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Fish Story 
  
Is overfishing ruining the waters around the Channel Islands, known as North 
America's Galapagos? Scientists say yes, but local fishermen don't seem to care.  
 
By Tony Ortega  

 
A photograph taken nearly 20 years ago shows Jim Donlon's 
mitts buried in the gills of a yellowtail tuna that looks so heavy it 
threatens to topple Donlon over as he lifts it for the camera. He's 
standing on the deck of his boat, shirtless, with a crooked grin on 
his face. Blood is streaming from the yellowtail's gills after its 
battle with Donlon's rod and reel. But he has no intention of 
throwing his trophy back. Donlon was known for cooking 
everything he caught, and never catching more than he needed.  

Donlon's lifelong love of fishing in any form was so well known 
-- whether it was trout fishing in the Sierras, freshwater angling 
in Lake Casitas, but mostly ocean fishing off of Ventura -- that 
when he died two years ago, the local newspaper felt compelled 
to explain that the man had other pursuits. "Fish not only interest 
of James Donlon III," was the headline on his lengthy obituary in 

the Ventura County Star. Besides casting a line every chance he got, Donlon had also built 
fishing boats (the first in 1937) as well as the first 500 slips in the Channel Islands Harbor 
marina, and had designed pens for raising juvenile white sea bass and salmon for release into the 
ocean.  

 

It seemed nearly everything the man accomplished in his 87 years had some connection to taking 
fish from the sea.  

"He was the best fish-killer I ever knew," says Web Palmquist, who went on excursions with 
Donlon in his final years.  

But the legacy Donlon yearned for was very different. And it caused him plenty of hostility from 
his fellow fishers.  

In 1998, after watching the ocean's yield deteriorate year after year for most of his life, the nearly 
legendary local figure shocked his cohorts by approaching the State of California and making a 
bold request. Donlon, leading a group of likeminded Ventura locals, asked that certain areas 
around the Channel Islands be closed off more or less permanently to fishing. Only that way, 
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Donlon argued, would native species reproduce adequately and help stave off potential 
devastation.  

In April 1998, Donlon and his group proposed to the state Fish and Game Commission that 
closing off at least 20 percent of the waters up to one mile from shore around the islands would 
prevent further decline and even improve fishing in the area.  

Environmentalists say the idea of setting aside such no-fishing zones -- called marine reserves -- 
has been growing in popularity around the world. There's already a reserve protecting a small 
area off the coast of Anacapa Island in the Channel Islands chain, and for nearly a decade there 
had been some debate about expanding those reserves to other islands. But no one -- not even 
environmentalists -- had formally proposed that so much of the ocean should be made off limits. 
And most importantly, ecologists point out, the proposal was coming from fishermen.  

"When Donlon came forward, that's when the process really got going," says Sean Hastings, who 
works for the Channel Islands National Marine Sanctuary, a federal agency that protects island 
waters from oil drilling. The Marine Sanctuary and other conservation-minded agencies -- 
including the Channel Islands National Park, half of which is under water -- quickly joined in 
supporting Donlon's proposal.  

"Donlon was proud that he was a recreational fisherman and knew the species in those waters. 
But he wasn't afraid to say that things had changed. He wanted to do something about it," 
Hastings says. "He knew his time was limited. He often reminded me that he wouldn't be around 
much longer."  

Donlon didn't live to see what happened to his idea. Supporters of marine reserves say his 
proposal was handled properly by the Fish and Game Commission, which empanelled a group of 
local interests and charged them with seeking the best, most scientifically sound method for 
determining the size and placement of any future reserves. But nearly from the start, they say, 
fishing industry lobbyists on the panel -- some of whom represent thousands of Los Angeles-area 
fishermen and boat operators -- sought to sabotage a science-based approach in favor of a more 
political one.  

Both sides agree that the battle for the Channel Islands is one with massive importance to the rest 
of California's coast, and even to the rest of the world. A 1999 law, the California Marine Life 
Protection Act, has state officials considering similar reserves up and down the coast; many 
believe that the extent of no-take zones established around the Channel Islands will set a 
precedent for statewide planning.  

With only months left before the state commission decides the future of reserves around the 
Channel Islands, recreational fishing representatives are pulling out all the political stops, 
drawing on their enormous clout with various state and federal officials to prevent what they 
claim will be a disastrous result for the business of fish-killing in Southern California waters.  

Scientists and environmentalists counter with evidence that suggests the reserves will actually 
improve fishing in the region. Other, smaller reserves in places such as Florida and the 
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Caribbean show that fish allowed to reproduce and grow without the threat of being caught will 
eventually swim to areas where fishing is legal. And that, Jim Donlon's friends say, is exactly 
why he supported such closures.  

"Jim Donlon didn't want to end fishing," says Palmquist. "He wanted to improve it."  

Two years after he succumbed to cancer, Donlon's role in the battle over marine reserves at the 
Channel Islands seems to have been largely forgotten. Lobbyists for the fishing industry have 
pushed hard to cast the issue as a classic fight between (overreaching) environmentalists and 
(mostly put-upon) local businessmen, and to a large extent the daily newspapers have gone along 
with that portrayal.  

The truth, say people intimately acquainted with the four-year struggle, is very different.  

 

The northern Channel Islands chain is a favorite destination for Los Angeles anglers. 
Sportfishing industry lobbyist Bob Fletcher says that most of the men and women angling 
recreationally near the islands are from L.A., even if they actually go out on boats from Ventura 
or Santa Barbara. Overnight excursions from Marina del Rey and Long Beach are common, and 
most of those trips target Santa Barbara Island, the nearest of the northern islands to the city, 
lying about 46 miles away.  

In summer, migratory species like salmon, yellowtail and albacore are the quarry. In winter, 
anglers go after the local residents: California sheephead, halibut and other flatfishes, lingcod 
and various types of rockfish like cow cod and boccacio (which, by the time they end up in a 
store or restaurant, have been renamed "red snapper").  

But the fishing isn't what it used to be. Rockfish -- the cow cod in particular -- have been so 
overfished that the state announced emergency closures in all of Southern California's shallow 
waters this winter. Bobby Yoshihiro, who takes dozens of fishermen out on his overnighter, the 
Thunderbird, says his boat never left its Marina del Rey berth in November and December. More 
closures took place in January and February, and Yoshihiro wonders how he's going to make a 
living if the state keeps him off the water for four months out of 12.  

"What are we supposed to do? Take people out and not let them fish? How many people will 
want to do that?" he asks, sounding frustrated. Yoshihiro, 42, bought the Thunderbird in 2000 
after 22 years as a General Motors mechanic. He'd been fishing all his life, and when the boat 
came up for sale he jumped at the chance to make a living on the ocean. But he quickly learned 
that taking anglers out to a promising spot also meant paying attention to a myriad of 
government rules and regulations about where he could fish, which fish he could take, how many 
and of what size, and with what gear.  

And Yoshihiro and his fellow boat operators know they're probably going to face even further 
restrictions and outright bans as regulators struggle to protect one species after another. Even if 
the badly depleted cow cod is able to make a comeback, another population of local creatures 
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may take a sudden nosedive. And that means more gear restrictions, lower bag limits, even more 
outright closures.  

The number of rules is enough to make Yoshihiro's head spin. "When I was a kid, you used to be 
able to fish anywhere you wanted, year-round. You can't do that now," he complains.  

But things are very different than when Yoshihiro was a kid. In the 1950s and '60s, the Channel 
Islands were known as an anglers' paradise. The four principal islands of the northern group -- 
Anacapa, Santa Cruz, Santa Rosa and San Miguel -- extend east to west in a line about 64 miles 
long. Anacapa is the closest and most visited; it lies about 14 miles from Channel Islands Harbor 
in Oxnard. Scientists say there's a good reason that the islands gained such a reputation for 
abundant sea life: The Channel Islands is actually one of the most distinctive bioregions on earth.  

The westernmost island, San Miguel, lies in cold waters that ride down in currents from the 
north; the island closest to shore, Anacapa, is surrounded by warmer waters coming up from the 
south. Between them, in the waters swirling around the two middle islands, is a transition zone 
that has its own unique character. That mix of different ecological zones creates a diversity of 
life so rich -- on land, sea and in the air -- that scientists often refer to the Channel Islands as the 
North American Galapagos.  

But the region has been hit hard by several factors: environmental disasters such as El Niño, 
man-made pollution, and by both commercial and recreational fishing. Kelp forests, a key habitat 
for many other species, have lost two-thirds of their biomass since 1957. Some seabird species 
are down as much as 90 percent just since 1987. Rockfish have been severely overfished. Several 
species are below 10 percent of their historic levels and are considered critically endangered by 
environmental groups. Abalone came so close to extinction that all taking of its various kinds 
was stopped indefinitely in Southern California waters in 1996. Even the most commercially 
profitable species -- squid, urchin and California spiny lobster -- have had some bad years.  

There's increasing agreement in the scientific community that traditional methods of protecting 
fish and ocean invertebrate species aren't working. Bag limits, gear restrictions and seasonal 
closures ignore a basic truth: A fish like the cow cod is part of a larger ecosystem it interacts 
with in very complex ways.  

It's time, the argument goes, for governments to treat ocean resources as ecosystems, and not 
simply as individual species with particular bag limits. In other words, it's time to set aside 
portions of the ocean so those ecosystems can interact without being disturbed.  

And that's the concept behind marine reserves.  

There's already a line drawn around the northern Channel Islands that is supposed to protect 
them from environmental disaster. It's called the National Marine Sanctuary, and it includes the 
waters out to six miles from all four main islands, as well as Santa Barbara Island, which is 
farther south and closer to Los Angeles. That boundary encloses a total of 1,252 square nautical 
miles of protected waters, but some folks joke that it's really mislabeled: If it's a sanctuary, the 
fish haven't been told about it.  
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Created in 1980, the National Marine Sanctuary was designed to keep out offshore oil drillers. It 
has no special restrictions on fishing, even though the law behind it specifically mandated that 
species be protected. But commercial boats alone pull more than $100 million in fish and 
invertebrates from the waters every year.  

After Jim Donlon proposed the creation of reserves near the islands, sanctuary officials seized on 
his plan as the best way to protect local waters from further deterioration. Sean Hastings, a policy 
coordinator at the marine sanctuary, says the easiest way to understand the concept of reserves is 
to compare it to how we protect wildlife on land.  

If the sanctuary is like an oceanic national park, he says, then reserves inside it would be like 
wilderness areas -- places where people could sail, dive and snorkel but not take anything.  

Within those reserves, the complex interaction of fish, invertebrates, plankton, kelp and other 
species would be left undisturbed. In theory, fish would reproduce more easily, grow larger in 
size and numbers, and then swim out to areas where anglers could catch them.  

Everyone would win.  

At least, that was the tune various participants were singing in 1999 when it came time for the 
hard work of turning Donlon's plan into reality. But it didn't take long for that initial optimism to 
turn sour.  

 

Acting at the behest of the Fish and Game Commission, the National Marine Sanctuary 
empanelled a group representing local interests in March 1999 to discuss marine reserves for the 
Channel Islands. Called the "marine reserves working group," the body included scientists, 
environmentalists, divers, commercial and sport fishermen and even a surfer representative.  

The state commission gave the working group a definite goal: Come up with a plan that everyone 
could agree on. Consensus was mandatory.  

Two years and more than $1 million later, the group failed in that basic mission. Most blame two 
members of the panel: Tom Raftican and Bob Fletcher, lobbyists who respectively represent 
recreational anglers and the boat owners and marinas that serve them.  

Although it was a sportfisherman who had proposed the reserves at the Channel Islands, it is 
sportfishing lobbies that are fighting against it harder than any other group.  

Dale Glanz, a kelp harvester, was a member of the working group, and he remembers how 
optimistic everyone was as they sat down to hammer out a "win-win" plan and forward it to the 
commission. Soon, it became apparent that it would be a tall order.  

"It was going to be a tremendous challenge. We had extreme environmentalists on one side, 
diehard recreational fishermen on the other and everything else in between," he says. But Glanz 
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was struck by how much his perceptions of the participants changed over time, particularly of the 
environmentalists. "They came in wanting to protect everything. But after hearing from us, they 
changed their minds," he says.  

At first, Glanz and others say, there was general agreement on the basic goals of reserves and on 
which scientists would advise the group. Everyone in the working group -- including Fletcher 
and Raftican, the sportfishing lobbyists -- approved the selection of marine and biological 
experts. The scientists were chosen from a large field of candidates, and were not allowed to 
have already expressed an opinion about reserves in their writings. That rule was so strict that the 
world's leading rockfish expert was banned from the panel because he had endorsed reserves in 
the past.  

Working group members also reached consensus over what marching orders to give the 
scientists. They were told to collect reams of information about the Channel Islands and then 
make recommendations with two goals in mind: conservation of all native species as well as 
keeping commercial and recreational fishing healthy.  

After gathering 50 years of research and hundreds of studies and papers, the science panel 
returned with its recommendation: To best meet both goals, between 30 and 50 percent of the 
sanctuary's waters should be sealed off to fishing.  

If more than 50 percent were closed, the panel said, the impact on fishermen would be too great. 
If less than 30 percent were set aside, however, the conservation benefit would be too low.  

Those numbers were shockingly high to the fishing interests in the working group, but its 
members still gamely attempted to find consensus and draw up a single set of maps to forward to 
the Fish and Game Commission.  

Glanz says he had his own goals. As a kelp harvester, he knew that he would get little benefit 
from reserves. Fish might grow large in no-take zones and swim out to be caught, but kelp 
doesn't go anywhere. On the other hand, he knew there were kelp forests that couldn't be 
harvested because they were in rocky, inaccessible areas. Since reserves offered him no direct 
benefits, Glanz could only hope that they'd be sited in such a way as to encompass kelp forests 
that he couldn't reach anyway.  

"We knew kelp habitat was important and we knew there would need to be reserves with kelp. 
But we hoped they'd be put in areas that didn't affect us," he says. "We figured we'd lose some of 
our harvesting grounds, but not enough to put us out of business."  

Adopting that attitude -- to protect his interests while giving up some ground -- Glanz 
participated in the real progress of the working group, the behind-the-scenes meetings that took 
place between environmentalists, bureaucrats and commercial fishermen.  

Among the supporters of reserves, there is universal praise for the commercial representatives 
such as Glanz. Although the commercial folks weren't happy about reserves or the 
recommendation of the science panel (most commercial members advocated reserve sizes in the 
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10 to 14 percent range), there was strong cooperation when it came time to specify the placement 
and size of reserves.  

But the sportfishing attitude was very different. Fletcher, president of the Sportfishing 
Association of California, and Raftican, president of the United Anglers of Southern California, 
refused to entertain the thought of any reserves near the easternmost islands, the ones favored by 
recreational fishermen.  

"They wouldn't even return our phone calls," says Mike McGinnis, a UC Santa Barbara professor 
who left the working group in disgust, primarily, he says, because of the behavior of Fletcher and 
Raftican. "The Santa Barbara commercial guys were very cooperative, but Fletcher and Raftican 
were not involved in any cooperative meetings behind the scenes. And that's how those things 
really work."  

"They just sat there and said no to everything," says Greg Helms of the Ocean Conservancy, an 
environmental group in favor of no-take zones. That attitude irked him because, Helms says, 
everyone else in the working group knew they would have to make concessions to reach 
consensus. "They did that knowing that they have a much bigger impact on the Fish and Game 
Commission than some of the [other working group members]," Helms says.  

Even Glanz admits that Fletcher and Raftican wouldn't play ball. "They had such a huge 
constituency, they couldn't budge," he says.  

Fletcher and Raftican don't apologize for their opposition.  

"Traditional fisheries management is working. It's not necessary to take away large portions of 
the ocean from commercial and sportfishermen," Fletcher says from his San Diego office.  

"Before you take away vast areas from recreational fishermen who have a constitutional right to 
fish in state waters, let's make sure you do things right," Raftican says.  

Both men say they believe in marine reserves in principle, but each claims that the scientists on 
the panel -- whom they personally approved -- had overstepped their bounds in recommending 
closure of at least 30 percent of the waters. Fletcher even believes that the scientists -- although 
from many different fields and institutions -- had actually conspired secretly, both in getting 
themselves selected and then in going beyond what the working group had asked them to do.  

He insists the scientists were closet environmentalists who had duped the National Marine 
Sanctuary into letting them in on the process, and were bent on ruining the livelihood of 
Southern California fishermen. Raftican, while less conspiracy-minded, also claims that the 
science panel made grievous errors. "You're going to put people in the fishing business out of 
business," Raftican warns.  

As maps and more maps were drafted and the working group fell far short of consensus, it 
became obvious that it never would be able to forward a single plan to the Fish and Game 
Commission.  
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Eventually, the Marine Sanctuary and the state Department of Fish and Game snatched the whole 
process away, settling on their own "preferred alternative" map -- with reserves taking up 24.6 
percent of the sanctuary waters, well short of the minimum recommended by the working group 
scientists -- and submitted it to the commission.  

Fishing advocates immediately forwarded their own plans for much smaller reserves, and the 
environmentalists tried to get the commission to entertain a map with 34 percent of the sanctuary 
set aside. (The commission accepted the plans with smaller reserves as possible choices, as well 
as Fletcher's recommendation that no action on reserves be taken, but few expect the commission 
to seriously consider the environmentalists' 34 percent solution.)  

Although the preferred alternative, with its 24.6 percent set-asides, is well short of what they 
wanted, environmentalists have thrown their support behind it. So has Jim Donlon's original 
organization of fishermen who support the reserves.  

Fletcher and Raftican, meanwhile, have gone on an all-out attack.  

 

One in 20 Southern Californians have fishing licenses, and ocean sportfishing is a $500 million-
a-year industry in California. And those numbers give Fletcher and Raftican plenty of influence 
on state and federal agencies that regulate fishing.  

Fletcher, for example, hopes his clout with a federal agency, the Pacific Fishery Management 
Council, will have some effect on the state's decision. The PFMC regulates fishing in federal 
waters, which extend from 3 to 200 miles offshore, and is traditionally very responsive to fishing 
industry wishes. The PFMC had no input during the working group deliberations but now, as the 
state Fish and Game Commission nears a decision, the feds suddenly want to weigh in on the 
issue, delaying the state's timetable by several months. Some believe the timing was largely due 
to Fletcher's influence -- for 15 years he was a PFMC member and twice chaired the agency.  

Hastings, of the marine sanctuary, says that a PFMC thumbs-down on the preferred reserves 
proposal could have a big impact on the Fish and Game Commission. Fletcher and Raftican, 
meanwhile, loudly advertise that the PFMC's scientists -- who they claim are much better judges 
of how fisheries would be affected -- had harsh things to say about the 30 to 50 percent 
recommendation by the working group's science panel.  

But a closer look reveals that although the PFMC scientists were somewhat critical in their peer-
review of the 30 to 50 percent report, in the end they endorsed the science behind it.  

Hastings says that despite Fletcher's attempts to get the PFMC to put a damper on the state's 
decision on reserves, he doesn't think even a fishing industry-friendly body like the PFMC could 
overcome that scientific endorsement.  
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An even more obvious example of Fletcher and Raftican's clout occurred in January, when the 
two lobbyists convinced the California legislature to hold a special joint committee hearing at 
their request.  

Fletcher says that the joint committee on Fisheries and Aquaculture normally holds a regular 
meeting in March, but that at his insistence, the senators and assemblymen convened in January 
to hear what Fletcher and Raftican had to say about the marine reserve plans.  

The legislators also asked state Department of Fish and Game director Robert Hight to make an 
appearance and explain his department's position.  

And, under the pressure of a public accounting, as Fletcher puts it, "the director flinched."  

Hight announced that Fish and Game was scrapping the plans the department had drawn up 
under the Marine Life Protection Act for reserves at other points on the California coast and 
starting over. Fletcher and Raftican and the fishermen they represent had raised such a ruckus 
that Fish and Game decided to jettison two years of work that had already been done. It was a 
remarkable knuckling under, but not a word of it made the L.A. Times.  

That decision doesn't directly effect the Channel Islands reserves process, which was already 
much further along than the department's plans for the rest of the state. But at the same time, 
Fletcher and Raftican have pushed hard for the Channel Islands process to be delayed and even 
rolled into the statewide process. Again, Fletcher is counting on his personal clout to help him 
convince Fish and Game to accede to his wishes: He was once the department's chief deputy 
director.  

Nonetheless, time may soon run out on Fletcher and Raftican's delaying tactics.  

