public policies to
sustain them (Table 1, [7]). Sustainability is management
of opportunities and resources for future generations, and
the ability of ecosystems to continue to provide goods
and services for societies [8]. These assessment levels are
aso used to develop monitoring plans to determine
trends before effects become catastrophic. Table 1 aso
provides examples of management implications for each
assessment type, as well as public policy implications.

Copyright © 2013 SciRes.

2. Bioindicator Characteristics

Below we briefly discuss life histories of the bioindica-
tors, but the salient points for assessment are given in
Table 2. We include their special value to people, re-
source use, and management and public policy implica
tions because these provide the rationale for their use and
importance.

2.1. Chinook Salmon

Salmon lay their eggs in freshwater, migrate to the sea as
juveniles, and return years later as mature adults to breed
and then die. They are heavily fished recreationally and
commercialy, and are culturally important to Native
Americans [9]. Salmon declines have resulted in cultura
deprivation for some Native American tribes that have
been using Salmon from the Columbia River Basin for
about 9000 years [10]. Five species of Salmon breed in
the northwestern United States, and the Hanford Reach
of the Columbia River (adjacent to the Department of
Energy’s Hanford Site) is one of the most significant US
spawning habitats for fall Chinook Salmon [11]. Salmon
conservation in the Pacific Northwest is complicated by
the hydroelectric system of dams, commercial and rec-
reational harvesting, genetic distinctiveness of many
“stocks’, and controversial supplementation by hatchery
fish [12,13]. Sometimes hatchery fish produce more off-
spring that reach adulthood than wild Salmon [14]. Sal-
mon runs have been severely impacted by dams that pre-
vent access to their traditional upstream spawning areas
[15]. The biggest habitat difficulty is the inability of
Salmon to reach their traditional spawning grounds. One
wildlife management conclusion is that spawning rivers
should be returned to normative water flows, habitats,
and communities [16].

Salmon eggs are laid in gravel at the bottom of streams
and rivers, where they are vulnerable to contaminants in
pore water from groundwater upwellings. Selection of
nest sites within spawning areas (redds) is therefore crit-
ical to reproductive success, and spawning habitat is lim-
ited by deep water and low water velocity [15]. Impor-
tant substrate characteristics are pebble count (pebbles or
stones allow for water movement), grain size in the nest-
ing area, water depth, and water velocity. The spawning
areas need downward flow of water through the part of
the nest where the eggs are located (eggs are about 20 cm
below the river bottom surface) for oxygenation. Water
must flow at least to these depths; Salmon prefer nesting
in areas with water velocities greater than 1 m/s, and
where stream flow fluctuations are reduced [17]. Land-
scape factors that account for Salmon recruitment include
variations in the percent of land that was urban, propor-
tion of stream length failing to meet water quality stan-
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Table 1. Types of assessment and monitoring required for management and policy. I nitial assessment types after Burger et al.
(2013). We give examplesin each category.

Assessment and
Monitoring Type

Example of Indicators

Examples of Management
Implications

Examples of Palicy
Implications

Physical

Ecological

Eco-toxicological

Human Headlth

Social/Economic

Sustainability

Presence of streams, lakes, rivers.
Storms and weather, soil types,
oxygen levels, water depth;
current velocity

Fecundity, reproductive success
rates, growth rates, population
levels, age structure, energy flow,
biodiversity, nutrients, ecosystem
structure and function

Levels of contaminants in species,
abnormalities associated with toxic
chemicals; lethality tests (LC50).
Reproductive toxicology

Levels and effects of natural and
anthropogenic chemicals in human
foods; levels and effectsin tissues,
organs, measures of emotional stress

Measure cost of exposures (both
physical and mental) to toxic
chemicals; Emotional and
economic cost of lost work

Monitor populations and trends for key
species. Monitor above components
including, new inputs of water or
nutrients to maintain system; establish
costs of removal of invasive species

Opportunities to increase oxygen levels,
change water depth; Build dams (or
remove them) to restore natural water
flow; Creation of artificial lakes; dredge
streams and rivers

Manage habitats to increase population
levels; regulate hunting to maximize
reproductive-age individuals, remove
invasive species to increase natural
nutrient flow and biodiversity

Prevent pollution, remove sources,
interdict pathways to aguatic systems.
Remediate and restore habitats to
eliminate toxic chemicals; build
barriers to transport of pollutantsto
reduce exposures

