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Coastal marine habitats at the interface of land and sea are subject to threats from
human activities in both realms. Researchers have attempted to quantify how these
various threats impact different coastal ecosystems, and more recently have focused
on understanding the cumulative impact from multiple threats. Here, the top threats
to coastal marine ecosystems and recent efforts to understand their relative impor-
tance, ecosystem-level impacts, cumulative effects, and how they can best be managed
and mitigated, are briefly reviewed. Results of threat analysis and rankings will dif-
fer depending on the conservation target (e.g., vulnerable species, pristine ecosystems,
mitigatable threats), scale of interest (local, regional, or global), whether externalities
are considered, and the types of management tools available (e.g., marine-protected
areas versus ecosystem-based management). Considering the cumulative effect of mul-
tiple threats has only just begun and depends on spatial analysis to predict overlapping
threats and a better understanding of multiple-stressor effects and interactions. Emerg-
ing conservation practices that hold substantial promise for protecting coastal marine
systems include multisector approaches, such as ecosystem-based management (EBM),
that account for ecosystem service valuation; comprehensive spatial management, such
as ocean zoning; and regulatory mechanisms that encourage or require cross-sector goal
setting and evaluation. In all cases, these efforts require a combination of public and pri-
vate initiatives for success. The state of our ecological understanding, public awareness,
and policy initiatives make the time ripe for advancing coastal marine management and
improving our stewardship of coastal and marine ecosystems.
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Introduction

Coastal habitats comprise some of the most
productive and valued (Costanza et al. 1997)
ecosystems of the world. They are also some of
the most heavily degraded, with human pres-
sure on coastlines ever increasing (Millenium
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Ecosystem Assessment 2005). Along with grow-
ing coastal human populations come numer-
ous human activities both at land and sea that
can negatively impact or threaten coastal ma-
rine environments. Degradation of the world’s
coasts and oceans has been the focus of sev-
eral recent high-impact reports in the United
States (POC 2003; USCOP 2004) and inter-
nationally (Millenium Ecosystem Assessment
2005). Coastal marine ecologists, policymak-
ers, managers, and users are interested in and
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concerned about how humans are negatively
affecting coastal ecosystems and how these
habitats can be protected. Central to this effort
is a need to understand the following questions:
(1) What are the human threats to the coastal
ocean and what are their impacts? (2) How
are these threats distributed and which are of
greatest concern? (3) What is the cumulative
impact from multiple human threats occurring
simultaneously in coastal marine habitats? and
(4) How can coastal ecosystems be best man-
aged in light of human threats? In this review
we address each of these questions and present
the current understanding and recent research
findings that are directing management of hu-
man threats and conservation in the coastal
ocean.

Top Human Threats to Coastal
Marine Ecosystems

Human threats to the coastal marine en-
vironment have been recognized and studied
for many years. Initially, habitat loss was the
most widespread and pressing threat to coastal
habitats that were often drained, dredged, and
in some way converted to upland habitat,
artificial substrate, or open water. With indus-
trialization, additional threats emerged, partic-
ularly pollution from toxins or fertilizers, over-
harvesting, and by-products of globalization
such as invasive species and disease. More re-
cently, the effects of widespread threats associ-
ated with global climate change, such as warm-
ing temperatures, increasing rates of sea-level
rise, ocean acidification, and UV exposure, are
being documented. With the plethora of hu-
man activities and associated threats to coastal
ecosystems, substantial research effort has in-
vestigated the effects of the most widespread or
devastating individual threats in various ecosys-
tems. Here we briefly review the threats that
generally top the list of importance and sever-
ity in driving changes in marine habitats and
discuss which habitat types are most vulnerable
to various threats.

Habitat Loss

Many coastal habitats have been completely
lost due to direct removal (e.g., via coastal engi-
neering) or degradation and eventual loss from
the cumulative effects of various stressors. Some
examples of marine habitat loss include coastal
wetlands that have been drained and converted
to upland habitat with the addition of dredge
spoils, oyster reefs that have been overharvested
to the point where they cannot be replenished,
intertidal and shallow subtidal habitats that
have been converted to jetties and hardened
shoreline, and mangroves that have been re-
moved to make way for shrimp-farm ponds.
For some ecosystems, this threat occurred most
prominently in the past. For example, signifi-
cant losses of temperate salt marshes and oys-
ter reefs occurred over the last 150 years (Kirby
2004; Crain et al. in press), but these ecosystems
are now protected by law in some countries.
For other ecosystems, habitat loss is an impor-
tant ongoing threat, particularly in tropical de-
veloping countries, for example, tropical man-
groves have been heavily impacted in the last
few decades by aquaculture development, tim-
ber harvest, and urbanization (Alongi 2008).

Estimates of habitat loss depend on the ac-
curacy of historical baselines and range widely
by habitat and region. Biogenic coastal ecosys-
tems have been particularly impacted by habi-
tat loss, since removal of the foundation species
eliminates the entire habitat. Salt-marsh loss
estimates for North America range from 12
to 93%, depending on region (Bromberg and
Silliman in press). Throughout the United
States over the last 150 years, commercial oys-
ter fisheries have been systematically overex-
ploited until system collapse (Kirby 2004). In
the Caribbean, researchers estimate over 80%
loss in coral-reef cover (Gardner et al. 2003).
Regional estimates of sea-grass loss are less
common, but reports of sea-grass loss have in-
creased tenfold over the last 40 years in both
temperate and tropical locations (Orth et al.

2006). Lotze et al. (2006) document shifting
baselines in estuarine habitats that have been
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heavily impacted in the last 150–300 years, and
estimate that since human settlement, 67% of
wetlands, 65% of sea grasses, and 48% of other
submerged aquatic vegetation has been lost.

Habitat loss is the greatest threat to natural
systems since it entails the complete removal of
the ecosystem and the services it provides (Lotze
et al. 2006). Additionally, the conversion of a sys-
tem to a different habitat type can be relatively
permanent or require intensive restoration to
convert back to its original state (Suding et al.

2004; van der Heide et al. 2007).

Overexploitation

Coastal human populations have depended
on the living resources of the sea for tens of
thousands of years. Many people still depend
on seafood as their primary protein source
and other marine-derived products (e.g., algi-
nate, a stabilizing compound derived from kelp)
are common ingredients in consumer products,
among other uses. Though harvest of marine
living resources is not necessarily unsustainable,
overexploitation has been and continues to be a
major threat to marine species and ecosystems.

Modern industrialized fisheries represent the
last major ongoing commercial harvest of wild-
animal biomass in the world. The unprece-
dented harvest rates achieved by the interna-
tional fleet have had profound and widespread
impacts on fished species, nontarget species,
and marine habitats. Wild marine fish pro-
duction peaked in the late 1980s, and land-
ings are now declining despite increasing ef-
fort (Christensen et al. 2007). In addition, mean
trophic level of catch has declined, suggesting
that we are fishing down (Pauly et al. 1998) and
through (Essington et al. 2006) marine food
webs by both serially depleting fish at ever
lower trophic levels and adding low trophic-
level species while continuing to exploit top
predators. Overharvest has led to population
depletions and in some cases, local and even
global extinctions of species (Dulvy et al. 2003;
Kappel 2005). Historic and modern fisheries
have preferentially targeted large predatory

fish, and researchers estimate only 10% of these
fish remain in the oceans (Myers and Worm
2003) and that most current fisheries will col-
lapse in the next 50 years if management strate-
gies are not altered (Worm et al. 2006).