 

On April 4, Fletcher will stand before the Fish and Game Commission in a crucial public 
meeting in Long Beach. Behind him, a large group of fishermen, all wearing red T-shirts, will be 
in attendance to show their solidarity with what Fletcher is going to say. The meeting will be the 
final opportunity for Fletcher and the boat owners, marina operators and anglers he represents to 
make their case to the commission. And, just as he has in times past, Fletcher will try to convince 
his listeners that California's fishermen were betrayed in the marine reserves process by a panel 
of scientists with hidden agendas.  

That's been his message at a series of public meetings held by the commission, including one in 
Long Beach in December. Backed by his red-shirted brigade, Fletcher told the commission then 
that the working group had failed to come up with a single, agreed-upon plan because the 
scientists chosen for the job had exceeded their bounds. Their recommendation, Fletcher warned, 
would put the people he represents out of business. All of them.  

The red shirts burst into applause and shouts.  
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But it took another fisherman, the man who replaced Jim Donlon after his death as the chief 
representative of anglers supporting the reserves, to point out what Fletcher didn't include in his 
speech. In a strong, challenging voice, Steve Roberson looked at Fletcher and reminded him that 
Fletcher was one of the people who chose the scientists and asked them to make 
recommendations on reserve size.  

"Every member of that science panel was approved by every member of the working group. I 
hate to see those scientists get blasted by people taking cheap shots," Roberson said.  

Roberson is also a lawyer, and Donlon picked his replacement for his speaking skills as well as 
his experience on the water. Since the 1970s, Roberson has been fishing around the Channel 
Islands, most recently on his 27-foot Boston Whaler, which he used to take out 70 to 80 times a 
year on long trips to some of the more distant islands. Nearly all the time, his son Jason was with 
him, but since Jason has entered law school, the two go out less frequently.  

"Believe me, we've killed our share of fish," Roberson says as the two of them pull 
weatherproofing covers off the boat on a recent afternoon. They have hundreds of photographs to 
prove their acumen on the water, neatly arranged in huge portfolios. Each photo comes with a 
story -- usually about how far they had to pilot the boat to find good fishing grounds. Over the 
years, that journey has taken them farther and farther from shore as stocks near the islands have 
dwindled.  

Roberson says he understands the frustration of the fishermen who dress in red shirts and follow 
Fletcher and Raftican from meeting to meeting. But he also says they suffer from a terminal case 
of small-mindedness and a lack of understanding of their own culpability in the ocean's 
deterioration.  

"The establishment of no-take zones will probably hit the recreational guys harder than the 
commercial guys," Roberson explains. "So the recreational fishermen feel that they are bearing 
the brunt of it, even though they believe the commercial fishing is more to blame. And also, the 
recreational guys have supported conservation efforts in the past, like the white sea bass 
hatcheries, so they feel like they're being unfairly targeted.  

"But the problem with their argument," he continues, "is that the resource is now so hammered, 
and so depleted, in my opinion and in the opinion of most scientists, that recreational fishing is 
having a major impact. Also, the technical developments in the last 20 years have totally 
changed recreational fishing. You give a guy a Global Positioning System receiver, fish sonar, 
scanners and other sophisticated equipment, and you get fishermen with better technology 
chasing fewer and fewer fish. There's no place for the fish to hide. The recreational guys have to 
realize that they're now having a significant impact. But these no-take reserves in five years or 
less will actually increase fishing opportunities. Yes, for four or five years, they'll have to keep 
out of places where they like to fish, but ultimately they will create better fishing for everyone."  

On April 4, Roberson will be in Long Beach, hoping his message is also heard by the Fish and 
Game Commission. He says that although he isn't backed by a $500 million-a-year industry, he 
thinks the commissioners know that science is on his side.  
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The best proof that marine reserves work may come from an unlikely source: rocket launching 
pads.  

In the late 1950s, as the U.S. space program tried desperately to catch up to the Soviets, Cape 
Canaveral in Florida was chosen as the place to build platforms for sending American rockets 
into space. It was only prudent to seal off much of the area to the public, for both safety and 
security reasons.  

One of the areas permanently closed to the public in 1962 was a portion of the Banana River, an 
estuary that was home to manatees and various species of fish, including several species prized 
by local anglers: black drum, red drum and spotted sea trout.  

The estuary wasn't sealed off for conservation reasons. The animals in it just happened to be 
living too close to rocket blasts for boats to approach safely.  

In the 40 years since, the fish of Banana River have been allowed to live, grow and reproduce 
without predation by humans. And recently, a marine biologist named Callum Roberts made an 
interesting discovery there.  

It had already been shown that the fish inside the closed area were bigger and more numerous 
than in areas outside it. Red drum were more than six times more abundant, and black drum were 
nearly 13 times more numerous than areas open to anglers. This was consistent with what 
scientists had found in reserves around the world: Ban fishing in an area, and the species there 
get more numerous and bigger.  

Roberts was the first to measure another beneficial effect of reserves. He found that the majority 
of world-record-size black drum, red drum and spotted sea trout taken in Florida's waters have 
been landed within 100 kilometers of the Banana River reserve.  

"If the Merritt Island Refuge [which includes the Banana River] were supplying fish to the 
adjacent recreational fishery, we would expect frequencies of world record catches to increase 
over time," Roberts wrote in his report, published recently in the prestigious journal Science. By 
charting the accumulation of record-size fish both near the reserve and in the rest of the state, 
Roberts was able to show a consistent and compelling trend.  

In each case, the waters near the Banana River reserve began producing world-record fish at the 
time one would expect, given the different longevity of each species. The black drum, for 
example, is a fish that lives 70 years. Only after they had been protected for 31 years did the 
Banana River-adjacent black drums begin snagging world records.  

And Roberts found that marine reserves produced benefits in shorter times as well. In 1995, a 
series of small reserves was established off the coast of the Caribbean island of St. Lucia. Within 
only a year, fish counts were dramatically up not only within the reserves themselves but also in 
adjacent areas. And that trend continued over the next five years.  
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Overall, Roberts found, the catch in local waters had increased, even though about 35 percent of 
the waters had been closed off.  

(Roberts also found a curious by-product of the St. Lucia closures. Although scientific data 
showed that fishing had improved in the area, the perceptions of local fishermen varied. Younger 
fishermen, he found, were much more likely to agree that the fishing had gotten better after the 
reserves were established -- which the data proved to be true. Older fishermen, however, were 
more likely to complain that things had gotten even worse. The implication seemed to be that 
older fishermen are so resistant to change that they condemn reserves even after they prove to 
benefit them.)  

In both the Florida and St. Lucia cases, Roberts showed, the benefits of reserves were felt well 
outside their borders. Prohibiting fishing in one area had actually improved fishing in other areas.  

Environmentalists say Roberts' report couldn't have come at a better time.  

 

"If there were enough fish, none of this furor would happen," says Steve Benavides, an Orange 
County resident who represents recreational divers and has observed the reserves issue for years. 
He was one of the key advocates of halting all abalone harvesting in Southern California in 1996. 
He said divers learned a valuable lesson from that experience that fishermen still don't grasp.  

"The fishermen just don't get it. Reserves are there to protect habitat. They're there to protect 
species in case fishery management makes more mistakes. Because if you look at the past, we 
haven't done a good job. With reserves, if we make another mistake, we won't drive a species 
into extinction," he says.  

But Benavides says Fletcher and Raftican are nervous that large Channel Islands reserves will 
affect how maps are drawn for the rest of the state under the Marine Life Protection Act. In both 
cases, Benavides says, politics was not supposed to be part of the process; it was science that 
would guide the drawing of maps.  

"Sometimes you just can't compromise. You need to do what's right. And that's why you need to 
follow the law and let the scientists decide," he says.  
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Matching marine reserve design to reserve objectives
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Recent interest in using marine reserves for marine resource management and conservation has largely
been driven by the hope that reserves might counteract declines in fish populations and protect the biodiv-
ersity of the seas. However, the creation of reserves has led to dissension from some interested groups,
such as fishermen, who fear that reserves will do more harm than good. These perceived differences in
the effect of marine reserves on various stakeholder interests has led to a contentious debate over their
merit. We argue here that recent findings in marine ecology suggest that this debate is largely unnecessary,
and that a single general design of a network of reserves of moderate size and variable spacing can meet
the needs and goals of most stakeholders interested in marine resources.

Given the high fecundity of most marine organisms and recent evidence for limited distance of larval
dispersal, it is likely that reserves can both maintain their own biodiversity and service nearby non-reserve
areas. In particular, spillover of larger organisms and dispersal of larvae to areas outside reserves can lead
to reserves sustaining or even increasing local fisheries. Ultimately, the success of any reserve network
requires attention to the uncertainty and variability in dispersal patterns of marine organisms, clear state-
ments of goals by all stakeholder groups and proper evaluation of reserve performance.

Keywords: marine reserve design; fisheries; resource management; biodiversity conservation;
marine protected areas

1. INTRODUCTION

The past few years have seen a tremendous increase in
public interest in using marine protected areas to manage
marine resources, and many countries are moving towards
regional and national programmes of reserve establish-
ment. Much of this interest has arisen as a result of the
dramatic success of existing reserves in increasing popu-
lation sizes within reserve boundaries. However, current
reserve systems were established rather haphazardly. Some
areas were set aside because they happened to be located
adjacent to military installations, sub-tidal anthropogenic
structures (oil rigs, communication cables, etc.) or dra-
matic natural features (e.g. Didier 1998; Johnson et al.
1999). Still other reserves were established because local
fisheries began to collapse (e.g. Russ & Alcala 1996; Mur-
awski et al. 2000) or because scientists wanted a small
patch of ‘natural’ area to study (e.g. Ballantine & Gordon
1979; Castilla & Durán 1985). Briefly, most reserve
locations and boundaries were chosen by a political pro-
cess that focused on economics, logistics or public accept-
ance, while largely overlooking or ignoring how the
complex ecology and biology of an area might be affected
by reserve protection (McArdle 1997; Roberts 2000).

Recent planning efforts indicate a dramatic shift in the
way reserves are being designed, with a focus on com-
munity and scientific involvement in creating ecologically
sound networks of protected areas (National Oceanic and
Atmospheric Administration 1996; Airame et al. 2003;
CAFGC 1999). However, even these efforts show that it
is difficult to develop reserve designs that satisfy all stake-
holder groups involved in the planning process (Suman et
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al. 1999; Nuttall et al. 2000). For example, the process
to develop no-take reserves in the Florida Keys National
Marine Sanctuary led to ‘overwhelming opposition’ from
the commercial fishermen in the area (Suman et al. 1999).

Although there exist a growing number of cases where
fishermen have spoken out in support of reserves as a
management tool (Roberts & Hawkins 2000; Roberts et
al. 2001), many fishermen remain strongly opposed to
including anything but the smallest amount of no-take
reserves in management plans (Suman et al. 1999; Haskell
1999; Nuttall et al. 2000; Bustamante et al. 2001). We
believe these difficulties in gaining full stakeholder support
for reserve design efforts stem from: (i) a general lack of
understanding of how existing marine reserves have per-
formed; (ii) ignorance of what the questions are that
remain to be addressed and answered; and (iii) a poorly
articulated explanation of how stakeholder goals can be
met using marine reserves. Reasonable goals, appropriate
design criteria and the success of marine reserves can only
be achieved if all stakeholders are armed with information
about reserve performance relative to their needs.

To help address these information needs, it is useful to
assess what is known about how reserves actually function
relative to how current theory suggests they might func-
tion. More importantly, can this empirical evidence and
existing theory then be put into practice to provide practi-
cal guidelines for marine reserve design?

The answers to these questions depend critically on the
intended function of marine protected areas, and as often
happens the perceived function depends on who is asked
(Dayton et al. 2000). Groups interested in marine conser-
vation or ecotourism view reserves as wilderness areas
where all species and whole ecosystems can persist with-
out extractive or destructive human activity. For these
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groups, reserves need to support and protect, within their
boundaries, genetically diverse populations of the full suite
of local and regional species. By contrast, other groups
view reserves as a resource management tool, intended to
export a dependable supply of some resource to other
areas where it can be taken for human consumption.
Economically viable increases, or at a minimum no
decreases, in the total catch of organisms after the creation
of a reserve is therefore the goal of these groups of people.
These two sets of goals require reserves to provide funda-
mentally different functions. As we will show, however,
the different goals of conservation and exploitation are not
necessarily incompatible with one another.

2. STAKEHOLDER CRITERIA: CAN A SINGLE
RESERVE NETWORK DESIGN MEET THEM ALL?

All stakeholder groups have the common goal of sus-
tainability at the lowest cost (or maximum benefit),
although exactly what they want to sustain differs dramati-
cally between the groups.

(a) Conservation and ecotourism: within-reserve
responses to protection

Some of the primary stakeholder groups espousing mar-
ine reserves are conservation/biodiversity preservation
organizations and the people they represent, and those
who profit from non-extractive human activity in the area
(e.g. diving, ecotourism organizations). For these groups,
marine reserves need to preserve and enhance biological
resources inside reserves, and ensure them against future
degradation. An even larger community may benefit from
the ‘ecosystem services’ provided by intact marine com-
munities, such as wave buffering and biological filtering
of contaminants (Snelgrove 1999).

There is abundant evidence that marine species within
reserve boundaries respond strongly and quickly to reserve
establishment. Most of this evidence has been evaluated
in a recent comprehensive review of empirical studies of
more than 100 studies of reserves around the world
(Halpern 2003). This review showed substantially higher
values of organism density, biomass, average size and
diversity inside reserves relative to appropriate reference
areas. These results were independent of reserve size or
age, and the higher values inside reserves accrued rapidly,
reaching mean values within 1–3 years after protection
(Halpern & Warner 2002; Halpern 2003). Thus, the over-
all pattern of response to marine reserve protection is one
of rapid, dramatic and persistent increases of within-
reserve biological measures. From a conservation perspec-
tive, therefore, no-take reserves successfully achieve the
goal of increasing and maintaining abundance and diver-
sity within reserves.

Conservationists also want systems of reserves that
encompass a representative sample of the local and
regional biodiversity. An extensive literature has
developed on how such a goal can be achieved in terres-
trial systems (see review by Margules & Pressey (2000)),
and much of this work is now being modified for and
applied to marine conservation efforts (Zacharias & Roff
2000; Carr et al. 2003). Although these ideas have recently
been applied to the design of marine reserves (Zacharias &
Roff 2001; Airame et al. 2003), few existing reserves were
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created with biological representation in mind. Since
future systems will certainly include existing reserves,
designers should make efforts to account for biodiversity
not yet represented within marine reserves.

Furthermore, for reserves to fully achieve conservation
goals, they should also enclose genetically diverse popu-
lations (Botsford et al. 2001). To provide this function,
reserves should be connected to one another through dis-
persal to allow genetic mixing of populations. Therefore,
dispersal distance is a critical input parameter for design-
ing reserves that successfully provide within-reserve func-
tions. We discuss below the implications for stakeholders
of various species-dispersal patterns on marine reserve
design.

To meet the criteria of biodiversity representation and
sustainable populations within reserves, network designs
will probably require that marine reserves be larger than
those currently in existence. In most of the world, reserves
make up less than 1% of the coastal ocean (Roberts &
Hawkins 2000). While small reserves can be effective in
increasing the diversity and abundance of many species
(Halpern 2003), species–area models and existing evi-
dence indicate that larger reserves will provide protection
to more species than smaller reserves (MacArthur & Wil-
son 1967; McClanahan & Mangi 2000; McClanahan &
Arthur 2001; Neigel 2003). Furthermore, reserves would
need to be very extensive to maintain large, self-sustaining
populations of all species. Such a reserve design, with large
single reserves in each biogeographic region, is likely to be
contentious with fishermen because it could force them to
travel greater distances to reach fishable waters, although
this design would serve conservation interests. Fortu-
nately, reviews of existing research on risk minimization
suggest that conservation goals for most species can be
met with reserves covering 30–50% of the total stock area
(Turpie et al. 2000; National Research Council 2001;
Airame et al. 2003), and evidence suggests that networks
of reserves of moderate size (10–100 km2) and variable
spacing should adequately protect and maintain the den-
sity and biodiversity of a large proportion of benthically
associated organisms (Murray et al. 1999; National
Research Council 2001; Roberts et al. 2001, 2003; Allison
et al. 2003). The exact placement of individual reserves
would need to account for: (i) biodiversity representation
within the reserve network; and (ii) dispersal patterns
(location of retention eddies, etc.) that would affect the
self-sustainability of individual reserves and the connectiv-
ity within the network of reserves (Roberts et al. 2003).

While the overall results of biological responses inside
reserves are encouraging, some important points of cau-
tion emerge. First, responses to reserve establishment can
be highly variable, depending on the intensity of exploi-
tation of the species before protection (e.g. the cessation
of fishing in an area not being fished will obviously have
little if any impact on that area), or the particular life his-
tory or trophic level of a species (Polacheck 1990; Carr &
Reed 1993; Rowley 1994; Russ & Alcala 1998b; Jennings
et al. 1999a,b). For example, large, long-lived species that
require many years to reach maturity are likely to respond
much less quickly than small, fast-growing species, and
perceived impacts of reserve protection will depend on
which species are measured (Russ 2002).

Second, the increases in abundance and diversity after
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reserve establishment do not necessarily represent a return
to ‘pristine’ conditions (Dayton et al. 1998; Jackson et al.
2001). For example, there are many large species that
have been effectively extirpated from coastal ecosystems
over the past few hundred years (Jackson et al. 2001).
Because of the rarity and large home range size of these
large species, reserves may be ineffective in restoring these
species to their former abundance in any local area.

Finally, reserves are effective in reducing habitat
destruction and direct human-induced mortality on some
species within reserves, but these are not the only sources
of disruption in coastal ecosystems. Pollution, excess
nutrients and alteration of pelagic communities outside
reserves can have profound effects on species and com-
munity structure within protected areas (Allison et al.
1998), and any policy establishing reserves must take these
distant factors into account. These three cautionary com-
ments are important for setting appropriate goals for mar-
ine reserves and in the last case may modify decisions of
where individual reserves are placed.

(b) Sport fishers and artisanal fishermen: export
of large fishes

Small-scale fishermen also represent some of the major
stakeholders, in terms of revenue generated and numbers
of participants, affected by reserve establishment. If mar-
ine reserves are to benefit these fishermen, enough fishes
must leave the reserve, where they can be caught, to com-
pensate for the amount of fishes ‘lost’ to reserve closures.
Research is just now beginning to show strong evidence
for spillover rates high enough to sustain (and even
increase) catches from local artisanal and small-scale fish-
eries (Attwood & Bennett 1994; Russ & Alcala 1998a;
McClanahan & Mangi 2000; Roberts et al. 2001; Gell &
Roberts 2002). A recent review of the evidence for spill-
over, in fact, suggests that spillover of fishes from reserves
can be significant (Gell & Roberts 2002). Further evi-
dence for spillover comes from studies showing how rec-
reational fishermen often ‘fish the edge’ of a reserve for
both greater catches and trophy-sized specimens (Johnson
et al. 1999; Roberts et al. 2001). For example, between
1986 and 1990, eight world-record fishes were taken in
the vicinity of the Merritt Island National Wildlife Refuge
in Florida, where tagging studies have documented the
movement of large adult fishes out of the reserve (Johnson
et al. 1999; Roberts et al. 2001).

Theoretical modelling of reserve design has shown how
body size, behaviour and movement patterns of particular
species will affect their potential rate of spillover (e.g. Pol-
acheck 1990; DeMartini 1993; Kramer & Chapman
1999). Optimal levels of spillover require that many
organisms leave the reserve but that a sustainable number
also remain within the reserve; excessive spillover negates
the value of a reserve. Kramer & Chapman (1999) point
out that spillover can be reduced by creating larger
reserves that encompass the potential home ranges of
species. Consequently, the degree to which spillover can
compensate local fishermen for area (or stock) lost to
reserve closures depends, mainly, on the mobility and
home range of a given species, with mobile species having
higher rates of spillover (Kramer & Chapman 1999; Cole
et al. 2000; Gell & Roberts 2002). Local fishermen are
more likely to benefit from spillover than regional fisher-
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men since the export of large individuals tends to be con-
centrated near the edges of reserves (Chapman & Kramer
1999; McClanahan & Mangi 2000; Murawski et al. 2000).

Given that reserves must supply large organisms
through spillover to meet the criteria of sport and artisanal
fishermen, these stakeholders will benefit most with ready
access to as much reserve edge as possible. The ideal
reserve design for these stakeholders, then, may be one
that includes many small reserves. However, if fishing
pressure outside small reserves is particularly intense,
highly mobile species may cross the boundaries often
enough to be depleted despite reserve establishment
(Kramer & Chapman 1999; Bohnsack 2000). Large
reserves also have extensive boundaries, of course, and
have the added benefit that continued protection in the
centre of such reserves buffers the loss at the edges. Fur-
thermore, the shape of these larger reserves can be modi-
fied to increase the edge-to-area ratio. Again, a network
of reserves of moderate size and variable spacing should
serve the needs of these stakeholder groups while allowing
some protection from depletion.