Remediate and restore lands to eliminate
toxic chemical exposure to workers and
the public; Build barriers to exposure;
Manage towns and cities for optimal
matrix of open space and development

Manage natural resources and natural
ecosystems to sustain socia needs, and
provide economic benefits, with afair
distribution of risks and benefits;
manage resource extraction/use

Determine numbers and demographics
necessary to maintain stable populations;
Maintain biodiversity to provide goods
and services for humans, aswell as
maintaining healthy ecosystems

Develop an integrated watershed
program to control water flow and
optimally maintain natural water
flow, dunes, saltmarshes and other
habitats to protect coastal areas
Develop national policy oninvasive
species; Policy development on
matrix of habitatsin parks and
reserves, and optimal matrix for
developed and undeveloped land

Update federal and state regulations,
(e.g. Clean Water Act). Develop a
national policy on chemical testing
and levels to reduce risk

Develop local, regional and national
policies for contaminant exposure,
with environmental justice in mind;
Develop uniform policies for matrix
of optimal space, and for population
densities

Develop local, state and regional
policies to enhance maximum

social and economic use of natural
resources and social capital

Develop anational strategy for
maintaining biodiversity, optimize
the stability of natural and restored
ecosystems, assure provision of
goods, and services necessary to
maintain healthy human populations

Table 2. Characteristics that result in competing ecological and societal/cultural demands, using sensitive and iconic species

as bioindicators.

Characteristic Chinook and other Pacific Cod and Mallard and other Red Knot and other
Pacific Salmon Bering Seafish hunted waterfow! migratory shorebirds

Ecological

Trophic level L%gi?;mgﬁj{{y; foign;xgri?{vtr?eﬂry —tes Herbivore and granivore Invertebrates

Life stages Egg, fry, juvenile, adult Egg, fry, juvenile, adult Egg, chick, juvenile, adult Egg, chick, juvenile, adult
igﬁg%&a;d g;] \(lje;tlliris Most arein freshwater but Terrestrial and feed mainly

Habitat (usual) Maturein océan return to " Saltwater some breed and may winter  in coastal areas, but some
natal river ' in estuariesand salt marsh.  feed in freshwater areas

Lifespan (years) 0-8 4 - 12 (max of 25) 5-10 12-15

Anadromous fish that
was abundant, stream-
dependent, and base of
many food chains.
Iconic for Pacific NW
and Tribal cultures
Intense commercial and
recreational fishing

Ecosystem role

Specia Human Value

as abioindicator
Fishing/Hunting Pressure
on bioindicator class
Management

Imperatives for
bioindicator class

Manage dams, spawning
aress, and fisheries

Balancing risks and
. . benefits of dams, riparian
Public Policy development, fishing,
Implications

viable populations, and
from fishing

Saltwater fish in Bering Sea
and Pecific that is heavily
fished; young form base of
predatory food chains
Important commercial fish;
Key for Aleut subsistence
Intense commercial and
some recreational fishing
Manage fisheries, treaties
for international take

in Bering Sea

Balancing risk from Aleut
fishing and cultural interests,
commercia fishing interests,
and international fishing
concerns

Herbivore in freshwater
ecosystems

Important hunting species;
key waterfow! bioindicator
Extensive hunting >4 million
shot (25% of population)
Determine reproduction
populations levels, and take
limitsin US

Establish hunting limits;
Treaties with Mexico and
Canada about conservation.
Balance hunting against
population levels

Invertebrate predator in
Arctic ecosystem while
breeding, estuarine systems
during therest of itscycle
Iconic for migratory
shorebirds; for huntersin SA
No hunting in the US; hunting
pressure in South America
Protect migratory habitat

in US with manageable
human disturbance
Balancing risks and benefits
of habitat protection of state
vsfederal lands; balance
national vsinternational
interests
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dards, and index of ahility of streams to recover from
sediment flow events [18]. Agricultural, industrial, and
residential runoff also must be considered. Additionally,
there is concern about the potential impacts of chromium
(hexavalent) on Salmon eggs and young specifically at
the Hanford site [11]. Understanding the levels of as
sessment, measurement endpoints, and management is
critical to developing sound public policy. The Pacific
Northwest is embroiled in major public policy debates
about how to restore Pacific Salmon. Because of its im-
portance to Native American tribes in the area, to recrea-
tional fishermen, and to ecosystem integrity in the
northwestern US, it is critical to understand the factors
affecting population health and stability.