Such dramatic reductions in harvested
species biomass have had important indirect
effects on marine ecosystems. For example, ma-
jor declines in populations of the great whales
due to whaling have been linked to shifts in
food-web structure and ecosystem functioning
in the Southern Ocean, North Pacific, and else-
where (Bowen 1997; Springer et al. 2003; Croll
and Kudella 2007). When targeted species play
keystone roles in the ecosystem, the effects of
overharvest can be particularly profound. For
example, removal of Alaskan sea otters leads to
replacement of kelp forests with urchin barrens
as urchins are released from predation (Estes
and Duggins 1995).

Nontarget species have been profoundly im-
pacted by nonselective fisheries, whether they
are landed as incidental catch, discarded as by-
catch, or injured or killed but never caught
(Crowder and Murawski 1998; Lewison and
Crowder 2003). Destructive fishing practices,
like bottom trawling and dynamite fishing, are
detrimental to both physical and biogenic habi-
tats and the species that depend upon them
(Auster 1998).

Harvest impacts vary depending on the
ecosystem in which the harvest takes place,
gear type and selectivity of the fishery, tim-
ing and frequency of harvest activity, ecological
functions of targeted species, and, of course,
the efficacy of fisheries management (Costello
et al. 2008). But on average, overexploitation is
the leading threat to vulnerable marine species
(Kappel 2005; Venter et al. 2006) and a ma-
jor threat to marine ecosystems (Halpern et al.

2007; Halpern et al. 2008a).

Eutrophication and Hypoxia

Eutrophication, or excessive nutrient enrich-
ment that leads to a cycle of enhanced algal
blooms followed by algal death, decomposition
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and oxygen depletion, is a widespread problem
in coastal waters (Howarth et al. 2000). Addi-
tion of nitrogen, the limiting nutrient in most
coastal systems, is the usual culprit (Howarth
and Marino 2006). Through use of synthetic
fertilizers and fossil fuel combustion, humans
have increased nitrogen supply to coastal wa-
ters of the United States by sixfold on aver-
age, but in some coastal areas nitrogen inputs
are greater than 15 times background rates
(Howarth and Marino 2006). Over 65% of U.S.
estuaries are moderately to highly affected by
eutrophication (Bricker et al. 2008).

Eutrophication can impact systems directly
through changes in species composition, as ad-
dition of limiting nutrients can cause shifts
in competitive hierarchies (Emery et al. 2001)
and promotes invasion by nonnative species
(Williams and Smith 2007). However, the great-
est negative effect of eutrophication is generally
from subsequent hypoxic conditions created by
microbial decomposition of blooming algae.
Low dissolved oxygen (DO) driven by nutrient
pollution has been particularly damaging to es-
tuaries where water circulation is limited and
oxygen replenishment happens slowly. How-
ever, significant dead zones can extend from es-
tuarine inlets out into marine waters such as in
the Gulf of Mexico where a large annual dead
zone is now predictable. This phenomenon is
driven largely by runoff of nitrogen fertilizers
from the Mississippi River watershed, which
drains the American farm belt (Dagg and Breed
2003). Globally, the number of dead zones has
approximately doubled each decade since the
1960s (Diaz and Rosenberg 2008). Low DO
can cause changes in growth, metabolism, and
mortality of marine organisms, with sensitivity
declining from fish, to crustaceans, to mollusks
(Gray et al. 2002). However, mobile organisms
are better equipped to survive hypoxic events by
migrating, while sessile habitat-forming species
can be most heavily impacted (Altieri and
Witman 2006). Ecosystem level effects of hy-
poxia include compressed habitats, loss of key
fauna, and diversion of energy from higher
trophic levels to microbial pathways as organ-

isms die and decompose (Diaz and Rosenberg
2008).

Pollution

Coastal ecosystems are polluted by nu-
merous human-generated materials that enter
the marine environment through land-based
runoff or marine dumping. Many pollutants
of major concern are classified as persistent
organic pollutants (POPs), such as polycyclic
aromatic hydrocarbons (PAHs), brominated
flame-retardants, organometals, and numerous
compounds used as pesticides, such as DDT.
Inorganic pollutants such as heavy metals are
additional concerns. Many of these pollutants
have very long half-lives and so persist in ma-
rine systems, where their concentrations and ef-
fects continue to increase. Long-term effects of
these compounds are generally not well known
since lab-based toxicity tests are often unrelated
to field toxicity due to interactions with nu-
merous additional stressors in real ecosystems
(Heugens et al. 2001) and because monitoring
efforts focus on the presence of chemical com-
pounds, but not necessarily biologically rele-
vant effects (Wu et al. 2008). The effect of toxins
has generally been examined on a species level;
ecosystem-level impacts are poorly understood.

POPs are compounds synthesized by hu-
mans in industrial processes and include
organohalogenated compounds (e.g., chlori-
nated pesticides like DDT), petroleum com-
pounds and their derivatives (e.g., PAHs), poly-
halogenated biphenyls [e.g., polychlorinated
biphenyls (PCBs)], fire retardants such as the
polybrominated diphenyl ethers (PBDEs), and,
increasingly, pharmaceuticals and personal-
care products (PPCPs). They are of major con-
cern in marine systems because they persist and
thus accumulate over time and also biomagnify
through food webs, becoming more concen-
trated and detrimental at higher trophic lev-
els. These compounds have now been reported
from all parts of the ocean, both geographi-
cally and at all depths (Wu et al. 2008). Because
of their semivolatile nature and long half-lives,
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persistent organic pollutants accumulate in par-
ticular at high latitudes, where cold tempera-
tures decrease volatility (Corsolinia et al. 2002).
The full range of effects of these compounds is
unknown, but includes cancers, deformations,
and reproductive failure due to disruption of
sex hormones (Islam and Tanaka 2004). These
effects have been seen across all types of ma-
rine organisms, from invertebrates to reptiles to
mammals.

Oil pollution has increased since the middle
of the 20th century when oil shipping and asso-
ciated spills increased in frequency. Islam and
Tanaka (2004) estimate that millions of tons
of oil enter the marine environment from nu-
merous sources in addition to spills, including
ballast water, maintenance of refineries, and
small-scale land-based dumping “down-the-
drain.” Effects of oil on fish, marine mammals,
and seabirds are most often studied, and in-
clude physical abnormalities, blindness, cancer,
and mortality. However, the effects of oil extend
far beyond immediate mortality events, as was
shown after the Exxon Valdez spill in Alaska,
where long-term persistence of oil impacts and
indirect effects have continued to alter whole
ecosystem functioning (Peterson et al. 2003).

Heavy metals enter coastal waters directly
through dumping, atmospheric deposition, or
sewage, which also brings organic pollutants,
trace elements, and pharmaceuticals. Heavy
metals and trace elements are by-products of
numerous industrial processes and include, in
order of decreasing toxicity to marine life, mer-
cury, cadmium, silver, nickel, selenium, lead,
copper, chromium, arsenic, and zinc (Islam
and Tanaka 2004). Heavy metals interfere with
metabolic pathways and bioaccumulate in tis-
sues, having severe impacts on higher trophic
levels such as marine mammals, leading to im-
mune suppression and related diseases.