(c) Commercial fishermen: larval export
Some of the most important stakeholders in ocean

resources, and often the most vocally opposed to the cre-
ation of marine reserves, are commercial fishermen and
those regulating the fishing fleets. Many from this group
feel that the removal of any fishing area simply means
fewer fishes to catch. To meet the needs of these stake-
holders, marine reserves must supply enough larvae and
adults to non-reserve areas to compensate for the area lost
to fishing.

Models of successful networks of fisheries reserves
require that sufficient numbers of larvae be exported out-
side the protected areas (Hastings & Botsford 1999; Man-
gel 2000), and suggest that marine reserves can provide
this function as long as they constitute a significant por-
tion (model estimates generally range between 20% and
50% set asides) of the total stock area (Roberts & Hawkins
2000; National Research Council 2001). Reserves larger
than these levels will be less effective because of the exten-
sive loss of area where extraction is allowed. We have per-
formed quantitative analyses of the potential effects of
marine reserves on larval export and have shown that
reserves can export a sufficient amount of larvae to com-
pensate for reserve closures of up to at least 50% of the
total area used by a population (B. S. Halpern, S. D.
Gaines and R. R. Warner, unpublished data). Of course,
the larval replenishment function of reserves is most effec-
tive for those fisheries that are most depleted, and so the
implementation of reserves may have little effect on fish-
eries that are not overfished and could have no effect, or
even a detrimental effect, on well-regulated fisheries
(Hastings & Botsford 1999; National Research Council
2001).

Unfortunately, empirical support for the ability of
reserves to replenish fished areas through larval dispersal
is limited. There exist very few marine reserves of suf-
ficient size relative to the management unit that would
allow for a proper evaluation of model predictions. One
exception is the large area (ca. 17 000 km2) set aside in
1994 for groundfish protection on Georges Bank and
southern New England; this represents between 17% and
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29% of the area occupied by the stocks (Murawski et al.
2000). Although groundfish densities are increasing in the
reserves, it is the faster-growing sea scallops (also pro-
tected by the closure) that have shown the most rapid
response; biomass increased 14-fold over 4 years. Signifi-
cantly, scallop recruitment to areas outside the reserve has
increased and become more dependable, sustaining an
active fishery. Scallop landings from the Georges Bank in
1998 were over twice the level in 1994, whereas landings
in the Middle Atlantic Bight (without reserves) declined
by ca. 50% over the same period (Murawski et al. 2000).
Therefore, the evidence suggests that a network of reserves
covering a significant portion of the management area
could ensure adequate larval export of species for fisheries,
as well as the conservation and sustainability of those
species within the reserve network.

(d) All stakeholders: lowest cost for maximum
benefit

The establishment of marine reserves will displace some
fishermen. To be successful from the perspective of sport,
artisanal and commercial fishermen, then, reserves must
not only increase the value of the catch outside the
reserves (through either larger or more numerous fishes),
but also increase catch value enough to compensate for
the lost fishing grounds. As mentioned above, many fish-
ery models of reserves suggest that this compensation can
occur with a moderate proportion of the total area set
aside in a network of reserves. Impacts can also be less-
ened by placing reserves away from fishing ports, and to
leave space between individual reserves so that no group
of local fishermen is disproportionately affected by reserve
implementation. By contrast, the easiest way to minimize
enforcement costs (therefore meeting conservationists’
goals) would be to create fewer larger reserves, although
reserve designs composed of smaller reserves with clearly
defined and easy-to-identify boundaries should help min-
imize these costs.

Several cases illustrate that all groups can benefit from
a single reserve design, such that fish populations within
reserve boundaries increase in size and biomass while at
the same time local sport and commercial fishermen actu-
ally have higher net value of catch as a result of reserve
implementation (Russ & Alcala 1998a; Murawski et al.
2000; Leeworthy 2001; Roberts et al. 2001; Gell & Rob-
erts 2002). For example, in the Florida Keys National
Marine Sanctuary all fishermen saw a net increase in catch
value after the creation of the Sambos reserve, but the net
increase in catch value was 44% higher for fishermen who
fished near the reserve relative to fishermen who fished
elsewhere in the Sanctuary (Leeworthy 2001). Everyone
appeared to benefit from the reserve; those people fishing
closest to the reserve benefited the most.

3. ASSESSING WHAT WE DO NOT KNOW

Given that some reserve functions appear to ‘work’ on
a small scale, the fundamental remaining questions for
reserve design are how big to make reserves—how big
should individual reserves be and how much of a total
management area should be set aside in reserves—and
how far apart from each other should reserves be placed.
Answers to these questions depend largely on issues of
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dispersal and so are difficult to address, but there is a
growing body of evidence that can inform the process of
designing reserve networks.

(a) Reserve size
(i) Individual reserve size

Reserves of all sizes can have positive impacts on bio-
logical measures within the reserve (see above), but this
may not be sufficient to sustain an entire population. The
primary factor determining optimal reserve size is disper-
sal, both adult and larval (figure 1). If reserves are too
small, most if not all of the adults and larvae will leave
the reserve, making within-reserve populations unable to
sustain themselves. On the other hand, if reserves are too
large, too few adults leave the reserves to make the reserve
design palatable to fishermen, although such a design
would be ideal for conservationists. Unfortunately, disper-
sal distance is notoriously difficult to measure and is there-
fore not known for most marine species. However, some
estimates of adult movement have been made (see above),
and Shanks et al. (2003) review dispersal patterns for 32
taxa and suggest that reserves should be able to capture
most short-dispersing species if they are ca. 4–6 km across,
and that appropriate spacing of these reserves (see below)
can help capture the long-dispersing species.

Designing an optimal network of reserves for a parti-
cular species with known dispersal distances would be a
relatively simple task. However, reserves are intended to
serve community and ecosystem functions, and these
functions involve species with many different dispersal
patterns, most of which are not currently known. Such
variation makes it difficult to prescribe an exact network
design of given reserve size and spacing. However, given
the uncertainty in sources and destination of recruits for
most marine species, a consensus is emerging that net-
works of intermediate-sized reserves (10–100 km2) will be
more effective than fewer large reserves, particularly if the
networks include a variety of representative habitats
(National Research Council 2001).

The question of the efficacy of a single large or several
small (SLOSS) reserves has been fully addressed for ter-
restrial reserve design (see Shafer 1990 for review).
Although it is tempting to turn to this literature for guid-
ance on how to design networks of marine reserves, many
fundamental differences exist between terrestrial and mar-
ine systems, making it difficult to transfer lessons learned
from one ecosystem to the other (Carr et al. 2003). These
differences include: (i) the enormous potential role of dis-
persal in marine systems in transferring production
between locations and ‘blurring’ boundaries; (ii) the
ability for organisms to live between the reserves (unless
those areas are being completely exploited); and (iii) the
dramatic role of fishing in controlling population sizes (the
SLOSS debate for terrestrial systems focuses more on
habitat loss than direct take of target species). Because
fishermen are likely to be strong advocates for smaller
reserves and because dispersal of larvae will help connect
and support reserves separated from one another, it is
likely that a design of several smaller reserves (instead of
one large reserve) will function well while also garnering
the most stakeholder support.
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(a)

(b)

(c)

conservation

reserve not 
self-sustaining;
most species
lost

reserve 
moderately 
self-sustaining;
some species 
lost

reserve 
completely 
self-sustaining;
all species 
retained

small fishery

high periph-to-
area ratio but 
unsustainable

adequate periph-
to-area ratio, 
with some 
individuals 
retained

low periph-to-
area ratio; 
relatively small 
amounts of 
spillover

commercial
fishery

small effect
on recruitment

significant 
source of recruits 
to fished areas; 
moderate 
reduction of 
fishing grounds

little recruitment 
outside reserve; 
severe reduction 
of fishing 
grounds

overall

too much 
loss out of 
reserve; 
minimal 
effect on 
fisheries

good balance 
of benefits for 
all stake-
holders 

little export 
function

Figure 1. Possible individual reserve sizes assuming adult and larval dispersal distances for a relatively sedentary species with
an extended larval phase. Three possible reserve sizes (boxes) are drawn along a hypothetical coastline over dispersal distances
for larvae (solid arrows) and large fishes (dashed arrows) for the stock area of a species. The ability of each reserve size to
meet stakeholder goals is indicated next to each design. Small reserves export all fishes (larvae and/or large fishes), and are
unable to sustain themselves (a). This option is unable to meet any stakeholder goals. Large reserves (c) capture all fishes,
making the reserves suitable for conservation goals but useless for fishing interests. Reserves that are of moderate size (Shanks
et al. 2003) suggest 4–6 km across; (b) retain many large fishes and some dispersing larvae but export all others. This design
allows the reserve to be self-sustaining for some species while exporting enough larvae and large fishes into non-reserve areas
to sustain fisheries. However, this reserve size (b) may not capture enough dispersing larvae and retain larger fishes for other
species, and needs to be replicated in a network to preserve the entire biodiversity of an area (see figure 2).

(ii) Total area set aside
As outlined above, most recommendations for minimiz-

ing risk (for conservation of biodiversity) or maximizing
yield (for fishery management) suggest that a minimum
of 20% and an optimum of 30–50% of the total manage-
ment area be set aside in reserves (National Research
Council 2001; Roberts et al. 2002; Airame et al. 2003).
This aggregate reserve size allows populations to remain
large enough to produce sufficient offspring for main-
taining themselves and to supply fisheries, while simul-
taneously leaving enough area open for fishermen to have
sustainable catches. Unfortunately, actual reserve plan-
ning areas are often much smaller than that encompassing
a stock management unit, and this can compromise the
ability to detect a reserve effect. Ideally, many inde-
pendent reserve networks that cover 30–50% of different
management areas should be established to test their
effectiveness empirically. Short of this, currently available
models can only effectively guide reserve establishment if
dispersal out of the reserve is confined mainly to the
remaining planning area. If dispersal is much greater than
this, then the reserve will represent a relatively small pro-
portion of the area to be serviced, and models suggest that
enhanced recruitment will be slight and difficult to detect
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in a monitoring programme. This is an important point
to remember when evaluating the success of reserve net-
works.

(b) Reserve spacing
Determining the optimal spacing of reserves within a

network requires knowledge of how far larvae regularly
disperse and how close reserves can be to each other and
still be acceptable to fishermen. Shanks et al. (2003) esti-
mate that reserves spaced ca. 20 km apart should allow
long-dispersing species to encounter reserves frequently
enough to ensure sustainability of populations and stocks.
However, even these distances are not likely to encompass
the dispersal distances of all species, and so a reserve net-
work that incorporates a wide range of between-reserve
distances is more likely to be successful than one that has
uniform spacing (Carr et al. 2003; Kinlan & Gaines 2003;
Palumbi 2003; Shanks et al. 2003; figure 2). Such a design
should be acceptable to fishermen because it maintains
accessibility to large areas of local fishing grounds.

4. NEEDS AND CAVEATS FOR FUTURE PLANNING

Clearly, the estimated dispersal distance of target spec-
ies is an important parameter in planning effective marine
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(a)

(b)

(c)

Figure 2. Possible reserve spacing within a network given a relatively sedentary species with an extended larval phase. Three
possible reserve spacing options (boxes) along a hypothetical coastline are presented using option (b) from figure 1 for
individual reserve size and assuming that large fishes (dashed arrows) disperse relatively short distances and larvae (solid
arrows) can disperse varying distances for the stock area of a species. Individual reserve size can vary as long as the reserve is
sufficiently large to capture enough short-dispersing individuals to make it self-sustaining (see figure 1). Reserve spacing
should vary (to include options (a–c)) within the entire network (many reserves) to ensure that dispersers of all distances
(short, medium and long dispersers for options (a), (b) and (c), respectively) are captured within the network of reserves. This
compensates for the inability of a single reserve to capture the entire biodiversity of an area (as outlined in figure 1). This
reserve network design would be self-sustaining and capture most of the biodiversity of the region (conservation goals) while
exporting large fishes across reserve boundaries (artisanal/sport fishing goals) and larvae to fished areas (commercial fishing
goals).

reserves. Such estimates provide an idea of how well local
populations can sustain themselves as well as offering
guidance for how to construct networks of reserves.
Unfortunately, the spatial recruitment patterns resulting
from local production are unknown for any marine species
with a pelagic stage lasting longer than a few hours,
although recent evidence suggests a surprising amount of
local retention of production at small scales (tens of
kilometres) for species with relatively long (20–50 days)
pelagic larval durations (Jones et al. 1999; Swearer et al.
1999, 2002; Cowen et al. 2000; Warner & Cowen 2002).
Given the very high fecundity of many marine organisms,
it is entirely possible that a local population within a
reserve could both sustain itself and provide substantial
export to non-reserve areas. Estimating dispersal distances
remains one of the great challenges in marine ecology.

It is important to keep in mind that our evaluations of
trade-offs between reserve benefits and stakeholder
requirements have focused on longer-term outcomes.
Reserve effects will take at least a year or two to accrue,
and decades for some species. The impacts of spatial clos-
ures on fishermen, however, will be felt immediately. To
offset some of these short-term costs to fishermen from
the creation of reserves, other forms of management (e.g.
fleet buy-back programmes) may be necessary. In fact,
many have argued that the use of marine reserves must be
embedded in a larger scheme of marine management that
includes a range of tools and techniques (Agardy et al.
2003). However, the goals of both conservation and
resource exploitation focus on long-term stability of mar-
ine species, which should be achievable through the
reserve design described here.
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Reserve planning will be most effective if performed at
the proper scale. Planning that involves only a small por-
tion of the coastal environment (perhaps owing to limited
jurisdiction) is complicated by the potential transport of
organisms from outside the planning area. Of course,
reserves cannot be equally effective for all the species con-
tained within their borders, but larger planning areas allow
reserve network designs that target a wider variety of spec-
ies. This suggests that coordinated, large-scale pro-
grammes will have the best chance of translating marine
reserve design theory into practice.

Given the relatively sparse amount of empirical data on
the effectiveness of reserves for recruitment enhancement
(and subsequent harvest) outside of protected areas, it is
tempting to suggest that no action be taken until better
information becomes available. However, the continued
decline of many fisheries suggests a need to supplement
traditional effort-based resource management as quickly
as possible (Murray et al. 1999). As such, the establish-
ment of reserves should be linked with programmes
designed to gauge their effectiveness as a fishery manage-
ment tool. Such an experimental approach would begin
with a design based on the best scientific information
available, continue with a dedicated programme to moni-
tor reserve performance, and include a scheme to alter
reserve design as performance information becomes avail-
able. To be fair and appropriate assessments of the per-
formance of marine reserves, such pilot reserve networks
should cover a significant proportion of the management
area and be designed according to ecological principles
(Airame et al. 2003; CAFGC 1999).
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5. CONCLUSION

As described above, it is entirely possible that most
stakeholders could be served, and served well, by a com-
mon design for a system of marine reserves. A network of
marine reserves should cover a substantial portion
(estimates converge on 20–50%) of the total area being
managed. Individual reserves should be large enough to
supply recruits to areas outside the reserve and to sustain
populations inside, but small enough to allow a sufficient
number of adults to ‘spill’ across reserve boundaries to
supply opportunities to ‘fish the edge’. The exact size and
spacing of individual reserves within the network remain
difficult to specify, but a precautionary approach of
including a variety of sizes and spacing should allow for a
higher likelihood of reserve success. If this design is fol-
lowed, stakeholders should be able to benefit from the use
of marine reserves. However, for the success of reserves
to be judged fairly by all stakeholders, it remains essential
that: (i) educating stakeholders about the benefits and
limitations of marine reserves as a management tool be an
integral part of designing reserve networks; (ii) the goals
for a reserve be clearly outlined at establishment; and (iii)
monitoring programmes be used to assess how well these
goals are attained and to help guide modifications to the
reserve system as needed. There can never be any guaran-
tees in this process, but greater acceptance can be attained
through clear expectations and continued attention to the
needs of all stakeholders.
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the manuscript.
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No Take Marine Protected Areas (nMPAs) as a fishery management
tool, a pragmatic perspective

A Report to the FishAmerica Foundation

By Robert L. Shipp, Ph.D.

Executive Summary

Marine Protected Areas (MPAs) are portions of the marine environment which are protected
from some or all human activity. Often these are proposed as a safeguard against collapse of fish
stocks, although there are numerous other suggested purposes for their establishment. “No take”
MPAs (hereafter referenced as nMPAs) are those from which no harvest is allowed. Other types
include those where certain types of harvest are prohibited, which are reserved for certain user
groups, or which are protected from other human activities such as drilling or dredging.

Establishment of nMPAs may have numerous beneficial purposes. However, as a tool for
fisheries management, where optimal and/or maximum sustainable yield is the objective, nMPAs
are generally not as effective as traditional management measures, and are not appropriate for the
vast majority of marine species. This is because most marine species are far too mobile to remain
within an nMPA and/or are not overfished. For those few species that could receive benefit,
creation of nMPAs would have an adverse effect on optimal management of sympatric forms.

Eight percent of US fish stocks of the Exclusive Economic Zone (EEZ) are reported to be
experiencing overfishing. The finfish stocks included in this number are primarily pelagic or
highly mobile species, movement patterns that don’t lend themselves to benefit from nMPAs.
Thus a very small percentage, something less than 2 %, depending on mobility potentials, is
likely to benefit from creation of these no-take zones. However, many of these species have
come under management within the last decade, employing more traditional fishery management
measures, and are experiencing recovery.

MPAs (both “no take” and other types) can serve a positive function as a management tool in
protecting breeding aggregations, in helping recovery of severely overfished and unmanaged
insular fish populations with little connectivity to adjacent stocks, and in protecting critical
habitat which can be damaged by certain fishing methods.
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Introduction

Concept of MPAs

In recent years, a great deal of interest has been expressed in the establishment of Marine
Protected Areas (MPAs), marine “no take” areas, or marine sanctuaries (e.g. National Research
Council: “Marine Protected Areas: Tools for Sustaining Ocean Ecosystems, 2001; National
Resource Defense Council: “Keeping Oceans Wild: How marine reserves protect our living seas,
2001”) This interest has been spurred by the frequent references to depleted fish stocks, and
continued decline in marine fishery resources.

Proponents of so called “no take” Marine Protected Areas (nMPAs) have described the benefits
to include potential as a fishery management tool as well as several other related advantages,
specifically, conserving biodiversity, protecting (coastal) ecosystem integrity, preserving cultural
heritage, providing educational and recreational opportunities, and establishing sites for scientific
research (Houde et al., 2001). In addition, other benefits suggested include enhancing
ecotourism, and reducing user group conflict (e.g. divers and harvesters).

The concept of nMPAs is initially attractive, and will no doubt elicit a great deal of support and
discussion among various groups interested in protecting marine habitats. However, the many
offered benefits described above often overlap, and become intertwined in the discussions that
ensue.     A fishery management tool is one that sustains and/or increases through time the yield of
a fish stock, or several sympatric stocks of an ecosystem.  If nMPAs are to be considered as a
management tool, then that goal or objective, sustained and/or increased yield, needs to be
clearly stated, and distinguished from other, more theoretical goals.

Traditional Management Tools

Traditional management tools generally focus on reducing effort, enhancing stocks from
hatchery operations, and protecting critical habitat. Effort reduction includes bag and size limits
(including sometimes slot limits), quotas, seasonal and/or areal closures, gear restrictions, and
by-catch reduction. These have been successful for more than a century in freshwater
environments. Their use in marine habitats has only become widespread in the United States in
recent decades, especially since passage of the Fishery Conservation and Management Act in
1976. Hatchery operations and stocking have also been primarily a freshwater endeavor,
although recent efforts to stock some marine species have been attempted and yet to be evaluated
over the long term. Protection of critical marine habitats has become an issue of extreme concern
and is the focus of current efforts on the part of all Fishery Management Councils, as required in
the most recent reauthorization of the Sustainable Fisheries Act. Use of MPAs for this purpose is
discussed later in this paper.

Purposes of MPAs

In order for nMPAs to function as a management tool for marine fisheries, there needs to be an
examination in specific instances and with specific stocks to determine the potential benefits.
This is especially true when stakeholders are currently so involved in management decisions that
impact their livelihood. In their work on no-take reserves (Murray et al., 1999), the authors list
guidelines for these reserves, including first:
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1. Reserves should have clearly identified goals, objectives, and expectations.

a) Clearly identify and describe the purposes of each reserve.
b) Clearly identify the species, communities, and habitats to be protected.
c) Clearly identify the projected role and contribution of each reserve to the network.