2.2. Pacific Cod

Pacific Cod are ocean fish that live and feed near the
bottom of the continental shelf of the northern Pacific
Ocean [19]. They have an important ecosystem role as
both prey (when they are small) and predator when they
are larger. They are important prey for Halibut (Hippo-
glossus stenolepis), seals, and whales. Growth and maxi-
mum size are dependent on latitude (northern fish are
larger), likely due to the longer growing season (e.g. total
thermal energy received [19]. They are important and
lucrative commercial fish from the Pacific [20], and are
found in supermarkets throughout the US, especially
given the crash of the Atlantic Cod fishery (Gadus mor-
hua). They are also an important subsistence fish for the
Aleuts living in the Aleutian Islands [21]. Because Cod
are such an important subsistence and commercia fish,
and have a key role in the food chain, it has been critical
to examine contaminant levels, such as mercury, PCBs
and radionuclides [22,23]. Pacific Cod release all their
eggs in a single spawning event in the winter, and their
eggs develop near the ocean bottom. Females increase
their reproductive output by releasing a large humber
(millions) of eggs. Ocean temperature may play arolein
egg survival, incubation time, and hatching rate [24],
making water temperature an important variable. Cod
move into deeper water in the fall, and return to shallow
water in the spring.

2.3. Mallard

The Mdlard is the most widely-distributed duck in North
America and the World. In North America it breeds from
the Aleutian Islands, south to Bgja California and in the
past century it has extended its breeding range across
North Americato the Atlantic Coast. It isafamiliar pond
and park species, and is hunted throughout North Amer-
ica. The Mallard’s success can be attributed to its broad
habitat tolerance, hardiness in cold climates, catholic
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food tastes, and tolerance of people [25]. They nest in
pothole lakes, marshes, farmlands, forests, urban parks,
and backyards. They eat aquatic vegetation, seeds and
agricultural crops. Like other species of ducks, males
take no part in nest site selection, nest construction, in-
cubation or care of the young; the pair bond is temporary.
Females hide nests in grass, lay up to 15 eggs, and delay
incubation until al eggs are laid (young hatch synchro-
nously [25]). Newly hatched ducklings are precocial,
able to walk and feed on their own, and they leave the
nest, following the female to water, within a day or two.
In urban areas, male Mallards sometimes protect females
throughout incubation [26]. In shallow water, Mallards
feed by tipping up, and reaching through the water to
feed on the bottom vegetation. They also feed on grainin
fields, and in woodlands on nuts and other vegetation
[27].

The US Mallard population varies around a manage-
ment goal of 8 million. In the mid-2000s breeding popu-
lations were at least 2 million below the goal [28]. The
North American population is estimated at over 9 million
[29]. Wintering Mallards use both freshwater and salt-
water coastal marshes [30]. These marshes are vulnerable
not only to habitat loss, but to salt water intrusion from
channel dredging, and changes in sediment from levee
construction [30]. The Louisiana marshes traditionally
served as important overwintering habitat for dabbling
ducks, but these marshes are disappearing at an alarming
rate (about 100 km?/year [31]). Effective management or
what the Fish and Wildlife Service cals “adaptive man-
agement” requires determining the relative effect of al
sources of mortality. Natural mortality is higher than
hunting mortality [32], but the annual Mallard Harvest is
above 4 million birds [33], and hunters harvest about
20% - 25% of the autumn Mallard population [25].

2.4. Red Knot

Red Knots are medium-size sandpipers that breed in the
Arctic and migrate long-distance (up to 30,000 km) to
the southern hemisphere [34]. The eastern North Ameri-
can subspecies (Calidris c. rufa), winters along the At-
lantic coast as far south as Tierra del Fuego in South
America[35]. Knots have declined drastically in the past
30 years, and only 20,000 - 30,000 Knots remain in the
Western Hemisphere, compared to over 100,000 in the
late 1980s [36]. For most of the year, Knots feed on tiny
invertebrates along the tideline or in mudflats [37], but
on their northward spring migration, the birds depend on
the eggs of Horseshoe Crabs (Limulus polyphemus) in
Delaware Bay [36]. During their brief (two week) stop-
over, the Knots need to nearly double their weight to
allow for the long migration, north to the Arctic, and to
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have sufficient fat resources to lay eggs upon arrival [38].
They arrive on the wet Arctic tundra just after snow melt,
when food is till scarce, and females deplete their body
fat to lay their clutch of 4 eggs. Some Knots migrate rel-
atively short-distances to the southern US and the Carib-
bean, while others migrate to Tierra del Fuego, which
results in very different habitat requirements. Of the four
indicator species discussed, Red Knots migrate the long-
est distance, accounting for their risk [36]. Because
Knots depend upon coastal and estuarine environments
during most of their life cycle, Global warming and in-
creased sea level will result in severe habitat loss for
Knots because they spend more than 70% of their life
cycle there; Galbraith et al. [39] predicted that major
intertidal habitat losses for shorebirds in four key estuar-
ieswill likely range from 20% to 70%.