Finally, plastics derived from offshore dump-
ing and poor waste disposal on land constitute
the largest portion of marine litter on beaches
and in open waters. Plastic debris leads to mor-
tality through entanglement, ghost fishing, and
ingestion (Derraik 2002). Plastics accumulate

in areas of the ocean where ocean currents col-
lect debris in eddies, such as in the North Pa-
cific central gyre. Here the mass of microscopic
plastic particles derived from plastic pellets and
degrading plastics is six times that of marine
plankton (Moore et al. 2001).

Invasive Species

Globalization and industrialization have in-
creased the movement and spread of organ-
isms into novel geographies and habitats where
they can become nonnative invaders. Rates of
invasion have increased in the last two cen-
turies and particularly in the last 50 years (Ruiz
et al. 2000). Coastal marine habitats are some
of the most invaded habitats globally due to
the concentration of activities that promote in-
vasion, such as shipping, aquaculture, fisheries,
and aquarium trade (Williams and Grosholz
2008). Estuaries have been particularly hard
hit by invasive species, for example, San Fran-
cisco Bay is thought to have at least 234 in-
vasive species (Cohen and Carlton 1998). But
other semienclosed seas and open ocean envi-
ronments have also been impacted. For exam-
ple, major food-web changes and fishery col-
lapse followed invasion of the Black Sea by the
ctenophore Mnemiopsis (Kideys 2002). Invasive
species displace native species, alter food-web
dynamics, drive changes in habitat type, and re-
duce species diversity through homogenization
(Ruiz et al. 1999).

Altered Salinity

Human activities that result in altered
salinity regimes in coastal-water bodies in-
clude: tidal restrictions, inlet channelization, al-
tered drainage patterns, freshwater diversions,
desalinization plants, and global warming–
related changes such as melting ice caps and
shifts in water circulation or precipitation pat-
terns (e.g., Jacobs et al. 2002; Crain et al.

in press). These various activities can cause
changes that are local or widespread in na-
ture, and can result in both increases in
salinity, which generally threaten terrestrially
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derived intertidal organisms (e.g., marsh plants;
Baldwin and Mendelssohn 1998), and de-
creases, which impact marine species (e.g., ma-
rine invertebrates; Alutoin et al. 2001). While
many coastal and estuarine species are eury-
haline, tolerating a range of salinities, altered
salinity regimes become a significant stressor
when levels shift from normal tidal or seasonal
patterns or exceed the natural range of vari-
ation for extended periods of time or in brief
pulses (as from periodic saltwater intrusion).

Since salinity is a physiological factor, it can
cause immediate mortality or sublethal stress
at the organismal level, leading to shifts in
community and ecosystem structure. Coastal
estuaries are particularly vulnerable to altered
salinity regimes because the drivers of this dis-
turbance (changes in upland runoff patterns
and altered tidal exchange) are common, and
because estuaries tend to have slow mixing rates
that reduce their resilience to changes in water
chemistry. Salt-water intrusion may have the
greatest negative impact on coastal marshes,
where it can cause die-off of habitat-forming
species (e.g., Webb and Mendelssohn 1996).

Altered Sedimentation

Coastal marine habitats depend on a dy-
namic balance of sediment input and export
to function properly, and human activities can
threaten these systems by both increasing and
decreasing sediment delivery. Damming and
diverting freshwater or tidal influence can re-
duce important sediment delivery to coastal
wetlands, such as those in the southeastern
United States, where levees prevent river floods
from delivering land-based sediments to coastal
marshes (Kuhn et al. 1999). Here the marshes
are unable to accrete soils at a rate that can keep
up with sea-level rise (SLR) and have slowly
gone below sea level. In contrast, land-use prac-
tices such as deforestation and land clearing
lead to terrestrial erosion and subsequent in-
crease in sediment delivery to coastal systems.
This increase in sedimentation rates is a ma-
jor problem in coastal waters worldwide and

can exceed two times background sedimenta-
tion rates (Thrush et al. 2004).

Sedimentation disproportionally impacts
nearshore ecosystems such as coastal estuar-
ies, where increasing sediment loads lead to
burial of benthic communities and increasing
water turbidity, reducing light penetration and
leading to numerous associated negative effects
(Thrush et al. 2004). Increasing sedimentation
is a major problem for rocky reefs (Airoldi
2003), coral reefs (Rogers 1990), sea-grass sys-
tems (Orth et al. 2006), and soft-sediment com-
munities (Thrush et al. 2004).

Climate Change

Human-generated greenhouse gases have al-
ready led to an average increase in ocean and
air temperatures of 0.4◦–0.8◦C, and Interna-
tional Panel on Climate Change scenarios pre-
dict a future increase of 1.1◦–6.4◦C during the
twenty-first century (IPCC 2007).

Warming temperatures can impact marine
systems at numerous levels from the organ-
ism (due to changes in morphology, behavior,
and physiology), to the population (due to al-
tered transport processes effecting recruitment
and dispersal), to the community (due to al-
tered species interactions) (Harley et al. 2006;
O’Connor et al. 2007). Increasing tempera-
tures are predicted to shift the vertical zona-
tion and biogeographic distributions of ma-
rine species and change community properties
such as diversity and structure (Harley et al.

2006). All marine ecosystems are vulnerable
to the widespread effects of climate change,
but polar regions are at particular risk, since
small changes in temperature have profound ef-
fects on the environment and ecology (Moline
et al. 2008), potentially leading to loss of entire
ecosystems such as sea ice in the Arctic. In ad-
dition, tropical reef-building corals have been
shown to live near the upper limits of their ther-
mal tolerance, and warming can lead to mass
coral bleaching and die-off (Scavia et al. 2002).

Rising temperatures impact marine organ-
isms directly, but also cause waters to expand
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and ice caps to melt, driving sea-levels to rise at
a rate of at least 2 mm/yr (IPCC 2007), though
local SLR rates vary widely and can be as high
as 10 mm/yr (Scavia et al. 2002). SLR will
have greatest impacts on intertidal and coastal
ecosystems that have narrow windows of tol-
erance to flooding frequency or depth. Many
coastal habitats are currently squeezed between
marine habitats and human developments or
steep coastal topography, making the opportu-
nities for inland migration minimal. Galbraith
et al. (2002) estimates between 20 and 70% of
the coastal habitats in North American bays
will be lost due to SLR.

Ocean Acidification

While the oceans have been heralded as po-
tential sinks for increasing atmospheric CO2,
this absorption comes at a cost to marine
ecosystems. Increasing partial pressure of CO2

in the ocean surface changes the equilibrium of
the carbonate system such that the ocean be-
comes more acidic, the availability of carbon-
ate ions (CO3

2−) decreases, and the saturation
state of the shell-forming carbonate minerals
(aragonite and calcite) is lowered. The pH of
the global ocean has already dropped 0.1 pH
units since the Industrial Revolution, and is ex-
pected to decrease another 0.3 to 0.4 pH units
by the end of the century (Caldeira and Wickett
2003). Both the magnitude and rate of change
are cause for concern, making ocean acidifi-
cation one of the greatest threats to marine
ecosystems.