I am in total agreement with these guidelines. For this reason, a systematic approach, detailing
the potential benefits or lack thereof of nMPAs on managed stocks is justified, and is the intent
of this paper. It is not the intent of this paper to pass judgment on the benefits of MPAs (“no
take” or MPAs of other design) on any of the other stated objectives (e.g. conserving
biodiversity, study sites for ecosystem research, ecotourism sites, protection of habitat from
destructive fishing methods, protection of habitats from other harmful anthropogenic activities
such as drilling, coastal development etc.). These are socioeconomic or scientific questions that
may have socioeconomic and/or scientific consequences, but are distinct from evaluating
scientifically nMPAs as a fishery management tool.

Methodology

The procedure followed here is to develop a comprehensive list of economically (commercial
and recreational) important finfish from the mid to south Atlantic, the Gulf of Mexico, and
Pacific US coasts (shellfish are excluded here because of the radical differences in their life
history, harvest methods, etc.). For each species in the list, determine the status of the stocks
(underutilized, fully utilized, over utilized, unknown). Then review their life histories, especially
movement and/or migratory patterns, and make a judgment as to the possible benefits that may
be conferred by establishment of an nMPA.

Determination of nMPA impacts

NMPAs are predicated on two fundamental components: keeping harvesters out and keeping the
species in. The first of these is primarily an enforcement, compliance, and education issue and
not to be discussed herein. The second is wholly a scientific issue, that is, whether the biology of
the species is such that they will remain within an nMPA for a period of their life long enough to
accrue the protection desired.

Studies assessing the management potentials of nMPAs recognize this, and the “keeping species
in” component is critical in modeling efforts. For example, Nowlis and Roberts (1998) state that
their models “included the key assumptions that adults did not cross reserve boundaries and
that larvae mixed thoroughly across the boundary but were retained sufficiently to produce
a stock-recruitment relationship for the management area.”

In addition, for an nMPA to be an effective management tool, the clear implication is that
management is needed. Thus, the stocks must be overfished, or overfishing is occurring or likely
to occur, and the stocks may be approaching an overfished condition. There are formal and legal
definitions for these terms, but briefly, an “overfished stock” is one whose current biomass is
below that needed to maintain current harvest rates, and “overfishing” refers to a   rate   of fishing
pressure that will lead to the overfished condition, even though current biomass of that stock is
adequate to sustain maximum sustainable yield (MSY) if properly managed.
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If the stocks are healthy, and projected to remain so, that is they are neither overfished nor is
overfishing occurring, the need for nMPAs as a management tool is nil. This is also true if the
preferred but complex ecosystem management strategy is employed, and no species within the
complex is overfished or experiencing overfishing. In fact the literature is clear on this point, that
if the stocks are healthy, nMPAs at best are yield neutral or will reduce harvest in some ratio to
the size of the nMPAs (e.g. Polachek, 1990; DeMartini, 1993; Holland and Brazee, 1996; Sladik
and Roberts, 1997; Botsford et al., 1999; Hastings and Botsford, 1999; R. Hilborn, U. of Wash.
pers. com.).

Current status of fisheries

So it is first important to gain some perspective on the extent of overfishing in U.S. waters before
we can assess the possible benefits of nMPAs. In the latest Report to Congress (NMFS 2001),
905 fish stocks in the EEZ were addressed, including both finfish and shellfish. Ninety-two
stocks (10%) were determined to be overfished; seventy-two stocks (8%) were found to have
overfishing occurring. Of these, 57 stocks (6.3%) were found to be both overfished and are
experiencing overfishing. These percentages are somewhat misleading in that there were a large
number of stocks for which the stock status was undetermined. However most of these were
economically less important and less targeted species.

Determination of Potential Benefits

In determining possible benefits for each species, while movement patterns and stock condition
are primary considerations, additional parameters include any that may impact the management
of the species. Examples include utility and effectiveness of alternative management measures,
presence of critical habitat, by-catch mortality, release mortality, and recruitment (i.e. larval
dispersal) characteristics.

The species movement patterns of course relate to the proposed dimensions of an nMPA, but in
most discussions, vast area nMPAs, covering extents within which a migratory species or all life
history stages of sedentary species would be contained, are not proposed. Exceptions exist in dire
cases, such as the major areas established off the upper western North Atlantic shelf, where an
attempt is being made to recover the depleted ground fish stocks (NOAA, 1999). In fact, these
can also be interpreted as a proxy for effort reduction on a collapsed fishery.

There have been suggestions that certain areas which serve as major migratory pathways or
important spawning areas for pelagic species be considered as nMPAs (e.g. NOAA, 1999).
These in fact will be discussed as critical habitat parameters, but are not what are generally
considered as an nMPA, as these may be seasonal, or even variable in locale, depending on
certain physical conditions.

The basic document employed for this list determination is the aforementioned “Report on the
Status of US Living Resources” published by the US Dept of Commerce for the year 1999
(NOAA, 1999) and “The Report to Congress. Status of Fisheries of the United States” (NMFS,
2001). These reports provide species lists for each of the coasts, and their current stock status.
This is supplemented by including additional species that may fall under individual state
management, or have some economic importance external to the parameters of the federal
documents. Where these species have been added, a brief commentary on the rationale to do
so is included.
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Thus the concern often expressed is for troubled species, and the purpose of this report is to
determine if those species are potential beneficiaries of nMPAs.

Mid to south Atlantic species

Anadromous Species 

NOAA (1999) lists five managed anadromous species of the Atlantic Coast: Striped bass,
American shad, alewife/blueback, sturgeons, and Atlantic salmon. All these stocks are
considered overfished except striped bass.

Striped bass (Morone saxatilis) suffered severe recruitment failures in the 1970s, but restrictive
management measures implemented in the 1980s and some good recruitment levels have
restored the stocks. For the other species, agricultural and industrial development and damming
of rivers are cited as the major impediments to rebuilding. And while improvements of these
riverine habitats may be necessary for recovery of these stocks, none of these species can be
considered as potential beneficiaries of an nMPA.

Atlantic Highly Migratory Species.

NOAA (1999) lists 10 categories of highly migratory fish stocks: yellowfin tuna, bigeye tuna,
albacore, skipjack tuna, bluefin tuna, “other” tunas, swordfish, blue marlin, white marlin and
sailfish. Of these, all are considered over exploited, except yellowfin (fully exploited), skipjack
(possibly fully exploited) and other tunas (unknown). While there is grave concern for the future
of these severely overfished stocks, their highly migratory nature and requirements for
international quota regulations preclude them from receiving significant benefit from an nMPA.
However, identification of critical spawning areas may justify seasonal/areal closures in the
future.

Atlantic Shark Fishery.

There are thirty-four species of sharks listed in the Atlantic shark fishery by NOAA (1999),
however these are grouped into only three categories: large coastal, small coastal, and pelagic.
The large coastal species as a group are considered overfished, although lack of knowledge of
the individual species status is a concern. Small coastal sharks are thought to be fully utilized,
and their stock levels above that necessary to maintain a long-term potential maximum yield.
The exploitation status of the highly pelagic grouping is unknown. But practically all shark
species for which tagging studies have been implemented show extensive movement patterns,
and as a result, are unlikely to benefit from nMPAs. However, recent information on critical
nursery areas for some species may warrant seasonal/areal closures or other measures to protect
critical habitat of juveniles.
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Summer Flounder.  

Along the New England and mid Atlantic coast, summer flounder (Paralichthys dentatus) of the
mid Atlantic states is a heavily exploited species, both commercially and recreationally. The
species undergoes an offshore spawning migration from late summer to mid-winter, and the
larvae and post-larvae drift inshore, where metamorphosis is completed, and the juveniles utilize
eelgrass beds or similar habitats. The extensive migratory patterns minimize potential benefit to
the species by nMPAs, however, consideration should be given to protection and even expansion
of the required juvenile habitat.

Other south Atlantic and Gulf of Mexico stocks

Atlantic and Gulf of Mexico Migratory Pelagic Fisheries.

Because of their migratory patterns which ingress between both the Gulf and south Atlantic, Gulf
and Atlantic migratory species are included together. The species listed include dolphinfish, king
mackerel, Spanish mackerel, cobia, and cero mackerel. To this list is added wahoo, because both
Management Councils (the South Atlantic Fishery Management Council [SAFMC] and the Gulf
of Mexico Fishery Management Council [GOMFMC]) have recently begun an assessment and
management plan for this species.

Of these seven species, only the Gulf stock king mackerel have been considered overfished,
although the most recent stock assessment has concluded that this stock has now recovered to the
fully utilized level (Dr. Will Patterson, chair GOMFMC Coastal Migratory Stock Assessment
Panel, pers. com). Dolphinfish, cobia, cero, and wahoo fishery utilization levels are unknown.
But in any case, these species are so migratory that none could be considered to benefit by an
nMPA.

Atlantic and Gulf of Mexico Reef Fisheries.

About 60 species of reef fishes are managed in the South Atlantic and Gulf EEZ. For the vast
majority of these, stock assessments have not been performed and life history data, including
movement patterns, are also unknown. Thus any consideration of nMPA benefits for these
species is pre mature. However, in recent decades, great concern has been expressed for several
of the more valuable species, and more is known of their stocks and life history than the lesser
known forms. These will form the analytical basis for the potential benefits of nMPAs, and for
the present, can be considered as reasonable proxies for the other less studied species.

The species included in this discussion are: jewfish (= goliath grouper), Nassau grouper, gag
grouper, red grouper, red snapper, vermilion snapper, mutton snapper, greater amberjack, red
porgy, and gray triggerfish. Each of these is treated individually in regard to their stock status
and current trends, life history parameters, and potential benefits of nMPAs.

Goliath grouper (Epinephelus itajara) has been a species of great concern for more than a
decade. In fact, a total harvest prohibition was placed on this species in the late 1980s. Since
then, the population has experienced significant recovery (A. E. Eklund, NMFS, pers.comm.),
and has led many commercial and recreational fishermen to express concern that its predatory
behavior may negatively impact populations of sympatric reef species, especially spiny lobsters.
At the recent (January 2002) meeting of the Reef Fish Advisory Panel (RFAP) of the GOMFMC,
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several members noted that these stocks have rebounded so strongly and are impacting their prey
species so heavily that the Panel voted unanimously to request that the Council consider a
controlled harvest to determine the status of the stocks.

Nassau groupers (Epinephelus striatus) are found only in the most extreme southern US,
primarily the Florida Keys (Sadovy and Eklund, 1999). The status of their stocks has also been
of great concern, especially because of their well-documented spawning aggregations (Colin,
1992) that make them vulnerable to intense harvest at that time. For this reason, protection of
these sites during spawning is certainly a positive function of an nMPA. Whether these sites
should be so designated permanently would require additional studies to determine if habitat
requirements were threatened by harvest activities during other times. In addition, designation of
areas other than the spawning sites as nMPAs for protection of Nassau would not be beneficial,
since they would leave those areas during spawning, and thus become vulnerable to capture
(Bolden, 2000).

Gag grouper (Mycteroperca microlepis) is an extremely important commercial and recreational
species, occurring along the entire mid- Atlantic and Gulf coasts. There has been a great deal of
study on this species (see Turner et al., 2001) because of its economic importance, fears for the
condition of the stock, the formation of spawning aggregations, its protogynous life cycle, and
the possibility of a major shift in sex ratios (fewer males) due to overfishing and the extremely
aggressive habits of the males during this period (Coleman et al., 1996). Several regions off the
big bend area of Florida were proposed as nMPAs by the GOMFMC for this species during the
spawning period (late winter-early spring), but prevented from implementation by subsequent
litigation. However, the occurrence of spawning aggregations and concern over sex ratios does
argue for protection in those areas well documented as spawning sites. Although the current
stock assessment indicates that the stocks are not overfished (GOMFMC, Stock Assessment
Panel [SAP], 2001), gag is definitely a potential candidate for protection at aggregate spawning
sites and during spawning periods.

Red grouper (Epinephelus morio) range from Massachusetts to Brazil, and are most abundant on
the west Florida and Yucatan shelves. They’re found from coastal estuaries to the outer
continental shelf (Robins et al., 1986; Shipp, 2000) and will likely be declared overfished during
the year 2002 (Dr. Jim Cowan, chair, GOMFMC, SAP), although there continues to be a great
deal of uncertainty regarding the status of the stocks, due in large part to historical catch by the
Cuban fleet through the 1960s. In addition, little is known about the migratory patterns of this
species. But there is no indication that they are any more sedentary than other groupers, and the
juveniles occur in nearshore waters, moving offshore as they approach maturity. It is possible
that adults form small breeding aggregations (Coleman et al., 1996), but whether these occur in
well-defined areas is not known. If such areas are located, they could possibly be designated as
an nMPA during spawning periods.

Red snapper (Lutjanus campechanus) has doubtlessly become the most controversial finfish
species in the Gulf of Mexico, less so in the south Atlantic. It’s high market value, favor by
recreational fisherman, and the vulnerability of juveniles to shrimp trawls, has resulted in
stakeholder conflicts on many fronts. The species was declared as severely overfished in the late
1980s and early 1990s (Goodyear, 1995; Schirripa and Legault, 1999). This resulted in numerous
harvest restrictions, including minimum size limits, seasonal closures, trip limits for commercial
fishermen, bag limits for recreational fishermen, and mandates for by-catch reduction devices by
the shrimp fleet.
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Because of these factors, and the fact that it’s a reef species
thought to have relatively sedentary habits, several recent
papers on red snapper have cited the species as one that
might be benefited by nMPAs (Bohnsack, 1996; Fogarty et
al. 2000, Houde, 2001). However, on closer examination, red
snapper would likely not benefit. Recent papers describing
results of tagging studies (Watterson et al., 1998; Patterson et
al. 2001) demonstrate that while strongly reef associated, red
snappers exhibit slow movement away from tagging sites
under normal conditions, and extensive movement as a result
of tropical cyclones, a very frequent occurrence throughout
the entire range of the species Figure 1). Thus, a “permanent”
red snapper stock in an nMPA would be largely relocated to
other areas with each of these events.

In addition, recent model projections of snapper recovery
(Goodyear, 1995; Schirripa and Legault, 1999) cite the need
for very substantial (40%-80%) shrimp trawl by-catch
reduction of age 0 and 1 juveniles. Red snapper larvae remain
in the plankton for two weeks or more. Thus any potential
contribution of larvae to the overall population from and
nMPA stock would be subjected to the same mortality over
most of its range. But despite the stresses experienced by
the stock, red snapper appear to have begun to recover.
With the implementation of the traditional management
measures described above, quotas and CPUE have
increased consistently during the last decade.

Vermilion snapper (Rhomboplites aurorubens) is a moderately important reef species of the Gulf
and south Atlantic.  The stock assessment panels have not been able with certainty to evaluate
stock status. However, in the Gulf, it is likely that this species may be heading toward an
overfished condition (J. Cowan, chair, GOMFMC Stock Assessment Panel, pers. comm.),
although the most recent assessment contained so many uncertainties that the GOMFMC Reef
Fish Advisory Panel in 2002 recommended “status quo” on setting a quota until a more reliable
assessment could be developed.  The species has been managed primarily by a minimum size
limitation. There is little information as to its migratory or movement patterns, so the benefits of
an nMPA for this species cannot be determined.

Mutton snapper (Lutjanus analis) is known to form distinct spawning aggregations. One of the
best known is the Riley’s hump area near the Dry Tortugas in the Florida Keys. This area is
protected during the spawning season, and except for some occasional violations and attendant
enforcement problems, the protection will likely benefit the species.

Greater amberjack (Seriola dumerili), though listed as a reef species, is better considered a
coastal pelagic. Although frequenting reef areas, this active species is very mobile, and its
movements, though not extensive long range migrations, do traverse hundreds of kilometers on a
regular basis (Ingram, et al., in press), and thus is an unlikely candidate to benefit from any but
the most expansive nMPAs.

Figure 1. Polar diagrams of red snapper
movement for (A) fish not at liberty
during Hurricanes Opal and Georges and
(B) fish at liberty during those
hurricanes. Note scaler differences, in
kilometers. From Patterson et al, 2001
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Red porgy (Pagrus pagrus) ranges on both sides of the Atlantic in temperate and tropical seas. It
favors live bottom habitats. It is a species of some concern regarding the health of the stocks,
especially in the south Atlantic US coast. Recent increases in fishing pressure have resulted in a
greatly reduced stock, and a call for reduced fishing mortality. Earlier tagging studies did not
indicate extensive migrations. The species is currently under management by the SAFMC, and
effort restrictions have been put in place to reduce harvest. Contingent on the results of this
management and additional data on population movements, the red porgy is a species that could
possibly benefit from an nMPA until stocks are returned to a level more manageable by
traditional fishery methods. However, the population appears to be experiencing a substantial
rebound (Dr. Robert Mahood, Exec. Dir. SAFMC, pers. com.), and a new stock assessment will
be completed in June of 2002.

Gray triggerfish (Balistes capriscus) is a temperate-tropical species found on both sides of the
Atlantic. The species has received additional fishing pressure in recent years, probably resulting
from more stringent management regulations on co-occurring species, especially red snappers
and groupers. However, the stocks are not considered overfished, but as a precautionary move, a
12” minimum TL size limit has been implemented by most management agencies. Recent studies
(Ingram, 2001) suggest that gray triggerfish are more sedentary than previously thought, more so
than red snapper, but nevertheless do display some limited movement. Should future fishing
pressures indicate additional limitations on harvest, this species might be the best candidate
among the fishes discussed here to benefit from an nMPA, especially given that recent stock
assessment data indicate that gray triggerfish may be experiencing local overfishing in some
locations in the Gulf of Mexico (J. Cowan, chair, GOMFMC Stock Assessment Panel, pers.
comm.).

Other Snapper/Grouper Species.  

In the south Atlantic, there are nine species of snappers and groupers (gag grouper, red snapper,
speckled hind, snowy grouper, Warsaw grouper, golden tilefish, yellowtail snapper, red grouper,
and black grouper) that are considered overfished and overfishing is occurring. The SAFMC has
initiated rebuilding plans by imposing catch restrictions on all these species. These plans are
generally 10-15 year plans, and most are about five years away from completion. If these
traditional management measures fail, nMPAs might be appropriate for some or all of these
species. However, migratory patterns of these forms are at present poorly understood. Therefore,
establishment of nMPAs at this time is pre mature.

There are an additional 19 snapper/grouper species in the South Atlantic, as well as scores of
sympatric species under management (e.g. grunts, porgies), for which the stock status is
unknown.

Southeast Drum and Croaker Fisheries. 

Black drum, Atlantic croaker, spot, red drum, seatrouts, and kingfishes (whitings) are included in
this grouping. Atlantic croaker and red drum are considered overfished, while the other species’
status is considered unknown. All these species spawn in higher salinity waters or offshore, and
the young enter estuaries where they reside until reaching sexual maturity.
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Of the two overfished stocks, management plans are in place for the recovery of both. Croaker
(Micropogonias undulatus) stocks suffer greatly from by-catch discards, which include about 7.5
billion individuals killed annually (NOAA 1999). Improvement in gear designs will likely reduce
this mortality and lead to recovery of the species.

A total harvest ban in federal waters by the South Atlantic and Gulf of Mexico Councils has been
put in place for red drum (Sciaenops ocellatus). In addition, the states have implemented various
restrictive harvest measures. The results suggest that these conservation measures have
substantially increased the escapement of juveniles, and the offshore adult stocks are increasing.

Thus there appears no benefit of nMPAs as a management tool for the southeast drum and
croaker fisheries.

Other Gulf and south Atlantic species under some form of management include striped mullet,
tarpon, and snook. Only regional assessments exist for these species, but none is considered
overfished on a range-wide basis, and all have moderate to long range migratory patterns, and
would not benefit from traditional nMPAs. However, the juvenile phase of tarpon may benefit
from some nursery area protection (Shipp, 1986).

Pacific Coast fisheries (excluding Alaska)

Pacific Coast Pelagic Species.  

There are five species included within the Pacific pelagic group (northern anchovy, Pacific
sardine, jack mackerel, chub mackerel, and Pacific herring, NOAA, 1999). All are listed as under
or fully utilized, none overfished. Therefore, because of their healthy stock conditions and
pelagic life history, they would receive no benefits from creation of nMPAs.

Pacific Coast Groundfish Fisheries.