3. Measurement Endpoints, Stakeholder
I nvolvement, Management and Public
Policy

Assessment and measurement endpoints are critical for
management and the development of public policy. As-
sessment endpoint refersto the quality to be assessed (e.g.
healthy populations), while measurement refers to a va
riable that can be measured (e.g. number of breeding
adults, number of young produced). However, metrics
are most effective when a full range of stakeholders are
involved in the development, gathering of relevant in-
formation, and use in determining management options
and developing public policy [4]. Three aspects are de-
scribed in Table 3, with brief descriptions for each of the
indicators species given.

Measurement endpoints for Salmon relate to freshwa-
ter characteristics, mainly because Salmon are vulnerable
to anthropogenic factors (including contaminants) there,
and managers can more easily manipulate watershed
conditions. Assessment endpoints include water flow,
water depth, pebble size, bank slope, siltation, and dis-
solved oxygen (physical monitoring), conspecific nesting
density, food availability and reproductive measures
(ecological monitoring), contaminants and abnormalities
in different stages (ecotoxicological monitoring). Other
measurement endpoints include Salmon landings, size
and hedlth of the Salmon, contaminant levels toxic for
consumption (human health monitoring), and monies
derived from Salmon fishing licenses, fish hatcheries,
and other businesses associated with Salmon fishing, as
well as the cultural and nutritional benefits for Native
American Tribes (cultural/economic monitoring) (Table 3).

Physical measurement endpoints for Pacific Cod are
easier to define because they spend their entire lifein one
habitat (Northern Pacific) where the critical variable is
food availability, which in turn depends on water tem-
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perature and growing season, currents, and visibility and
total light exposure (Table 3). Ecological and eco-toxi-
cological measurement endpoints for Cod are similar to
those of Salmon. Similarly, the same pollutants can af-
fect their growth, reproduction, and survival.

In Mallards, breeding success is dependent upon the
number of available and suitable breeding sites with as-
sociated wetlands for foraging, thus measurement end-
point relate to nesting and foraging qualities, as well as
hunting pressure and contaminants (Table 3). These in-
clude availahility of wetlands and water depth, food,
which in turn influence reproductive success, growth
rates, and survival (Table 3).

Measurement endpoints for Red Knots include: per-
cent snow cover and temperatures in the Arctic, predator
cycles, amount of available tidal flats for feeding (physi-
cal monitoring, water depth) in coastal US, number of
Horseshoe Crab eggs on migration stopovers, density of
prey (invertebrates), reproductive success, survival, lon-
gevity, populations levels at particular stopover or win-
tering sites (ecological monitoring), contaminant levels
in eggs, feathers and other tissues (ecotoxicology), and
percent habitat without human disturbance (Table 3) In
the Caribbean and South America Red Knots are cap-
tured for food.

4. | nterests of Stakeholders: Mutual
Concerns and Conflicts

There are many different “stakeholders’ that are interested
in, and affected by issues that surround the bioindicators
discussed above. These include resource and regulatory
agencies of US federal and Tribal governments, and state
and local governments, as well as scientists, conserva-
tionists, Tribal members, resource users, and all other
interested and affected parties (Table 4). Resource users
may have a consumptive (fishing, hunting) or non-consum-
ptive (aesthetic, bird watching) interest. Although their
interests may sometimes differ, they overlap frequently.
For most stakeholders, resource protection and the main-
tenance of healthy populations are of paramount impor-
tance, although the population levels deemed sufficient
may differ. Further, some agencies or individuas are
primarily interested in the welfare of the bioindicator,
while others are interested in resource extraction, and
gtill others are interested in the total relationship between
the species and human needs and culture (e.g. Triba in-
terests [40Q]). Even so, reaching consensus among stake-
holders is an important management goa that leads to
more effective public policy.