Ocean acidification has widespread direct
impacts on calcifying and photosynthesizing
marine organisms, and indirect impacts on
associated species. Reef-building corals have
been of particular concern, since acquisition
of calcium carbonate is so essential to the reef
ecosystem. At CO2 levels two times greater
than preindustrial levels, calcification rates of
reef-building corals have been experimentally
shown to decline by 20–60% (Guinotte and
Fabry 2008). Studies have shown that under
more acidic ocean conditions some coral or-

ganisms themselves may be able to persist in
an uncalcified state (Fine and Tchernov 2007),
but affiliated reef organisms dependent on
the reef structure for habitat may not fare as
well. Crustose coralline algae, also essential for
coral-reef systems and for stabilizing shorelines
from erosion, use a more soluble form of cal-
cium carbonate, making them even more sen-
sitive to a reduced carbonate saturation state
(Guinotte and Fabry 2008). Elevated CO2 has
been shown to negatively impact other shelled
organisms, such as marine bivalves, but may
have relatively negligible effects on phytoplank-
ton and even benefit marine macrophytes, such
as sea grasses (Guinotte and Fabry 2008). Thus,
biogenic marine habitats based on invertebrate
foundation species, such as coral and shellfish
reefs, are most vulnerable to elevated CO2. In
contrast, marine macrophyte communities may
benefit from elevated CO2; however, the nu-
merous and often unexpected indirect effects
on associated organisms are still unknown.

Disease

Marine diseases may be increasing for some
species due to human activities. Examples of
recent disease outbreaks with major impacts
in marine ecosystems include the Caribbean
urchin die-off (Hughes 1994), various coral dis-
eases (e.g., Aronson and Precht 2001), lobster
declines in the north Atlantic (Glenn and Pugh
2006), and marine mammal diseases (Kim et al.

2004).
Humans may promote disease outbreaks

through activities such as aquaculture with its
artificially dense populations; shipping and bal-
last water transport, which facilitate disease
vector transport; warming and other environ-
mental changes that enhance disease effects
(e.g., Bruno et al. 2007); input of terrestrial dis-
ease agents (Lafferty et al. 2004); and various
synergistic stressors that weaken populations’
disease resistance (Harvell et al. 2004). There
is a general understanding that marine diseases
are increasing in the ocean due to human activ-
ities (Harvell et al. 1999), but documenting the
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human influence on disease outbreaks is dif-
ficult due to lack of historical baselines. Ward
and Lafferty (2004) conducted a synthetic anal-
ysis and found that reports of disease outbreaks
have increased for turtles, corals, mammals,
urchins, and mollusks. They found no trend
for sea grasses, decapods, or sharks/rays, and
a decrease in disease incidence in fishes (corre-
sponding to decreasing population sizes). Ma-
rine diseases are hard to predict and may be
most destructive in combination with other hu-
man threats.

Ranking Human Threats and
Prioritizing Vulnerable Habitats

Given the multitude of marine threats and
limited conservation resources, management
efforts must prioritize how and where time and
money is spent. A number of approaches have
been developed to identify and rank key threats
to species and ecosystems in order to prioritize
the most pernicious threats or the most heavily
impacted ecosystems (or conversely, most pris-
tine systems that warrant conservation). One of
the challenges in producing such ranked lists,
however, is that the order of the list can be
highly sensitive to the nature of the question,
that is, what is it that we are trying to protect?
A number of key factors must be considered
when trying to rank threats: (1) the target of
interest, (2) the scale of interest, (3) whether or
not “externalities” matter, and (4) the purpose
for ranking threats (e.g., reserve design, priority
setting). Later in the chapter, we elaborate on
each of these points, and note here that there
is a history of similar efforts for terrestrial and
aquatic species that have been produced as part
of risk assessments (e.g., Van Sickle et al. 2006)
and threat-ranking efforts (e.g., Wilcove et al.

1998).
Threat rankings will vary, depending on

the conservation target of interest. Individual
species, groups of species (e.g., trophic groups),
and entire ecosystems can all respond very dif-
ferently to the same threat, ranging from high

vulnerability to complete insensitivity (Kappel
2005; Halpern et al. 2007), and so defining
what is potentially responding to the threat(s)
is of paramount importance. These differences
have led to a proliferation of studies with dif-
ferent taxonomic foci and methodologies for
producing threat rankings. For example, stud-
ies have looked at marine fishes (Dulvy et al.

2004), terrestrial species (Wilcove et al. 1998), or
coral-reef systems (Bryant et al. 1998). These ap-
proaches are valuable, but they make it difficult
to compare results across studies and among
different ecosystems and geographic regions.
Below we describe some advances that have
been made and that use a single methodology
that is comparable across ecosystems.

The spatial scale of interest can also change
the relative importance of various threats. For
example, if the target of interest is a particular
estuary or a specific patch of kelp forest, the list
of top threats may be very different from that
for all estuaries or all kelp forests along the west
coast of the United States. To address this issue,
it is important to know the distribution and
intensity of threats within the scale of interest.
For example, an intense threat that acts at a
localized scale (such as dredging) may be less of
an overall threat than a less intense, but more
widespread one (such as commercial shipping).

Regardless of the scale at which conservation
and management are targeted, there will be fac-
tors that act beyond the planning unit (external-
ities), both in terms of biophysical processes and
anthropogenic threats. These externalities can
be difficult to manage because their source is of-
ten outside the jurisdiction of the agency or or-
ganization tasked with managing the location.
For example, urban and agricultural runoff
can heavily degrade coastal marine ecosystems,
but ocean resource managers currently have
few regulatory mechanisms for controlling this
runoff. For climate change, where the threats
act at truly global scales (although expressed
differently at each location), the source will al-
most always be beyond the reach of local man-
agement. In some cases, these threats do not
show up in threat rankings simply because they
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TABLE 1. Various Rankings of Human Threats (1 Being Greatest) to the Marine Environment Based on
Species-Level Assessments

International Union
Endangered for Conservation of

species Endangered Nature and Natural Endangered
terrestrial species Resources (IUCN) Species

Ranking and freshwater Canada, marine red list, marine Act, marine

Wilcove et al. 1998 Venter et al. 2006 Kappel 2005 Kappel 2005
1 Habitat loss Overexploitation Overexploitation Overexploitation
2 Invasive species Habitat loss Habitat loss Habitat loss
3 Pollution Pollution Invasive species Pollution
4 Overexploitation Native-species interactions Intrinsic factors Intrinsic factors
5 Disease Natural causes Pollution Water diversion
6 Invasive species Human disturbance Invasive species
7 Climate change Human disturbance
8 Vessel interactions Disease
9 Water diversion Vessel interactions

10 Disease Aquaculture
11 Aquaculture Climate change
12 Acoustic disturbance Acoustic disturbance

Note: All studies base rankings on percent of imperiled species affected by each threat.

are not considered; it is difficult to know how
to address such externalities with local regu-
lations. Consequently, a key aspect of ranking
threats is determining whether or not the ef-
fort is focused only on those threats that can
be directly managed locally, or on any and all
threats to a location. In some cases, these ex-
ternalities may be of little importance, for ex-
ample, altered sediment input from land into
sandy-bottom ecosystems, while in other cases
they could be very important, if for example,
a local species of interest depends on a dis-
tant source population that is being threatened
by coastal development or altered hydrology
(e.g., California’s tidewater goby; Lafferty et al.

1999). Ideally these externalities should be rec-
ognized and included in efforts to rank threats,
but they may ultimately be outside the regula-
tory purview of local management.