The Pacific groundfish assemblage is a diverse group of species, principally flatfishes and
rockfishes. These are mainly long-lived, slow growing species, subject to harvest by both
commercial and recreational fishers. Included are about 60 species of rockfishes, principally
Sebastes and several species of thornyheads (Genus Sebastolobus), several cods, the sablefish
(Anolopoma fimbria) and the lingcod (Ophiodon elongatus). Recently, life history data were
provided to the Pacific States Marine Fisheries Commission of the nearshore fishes of California
(Cailliet, 2000). This, along with several supplementary references, and combined with the
NOAA document (1999) and the Report to Congress NMFS 2001) provide the background for
determination of the possible impacts of nMPAs on these species.

The Pacific whiting (=Pacific hake, Merluccius productus), is a mid to moderate depth species,
with relatively extensive movement patterns. It is considered fully but not over exploited, and
with extremely variable year class strengths. Because of these factors the species is not likely to
benefit from establishment of an nMPA.

The sablefish (Anaplopoma fimbria) is an important commercial species, ranging from Japan and
the Bering Sea to Baja. The stock status is considered fully exploited, and stock levels are below
optimum. However, it is a deep water, often migratory species, thus not likely to benefit from an
nMPA.
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The lingcod (Ophiodon elongatus) is a large member of the greenling family, ranging from
Kodiak Island to southern California, but is most abundant in the northern part of its range. It is
an extremely important recreational and commercial species, with a high food value, although
representing only about 2 % of the Pacific Coast groundfish catch. This species is considered to
be over exploited, with stock levels well below that necessary to maintain the long-term
projected yield. The species is relatively sedentary, usually in rocky reefs at depths of 10 to 100
m. It is a nest building species, and the males become extremely aggressive during this time,
particularly vulnerable to attack by marine mammals. The species is also cannibalistic.

The life history and stock condition indicate that this species could benefit by an nMPA in the
more northern part of its range. However, other management measures have been put in place,
including protection of spawning and nesting sites during spawning season, minimum size
requirements to ensure at least one spawn before subject to harvest, and restricted catch limits
through recreational bag limits and commercial quotas. Though recovery is likely to be slow
because this is a long-lived species (up to 25 years), these measures are thought to be sufficient
to effect recovery (Alaska Dept. of Fish and Game, 1994).

Pacific cod (Gadus macrocephalus) is a wide ranging, highly migratory species of commercial
importance in the North Pacific. It is considered underutilized, although stock status and long
term potential yield are unknown. Therefore, the species would not benefit from establishment of
an nMPA.

Pacific Flatfishes.  

Pacific halibut (Hippoglossus stenolepis) is a carefully managed species, with its center of
abundance in the Gulf of Alaska. Landings from the US Pacific Coast (excluding Alaska)
average about 570 metric tons, representing a little more than 1% of the total harvest (NOAA,
1999). The species is well managed throughout its range by traditional methods, and recent
harvest has been near record. Thus the species would not likely benefit from establishment of an
nMPA.

The status of four other US Pacific Coast  flatfish species (arrowtooth flounder [Atheresthes
stomias], Dover sole [Microstomas pacificus] , English sole [Pleuronectes vetulus] , and petrale
sole [Eopsetta jordani] ) are considered individually while the many additional flatfishes are
grouped together (NOAA, 1999). Of these four, none is listed as overfished, and all are wide
ranging with extensive offshore movement patterns. For this reason, none would benefit from
nMPAs. For the many remaining flatfish species, their stock status is unknown.

Rockfishes.  

There are about 65 species of rockfishes endemic to the US Pacific coast, most in the genus
Sebastes. They live in a diversity of habitats, from clean bays, to depths greater than 400 M.
They are long-lived species, with some living well over 50 years. Thus, annual exploitation to
attain the management goals of 35-40% spawning biomass per recruit is often as low as about 5-
10%. In recent years, the surplus present in most of these stocks has been fished down, resulting
in reductions in recommended annual harvest (NOAA, 1999).
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In its report to Congress, NMFS (2001) lists 52 species of rockfish. For four species (Pacific
ocean perch [Sebastes alutus], bocaccio [S. paucispinus], canary rockfish [S.
 pinniger], and cowcod [S. levis], all but the latter are major stocks) the stocks are overfished but
overfishing is not presently occurring and rebuilding programs are in place or under
development. These species are all wide ranging forms with extensive portions of their
populations in very deep water. Thus for fishery management purposes, nMPAs are likely not
needed  Only nMPAs of impractical extent both longitudinally and bathymetrically would have
any impact on the stocks as a whole.

For three species (darkblotched rockfish [Sebastes crameri], silvergrey rockfish [S. brevispinis],
and yelloweye rockfish [S. ruberrimus], all major stocks) overfishing is occurring, but for the
former species the stocks are not currently overfished, and for the latter two stock conditions are
unknown. Reduced mortality will be required, but currently, rebuilding plans are not yet in place.
These three are also very wide ranging, from the Bering Sea to southern California, and out to
depths of well more than 500 M, thus nMPAs would be impractical as a management tool. And
in fact, due to the bathymetry of the eastern North Pacific coast, many of the areas inhabited by
rockfishes are such as to prevent extensive fishing effort, or create a “natural refuge” (see
Yolklavich et al. below).

For eight species (seven of which are major stocks) for which assessments exist the stocks are
not overfished, nor is overfishing occurring. For the remaining species, most of which are minor
stocks, their status and rate of fishing mortality is unknown. Therefore, particular management
measures are premature.

The Pacific Fishery Management Council has implemented limits for individual vessels, as well
as other measures in an attempt to maintain a year round harvest for most rockfish species.

Life history data and stock assessments for most species are not yet determined. Cailliat (2000)
lists data on about 30 species, and about half are known to be resident species. Of the overfished
or species experiencing overfishing, movement data are available only for the canary rockfish
which is considered transient/resident, with tagged movements of over 259 km documented, and
the yelloweye, which is considered a resident species.

General Life History Comments Regarding Rockfish.

In their study of the Soquel Submarine Canyon, off Monterey California, (Yoklavich et al., 2000)
suggested that “rock outcrops of high relief interspersed with mud in deep water of narrow
submarine canyons are less accessible to fishing activities and thereby can provide natural
refuge for economically important fishes.” Their study was represented by 52 fish species, of
which rockfishes were represented by a minimum of 24 species. In addition, they concluded that
“There was remarkable concordance between some of the guilds identified in Soquel
Canyon and the results of other habitat-specific assessments of fishes along the west coast
of the United States from central California to Alaska.” Certainly this suggests that there is an
inherent control of fishing effort in these habitats and consideration of more extensive areas
designated as nMPAs is pre-mature and likely unnecessary.
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Soh et al. (2001) studied the role of marine reserves on Alaskan rockfishes. Although Alaska is
beyond the scope of this report, the findings are likely applicable. While predicting that harvest
refugia (=MPA) can be used to greatly reduce discards and serial overfishing, they state that the
effectiveness of marine refugia “in fisheries management is poorly understood and concepts
regarding their use are largely untested.”

Discussion

NMPAs may serve many purposes, as described above. But when intended to serve as a fishery
management tool, there are several situations for which they may be extremely beneficial, and
many others for which more traditional methods are much preferred. These are reviewed briefly
as follows.

Benefits of nMPAs as management tools

NMPAs can have a strong beneficial impact for fishery management during periods of active
spawning by aggregations, when species may be especially vulnerable to harvest, and when
certain components of the stock (e.g. large male gag grouper) may be disproportionately liable to
capture. This can lead to imbalanced sex ratios that can further jeopardize a stressed stock. The
utility of these is likely to be seasonal, and normally would not require year around catch
restrictions.

In instances where a stock is severely overfished and subject to little or no management, an
nMPA can be used along with other measures to more rapidly replenish populations. This is
especially true in isolated, insular populations (e.g. Roberts et al., 2001, for St Lucia) that are not
strongly connected to proximal populations for replenishment.

Where habitats are damaged by fishing practices, establishment of nMPAs may help ensure
habitat recovery. This is useful when these habitats, such as submerged aquatic vegetation, reef
structures or other hard bottom habitat, are critical for vulnerable life stages. Oftentimes,
however, gear restrictions can be enacted to lessen the social impact that would result in
declaration of a total no-take zone.

NMPAs may also be beneficial where ecosystem management is employed in fisheries
(primarily of near sedentary species) where by-catch of non-targeted species has become
excessive, or conversely, where a protected species has reached population levels which increase
natural mortality rates of targeted species, preventing a reasonable harvest (see comments on
Goliath grouper, above). An nMPA will allow some version of dynamic equilibrium to return.
When the equilibrium has been reestablished, then alternate, more traditional management
actions may be desirable to allow yield from the system. However, ecosystem based
management is still in its infancy, and much research needs to be done before tested management
principles can be established.
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Liabilities and “non benefits”of  nMPAs as management tools

When establishment of an nMPA is intended as a near proxy for a virgin stock, several factors
need to be kept in mind. And it might be helpful, in gaining perspective, to recall     that some of
these principles have been well known for decades or longer, though sometimes forgotten.   First,
by definition, a virgin stock provides no yield.  Therefore a perfect proxy would be a negative
in terms of management goals to produce an MSY or OY. However, proponents of nMPA usage
for management purposes refer to a “spillover effect” of harvestable adults to adjacent areas. The
impact of this spillover will always be less than that of a properly managed stock, which
generates the optimal yield-per-recruit, again, by definition. These models are discussed in
numerous classical and modern texts (e.g. Rounsefell, 1975; Iverson, 1996),

The issue of spillover is addressed briefly by Houde et al. (2001). The authors describe the
difficulty of direct confirmation of spillover effects, and suggest models may be more useful in
understanding how marine reserves function in a regional context. But they also note that those
conclusions are limited by underlying assumptions on which the model is based. For species with
low mobility, the spillover is minimal, yet these sedentary species are the very ones for which an
nMPA is supposedly most effective.

Another claim is that larvae from an nMPA will be a significant addition to the overall stocks.
This may be beneficial, but only for a very seriously depleted stock. In other cases, larval
production, always in excess of the carrying capacity of the habitat, does not normally relate to
year class strength. Rather density dependent factors usually control ultimate recruitment to the
harvestable stock. While this principle has been the subject of scores of books and probably
thousands of publications, it was espoused nearly 150 years ago by Darwin and restated
frequently in most every fishery text (e.g. Gulland, 1977; Rothschild 1986).

And much more recently, data presented by the
GOMFMC Coastal Pelagic Stock Assessment Panel
(January 2002) re emphasizes for very practical
management purposes, such as in the case of Gulf king
mackerel, that egg production does not correlate to an
increase in stock size, the panel stating: “ recruitment is
assumed to increase to some level of spawning stock,
and then to remain at the average recruitment for
higher spawning stock values (Figure 2).”

Stocks within an nMPA

There are numerous examples in the literature of stock
increases within an nMPA (e.g. Johnson et al., 1999;
Roberts et al., 2001). However, one must not forget what
the point is here in regard to yield. While effective nMPAs
may support a stock with relatively greater biomass,
perhaps larger individuals, and a higher spawning
potential ratio (SPR),       this portion of the stock has been
removed from harvest  . Therefore, the overall yield is
reduced by whatever fraction could be contributed to overall harvest from this protected stock,
and mitigated only by the possibility of spillover or larval contribution, as discussed above.

Figure 2. A) Spawner recruit model estimated
for Gulf king mackerel. B) Bmsy is estimated
at the intersection of the spawner recruit
model and F30%SPR replacement line.
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Pragmatic perspective

Examination of the scores of coastal species from the  mid to south Atlantic, Gulf, and US
Pacific coasts reveals that very few species are known to be both overfished and/or experiencing
overfishing, and are sedentary. Those candidates that are in both categories, and may possibly
benefit from and nMPA, are found in widely differing geographic ranges, with optimal potential
nMPA sites far apart (e.g. lingcod and surf perch in the Pacific, red porgy in the Atlantic and
gray triggerfish in the Gulf). To establish an nMPA for the benefit of those few species would
remove harvest potential of the scores of sympatric forms, most of which are not overfished. And
while this may not reduce the overall harvest of these species, it would definitely reduce
efficiency and increase fishing effort in other, adjacent areas.

Far better would be to impose more traditional methods to restore the overfished stocks, as has
been done for many species. This becomes more and more successful as we adopt more
precautionary harvest levels, improve our methods of stock assessment, stock/recruit
relationships, and life history information.

Current plans or suggestions regarding closure of large areas of the US mainland continental
shelf to harvest are simply not scientifically supportable from a fishery management perspective.
The suggestion, for example, that as much as 40 % of the Southern California shelf should be
designated an nMPA is totally without merit from a fishery harvest perspective. Though there
may be other aesthetic benefits, such a closure would severely reduce harvest potentials, shift
effort to other areas, and likely have a substantial negative economic impact on both the
commercial and recreational fishing industries.
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Overview:

Research shows that marine reserves are one tool that can help to 
prevent, slow, or reverse negative changes in the ocean. Marine 
reserves are places in the ocean that are completely and permanently 
protected from uses that remove animals and plants or alter their 
habitats. Increasingly, the public, governmental agencies, commercial 
groups, and scientists are discussing the idea of establishing more 
marine reserves to complement existing ocean management. The 
purpose of this report is to provide a summary of the latest scientific 
information about marine reserves.

Marine reserves produce different outcomes from other types of 
management. Reserves protect marine habitats in a particular place 
and the diversity of animals and plants that live in those habitats. 
Consequently, many animals and plants in reserves tend to live 
in greater numbers, grow larger, and reproduce more than their 
counterparts outside reserves. In contrast, other management 
strategies attempt to control only some activities or protect only a 
few species.

Many other kinds of marine protected areas – with names such as 
marine parks, marine refuges, or marine sanctuaries – exclude some, 
but often very few, extractive activities. Those areas do not generate 
the same effects as marine reserves because they provide far less 
protection.

Marine reserves are one tool for managing ocean ecosystems, but 
they cannot protect oceans from all human influences. Reserves 
alone may not address such pervasive problems as pollution and 
climate change, and they may have fewer direct benefits to some 
fishes and mammals that move long distances. However, the most 
recent scientific research shows that marine reserves usually boost 
the abundance, diversity, and size of marine species living within 
their borders. This booklet examines the causes and potential 
consequences of these biological changes.

marine environments 
worldwide are in the midst of a transformation. 
There is increasing evidence that ocean ecosystems 
are being altered beyond their range of natural vari-
ability by a combination of human activities, includ-
ing fishing, pollution, and coastal development.  
Because of these changes, a growing portion of 
the global community is inquiring about alternative 
management options for ocean environments.

marine reserve?
what is a



marine reserves studied
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around the world

n More than 100 marine reserves have been 
established worldwide.

n Marine reserves encompass much less than
1 percent of the world’s oceans and less than 
0.01 percent of U.S. waters.

n Marine reserves range in size from less than 
a square mile to hundreds of square miles. 
Currently, most reserves are quite small, and the 
median reserve size is less than 1.5 square miles.

around the World

n At least 23 nations have 
established marine reserves for 
various reasons - to protect 
biodiversity, manage 
fi sheries, or restore 
depleted populations 
of marine animals 
and plants.
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marine reserves studied

Scientists have studied some marine reserves extensively. Their fi ndings provide 
considerable information about the effects of reserves. The above map shows the locations of 80 
fully protected marine reserves. Scientists have analyzed data from these reserves and published 

the results in scientifi c journals. Approximately 40 percent of these reserves are in temperate 
waters, while the others are in tropical waters. Many other marine reserves exist but have not been 

monitored effectively, making it diffi cult to evaluate their effects.

What is a Habitat?
A habitat is the place where an animal 
or plant lives. It has all the necessary 

environmental conditions for that 
species to survive. For example, 

many corals require sunlight 
and warm water. Their 

habitats are in shallow 
tropical seas. 

Habitats support 
many different 
communities of 
animals and 
plants. Natural 
or human-
caused 
activities 
may change 

habitats and 
the species living 

there. Marine 
reserves have been 

designed to protect 
such habitats as rocky 

reefs, estuaries, sand 
and mud seafl oors, rocky 

shorelines, seagrass meadows, 
and coral reefs.

What is an Ecosystem?
An ecosystem includes all the animals, plants, and microbes as 

well as the nonliving environment in a given area. All of these elements are 
connected through biological, chemical, and physical processes. Each species plays a role 

in an ecosystem. For example, algae, fi shes, invertebrates, mammals, and microbes in a kelp 
forest interact to form a rich marine ecosystem. When one species is reduced or removed, 
others may be affected. Ecosystems can be large or small. The Gulf of Maine is an example 
of a very large ecosystem that includes diverse habitats across thousands of square miles.

m
arine reserves studied around the w

orld

number of 
reserves 
studied at 
each location



can reserves produce benefi ts

Do marine reserves typically 
accomplish these goals?  Scientists have 
studied the performance of more than 80 marine 
reserves of many different sizes in a variety of 
temperate and tropical habitats. A comprehensive 
review of these studies reveals that most well-
enforced marine reserves result in relatively large, 
rapid, and long-lasting increases in the population 
sizes, numbers of species, and reproductive output 
of marine animals and plants. The review found 
that the average biomass, or weight of all animals 
and plants studied, is more than four times larger 
in reserves than in unprotected areas nearby. On 
average, the density, or number of animals in an 
area, triples, and the number of species is 1.7 times 
higher in marine reserves than in unprotected areas. 
In addition, the average body size of animals is 1.8 
times larger in reserves than in fi shed areas. These 
fi ndings include not just fi shed species but other 
plants, invertebrates, and fi shes.

Why do these changes occur within 
reserves? First, protection from fi shing allows ani-
mals in reserves to survive longer and grow larger. 
Second, habitats can recover inside reserves and bet-
ter sustain the plants and animals that rely on them. 
Third, the plentiful prey in reserves can support more 
predators. Marine reserves are currently the only 
marine management tool that provides this unique 
combination of effects, promoting the recovery of 
entire ecosystems.

Why are large populations important? 
Small populations are more likely to be driven 
extinct by unpredictable catastrophes, such as oil 
spills. Large populations include more individuals, 
so they are more likely to contain indi viduals 
that are capable of surviving various stresses. 
In addition, population size can infl uence the 
reproductive success of animals that release their 
eggs and sperm into the water, such as abalone 
and sea cucumbers; when these animals are rare, 
their eggs and sperm can become so diluted that 
little or no fertilization occurs.

Marine reserves usually increase the biomass, density, size,  
and diversity of species living within their boundaries. The 
bar graph (modifi ed from Halpern, in press, and Palumbi, 
in press) indicates the percent change in key biological 
measures inside marine reserves. The average increases 
(green bars) are based on data from marine reserves around 
the world. The actual changes at particular reserves varied 
(gray dots), but the vast majority of all reserves showed 
positive responses in all biological variables.

Key Findings

• In marine reserves, animals and plants usually increase in their 
biomass, abundance, numbers of species, and body size — fac-
tors that can increase ecosystem resilience and productivity.

• Biological changes in marine reserves occur because indi-
viduals are not killed by fi shing, and because their habitat is 
protected.

• Larger fi shes and invertebrates typically produce substantially 
more young.

• Many species, not just those that are fi shed, respond positively 
to the protection of entire ecosystems in marine reserves.

inside their boundaries?

a major purpose for establishing marine 
reserves is to protect the habitats and to 
restore animals and plants in particular sites. 

N = the number of reserves in which a particular characteristic was measured
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The Importance of Healthy 
Ecosystems 

Healthy ecosystems are the build-
ing blocks of productive and resilient 
oceans. People depend on productive 
oceans for “goods,” such as food and 
medicines, and essential “services,” 
such as the detoxifi cation of pollut-
ants, recycling of nutrients, control 
of pest outbreaks and diseases, and 
regulation of climate, atmospheric 
gases, and the water cycle.  These 
essentials are called “ecosystem goods 
and services.” Healthy ocean eco-
systems provide these goods and 
services for free. If the ecosystem 
is damaged, for example by habitat 
destruction, pollution, or overfi shing, 
the delivery of goods and services is 
impaired.  As a result there may be a 
loss of productivity, increases in out-
breaks of undesirable species, and less 
resilience to disasters. 

Essential goods and services are 
provided by many types of ocean 
ecosystems: coral reefs, kelp forests, 
mangroves, salt marshes, mud fl ats, 
estuaries, rocky shores, sandy beaches, 
sea mounts, continental shelves, 
abyssal plains, and open oceans. Each 
ecosystem contains many types of 
species that interact with each other 
and infl uence the physical and chemi-
cal environment. Goods and services 
are simply byproducts of the function-
ing of intact ecosystems. 

Unlike other management tools, 
marine reserves protect major por-
tions of an ecosystem, including all 
the habitats, plants, and animals. This 
protection allows the environment, 
the species, and their interactions to 
function in a manner that provides the 
ecosystem goods and services that 
humanity wants and needs.