5. Conclusions

For decades environmental management wasin the realm
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Table 3. Assessment and measurement endpoints for determining the impact of actions on populations, using several species
as examples. management options and public policy decisions are examples of potential actions, and indicate the relationship
between indicator measurement endpoints and actions for biocindicator species.

Characteristic Chinook Salmon Pacific Cod Mallard Red Knot
Healthy Salmon populations, . )
) PR . Healthy populations to Achieve healthy
Assessment runs with spawning in Healthy populations of allow hunting. Controlled populations, reverse

traditional places. Cod sufficient to maintain

E:grg(');t Maintaining sufficient Aleut subsistence needs
fish for Tribal, commercial  and commercial fisheries
and recreational fisheries

Measurement Dissolved oxygen, water Water temperature,

Endpoint depth, stream flow, pebble  spawning location

Physical size, fine particle siltation Latitude
Reproductive success, food :

Ecological base, philopatry to breeding Reproductive rate, growth

streams; predators rate, prey base, predators
Levels and effects of PCBs,
mercury, chromium on
different life stages

Availahility of Salmon for
food and Tribal culture;
possible effects of
contaminants on human
health

Availability for Tribal
culturd lifeways, for Pacific
Northwest people, for
commercial uses; Catch
effort; money spent on
fishing equipment and
travel

Eco-toxicology
stages

Aleut and recreational
fisheries; effects of
contaminants

Human Health

food base for other trophic

levels; money spent on

fishing equipment and
travel

Populations of Cod that
can provide for Aleut

Social/Economic

Can Salmon populations
continue to provide the

Sustainability : needs, needs of Bering
cultural, economic, and
societal goods and services? Sea ecosystem, and
* commercial catches
US State, federal and Tribal  US State and federal
regulators and resource regulators and resource
i\%ﬁ;‘;ﬁgt trustees; Tribal peoples; trustees; Aleuts and other
Pacific Northwest citizens;  Alaskan Native peoples,
Fishing interests fishing interests
Restoration of fall Chinook
Management Salmon to their traditional Set catch limits, size
for specific spawning groundsin the limits, and fishing
indicator Pacific NW; restore to seasons for Pacific Cod
meet Tribal needs
e on Deeminetaect
and natural water flow, between US fishing fleet
PublicPolicy  relationship between and those from other
for specific natural genetic stock and .°°“”t”‘?’5' 'nVOIV”.]g
for sp . 9 . international treaties,
indicator fish hatchery production; '

Determine limits for
different fisheries (e.g.
Tribal, commercial)

Determine public policy
about Tribal, cultural and
other fishing rights

Levels and effects of mercury,
PCBs, radionuclides on life

Availability for commercid,

Population level for commercial
and recreational fishing needs;

asaninvasivein Floridato
avoid genetic swamping of
Mottled Duck

Water depth, prairie
pothole distribution

Reproduction, growth,
wetland interspersion,
vegetation structure

Levels and effects of lead
(lead shot), mercury, and
other contaminants

Populations of ducks for
hunting, feathers (down)
for Native Americans

Population levelsto alow
hunting without damage to
populations; Money spent
on hunting gear and travel;
role of duck hunting in
Native American cultures

Are populations
sustainable with
current hunting
pressures

USfederd regulators and
resource trustees; hunters,
bird-watchers and other

Set hunting limits overall,
determine enforcement
regulations; manage for
breeding habitat

Determine societally
acceptable population
levelsthat still allow
hunting; Determine the
applicability of closed
seasons. Examine efficacy
of population balancing

current decline.
Preserving the rufa
subspecies

Water depth on mudflats,
tidal swing, low tide
exposure

Reproduction, growth,
migrating and wintering
habitat

Levels and effects of
mercury, PCBs, other
contaminants

Populations of Red Knots
available for bird-watchers
and recreationists, hunters
inSA.

Money spent by bird-
watchers and recreationists;
Money and time spent by
scientists to assess
populations, and by South
American

hunters

Are populations sustainable
with the loss of habitats and
hunting pressuresin SA

USfederal and state
regulators and resource
trustees; conservationists
and bird watchers;
fishermen

For migratory and wintering
habitat, restrictions on
human activities that disturb
foraging shorebirds