Finally, the motivation for evaluating threats
can influence which threats top the list of con-
cern. Different motivations include a focus
on: (1) low-hanging fruit, that is, actions that
are achievable or leverage efforts already in
place. For example, efforts to design and op-
timize networks of protected areas can pro-

duce a list of second-tier threats that, if miti-
gated, could significantly enhance reserve ef-
fectiveness, such that these threats become top
priorities. (2) Endangered species: numerous
efforts rank threats to vulnerable species or
groups of species (Wilcove et al. 1998; Kappel
2005; Venter et al. 2006; Table 1). (3) Loca-
tions that are particularly pristine or vulnerable
(Zacharias and Gregr 2005), such as The Na-
ture Conservancy’s ecoregional plans that map
human activities in order to prioritize conser-
vation efforts where threats are lowest and con-
servation is feasible (Vander Schaaf et al. 2006;
Fig. 1). (4) The most widespread or detrimen-
tal threats, either through mapping efforts (Ban
and Alder 2008), expert opinion (Halpern et al.

2007), or general scientific review (Airoldi and
Beck 2007). Or, finally, (5) cumulative threat
distributions for comprehensive spatial man-
agement (Ban and Alder 2007; Halpern et al.

2008b; Halpern et al. in review). These cu-
mulative threat rankings combine ecosystem
vulnerability assessments with threat distribu-
tion maps to develop comprehensive spatial as-
sessments of cumulative threat impacts. These
efforts seek to compare multiple threats across
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Figure 1. Marine suitability index from the Nature Conservancy’s Pacific Northwest Ecoregional Plan. The
suitability index combines human threats to marine species and ecosystems and factors that make conserving
a particular area more or less feasible (designation of land use and socioeconomic values), which are
mapped across the ecoregion and summed in grids. Deeper red colors indicate greater amounts of predicted
threats (less suitable conservation parcels). [Figure reprinted from the Photographic Center Northwest (PCNW)
Ecoregional Plan (Vander Schaaf et al. 2006).]
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multiple ecosystems and regions in a consis-
tent way, and are thus able to inform a variety
of priority-setting efforts and spatial manage-
ment, in particular the zoning of activities into
compatible regions.

Despite the many variables and factors that
must be considered when ranking threats to
marine systems and the variety of approaches
that have been applied to the problem, a num-
ber of similarities in the ranking of threats
have emerged from past efforts (Tables 1 & 2).
Threats associated with climate change (sea-
temperature rise, SLR, ocean acidification),
invasive species, bottom fishing that destroys
habitat, and coastal habitat destruction (from
shoreline hardening and coastal development)
consistently rank high on lists of threats to both
species and ecosystems (Kappel 2005; Venter
et al. 2006; Halpern et al. 2007; Ban and Alder
2008; Halpern et al. 2008b). Interesting and po-
tentially predictable differences arise in ranking
threats to species versus ecosystems. Threats
that top the list of importance to species are
ones that lead to direct mortality, such as habi-
tat loss and overexploitation, or physiological
impacts, such as pollution and disease. In con-
trast, threats that top the list to ecosystems are
more diffuse, acting at the whole system level,
such as those associated with climate change
(increasing temperature, acidification, UV;
Tables 1 and 2). How threats rank at the
ecosystem level depend on ranking criteria and
methodology used. For instance, fishing ap-
pears lower when ranking total area covered,
but higher when ranking impact (Table 2).

Cumulative Impacts
of Multiple Threats

Research into the cumulative impact of mul-
tiple simultaneous stressors has been high-
lighted as one of the most pressing needs in
ecology and conservation (Sala et al. 2000;
POC 2003; USCOP 2004). Natural systems
rarely experience one human impact exclu-
sively. In fact, ecosystems threatened by one

human stressor are likely to be impacted by
others since multiple human threats are cor-
related with population centers (Halpern et al.

2008a; Fig. 2). While research into single stres-
sors has identified individual effects outlined
earlier in the chapter, research into the cu-
mulative and potentially interactive effects of
multiple stressors is less common, but essential
for understanding and predicting ecosystem re-
sponses to anthropogenic change in the coastal
environment.

Coastal marine ecosystems at the intersec-
tion of land and sea are subject to threats as-
sociated with human activities in both realms
(Stoms et al. 2005; Halpern et al. in press). Addi-
tionally, marine systems are relatively “open” so
that stressors tend to be widely distributed, (e.g.,
the movement of marine debris over thousands
of km by ocean currents), increasing the po-
tential for stressors to overlap (Zacharias and
Gregr 2005). This interconnectedness among
coastal marine systems argues for ecosystem-
based approaches to marine management,
which recognize the important role of cumu-
lative stressors from various human threats
(Rosenberg and McLeod 2005; Leslie and
McLeod 2007). Therefore, key research needs
for advancing marine conservation include un-
derstanding (1) the spatial distribution and
overlap of multiple threats, and (2) the cumula-
tive and interactive effects of multiple stressors
when they occur simultaneously.

Spatial analysis of human activities and affil-
iated threats can indicate how many and how
often human threats co-occur in marine en-
vironments. Recent efforts to map the spatial
distribution of human activities at regional to
global scales give some indication of the num-
ber and severity of overlapping threats in a
given region (Bryant et al. 1998; Ban and Alder
2008; Selkoe et al. 2009). For example, in exam-
ining the spatial distribution and intensity of 17
different major human activities in the world’s
oceans, Halpern et al. (2008b) found that no
fewer than five threats overlapped anywhere in
the world (Fig. 2A). Within the California Cur-
rent, where the authors were able to use more
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TABLE 2. Various Rankings of Human Threats (1 Being Greatest) to the Marine Environment Based on
Ecosystem-Level Assessments

Rank Total area covered Cumulative threat score Impact averaged across ecosystems

(1) (2) (3)
Halpern et al. 2008b Halpern et al. 2008b Halpern et al. 2007

1 Acidification Increasing sea temperature Increasing sea temperature
2 UV UV Demersal, destructive fishing
3 High-bycatch demersal fishing Acidification Organic, point-source pollution
4 Low-bycatch demersal fishing Ocean-based pollution Hypoxia
5 Habitat-modifying demersal fishing Commercial shipping Increasing sediment
6 Low-bycatch pelagic fishing Habitat-modifying demersal fishing Coastal development
7 Increasing sea temperature High-bycatch demersal fishing Direct human
8 Ocean-based pollution Low-bycatch pelagic fishing Organic, nonpoint source pollution
9 Commercial shipping Species invasion Coastal engineering

10 High-bycatch pelagic fishing High-bycatch pelagic fishing Sea-level rise
11 Nonpoint organic Direct human Nutrient input, eutrophic waters
12 Species invasion Low-bycatch demersal fishing Demersal, nondestructive fishing
13 Nutrient input Nonpoint inorganic Acidification
14 Non-point inorganic Nutrient input Species invasion
15 Artisinal fishing Artisinal fishing Nonorganic, point-source pollution
16 Direct human Nonpoint organic Recreational fishing
17 Benthic structures Benthic structures Nutrient input, oligotrophic waters
18 Harmful algal blooms
19 Nonorganic, nonpoint-source

pollution
20 Aquaculture
21 Benthic structures
22 Atmospheric pollution
23 Ocean-based pollution
24 Freshwater increase
25 Illegal/unregulated/unreported

(IUU) fishing
26 Commercial activity
27 Disease
28 Decreasing sediment
29 Ecotourism
30 Artisanal, nondestructive fishing
31 Freshwater decrease
32 Offshore development
33 Artisanal, destructive fishing
34 Pelagic, high by-catch fishing
35 Ozone/UV
36 Ocean mining
37 Pelagic, low by-catch fishing
38 Aquarium fishing

Note: Approaches include (1) mapping total area across which each threat is distributed, (2) cumulative threat
footprint, which sums the intensity of each threat across its distribution, and (3) threat impact, or ecosystem vulnerability
to the threat, averaged across all ecosystems and calculated from expert-opinion surveys.

detailed data on the distribution of 25 human
activities, no fewer than 9 activities co-occurred
in any given square kilometer (Halpern et al. in
review; Fig. 2B and 1C). The total number of

threats examined in both studies was limited
by data availability; if data existed for the full
suite of human activities, these numbers would
certainly increase.
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Figure 2. Total number of overlapping threats in (A) global, (B) regional, and (C) local assessments of
human threats. Threat distributions were directly assessed or modeled according to methods in (A) [Halpern
et al. 2008 and (B) and (C)] Halpern et al. in review. The number of overlapping threats is greatest in the
coastal zone and near population centers.