Average numbers of babies produced by three different sizes of vermilion rockfi sh.

A food web shows the feeding (or trophic) relationships among species. In southern 
California, sheephead and lobster eat purple urchins, which consume giant kelp.

Will reserves increase the abundance of all species?    
Although many fi shed and nonfi shed animals and plants become more plen-
tiful within newly established marine reserves, some decline. For example, 
a fi shed animal, such as lobster, may increase in number and size in marine 
reserves and consequently reduce the number of its prey, such as sea ur-

chins (see illustration). In 
addition, some species 
that were absent may not 
become reestablished in a 
reserve if no viable popula-
tions remain nearby. 

Although it is diffi cult to 
predict the exact changes 
for any particular species 
or location, the data from 
existing reserves show 
that, on average, increases 
in abundance, body size, 
biomass, and the number 
of species are common 
outcomes after marine 
reserves are established.

Bigger body size is one of the most important biological changes in 
marine reserves, because large fi shes and invertebrates can produce 
enormous numbers of young. The relationship between body size 
and the number of young is well known. For many marine fi shes and 
invertebrates, small increases in body size can lead to large increases 
in the number of eggs produced. For example, a 23-inch vermilion 
rockfi sh can produce 17 times more young than a 14-inch fi sh. The 
bigger and more abundant animals living in a marine reserve can 
produce far more young than their smaller neighbors in unprotected 
waters. As a result, marine reserves can support higher growth rates.

References: 1, 2, 6, 7, 8, 9.
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Case Study: Anacapa Island, California, USA

Ecosystem Responses in a 
Marine Reserve
In 1978, the National Park Service established 
a closed area in the Anacapa Island Ecologi-
cal Reserve in southern California. The ban on 
all fi shing in the reserve protects lobsters, fi sh, 
sea urchins, and many other species living in 
the rocky reefs and kelp forest habitats of the 
reserve.

Since 1980, the National Park Service and part-
ner agencies have collected biological data 
from the Anacapa Island reserve and unpro-
tected areas nearby. The data show that the 
marine reserve supports some of the richest 
kelp forests in California’s Channel Islands. Lob-
sters are six times more numerous, red urchins 
grow 1.7 times larger, and sheephead fi sh are 
three times more plentiful in the reserve than 
in nearby fi shed waters. Kelp plants, which 
form crucial habitats for other species, grow 
fi ve times more densely and persist longer in 
the reserve than in waters nearby.

Lessons Learned

• Some important species, such as 
lobster and California sheephead, 
are larger and more abundant in 
the Anacapa Island marine reserve 
than in surrounding fi shed waters.

• Inside the reserve, kelp forests 
fl ourish because lobsters and 
sheephead, which are predators, 
reduce populations of kelp-eating 
purple urchins. 

• As a result, the kelp forest eco-
system in the reserve is more 
productive and stable over time 
than kelp forests outside. Outside 
the Anacapa Island reserve, purple 
sea urchins have periodically 
destroyed kelp forests.

• Similar effects through the food 
web are likely to occur in other 
reserves because marine animals 
and plants often strongly affect 
one another.

Anacapa Island Natural Area

When one species in the food web is fi shed, other species are affected. For example, when 
lobsters are fi shed, sea urchins become abundant and kelp declines. In a reserve, lobsters grow 
larger and more abundant, keeping the urchin population down and allowing the kelp to grow.
K. Lafferty/M. Behrens (USGS/UCSB) analysis of NPS data.

Reference: 16.

The ecosystem protected in the Anacapa Island reserve now contains most of 
its animals and plants in a relatively natural state. The populations in the reserve 
remain more stable over time than those outside the reserve, because inter-
actions among species are not affected by fi shing. Lobster and California sheep-
head protected inside this reserve feed on sea urchins, thereby keeping urchin 
numbers in check. Reduced numbers of urchins allow stands of kelp to fl our-
ish, which in turn support many other species inside the reserve. In contrast, 
outside reserves where lobster and sheephead are fi shed, large numbers of 
urchins periodically overgraze kelp forests, turning reefs into rocky “barrens.”
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Case Study: San Juan Islands, Washington, USA
can reserves produce benefits inside their boundaries?

Lessons Learned 

• Lingcod are much bigger and more abundant inside the San Juan Islands Marine 
Preserves than outside.

• Because of their size and abundance, lingcod in the reserves produce large 
quantities of young, many more than the number produced in fi shed areas.

• Quillback and black rockfi sh are extremely rare in the region. These species 
have not yet recovered in reserves, probably because they lack breeding stock 
in the region.

San Juan Islands Marine PreservesReserves Boost Abundance, Size & Reproduction
In 1990, the Washington Department of Fish and Wildlife and the University 
of Washington established fi ve small marine reserves in the San Juan Islands 
of Puget Sound. They took this action to protect marine biodiversity and to 
provide undisturbed habitats for scientifi c research in a region heavily affected 
by fi shing. A decade later, studies show that the San Juan Islands Marine 
Preserves contain larger and more plentiful fi sh than unprotected areas. 
Production of young fi sh is much greater in the reserves, because both the 
number and size of fi sh are larger.

Since establishment of the reserves, lingcod, which had dropped to low 
levels by the early 1990s because of intensive recreational fi shing, increased 
tremendously. Their biomass is two to four times greater inside the protected 
areas than outside. Lingcod that are old enough to reproduce are ten times 
more abundant in reserves. In recent surveys, the biggest lingcod found in a 
reserve was 110 cm, compared to only 70 cm outside. Each lingcod in the 
reserves produces an estimated three times as many eggs as those outside.

Quillback and black rockfi sh have not yet recovered in the reserves. Because of 
intense fi shing, these species are extremely rare in the region. Without breeding 
stock to provide young to settle in reserves, reserves can offer little immediate 
aid. However, small numbers of young rockfi sh have begun to appear in the 
past few years, offering the potential for future recovery. 

Striped surfperch, which are not fi shed, show no difference in size or 
abundance inside and outside the reserves. Three times more Puget Sound 
rockfi sh, which also are not fi shed, live outside the reserves than inside. 
However, lingcod and other large fi sh eat these small fi sh. Therefore, rising 
numbers of lingcod may account for the observed declines of Puget Sound 
rockfi sh in the reserves.

The estimated number of lingcod eggs 
produced per 100 square meters was 
much larger in marine reserves than 
in unprotected areas around the San 
Juan Islands. The total numbers of eggs 
varied with habitat quality, but habitats 
in reserves and paired uprotected areas 
were similar.
Data: E. Eisenhardt (U. Washington)

References: 14, 18.



outside their boundaries?
can reserves produce benefi ts

m

Spillover: Movement of Adult & Juvenile Animals
Because marine reserves tend to harbor larger populations than surrounding waters, some animals may move into less-
crowded areas nearby to avoid competition for resources such as food and living space. The rate of spillover of adults 
and juveniles increases with time after reserve establishment as populations become increasingly dense in the protected 
area. In addition, some fi shes, such as rockfi shes and lingcod, move from one habitat to another as they grow, regardless 
of population size, and may leave a reserve for this reason.

Whether or not spillover happens for a given species depends in part on its mobility. Species that are attached to the 
seafl oor as adults, such as mussels and clams, cannot migrate outside reserve boundaries, but swimming and crawling 
species like fi sh and crabs can. Transient animals, such as migratory fi sh, may merely pass through reserves. Thus, their 
populations are unlikely to build up in reserves and contribute to increased population sizes in adjacent waters.

arine reserves not only affect populations living within their 
borders but may also infl uence populations in adjacent 
waters. Adults and juveniles from a reserve may swim or crawl 
into neighboring areas. This process is known as “spillover.” 
In addition, tiny newly born animals, called “larvae,” and 
plant “propagules” may drift out of a reserve and “seed” the 
surrounding waters. This process is called “export.” Spillover 
and export may enable marine reserves to replenish nearby 
populations. Although not widely documented, spillover and 
export from reserves are believed to occur commonly.

The graph shows the maximum distance traveled (km) by over 125 sport fi sh tagged in the Merritt Island National Wildlife Refuge. Some 
species (e.g., spotted seatrout) move only short distances, while others (e.g., common snook) travel much farther. Many tagged fi sh moved out 
of the Merritt Island reserve into nearby fi shing grounds. 

Key Findings

• Animals from marine reserves 
may swim or crawl outside to 
supplement surrounding popula-
tions.

• Larvae and plant propagules that 
disperse out of reserves may seed 
and boost populations in sur-
rounding waters.

References: 10, 11, 12, 13.

Studies of animal movement from reserves 
provide direct evidence that fi sh and inverte-
brates spill over. For example, many species of 
fi sh tagged in the marine reserve at Florida’s 
Merritt Island National Wildlife Refuge were 
later caught outside by recreational anglers. 
Some species, such as the spotted seatrout, 
moved only short distances from the reserve. 
However, most species, including two popular 
sport fi sh, black drum and red drum, moved 
between 50 and 200 km from the reserve. A 
few species, such as common snook, exhib-
ited even longer distance dispersal.

Does spillover actually augment populations outside reserves?
If so, animals should be most abundant inside reserves and just across their boundaries. Indeed, this pattern has been 
found for fi shes and invertebrates at several marine reserves in the United States, Kenya, Barbados, Philippines, Japan, 
and elsewhere. Moreover, fi shing boats often congregate along the borders of marine reserves, because that is where 
catches are highest. This practice of “fi shing the line” has been observed at marine reserves in California, Florida, New 
England, Spain, Belize, New Zealand, and other places.
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Export: Dispersal of Young from Reserves
Fishes and invertebrates typically produce hundreds of thousands of 
microscopic young that drift on ocean currents for weeks or months, 
potentially traveling hundreds of miles. Most fishes, mussels, clams, 
sea urchins, and numerous other animals pass through this early life 
stage of dispersal. Eventually, some of the larvae settle onto a reef, or 
other appropriate habitat, where they can grow into juveniles and 
adults. Most marine plants also produce microscopic young that can 
be dispersed by currents.

Species vary in how far their larvae travel (see graph). Distances 
that larvae go depend on their behavior, how long they drift, and 
the prevailing currents. Depending on the species and the local 
conditions, larvae may stay close to their parents or they may disperse 
far away. Because of larval and propagule dispersal, marine reserves 
can seed populations in surrounding regions.

For example, reserves in the coastal waters of Nova Scotia and the Bay 
of Fundy protect just 10 percent of the lobster population, but these 
protected animals are estimated to account for over 50 percent of the 
larvae produced in the entire region. Currents distribute the larvae 
across the region, and many of the young lobsters settle in places 
outside the reserve.

Can Reserves Benefit Migratory Fish?

Some fish are homebodies. But others swim dozens, hundreds, or even thousands of miles each year depending on their breeding 
and feeding habits. How can marine reserves, which are fixed in certain locations, play a role in aiding animals that may routinely 
enter and leave the protected areas?

Although migratory fish move great distances and can be distributed across expanses of ocean, entire populations become 
extremely vulnerable to fishing when they aggregate in spawning grounds, migratory pathways, nursery areas, or other sites. 
Because the animals come together in large numbers in such places, often returning to the same locations year after year, fisher-
men can catch them more readily, and a large fraction of a population can be killed in a short period of time.

If reserves are established at key locations, they can protect migratory fish during these vulnerable stages. Wildlife refuges on land 
protect migratory birds at breeding and feeding sites in a similar manner. Marine reserves have the potential to enhance catches of 
migratory fish in unprotected areas. For example, the nursery grounds of the migratory, flat-bodied fish called plaice were pro-
tected in the North Sea for over ten years and catches in the large region outside these protected zones increased an estimated 
eight percent. Similar measures to protect spawning grounds 
of Nassau groupers in the Caribbean are currently underway 
in the Bahamas. Tuna are another migratory fish that could 
benefit greatly from protection of their breeding grounds.

Marine reserves provide outcomes that supplement those of 
traditional fisheries measures. In some cases, marine reserves 
might be unable to protect fish that swim frequently out of 
the reserves. However, if reserves are large enough, or inter-
connected in a network of reserves that protects critical 
habitats, mobile species may benefit by spending a substantial 
portion of time in reserves.

This graph shows the average dispersal distance for young 
marine plants, invertebrates, and fish, estimated from 
genetic data. In general, plants do not disperse as widely 
as animals. Young invertebrates exhibit a wide range of 
dispersal distances. Some young invertebrates do not dis-
perse more than a few hundred feet from their parents. 
In contrast, sea urchin larvae can move distances over 
100 kilometers. Young fish tend to have higher dispersal; 
some kinds move more than 100 kilometers, on average.
Data: B. Kinlan & S. Gaines (UCSB) 9



Case Study: Merritt Island, Florida, USA

Spillover: Reserve Supplies Trophy Fishes
Historically, the estuaries at Merritt Island were popular places for recreational 
fi shing. In 1962, the U.S. government banned all access to portions of the 
Merritt Island National Wildlife Refuge to create a security zone at Cape 
Canaveral. Today the site on the Atlantic Coast of Florida is one of the 
oldest fully protected marine reserves in the United States. Studies show the 
protected zone now produces enormous game fi sh that live in and move 
outside the reserve into nearby fi shing grounds.

The changes at Merritt Island developed over a period of decades after protec-
tion, because the game fi sh are slow growing and long lived. In the late 1980s, 
biologists compared the marine reserve to nearby fi shed waters and found that 
fi sh in the reserve were older, bigger, and 2 to 13 times more abundant. Fish 
tagged inside the reserve were recaptured outside, demonstrating spillover 
of adults and juveniles. More world records of some popular sport 
fi sh are caught near marine reserves than in all other areas of Florida 
combined. The rest of the state has yielded no new world records for 
black drum since 1985, despite a variety of statewide management 
measures, while areas near the reserve continue to produce bigger 
and bigger fi sh. Red drum and spotted seatrout show similar results; a 
disproportionate number of Florida’s recent record-breaking fi sh come 

from waters near the reserve.

Lessons Learned

• The Merritt Island marine reserve 
has older, bigger, and more abun-
dant game fi sh than fi shed waters 
outside the reserve.

• Several decades after the reserve 
was established, recreational 
fi shermen are catching more 
world-record game fi sh near the 
reserve.

• Today, the majority of Florida’s 
record-breaking fi sh are caught 
near the reserve.

In recent years, far more world-record fi sh have been 
caught near the Merritt Island marine reserve than in the 
Everglades National Park, where only recreational fi shing 
is allowed. Similar habitats in other places in Florida, where 
both commercial and recreational fi shing are allowed, have 
produced even fewer world records.

Merritt Island
National Wildlife Refuge

References: 15, 19, 20.
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Case Study: Georges Bank, New England, USA

Middle photograph, above left:           
Scallops caught inside and outside 
closed areas on Georges Bank.

Export: Closed Areas Boost Scallop Fishery
Georges Bank rises from the continental shelf to form the southeastern boundary 
of the Gulf of Maine. For centuries the area has ranked among the world’s premier 
fi shing grounds for cod, haddock, scallops, and numerous other species. However, 
by the early 1990s catches of cod and other groundfi sh in the region had decreased 
considerably. Resource managers and fi shermen suspected that fi shing gear used to 
catch groundfi sh and scallops contributed to this decline by damaging habitats of the 
seafl oor. These places supported many different animals, including sponges, clams, 
worms, crustaceans, sea stars, anemones, and young fi sh, but trawling and dredging 
degraded these habitats. In addition, gear intended to catch scallops often took fi sh 
incidentally, and vice versa. To address these issues, the U.S. government banned all 
fi shing gear except lobster traps from three large areas, totaling 6,500 square miles, in 
1994. While these closed areas are not fully protected marine reserves, scientists have 
been able to use the closed areas to study the process of larval export at Georges Bank.

Although intended to restore cod and other 
groundfi sh, the closures dramatically affected 
other species as well. For example, within 
four years, there were 14 times more scallops 
in the closed areas than in surrounding 
waters. The scallops in closed areas grew far 
larger than people had thought possible. 
Scallops also became fi ve times more 
numerous in neighboring waters.

Lessons Learned

• Within fi ve years, the abundance 
and body size of some species, 
including scallops, dramatically 
increased in the closed areas on 
Georges Bank.

• Large and abundant scallops in 
the closed areas can produce 
more young than smaller scallops 
outside the closed areas.

• These young boost populations 
of scallops in the closed areas 
and some drift into surrounding 
waters. 

• After the closures were estab-
lished, scallop abundance rose in 
unprotected waters nearby.

• Using known habitats and current 
patterns, scientists predicted 
the places that young scallops, 
produced in the closed areas, can 
settle and grow inside the closed 
areas and in adjacent waters.

• The actual distribution of scallops 
in waters around the closed 
areas matches the scientist’s 
predictions.

can reserves produce benefits outside their boundaries?

Georges Bank Closed Areas

Adult scallop abundance inside and 
near closed areas on Georges Bank.

Potential scallop settlement on 
Georges Bank from larvae originat-
ing in Closed Area II.
Data: C. V. Lewis (UC Berkeley)

Potential scallop settlement on 
Georges Bank from larvae originat-
ing in Closed Area I.

Reference: 17.

What do these changes tell us?
The scallops provide some insight into how 
reserves can supply young to surrounding 
areas. Because the scallops in the closed 
areas are larger and more abundant, they 
can produce many more young than small 
scallops in surrounding waters. A portion 
of young scallops may stay and grow up 
near their parents, while others are carried 
outside the closed areas by ocean currents. 
Scientists use known current patterns and 
locations of suitable habitat to predict 
where scallops will make their homes 
and have the most successful growth (see 
maps). The distribution of adult scallops 
matches these predictions, demonstrating 
the potential impact of closed areas on 
surrounding waters.



considerations

How Long Does It Take To See a Response?
What causes species to differ in their rates of 
recovery in marine reserves? 

Key factors are the availability of breeding stock to initiate a recovery and 
certain characteristics of their life cycles, including how fast individuals grow, 
when and how they reproduce, and how many young each individual 
produces. Some animals grow quickly, mature at an early age, and produce 
large numbers of young. These animals, such as scallops and sea urchins, 
may multiply rapidly after protection, sometimes increasing signifi cantly within 
a year or two. Other animals grow slowly and mature later in life. These 
species, such as rockfi sh and cod, may take years or even decades to increase 
noticeably in a reserve.

An example comes from Georges Bank off New England, where the federal government closed three areas to most types 
of fi shing in 1994. The scallop populations in the closed areas grew 14-fold by 1998. The rapid recovery of scallops is 
due to the fact that they reproduce at a young age. Cod, which develop more slowly and reproduce later in life, are 
beginning to recover in the closed areas, but not as quickly.

Slow-growing species are especially vulnerable to overfi shing. Populations of cowcod, a large rockfi sh, have been 
severely overfi shed in southern California. Because it takes 10 to 15 years for cowcod to mature and begin to reproduce, 
these populations could take decades to recover after fi shing is stopped.

for reserve design

General Principles

• Fast-growing animals that mature 
quickly and produce many young 
can respond rapidly to protection 
within reserves.

• Slow-growing animals that mature 
at a relatively old age and pro-
duce few young take longer to 
respond.

Age of Maturity for Selected Species
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Marine animals often use a variety of different 
habitats during their life cycles. For example, 
some adult fi sh live on deep reefs offshore 
while their larvae drift above in the open ocean. 
The young fi sh eventually settle in shallow kelp 
forests and later move into deeper waters to 
complete their life cycle.

Do All Habitats Need Protection?
The marine environment is a mosaic of different habitats. Beach, mud fl at, 
salt marsh, seagrass bed, kelp forest, and rocky shores fi t together like puzzle 
pieces. Each habitat is home to a different and often unique community of 
plants and animals, all of which have their own environmental requirements. 
For example, clams, sand dollars, and burrowing worms thrive in sandy 
bottoms, whereas abalone and mussels live in rocky habitats.

An important reason to protect a variety of habitats is that different habitats 
often infl uence each other. For example, estuaries serve as nursery habitats for 
some fi shes of the open ocean. Organic matter produced in estuaries can fl ow 
into the ocean, fertilizing coastal marine ecosystems. Fragments of kelp from 
rocky reefs wash up on beaches, providing food and shelter for animals that 
live there. Some habitats, such as estuaries and mangroves, trap sediments 
moving down rivers, preventing these sediments from entering the ocean. 
Without these habitats, sediments could accumulate in the coastal waters, 
smothering life on coral and rocky reefs.