Determine the US
responsibility for non-breeding
species, endangered

or threatened status for species
that migrate through the US;
Balance fishing needs (for
Horseshoe Crabs) with needs

between different duck species of Red Knot

of “environmental managers’, scientists, conservationists
and other who considered themselves professionals. In
recent decades, however, the realization that reaching
viable, equitable, and acceptable environmental decisions
requires the involvement of consumers, Tribal govern-
ments (and their people) as well as a range of stake-
holders [4,41,42]. Although differences in perceptions
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between different governments (US and Tribal), differ-
ent agencies within governments (and between state and
federal), and between governments and different stake-
holders, may result from differences in information or
interpretation of that information [43], it is clear that in-
volvement of different stakeholders with different views
should lead to better and more widely acceptable envi-
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Table 4. Possible conflicts between manager s, management goals and resour ce users. Welist only some of the goals.
Chinook Salmon Pecific Cod Mallard Red Knot
Protect populations and genetic . Protect Mallard populations .
us Resource stocks; manage with hatcheries; Prote_ct DQPUIat' ons for for sustainability, especialy Pro_tect po_pul ations
Agencies S S sustainability . . during entirelife cycle,
maintain sustainability in prairie potholes
US Resource Protect Salmon populations and Regulate Cod catch for tErg;)irC? f‘”i?a:tzméi?ﬂd Enforce avian protection
regulators genetic stocks; regulate fisheries sustainability hunti% €9 laws and treaties
Tribal Resource  Protect populations, genetic stocks, Regulate and protect . .
Agencies and and traditional runs and spawning Cod for tribal useinto Protect ducks for ¢ ulturd Protec_t th_e|r populations
. th . reasons and for tribal uses on their tribal lands
regulators sites the 7" generation
Protect Salmon, understand factors ~ Understand Cod breeding Understand the factors Understand the factors
Scientists affecting stocks, genetic stocks, biology and populations, affecting population affecting populations f
populations, breeding biology habitat and breeding stability with a hunting rom the Arctic to the
and habitat. behavior regime sub-Antarctic
Maintain Cod populations A ’ .
— . ; Maintain healthy Protect shorebirds, their
Conservationists  Protect Salmon and genetic stocks o they do no_t decreasein populations habitat, and prey base
numbers or size
Protect Salmon and stocks for Protect Cod for cultural, Protect healthy populations  Protect healthy populations
Tribal Members  cultural, food and traditional food, and traditional to allow for traditional for traditional culture;
purposes purposes hunting and cultural uses protect use for SA cultures

Fishers, Hunters,
other resource

Have sufficient populations

Have sufficient populations

Have sufficient number
for duck hunting

Have sufficient populations
in NA to withstand hunting

USErs to alow fishing to allow fishing
;];;itded or Hydroel ectric Power;

. . Recreational industries industries
industries

Factory fishing, recreational

in SA
Hunting equipment and
travel industry

Tourism equipment
and travel

ronmental decisions [44,45]. Thus, it is extremely im-
portant to include the full range of stakeholders in envi-
ronmental assessment, monitoring and management, and
in the ultimate development of public policy, to assure
ongoing public support for the management decisions
and monitoring programs.

Environmental management is often required because
of one or more of the following reasons: 1) natural envi-
ronmental stressors, including competition and predation,
2) anthropogenic stressors, including landscape, physical,
chemical and biological, and 3) global changes that can
be natural or anthropogenic (e.g. climate change, El Nino
events). In al cases, the populations of the indicator spe-
cies discussed in this paper are partly threatened because
they are classic cases of the “Tragedy of the Commons’
[46,47]. That is, al four species are “used” by different
stakeholder groups, and exploitation by one or several
groups can decrease the availability of the species for
other groups. Even though al four are “managed”, “har-
vested”, and variously “protected” during some or part of
their life cycle, controversies still occur. Further our pa-
per does not address how to integrate the results from the
different assessment categories. This task will involve
consensus discussions among stakeholders with different
views.

Based on the combination of bioindicators discussed in
this paper, we suggest that 1) there are many levels of
assessment (physical to sustainability), 2) key measure-
ment endpoints include human health and sustainability

Copyright © 2013 SciRes.

as well as the traditional physical, ecological and eco-
toxicological endpoints, 3) there is great variation in life
histories, reproductive potential, and population dynamo-
ics, 4) the biology and life histories of species influence
the key measurement endpoints for assessment, 5) as
sessment and measurement endpoints are essential to
determining species and ecosystem management, 6)
endpoints that direct management then lead to develop-
ment of public policy, and 7) the above aspects require
stakeholder involvement in al phases. We conclude that
these suggestions will lead to better, more effective en-
vironmental management and devel opment of better pub-

lic palicy.
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