The cumulative impact from multiple threats
depends not only on the number of co-
occurring threats, but also on the relative
severity of threats and vulnerability of dif-
ferent ecosystems to these threats. In order

to assess cumulative impacts from multiple
stressors, Halpern et al. (2007) developed an
expert survey tool to quantify the relative vul-
nerability of different ecosystems to differ-
ent threats. These unique threat-by-ecosystem
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vulnerability scores are used as weights to turn a
threat’s intensity up or down, and can be com-
bined with ecosystem distribution and threat
distribution to estimate cumulative human-
impact scores for each 1-km2 section of the
ocean (Halpern et al. 2008a). This analysis of
cumulative impact is spatially explicit and com-
parable across all threats and all ecosystems
giving a first assessment of the human footprint
in the global ocean (Halpern et al. 2008a). This
effort is now being applied to more data-rich re-
gional marine systems (Halpern et al. in review;
Selkoe et al. 2009). The technique for calculat-
ing threat-by-ecosystem vulnerability weights
has recently been updated to use an even more
sophisticated expert elicitation tool for assess-
ing and valuing ecosystem vulnerability (Neslo
et al. in press; Teck et al. in review). These ef-
forts provide some of the most advanced ap-
proaches to predicting threat distribution and
relative impacts given imperfect empirical data,
and provide important tools for spatial con-
servation and management (see later in the
chapter).

In addition to spatial mapping to under-
stand which threats commonly co-occur, it
is important to understand how these multi-
ple threats cumulatively affect marine ecosys-
tems, since multiple-stressor interactions lead
to major uncertainties in marine conserva-
tion planning. Both the theoretical underpin-
nings (Breitburg et al. 1998; Folt et al. 1999;
Vinebrooke et al. 2004) and empirical research
into multiple-stressor effects in marine systems
(e.g., Hughes and Connell 1999; Mora et al.

2007, among many others) have developed over
the last decade. Researchers attempt to distin-
guish whether the cumulative effect of multiple
stressors is simply the sum of single-stressor ef-
fects (additive), or if stressors interact so that
the cumulative outcome is worse than (syn-
ergistic) or better than (antagonistic) the ad-
ditive effect. Crain et al. (2008) conducted a
synthetic analysis of 202 factorial experimen-
tal studies manipulating 2 or more of 13 stres-
sors on marine populations and communities.
They found that while individual studies were

broadly distributed among different cumula-
tive effects (26% additive, 36% synergistic, and
38% antagonistic), when combined across stud-
ies the overall effect of multiple stressors was sig-
nificantly synergistic. Cumulative effects varied
by trophic level (autotrophs: antagonistic; het-
erotrophs: synergistic), response level (popula-
tion: antagonistic; community: synergistic), and
specific stressor pair (7 additive, 3 synergistic,
3 antagonistic; Fig. 3). Results were remarkably
similar in an independent but analogous study
that focused on terrestrial ecosystems (Darling
and Cote 2008). In Crain et al. (2008), addi-
tion of a third stressor changed interaction ef-
fects significantly in two-thirds of all cases and
doubled the number of synergistic interactions.
This study lends support to cumulative models
that assume additivity for specific stressor pairs
(Bryant et al. 1998; Sanderson et al. 2002; Ban
and Alder 2008; Halpern et al. 2008b), but sug-
gests that synergisms are common and increas-
ingly likely as the number of overlapping stres-
sors increases. Because mapping efforts, such
as those described earlier, find numerous over-
lapping threats in the ocean, synergisms may
predominate.

Importantly, Crain et al. (2008) found major
gaps in multiple-stressor research. Of 98 stres-
sor pairs, 45 had no experimental studies. Im-
portant human stressors, particularly invasive
species and overharvesting, are difficult to ad-
dress in factorial, controlled experiments and
must be addressed in other ways. In addition,
research biases may skew overall results. For ex-
ample, experimental studies tend to be carried
out at the population level and in the lab. Many
higher-order interactions between the stressors
themselves or multiple species within a commu-
nity may dampen or exacerbate single-stressor
effects on single species, making predictions
difficult at the community or ecosystem level.
These gaps point to important questions for
future research.

The nature of cumulative effects has impor-
tant implications for how marine species and
communities will respond to multiple stressors
and how these systems should be managed.
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Figure 3. Results of meta-analysis summarizing studies examining pairs of stressors in
marine systems. Hedge’s d is a weighted effect size of cumulative effects (both stressors
present) and values with error bars crossing 0 indicate additive effects, while those less than
or greater than 0 indicate synergistic or antagonistic interactions, respectively. Data were
combined across all studies (overall) and compared for subgroups that varied based on
trophic level of study organism (autotroph vs. hetertroph) and response level (population or
community). (Figure reprinted from Crain et al. 2008.)

For additive effects, reducing the magnitude
of any stressor should lead to a corresponding
change in the response of interest, as one would
predict from single-stressor studies. Such sit-
uations allow for straightforward expectations
of response to management and conservation
actions. In contrast, mitigation of stressors in-
volved in synergistic or antagonistic interac-
tions with other stressors will lead to results that
are either greater than or less than those pre-
dicted, based on additive models. Systems that
are synergistically impacted by multiple stres-
sors may respond quite favorably to removal
of a single stressor, as long as the system has
not passed a threshold into an alternative state.
Because multiple threats overlap in the ocean
(Fig. 2) and interactions dominate multiple-

stressor effects (Crain et al. 2008), ocean man-
agement can no longer focus on single-sector
issues that address individual stressors (Halpern
et al. 2008a), but must incorporate cumulative
stressor effects (Crowder et al. 2006).

Managing Human Threats in the
Coastal Marine Environment

Historically, management of coastal and ma-
rine environments meant making the coastal
environment more hospitable to humans (e.g.,
dredging, ditching, and diking of wetlands)
and promoting extraction of resources from
fish to minerals. Management today at-
tempts to balance human needs and uses
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with ecosystem protection and to prevent an-
thropogenic threats from degrading desirable
ecosystem functions, goods and services. How-
ever, there is a growing consensus that current
management and conservation efforts are in-
sufficient to protect marine habitats and bio-
diversity and sustain the delivery of impor-
tant ecosystem goods and services (POC 2003;
USCOP 2004), and new efforts are being de-
fined and developed to fill this need.

Past and ongoing management has gener-
ally been reactive and focused on single sec-
tors, species or threats. Increasing pressures
on coastal ecosystems from growing human
populations and expanding and emerging uses
mean that today’s managers and policymak-
ers must increasingly address cumulative im-
pacts and think proactively about future uses of
the marine environment. This has led to calls
for more comprehensive, multiobjective man-
agement. Here we review current regulatory
and area-based approaches to single-objective
management and the threats they are intended
to address. We then review recent develop-
ments in multiobjective management and how
managers are starting to tackle cumulative im-
pacts of multiple threats to coastal and marine
ecosystems.