Another reason to protect a variety of habitats is that most marine animals use 
more than one habitat during their lives. As animals grow, they may require 
different kinds of food and shelter, and animals meet these changing needs by 
moving between different habitats. Each habitat used by an animal or plant 
is important for its survival. An organism may not be able to complete its life 
cycle if any one of these habitats is degraded. For example, as adults, many 
fi sh live in deep reefs offshore, while their larvae drift in the open waters on 
the surface of the ocean. The young fi sh move into shallow coastal waters as 
they grow and subsequently to deep waters, where they remain as adults.

Since the ocean contains so many different kinds of animals and plants, all 
habitats play an important role. In order to support a variety of ocean life, it 
is essential that at least some of each habitat is preserved in a natural state. 
Marine reserves that include several adjacent habitats allow animals to move 
between habitats while remaining in protected areas.

General Principles

• Each habitat supports a unique 
community of plants and animals.

• Many animals use more than 
one habitat during their lives, 
and if any one of these habitats 
is degraded, these animals may 
not be able to complete their life 
cycles.

• Marine reserves that include 
several different types of habitats 
can be an effective way of 
protecting entire ecosystems.

13



Data: M. Nishimoto & L. Washburn (UCSB)

How Do Ocean Processes Infl uence Reserve Design?
Ocean processes strongly affect where animals and plants live in the ocean. 
These processes include movement of water and changes in water properties, 
such as temperature and salinity. Knowledge of local ocean processes can help 
determine where marine reserves should be located.

Flowing water commonly transports the larvae or propagules of marine 
animals and plants. This transport affects their geographic distributions in the 
ocean. In some regions, currents travel predominantly in one direction for 
great distances. For example, the California Current fl ows southward along 
the west coast of North America, while the Gulf Stream fl ows to the north and 
east along the Atlantic coast. Winds and coastal landforms can affect currents 
on a smaller scale, causing the water to change direction and speed.

The red bars indicate the numbers of young rockfi sh in the Santa 
Barbara Channel at one time during the summer of 1998.  The 
black arrows indicate the predominant currents at the same time.  
When circular currents form, they may retain young rockfi sh.

Currents can carry larvae from place to 
place or concentrate them at specifi c 
locations. For example, in the summer of 
1998, many young rockfi sh were found in 
the center of the Santa Barbara Channel 
off southern California. Circular water 
fl ow occurring in the channel at that time 
appears to have retained the young fi sh in 
this spot. As they grew bigger, some of the 
young fi sh settled in nearby habitats. At 
other times, currents transport the young 
rockfi sh out of the Channel.

General Principles

• Currents carry larvae and 
nutrients, providing connections 
between different places in the 
oceans.

• Ocean water properties, such as 
temperature, can determine the 
types of animals and plants are 
found in a particular area.

Water temperature also affects the 
distributions of plants and animals 
in the ocean. Water temperature is 
infl uenced by latitude and by major 
currents. Ocean temperatures within 
one region can be very different 
(sometimes 5-10oC) if the region is 
infl uenced by two (or more) major 
currents. The distributions of animals 
and plants in regions like this are 
strongly infl uenced by these changes 
in water temperature. For example, 
off the coast of Point Conception in 
southern California the cool waters 
of the southward-fl owing California 
Current collide with the warm waters 
of a northward-fl owing current. As 
a result, subtropical fi sh rarely occur 
north of Point Conception, while 
rockfi sh live primarily in the cooler 
waters to the north.

Sea surface temperature for the California coast.
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What Size & How Many Reserves Are Needed?
Reserve size affects the level of protection for ecosystems. Decisions about 
the size and number of marine reserves for a given place often depend on 
local environmental, socioeconomic, and regulatory factors. However, several 
general ecological concepts based on scientifi c studies can help guide these 
decisions on reserve size and location.

Even small marine reserves can have positive effects on the abundance, size, 
diversity, and biomass of animals and plants within their boundaries. However, 
large reserves include more and larger habitats, more species, and a greater 
number of individuals of each species. Thus, large reserves protect more of the 
local ecosystem. In addition, larger populations are less likely to be wiped out 
by catastrophic events such as big storms and oil spills.

To receive full protection from fi shing, a particular animal or plant must be able 
to complete all vulnerable stages of its life cycle inside a reserve. A large reserve 
or several reserves, located in critical habitats, may be necessary to protect 
populations of animals that move long distances. A few species complete their 
life cycles in very small areas (less than 1 square mile) and smaller reserves can 
protect such species. In many cases, however, scientists do not know how far 
species actually move during their lives. One strategy to protect these species 
is to set aside a portion of all habitats that are necessary for the species to 
complete its life cycle. As the reserve size increases, the number of different 
kinds of species protected also increases (top graph, right). Large reserves that 
encompass and protect many different kinds of habitats are most effective for 
conservation, but large reserves also may concentrate fi shing into small areas.

General Principles

• Small reserves can have positive 
effects within their boundaries. 
However, when a reserve is small, 
the overall benefi ts are small since 
few species are protected.

• If a reserve is very large, it will 
likely satisfy conservation goals, 
but fi shing effort may be crowded 
into small spaces.

• Reserve areas of moderate size 
can protect and restore important 
habitats, plants, and animals while 
leaving substantial areas of the 
ocean open to fi shing.

As reserve size increases, the potential 
fi sheries benefi t from spillover and 
larval production will increase.  After 
a certain point, the reserve becomes 
so large that spillover and export no 
longer offset the losses to fi sheries due 
to the reduction in fi shing grounds.

As reserve size increases, more species 
(or populations) will be protected. 

The criteria for choosing reserve size to maximize catch in surrounding 
waters are different from those used to design a reserve for conservation. 
Small reserves generally have little positive effect on surrounding fi sheries, 
because the number of animals that eventually swim or drift out of the 
reserve becomes diluted in the large area around the reserve. If a reserve 
is large enough and includes the necessary habitats to support various 
species, it can become a “source” of these species for surrounding waters. 
However, if reserves are extremely large, little area will be left open to fi shing. 
Therefore, to be an effective tool for fi sheries management, reserves must 
be small enough that surrounding waters can still support commercial 
and recreational fi shing, but large enough to become a source of fi sh and 
invertebrates (bottom graph, right).

Although priorities for fi sheries and conservation are different, recommended 
reserve sizes are often similar. Existing models of marine reserves for fi sheries 
management suggest that the highest sustained catch and the lowest risk 
of population collapse occur when reserves include approximately 20 to 60 
percent of the total population of a target species. One way to attain this 
goal for many species is to set aside the equivalent percent of all habitats. 
The range of sizes refl ects variability among species and differences in the 
success of management strategies outside reserve boundaries. Importantly, 
the greatest increase in protection for conservation purposes occurs over 
a similar range of reserve sizes. Small reserves protect few species, while 
moderate to large reserves are likely to conserve the majority of species in a 
particular area. A network of several reserves of different sizes, strategically 
located in critical habitats, may provide the best combination of conservation 
and fi shery benefi ts.
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This diagram shows the 
relationship between 
reserve design and 
mo ve  ment of plants and 
animals dispersed in the 
water. 

Why Use Networks of Several Reserves?
By themselves, small reserves do not tend to support fi sh and invertebrate 
populations that are large enough to sustain themselves. To ensure that 
young are available to replenish and sustain populations within reserves, 
the area protected within reserves must be fairly large. However, in some 
regions, economic constraints may make it impractical to create a single large 
reserve that can support viable populations. Establishing networks of several 
smaller reserves can help reduce economic impacts without compromising 
conservation and fi sheries benefi ts. 

A network includes several reserves of different sizes, located in critical 
habitats, and interconnected by movement of animals and plant propagules. 
A network can contain critical components of a particular habitat type, or 
portions of different kinds of important habitats, depending on the goals for 
the network. To be an effective network, animals and plant propagules must 
be able to travel beyond the boundaries of a single reserve into other reserves. 
To facilitate this movement, a network should be designed within a naturally 
defi ned ecosystem, such as a bay, gulf, sound, or biogeographic region. 

By using different sizes and spacing of reserves, a network can protect species 
with different characteristics. For example, a network of reserves may include 
feeding habitats in open waters and breeding and nursery grounds in shallow 
bays. If marine reserves protect these critical habitats, the resident animals are 
likely to grow larger and have greater reproductive success.

General Principles

• A “network” includes a series of 
marine reserves connected by 
larval dispersal or juvenile and 
adult migration.

• To be an effective network, 
reserves must be located in criti-
cal and productive habitats, such 
as breeding grounds, and spaced 
appropriately to assure larval 
transport between them.

• Although mathematical models 
and our knowledge of life history 
and ecology of marine species 
suggest that networking is likely 
to be an effective strategy, few 
reserves actually have been estab-
lished as networks.

References: 21, 22, 23.

Because of the many 
different patterns of 
movement and habitat 
use among species, 
models suggest that 
one of the most 
effective strategies for 
protecting many species 
is to establish a network 
of multiple reserves of 
different sizes that are 
strategically placed in 
critical habitats.

(A) Currents often carry young animals 
and plant propagules away from their 
birthplace. The yellow dashed lines in-
dicate the spread of young from their 
birthplace.

(B) Young produced in a large reserve are 
likely to stay in the reserve, which con-
tributes to conservation. However, large 
reserves reduce the area open to local 
commercial and recreational fi shing.

(C) A small reserve may protect animals 
while they are in the reserve, but most 
young may settle and grow in surround-
ing waters. If reserves are too small, few 
populations in the reserves will be able 
to sustain themselves, and the reserves 
are unlikely to contribute many young to 
adjacent fi shing grounds.

(D) An alternative is to establish a net-
work of reserves that are connected to 
each other through movement of animals 
and plant propagules. Some animals and 
plants will be protected in reserves and 
others will move into surrounding waters.

A

B

C

D
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Scientific Criteria for Reserve Design
Once a group decides that marine reserves might be part of a solution, 
what is the next step? How might they begin to put lines on a map?
If the objectives of marine reserves are to restore and protect biodiversity and to enhance sustainable 
fisheries, it is possible to use scientific criteria to evaluate different areas and to generate possible reserve 
scenarios. The following chart lists and defines important criteria, and explains how and why they should 
be considered in reserve design. Ecosystem protection will be diminished if any one of these criteria is 
excluded from the design of marine reserves.

Scientific Criteria Definition Application

 Biogeographic representation The inclusion of different 
regions characterized by 
particular sets of habitats, 
environmental conditions, and 
species

Protecting all biogeographic regions can help protect the 
biological communities associated with each region.

 Habitat representation The inclusion of different 
types of habitats (e.g., estuary, 
rocky shore, kelp forest, sandy 
bottom)

Protecting a variety of different habitat types can help 
protect the various plants and animals in those habitats, and 
allow them to complete their life cycles. 

 Vulnerable habitats Rare or threatened habitats 
susceptible to stresses

Marine reserves offer additional protection to vulnerable 
habitats.

 Vulnerable life stages Important life stages, such as 
breeding, juvenile, or migration 
periods

Protecting habitats where these vulnerable stages live can 
help boost abundance, size, and population growth rates.

 Species or populations of 
special concern

Species that are of economic 
or recreational value, are 
globally rare, or live in small 
geographic ranges

Protecting habitats where these species live can help boost 
abundance, size, and population growth rates.

 Reserve size The area covered by a single 
reserve or a network of 
reserves

The choice of reserve size depends on the objectives for 
reserves. Larger reserves produce proportionately greater 
effects.  A network of several smaller reserves may be a 
good compromise.

 Ecosystem linkages The exchange of nutrients, 
plants, and animals that 
connects many ecosystems

Identifying important linkages among ecosystems can help 
locate potential reserve sites.

 Reserve networks A system of reserves in critical 
habitats that are linked by 
movement of animals and plant 
propagules

A network of marine reserves protects critical habitats that 
are used by plants and animals during different stages of 
their life cycles.

 Ecosystem services Beneficial services that people 
use directly, such as removal of 
pollutants from the water and 
climate control

Reserves should include critical habitats that sustain 
ecological services. 

 Human threats Human actions that endanger 
an ecosystem and cannot be 
prevented or reversed by 
establishing a reserve (e.g., 
pollution and habitat loss)

Sites affected by human threats, such as pollution and coastal 
development, are not likely to be effective marine reserves. 
Other types of management may be necessary to control 
these threats.

 Natural catastrophes Events such as large storms, 
harmful algal blooms, disease 
epidemics, and climate changes

Sites subjected to frequent catastrophes are unlikely to be 
effective marine reserves. Establishing multiple reserves in 
different locations can reduce the overall risk from natural 
catastrophes.

 Social and economic criteria Social and economic values 
expressed by community 
members affected by ocean 
management

Social and economic criteria should be incorporated into 
reserve design in order to maximize social and economic 
benefits, and minimize costs.

considerations for reserve design

References: 6, 7, 21, 23.

17



where should reserves
be located?

Science Can Provide Options
The reserve planning process often involves collaboration among many 
groups, including resource managers, government agencies, natural and 
social scientists, commercial and recreational fi shermen, environmentalists, and 
other community members. Various scientifi c tools can provide options for the 
design of reserves or reserve networks, but decision-makers ultimately must 
weigh tradeoffs among short- and long-term goals, costs, and benefi ts.

Science can provide options through the use of models that analyze data 
and assist in the design of marine reserves. One such computer model, 
known as SITES or MARXAN, has been used to design reserve options in 
California’s Channel Islands, the Florida Keys, and the Great Barrier Reef. 
This tool can identify many possible arrangements of reserve sites that satisfy 
particular management objectives. Maps of possible reserve sites produced 
by the program can help resource managers and stakeholders review many 
different options. This approach uses scientifi c criteria, but provides fl exibility 
for reserve design.

General Principles

• Reserve design can be based upon 
ecological, economic, and personal 
knowledge.

• Useful ecological criteria have 
been identifi ed (see checklist on 
previous page) to guide reserve 
design.

• Models are available to help 
resource managers identify     
various options.

• There are often many options 
for reserve design that meet a 
particular set of goals.

References: 22, 23, 24, 25, 26, 27.

In the Channel Islands of southern 
California, for example, a group of 
federal and state agencies, fi shermen, 
conservationists, and other members 
of the community initiated a process 
to design a network of marine reserves 
in 1999. The group selected a panel of 
marine scientists to gather and evaluate 
biological information from this region. 
These scientists used the SITES model to 
generate hundreds of options for marine 
reserves. The three maps on this page 
are among the many options produced 
using SITES for a potential marine reserve 
network covering 30 percent of the 
Channel Islands National Marine Sanc-
tuary. These options are based on the 
goals established by the community, and 
the options satisfy the ecological criteria 
for reserve design, including different 
biogeographic regions, habitats, and 
vulnerable species.

Three of the hundreds of options for marine reserves in the 
Channel Islands National Marine Sanctuary, developed using the 
SITES computer model. 
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w
here should reserves be located?
Human Values and Community Involvement Are Important
The social and natural science of marine reserves indicates that a great deal of flexibility often exists in reserve design. In 
many cases, this flexibility makes it possible to accommodate the behaviors, livelihoods, and lives of many ocean users.

Full community involvement is one of the most important aspects of successful reserve design. Science can help us learn 
what reserves do, but communities must work together to decide how to apply this knowledge. A variety of questions 
must be considered before reserve design can satisfy the goals of diverse communities.

• How will marine reserves affect commercial and recreational activities?

• How will current management regulations affect reserve design?

• What other management strategies will be needed to complement 
marine reserves?

• Who has the authority to establish and enforce marine reserves?

• How will the reserves be enforced?

• How will an agency or community secure adequate funding for 
establishment, maintenance, monitoring, and evaluation of reserves?

• What kinds of monitoring will take place in the reserve?

The breadth of knowledge and values in each community can help to answer some of these questions. Personal 
knowledge can fill some of the gaps in scientific data. Economic modeling, based on data from landing records and 
logbooks, can be used to evaluate the potential short- and long-term economic impacts of reserves. Societal values can 
influence the design of reserves so that our traditional relationships with the ocean are protected and sustained.

Consider an example of how these questions were integrated into the design of marine reserves. In the Channel Islands 
of southern California, a group of regional community representatives developed various designs to protect marine 
ecosystems and address fisheries concerns. The representatives used the options developed by the SITES computer 
model (previous page) and additional scientific recommendations, as well as economic data and personal knowledge, to 
develop reserve designs. 

Three of nearly 40 designs for marine reserves in the Channel Islands 
National Marine Sanctuary.  The community worked together to 
develop these designs using the ecological and economic data, as well 
as personal knowledge.

Some of the designs (e.g., De-
signs 1 and 2) meet most of 
the ecological criteria, while 
accommodating different 
interests in the community. 
However, some designs (e.g., 
Design 3) do not satisfy all of 
the ecological criteria because 
of the way that economic 
and social factors were incor-
porated. Design 3 does not 
include habitat protection in 
some areas that are popular 
for recreational fishing, and 
this limits the effectiveness of 
the reserve network. Eventu-
ally, decision-makers must 
evaluate potential short- and 
long-term ecological and eco-
nomic costs and benefits of 
reserves, and make the neces-
sary choices given the trade-
offs among these factors.



how do marine reserves fit 

Marine reserves produce this unique combination of benefits because they 
limit where fishing, drilling for oil or gas, and other extractive activities can 
occur, rather than how much or when those activities occur. Moreover, they 
prohibit other activities such as dumping, which can pollute or destroy habitat. 
By eliminating extractive and other destructive activities in particular locations, 
reserves can protect significant portions of entire ecosystems at once. 
Traditional approaches tend to focus on single species independent of other 
elements of the ecosystem. The most effective protection for even a single 
species requires an ecosystem approach, because every species interacts with 
numerous other species and the environment.

Reserves can protect habitat and produce dramatic increases in populations 
living inside their borders, offering insurance against local extinctions and 
declines. Marine reserves also may affect areas beyond their borders by 
supplying larvae, juveniles, and adults to adjacent waters.

Research demonstrates that marine reserves can be a useful management 
and conservation tool, if they are properly designed and enforced. However, 
other types of management are still critical. Traditional practices such as fishing 
quotas, seasons, and gear restrictions are important to achieve sustainable 
fisheries in surrounding waters. Scientists are developing fisheries management 
models that incorporate both marine reserves and more traditional methods of 
regulating fishing effort.

Marine reserves cannot address all that ails the oceans. Problems such as 
pollution, invasive species, disease epidemics, and climate change affect whole 
regions and require complementary solutions. However, by protecting critical 
habitats, reserves can contribute to the protection and restoration of healthy 
marine ecosystems.

into the big picture?

m arine reserves work on many different levels of biological 
organization, affecting individual animals and plants, 
populations, communities, and ecosystems.The benefits of 
marine reserves can include:

• protection of habitat

• conservation of plants and animals that 
live in protected habitats

• recovery of depleted populations of 
fished species that live in reserves

• movement of animals from reserves to 
surrounding fished waters

• insurance against environmental or 
management uncertainty

• provision of ecosystem services

• protection of places to provide baseline 
information

• provision of sites for enjoyment and 
inspiration
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 Scientific Consensus Statement 
 on Marine Ecosystem-Based Management  

Prepared by scientists and policy experts to provide information about coasts and oceans  
to U.S. policy-makers  

 
Executive Summary: The current state of the oceans requires immediate action and attention.  
Solutions based on an integrated ecosystem approach hold the greatest promise for delivering 
desired results.  From a scientific perspective, we now know enough to improve dramatically 
the conservation and management of marine systems through the implementation of 
ecosystem-based approaches. 
 
Coastal and ocean ecosystems are vitally important to U.S. interests and they are at risk.  Over 
half of the U.S. population lives along the coast, and more than $200 billion in economic activity 
was associated with the ocean in 2000.1  Despite their economic significance, U.S. oceans, like 
those around the world, are changing in unprecedented ways.  Recently, the Pew Oceans 
Commission and the U.S. Commission on Ocean Policy concluded that a combination of human 
activities on land, along the coasts, and in the ocean are unintentionally but seriously affecting 
marine ecosystems by altering marine food webs, changing the climate, damaging habitat, eroding 
coastlines, introducing invasive species, and polluting coastal waters.  These changes threaten the 
ability of ocean ecosystems to provide the benefits Americans expect from marine ecosystems.  
Currently, each activity or threat is typically considered in isolation; coordinated management of 
cumulative impacts is rare.  Both commissions call for a more comprehensive, integrated, 
ecosystem-based approach to address the current and future management challenges of our 
oceans.  Both commissions describe ecosystem-based management as the cornerstone of a new 
vision for healthy, productive, resilient marine ecosystems that provide stable fisheries, abundant 
wildlife, clean beaches, vibrant coastal communities and healthy seafood for all Americans.  
  
    WHAT IS ECOSYSTEM-BASED MANAGEMENT FOR THE OCEANS?   
 