Initially, modern marine management fo-
cused on addressing the threats of overexploita-
tion and pollution, typically with regulatory
mechanisms. Regulatory management refers to
laws and policies that set limits on activity levels,
such as total allowable catches of particular fish
species or total maximum daily loads of nutri-
ents or pollutants that can enter streams. Reg-
ulatory management is often used to address
threats that span locations, affecting communal
resources that are not place-based. They have
been successful at addressing threats that derive
from a distinct activity, can be traced to a partic-
ular source (e.g., dump site), and for which a re-
sponsible party can be identified. For instance,
the Clean Water Act (1972) significantly im-
proved coastal water quality by regulating point
sources of pollution (e.g., factory discharges).
Similarly, the U.S. Marine Mammal Protec-

tion Act (1973) and creation of the Interna-
tional Whaling Commission were regulatory
actions that led to an international morato-
rium on whaling. Regulations can also be used
to address more diffuse threats, such as non-
point-source pollution, by setting overall limits
[such as total maximum daily loads (TMDLs)]
that then guide changes to how whole sectors
operate (rather than specific individuals). Ulti-
mately, though, non-point-source pollution has
been difficult to manage and has led to recent
declines in estuarine water quality and increas-
ing numbers of dead zones worldwide (Diaz
and Rosenberg 2008). Similarly, more diffuse
threats to marine mammals, such as from toxic
pollution and vessel strikes, are difficult to reg-
ulate and still impede recovery in some popu-
lations.

Fisheries have also been managed with regu-
lations, and although there is clearly a responsi-
ble party (members of the fishing fleet), these ef-
forts have been less successful. There are many
reasons for this failure, including lack of en-
forcement, poor controls on fishing behavior,
gaps in knowledge of fish stocks, interactions
with other species, environmental fluctuations,
and political pressure on the setting and alloca-
tion of catch quotas. Because fisheries regula-
tions have not successfully secured sustainable
fish stocks, alternative area-based management
approaches, such as marine protected areas,
have been developed.

Area-based management is any spatially ex-
plicit effort that geographically defines where
activities, such as fishing, drilling, recreating, or
building, can occur (Young et al. 2007). There
is a long history of area-based restrictions on
land (e.g., national parks, private property, de-
velopment zoning), but only recently has formal
area-based protection become a widespread
approach in the marine realm through use
of marine protected areas (MPAs). Previously,
the perceived “openness” of marine systems
led people to believe that marine plants and
animals dispersed too widely to be managed
effectively on an area basis. However MPAs
have been shown to be effective in addressing
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threats to marine populations and habitats by
creating spatial refugia where depleted popula-
tions can rebuild and biodiversity is enhanced
(Halpern 2003). MPAs have been used to man-
age habitats and dependent species, especially
relatively sedentary ones, and best address hu-
man threats that are strongly area-based, such
as fishing, coastal engineering, and oil and gas
development. Not surprisingly, MPAs are not
good at addressing threats that arise outside
their boundaries, such as land-based runoff.

Despite the successes of many of these
single-issue approaches to management, recent
reports indicate that marine management is
failing because it is fractured into too many dif-
ferent agencies and regulations with each ad-
dressing single sectors or threats (POC 2003;
USCOP 2004). This can mean that the uses
managed by one agency (e.g., mineral extrac-
tion, aquaculture, transportation) often end up
as threats to be managed by other agencies,
because they are in direct conflict with other
human uses of the oceans (e.g., fisheries, con-
servation). The problem is compounded by
jurisdictional coverage that is spatially, not eco-
logically, defined. For instance, in the United
States jurisdiction is fragmented between local
governments that manage most coastal land-
based activities, states that have jurisdiction
over the waters out to 3 nautical miles, and
the federal government whose various agencies
manage the waters from 3 to 200 nautical miles
offshore (i.e., the exclusive economic zone). Due
to these various sources of fragmentation, man-
agers are limited in their ability to address cu-
mulative impacts of multiple uses of marine
ecosystems or to plan for emerging threats from
new uses, and additionally are often caught in
conflicts between the many overlapping uses
and users of the coastal ocean.

In response to these conflicts there has been
an increasing drive toward addressing uses of,
and threats to, the marine environment via
multiobjective management. These efforts are
known by many names, such as integrated
coastal management (ICM), integrated coastal
zone management (ICZM), ecosystem-based

management (EBM), and the ecosystem ap-
proach to management (EAM), but share many
common aims. In various ways, these efforts
attempt to give joint consideration to two or
more management objectives (e.g., biodiver-
sity conservation, fishery production, recre-
ation, energy extraction), examining trade-offs,
minimizing conflicts, and reducing cumulative
impacts and threats to any one management
sector and to the environment.

These multiobjective approaches strive to
combine regulatory and area-based schemes.
At present, though, there are few successful ex-
amples (Ruckelshaus et al. 2008), and the ones
that are being developed tend to focus on area-
based management. For example, MPAs in a
multiobjective framework will manage for the
spatial separation of multiple threats and uses
rather than reducing threats from fishing alone.
In addition, they will be embedded in a broader
matrix of regulatory and area-based protec-
tions (e.g., land-based water-quality controls,
and ocean zoning, see later in the chapter) to
address externalities and cumulative impacts.

In some cases, such conservation approaches
are being couched in the language of ecosys-
tem goods and services (Millenium Ecosys-
tem Assessment 2005; Rosenberg and McLeod
2005; Daily and Matson 2008). This reflects
a growing movement to quantify the benefits
that humans derive from ecosystems, in order
to capture the full costs and benefits to hu-
man communities of any given management
decision. For example, multiuse MPAs often
seek to balance the values that people place
on fisheries production, biodiversity conserva-
tion, and recreational opportunities as ecosys-
tem services derived from the seascape. In the-
ory, quantifying values for various ecosystem
goods and services will make the trade-offs
among services and among different manage-
ment alternatives clear and the costs of los-
ing valuable services apparent. A challenge to
applying the ecosystem services framework is
that values for many services are only incom-
pletely known. Much more work is needed
to fully assess these values, particularly for



56 Annals of the New York Academy of Sciences

nonconsumptive uses that tend to not have mar-
ket values.

The most promising example of area-based,
multiobjective management is ocean zoning,
or comprehensive marine spatial planning
(Halpern et al. 2008a). Zoning addresses mul-
tiple management objectives by separating
incompatible uses and protecting vulnerable
ecosystems from particular threats (e.g., setting
no-go zones around fragile coral reefs or no-
trawl areas around seamounts). Zoning has a
long history terrestrially with extensive zoning
of uses at local and national levels, but is rela-
tively new to the marine environment, at least
as a tool to explicitly manage uses and threats.
In many respects the coastal seas have already
been zoned into many different uses (Crowder
et al. 2006), but with little forethought. Some
of the most well-established zoning schemes
are those for the Great Barrier Reef in Aus-
tralia (Fernandes et al. 2005), the multiuse MPAs
in the Netherlands Antilles (Geoghegan et al.

2001), the Mafia Island marine park in Tanza-
nia (Francis et al. 2002), and the Wadden Sea
(Enemark 2005).

Cumulative threat maps and other frame-
works for quantifying, understanding, and
managing cumulative impacts can also help in
implementation of comprehensive EBM, par-
ticularly when it is area based. Spatially ex-
plicit information on cumulative impacts can
help managers to determine which places are
most threatened, which are relatively pristine,
and which threats are most critical to address
first, as we discussed earlier. Cumulative impact
maps may also help to identify where activities
can be shifted to reduce overall impacts and
protect vulnerable ecosystems and therefore be-
come important tools for informing ocean zon-
ing plans.

Ecosystem-based management also makes
explicit the need to consider jurisdiction, ex-
ternalities, feasibility of enforcement, costs of
management actions, and political will, among
many other factors, acknowledging that man-
agement must consider the socioeconomic
landscape if it is to be successful. Ideally, an

ecosystem-based framework also takes into ac-
count dynamic processes like interconnections
(ecological and/or socioeconomic) among lo-
cations or sectors, as well as the value of
specific places for various human activities
or important ecosystem services. New scien-
tific tools are being developed to allow deci-
sionmakers to consider such trade-offs among
ecosystem services quantitatively (Lester et al. in
preparation).

Recent work has emphasized the benefits of
involving stakeholders and communities in un-
derstanding threats to and values of marine
ecosystems, and designing conservation and
management strategies (e.g., implementing the
California Marine Life Protection Act; Weible
et al. 2004). Participatory processes can result in
better environmental outcomes over the long
run (NRC 2008) because they lead to more
complete understanding of ecological and so-
cioeconomic dynamics and greater stakeholder
buy-in.

Other approaches to marine conservation
and management exist to address human
threats to the marine environment that focus
on shifting ownership of ocean resources away
from the common pool (i.e., all citizens) to
private individuals. Private leasing and own-
ership of marine lands and resources can be
employed to help protect and restore coastal
habitats (Beck et al. 2004). These standard ter-
restrial approaches have only recently been ap-
plied in marine systems. Nonetheless, conser-
vation organizations can use existing policies
and agreements to lease submerged lands from
governments and acquire concessions (e.g., to
fishing and diving rights) from communities to
help secure long-term protection for impor-
tant habitats, restore ecological processes in
coastal watersheds, and improve fisheries re-
sources and recreation opportunities. In a sim-
ilar vein, many countries have set up catch-
share systems for regulating fisheries, where
portions of a fish stock are owned by individu-
als (individual transferable quotas, e.g., Hilborn
et al. 2005). Such management systems have
been shown to dramatically improve long-term
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sustainability of fisheries’ catches because pri-
vate property rights create incentive for sus-
tainable management of the fisheries that does
not exist with common-pool resources (Costello
et al. 2008).

In addition to coastal management to reduce
and mitigate human threats, habitat restora-
tion is necessary to address the past and on-
going effects of habitat loss. Information on
historical habitat loss is extremely important,
because management goals should be based
on historical estimates of habitat distributions,
not the vastly reduced current distributions
(Beck 2003). Even extremely modest goals of
10% protection of the historical distributions
of coastal habitats will require some restoration
for many habitats.

The emerging field of restoration science
(Falk et al. 2006) addresses the theoretical
and practical issues of rebuilding function-
ing ecosystems and requires further research,
funding, and long-term monitoring to assure
restoration goals are met.

Conclusions

Humans have been and still are drawn to
coastlines for food production, recreation, aes-
thetics, and other important ecosystem services.
Human-population pressure on coastlines is
disproportionately increasing and brings mul-
tiple human uses and threats to the coastal ma-
rine environment. System degradation, public
interest, political initiatives, and growing appre-
ciation for the value of coastal marine ecosys-
tem services make the time ripe for mitigating
threats and protecting the coastal ocean.

Several critical research needs exist for im-
proving coastal marine management. These in-
clude developing high-resolution habitat maps,
both as the most basic of baseline informa-
tion, and also to inform area-based manage-
ment efforts aimed at protecting representa-
tive habitats. In addition, filling the many gaps
in our understanding of the cumulative effects
of multiple threats is a research priority. Un-

derstanding which combinations of threats are
particularly devastating on which ecosystems,
or which threats predispose systems to collapse
given other threats, would aid in prioritizing
which threats to address first. Finally, greater
ecological understanding of community-level
responses to threats and interconnectedness of
ecosystems and their components would help to
better predict impacts, restore systems, and mit-
igate threats. However, uncertainties and “eco-
logical surprises” are sure to emerge (Doak et al.

2008). Therefore, systems need to be managed
for resiliency (Levin and Lubchenco 2008) so
that they are capable of absorbing and adapt-
ing to physical and biotic stochasticity, be it
human induced or not.

In the meantime, our knowledge of hu-
man threats to coastal marine ecosystems is
developed enough to point to several critical
management issues that can be addressed im-
mediately. First, land–sea interactions are fun-
damental to the functioning of coastal and es-
tuarine ecosystems. This permeable boundary
means human activities on land are felt at
sea and land-based pollutants, nutrients, sed-
iments, diseases, and freshwater practices have
some of the greatest negative effects on these
coastal ecosystems. A watershed approach to
improving water quality is essential for pro-
tecting nearshore marine ecosystems. However,
where coastal watersheds are small, human
populations sparsely distributed, or little rain-
fall occurs, such land-based threats are likely
to be minimal and conservation can focus on
ocean-based threats (Halpern et al. in press).
Second, overharvest of marine organisms re-
duces biodiversity, changes ecosystem function-
ing, and has contributed to system collapse
or phase shifts. Many approaches to fisheries
management, including multiobjective MPAs
to promote population replenishment, changes
in fishing gear, and privatization of fisheries
or fishery buyouts hold promise for improving
fisheries sustainability and should be pursued.
Finally, threats associated with climate change
are important emerging issues for marine con-
servation that could swamp the impacts and



58 Annals of the New York Academy of Sciences

management efforts of other threats. Mitigat-
ing these threats and managing for ecosystem
resiliency and adaptability should be a major
conservation priority.

Various threats must be approached at ap-
propriate scales. Land-based runoff can be rel-
atively localized and best addressed by local
citizen groups, landowners, and businesses that
can substantially reduce nonpoint source pollu-
tion. In contrast, threats associated with global
warming may be best tackled at national and
international levels.

Finally, stakeholders and local communities
must be integrated into plans for ocean so-
lutions. Many of the emerging management
practices make the human element explicit
(e.g., EBM consensus statement; McLeod et al.

2005). Most threats to the marine environment
stem from essential or embedded human ac-
tivities that cannot and should not be entirely
removed. Instead, levels and/or locations of
the uses can be modified, or alternative ap-
proaches that are compatible with ecosystem
health can be pursued. Likewise, ecosystems
need to be better integrated into human sys-
tems, such as with ecosystem service valuation.
Rather than subsidize human uses, the value of
ecosystems and the services they provide should
be explicitly accounted for so that, for instance,
industries that rely on the ocean for dumping
or transportation actually incur a cost for that
service.

We have come a long way from “the so-
lution to pollution is dilution.” Public aware-
ness of marine and coastal ecosystems, their
productivity, biodiversity, value (or service) to
humanity, and their fragility or exhaustibility
has increased greatly. New management ap-
proaches are being developed and vetted and
hold promise. But inevitably, as coastal popula-
tions grow, ocean exploration and exploitation
increase, and new uses of the oceans emerge,
more sophisticated and proactive approaches to
protecting the oceans and ensuring their long-
term sustainable use will be required. No single
approach will work everywhere, but compre-
hensive, multisector, multiobjective manage-

ment provides an essential framework for ef-
fective coastal conservation.
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