Ecosystem-based management is an integrated approach to management that considers 
the entire ecosystem, including humans.  The goal of ecosystem-based management is to 
maintain an ecosystem in a healthy, productive and resilient condition so that it can 
provide the services humans want and need.  Ecosystem-based management differs from 
current approaches that usually focus on a single species, sector, activity or concern; it 
considers the cumulative impacts of different sectors.  Specifically, ecosystem-based 
management: 
• emphasizes the protection of ecosystem structure, functioning, and key processes; 
• is place-based in focusing on a specific ecosystem and the range of activities affecting it; 
• explicitly accounts for the interconnectedness within systems, recognizing the importance of 

interactions between many target species or key services and other non-target species; 
• acknowledges interconnectedness among systems, such as between air, land and sea; and 
• integrates ecological, social, economic, and institutional perspectives, recognizing their 

strong interdependences. 

                                                 
1 U.S. Commission on Ocean Policy (2004) Appendix C: Living Near and Making a Living from the Nation’s Coasts and Oceans  



 
 
BACKGROUND 
 
The scientific understanding of marine ecosystems has advanced considerably over the last few 
decades.  We now have a much greater appreciation of how the oceans support and sustain human 
life by providing services such as seafood; medicine; nutrient cycling; water purification; protection 
of shores from erosion and storm damage; moderation of climate and weather; recreation; and 
spiritual, religious, and other nonmaterial benefits.  The interactions among species within 
ecosystems generate these services.  Healthy, intact, resilient marine ecosystems have a greater 
capacity to provide the full range of benefits that Americans say they want from oceans.  
 
Management that emphasizes the protection of ecosystem structure, functioning, and key processes 
is much more likely to ensure the long-term delivery of these important services.  From a 
governance perspective, implementation of an ecosystem approach will enable more coordinated 
and sustainable management of activities that affect the oceans.  Ecosystem-based management 
should reduce duplication and conflicts, and in the long run will likely be more cost-effective.  A 
delay in implementing management based on an ecosystem approach will result in continued 
conflicts over resources, degradation of ocean ecosystems, disruption of fisheries, loss of 
recreational opportunities, health risks to humans and wildlife and loss of biodiversity. 
 
This document reflects our scientific understanding about marine ecosystems and the concepts of 
ecosystem-based management, specifically (1) what the term ‘ecosystem-based management’ 
means, (2) what is an ecosystem, (3) core scientific knowledge about ecosystems, (4) key elements 
of ecosystem-based management, and (5) actions consistent with an ecosystem approach. 
 
WHAT IS AN ECOSYSTEM?    
 
An ecosystem is a dynamic complex of plants, animals, microbes and physical environmental 
features that interact with one another.  Humans are an integral part of ecosystems, marine and 
terrestrial.  The “interconnectedness” within and among ecosystems is provided both by the 
physical environment (for example, currents transporting larvae from one part of the ecosystem to 
another) and by biological interactions (for example, kelps or seagrasses creating habitat or 
predators consuming prey).   
 
Ecosystems come in many sizes, often with smaller systems embedded within larger ones.  For 
example, a kelp forest in southern California represents a small habitat ecosystem that is nested 
within the larger California Current Large Marine Ecosystem.  At the largest scale, ecosystems are 
often categorized as Large Marine Ecosystems (LMEs).  Approximately 64 LMEs have been 
recognized globally, and 10 of these are in U.S. waters2.  The boundaries of each LME are defined 
primarily by oceanographic and topographic features.  All LMEs include multiple habitats such as 
sandy beaches, kelp forests, rocky shores, seagrass beds, or pelagic habitat. Individuals of a few 
marine species spend their entire life within a single habitat such as a kelp forest, but most have 
larval or juvenile stages that are transported across habitats but within an LME.  Thus, even if the 
adult stage is sedentary, the individual uses multiple habitats within an LME over its lifespan.  

                                                 
2 The 10 Large Marine Ecosystems within the U.S. Exclusive Economic Zone (in whole or in part) are the Beaufort Sea, Chukchi 
Sea, Eastern Bering Sea, Gulf of Alaska, California Current, Insular Pacific Hawaiian, Gulf of Mexico, Caribbean Sea, South East 
U.S. Continental Shelf, and North East U.S. Continental Shelf. 
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Some wide-ranging animals, including certain large fish, sea turtles, and marine mammals, cross 
LME boundaries just as migrating birds move across tundra, forest and prairie ecosystems on land.   
  
CORE SCIENTIFIC KNOWLEDGE ABOUT ECOSYSTEMS  
 
Our scientific understanding of ecosystems in general, and marine systems specifically, has 
advanced substantially over the last few decades. A wealth of experience with ecosystem-based 
management on land is available to inform implementation of marine ecosystem-based 
management. The following are key concepts that form the foundation for an ecosystem approach to 
management. 
 
• The key interactions among species within an ecosystem are essential to maintain if 

ecosystem services are to be delivered.  Ecosystems are highly interactive and strongly linked.  
Removing or damaging some species can dramatically affect others and disrupt the ability of the 
system to provide desired services.  However, not all interactions are equally important.  The 
consequences of some species’ interactions strongly influence the overall behavior of 
ecosystems.  Small changes to these key interactions can produce large ecosystem responses.  
For example, the absence of large-bodied predators at the apex of marine food webs can result 
in large-scale changes in the relative abundances of other species.  Ecosystem-based 
management therefore entails identifying and focusing on the role of key interactions, rather 
than on all possible interactions. 

 
• The dynamic and complex nature of ecosystems requires a long-term focus and the 

understanding that abrupt, unanticipated changes are possible.  The abundances of species 
are inherently difficult to predict, especially over longer time periods, in part because they may 
change abruptly and with little warning.  For example, decadal-scale changes (such as the North 
Atlantic Oscillation or the Pacific Decadal Oscillation) significantly alter ecosystem dynamics 
and population sizes.  Such long-term changes tend to be less predictable because they are 
associated with large-scale environmental changes.  Management must thus anticipate and be 
able to adjust to these changes. 

 
• Ecosystems can recover from many kinds of disturbance, but are not infinitely resilient.  

There is often a threshold beyond which an altered ecosystem may not return to its previous 
state.  The tipping point for these irreversible changes may be impossible to predict.  Thus, 
increased levels of precaution are prudent as ecosystems are pushed further from pre-existing 
states.  Features that enhance the ability of an ecosystem to resist or recover from disturbance 
include the full natural complement of species, genetic diversity within species, multiple 
representative stands (copies) of each habitat type and lack of degrading stress from other 
sources.   

 
• Ecosystem services are nearly always undervalued.  Although some goods (fish and 

shellfish) have significant economic value, most other essential services are neither appreciated 
nor commonly assigned economic worth.  Examples of services that are at risk because they are 
undervalued include protection of shorelines from erosion, nutrient recycling, control of disease 
and pests, climate regulation, cultural heritage and spiritual benefits.  Current economic systems 
attach no dollar values to these services; they are typically not considered in policy decisions 
and many are at risk. 
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KEY ELEMENTS OF ECOSYSTEM-BASED MANAGEMENT 

 
The U.S. Commission on Ocean Policy and the Pew Oceans Commission articulated a number of 
key elements of marine ecosystem-based management.  They include: 

 
• Make protecting and restoring marine ecosystems and all their services the primary focus, even 

above short-term economic or social goals for single services.  Only intact, healthy ecosystems 
can provide the complete range of benefits that humans want and need over long periods of 
time.   

• Consider cumulative effects of different activities on the diversity and interactions of species. 
• Facilitate connectivity among and within marine ecosystems by accounting for the import and 

export of larvae, nutrients, and food. 
• Incorporate measures that acknowledge the inherent uncertainties in ecosystem-based 

management and account for dynamic changes in ecosystems, for example as a result of natural 
oscillations in ocean state or shifts in the frequency or intensity of storms.  In general, levels of 
precaution should be proportional to the amount of information available such that the less that 
is known about a system, the more precautionary management decisions should be. 

• Create complementary and coordinated policies at global, international, national, regional, and 
local scales, including between coasts and watersheds.  Ecosystem processes operate over a 
range of spatial scales, and thus appropriate scales for management will be goal-specific.  

• Maintain historical levels of native biodiversity in ecosystems to provide resilience to both 
natural and human-induced changes. 

• Require evidence that an action will not cause undue harm to ecosystem functioning before 
allowing that action to proceed. 

• Develop multiple indicators to measure the status of ecosystem functioning, service provision 
and effectiveness of management efforts. 

• Involve all stakeholders through participatory governance that accounts for both local interests 
and those of the wider public. 

 
ACTIONS CONSISTENT WITH ECOSYSTEM-BASED MANAGEMENT 
 
Implementing ecosystem-based management will involve many steps and the use of diverse tools.  
The following overarching actions are consistent with an ecosystem-based approach to 
management.  Some of these individual steps are already being taken in the U.S. and around the 
world.  However, they have not been implemented in a comprehensive, integrated way.  Enough is 
known now about marine ecosystems to put an ecosystem-based approach into practice 
immediately.    
 
• Initiate ecosystem-level planning that involves multiple stakeholders and takes into account the 

cumulative impacts of multiple important human activities on ecosystems, as well as the effects 
of long-term environmental changes. 

 
• Establish cross-jurisdictional management goals through formal agreements and mechanisms 

across local, state, federal and tribal authorities.  Goals within ecosystem-based management 
should reflect interagency management at all levels, as opposed to focusing on specific 
jurisdictions within an ecosystem (for example, parks, refuges, and sanctuaries). 
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• Initiate zoning of regions of the ocean, for example LMEs, by designating areas for particular 

allowable uses in both space and time, including networks of fully protected marine reserves 
and other types of marine protected areas.  Zoning that reduces conflict among users of different 
services should account for and integrate the effects of key activities.  This regional planning 
should be carried out in a comprehensive manner.  Area-based management approaches are 
valuable tools for coordinating the management of multiple uses within the larger land- or 
seascape context.  Networks of marine reserves are uniquely capable of protecting biodiversity 
and habitats, producing the large-bodied individuals who contribute disproportionately to 
reproductive output, providing insurance against management uncertainties, and providing a 
benchmark for evaluating the effects of activities outside of reserves. 

 
• Expand and improve the coordination of habitat restoration in coastal ecosystems such as 

wetlands, seagrass beds, and kelp and mangrove forests where habitats have been lost or 
ecosystem functioning has been diminished.  These activities, currently under the purview of a 
plethora of governmental agencies, should be coordinated in a comprehensive manner that 
considers their cumulative effects on ocean and coastal ecosystems and includes a rigorous 
program of research, monitoring and evaluation. 

 
• Adopt co-management strategies in which governments (federal, state, local, and tribal) and 

diverse stakeholders (local resource users, academic and research scientists, conservation 
interests, community members with traditional knowledge, and other stakeholders) share the 
responsibility for management and stewardship.  Potential advantages include decision-making 
that is better informed, more flexible, and incorporates traditional ecological knowledge. 

 
• Incorporate adaptive management into ecosystem plans as an approach to learning from 

management actions that allows for scientifically based evaluation, testing of alternate 
management approaches, and readjustment as new information becomes available from 
carefully designed monitoring programs.  Management should explicitly acknowledge that our 
current understanding is incomplete and will continue to improve.  Likewise, institutions must 
be adaptable when ecosystems or knowledge change. 

 
• Establish long-term ocean and coastal observing, monitoring and research programs to 

collect continuously and integrate relevant biogeophysical, social, and economic data.  These 
programs are needed to understand better the workings of marine ecosystems, changes in ocean 
dynamics, and the effectiveness of management decisions.

 
 
 

If you would like to add your name to this statement and are an academic with a 
PhD or JD degree and based at a US institution, please contact  

Karen McLeod (karen.mcleod@science.oregonstate.edu) 
 
 

Citation for this statement: 
McLeod, K. L., J. Lubchenco, S. R. Palumbi, and A. A. Rosenberg. 2005.  Scientific Consensus 

Statement on Marine Ecosystem-Based Management.  Signed by 217 academic scientists and policy 
experts with relevant expertise and published by the Communication Partnership for Science and 

the Sea at http://compassonline.org/?q=EBM. 
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APPENDIX A: FREQUENTLY ASKED QUESTIONS 
 
WHAT BENEFITS DO HUMANS DERIVE FROM MARINE ECOSYSTEMS? 
 
Humans depend upon oceans and coasts for their existence and well-being.  Marine ecosystems 
benefit humans by providing services such as food (fish, shellfish and seaweed); medicines; water 
purification; protection of shorelines from erosion and storm damage; control of diseases and pests; 
nutrient cycling; moderation of climate and weather; recreation; and spiritual, religious and other 
nonmaterial benefits.  The interactions within an ecosystem produce these services.  Each 
ecosystem provides a range of services.   
 
HOW DO HUMANS IMPACT MARINE ECOSYSTEMS? 

 
Humans affect marine ecosystems through a wide variety of activities on land, on the coasts, and in 
the ocean.  The impacts of these activities interact, often in synergistic ways.  Land-based activities 
have major impacts on marine ecosystems via run-off and atmospheric deposition of nutrients and 
chemical pollutants, alteration of coastal habitats such as wetlands and estuaries, alteration of flows 
of water and sediment to coastal areas, deposition of marine debris, and global climate change.  
Among coastal and oceanic activities (such as aquaculture, coastal development, fishing, military 
activities, and shipping), fishing has the most obvious impact.  Ecosystem effects of fishing result 
from the removal of substantial amounts of life, reduction of the average size and age of individuals 
within a population (thereby reducing productive capacity), removal of a large percentage of top 
predators (thereby altering the function of marine food webs), collateral damage to non-target 
species (often including endangered species) via bycatch, and degradation or destruction of bottom 
habitats by some fishing gear.  These can in turn affect the structure and functioning of ecosystems, 
reduce productivity of the system, and impede the delivery of services.      
 
IS ‘ECOSYSTEM-BASED MANAGEMENT’ DIFFERENT FROM ‘ECOSYSTEM MANAGEMENT’? 
 
The term “ecosystem management” implies that it is possible to control and manage an entire 
ecosystem.  In view of the fact that humans cannot control ocean currents or most animals within a 
marine ecosystem, it is scientifically more accurate to speak of “ecosystem-based management” or 
an “ecosystem approach to management.”  Ecosystem-based management focuses on managing 
human activities, rather than deliberately manipulating or managing entire ecosystems.   

 
HOW DOES ‘ECOSYSTEM-BASED MANAGEMENT’ (EBM) DIFFER FROM ‘ECOSYSTEM-BASED 
FISHERY MANAGEMENT’ (EBFM)? 

 
EBM and EBFM are different, but complementary.  Managing individual sectors, such as fishing, in 
an ecosystem context is necessary but not sufficient to ensure the continued productivity and 
resilience of an ecosystem.  Individual human activities should be managed in a fashion that 
considers the impacts of the sector on the entire ecosystem as well as on other sectors.  The longer-
term, integrated, cumulative impacts of all relevant sectors on an ecosystem must be evaluated, with 
a mechanism for adjusting impacts of individual sectors. 
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What is A Consensus Conference?

In late 2002, NFCC proposed a two-and-a-half-day consensus conference—

modeled after the National Institutes of Health Consensus Development Confer-

ences—to improve the integration of marine reserve science and fisheries man-

agement.

This style of consensus conference is designed to answer questions that require

weighing scientific evidence in dispute. The consensus statement that emerges is

intended to advance understanding of the scientific issues in question and to be

useful to marine resource managers and the public.

As convenor, NFCC empanelled a planning committee to draft the questions

and recommend review panelists.  The non-advocate panel of experts based its

findings on (1) presentations by investigators working in areas relevant to the con-

sensus questions during a 2-day public session, (2) questions and statements from

conference attendees during open discussion periods that were part of the public

sessions, and (3) closed deliberations by the panel during the remainder of the

second day and morning of the third.

This statement is an independent report of the consensus panel and is not a

policy statement of NFCC or the organizations or institutions of the panelists.

Reference Information

For making bibliographic reference to this consensus statement, it is recom-

mended that the following format be used, with or without source abbreviations, but

without authorship attribution:

Integrating Marine Reserve Science and Fisheries Management. NFCC Con-

sensus Statement, June 7-9, 2004, Long Beach, California.

Publication Information

The marine reserve science consensus statement, background materials pre-

pared for the conference, and other NFCC publications are available by visiting our

web site at http://nfcc-fisheries.org.

Disclosure Statement

All of the panelists who participated in this conference and contributed to the

writing of this consensus statement were identified as having no financial or scien-

tific conflict of interest, or any prior decision-making record on designation of ma-

rine reserves. Unlike the expert speakers who presented scientific data at the con-

ference, the individuals invited to participate on the review panel were selected

because they were not professionally identified with specific positions or research

directions with respect to marine reserves science.
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Abstract

Objective

The objective of this Consensus Statement is to inform the fishery management,

ecological research, and marine protected area management communities of the

results of the NFCC Consensus Conference on Integrating Marine Reserve Sci-

ence and Fisheries Management. The statement provides an objective examina-

tion and assessment of the information regarding potential biological, social, and

economic consequences of marine reserves, their potential effectiveness as a fish-

ery management tool in the U.S., the methods for integrating their application with

existing U.S. fisheries management   and how marine reserves might be designed,

monitored and evaluated. In addition, the statement addresses sources and mag-

nitudes of uncertainty associated with marine reserves and conventional manage-

ment approaches, and recommends areas for further study.

Participants

The conference included scientists and policy experts representing the fields of

biological oceanography, marine ecology, fish biology, population dynamics, stock

assessment, fishery management, fishery economics, and marine environmental

law. The conference's seven-member review panel was made up of scientists and

policy experts not currently engaged in research or advocacy in the field of marine

reserves.  The conference's ten-member presentation panel was made up of scien-

tists and policy experts that are currently engaged in research or advocacy in the

field of marine reserves. In addition to conference panelists, an audience of about

100 fishers, scientists, and policy makers was observed and contributed comments.

Evidence

The Communication Partnership for Science and the Sea (COMPASS) at Or-

egon State University conducted the literature search for the planning committee

and the consensus conference and prepared an extensive bibliography for the panel

and conference audience. COMPASS staff also prepared abstracts and topic syn-

theses for the panel with relevant citations from the literature.

Consensus Process

The panel, answering predefined questions, developed their conclusions based

on the scientific evidence presented in open forum and the scientific literature. The

panel composed a draft statement that was summarized and presented to the ex-

perts and the audience for comment. Thereafter, the panel resolved conflicting rec-

ommendations and released a summary of its revised statement at the end of the

conference. The panel finalized the revisions  after the conference. The draft state-

ment was made available on the World Wide Web after panel revisions.
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Conclusions

Marine reserves should be considered in the broader context of the develop-

ment of ecosystem-based management in the U.S. From that perspective, marine

reserves have clear application for meeting objectives for ecosystem conservation

and protection of marine biodiversity in addition to whatever benefits they may have

for achieving fishery management objectives. Furthermore, marine reserves are a

category of area management options—including less restrictive and less perma-

nent alternatives—that may be used in order to achieve ecosystem- or species-

based management objectives.

With regard to fishery effects, studies of marine reserves and other area clo-

sures, most of which are from lower latitudes, have now shown that fishery target

species have increased in abundance and expanded age structure within the closed

area in a preponderance of cases (the so-called “reserve effect.”). This is particu-

larly the case where the resource species are significantly overfished. Evidence for

effects outside closed areas, either by movement of adults across the reserve bound-

aries (“spillover”) or larval “export” is more limited and effects on stocks within larger

regions can only be deduced by models at this point. This is because of the limited

size of existing reserves and inherent difficulties in measuring and interpreting such

broader effects. In general, knowledge is sufficient to proceed with the design and

evaluation of marine reserves and other marine protected areas and their incorpo-

ration into regional ecosystem-based management. More sophisticated modeling

and analysis is required for better understanding of spatial movement rates, export

of reproductive products, and adaptations by fishers.

Marine reserves clearly offer some advantages for simultaneously incorporating

habitat protection and maintenance of ecosystem structure and function within the

protected area. They may offer some advantages for multi-species management

and as a hedge against environmental surprise or management failure.

Marine reserves are most likely to be an effective management tool for relatively

sedentary species with broad larval dispersal, which are recruitment limited, and

for mobile species with high site fidelity. They may also be effective for protecting

rare habitats vulnerable to human disruption or in protecting aggregations of ani-

mals (e.g., when spawning), when exploited populations have been severely de-

pleted, or where bycatch is high. Closed areas may also be useful in achieving

broad demographic representation in spawning populations if large animals have

limited movement potential relative to reserve boundaries, and when they can main-

tain populations of highly fecund, older females with strong reproductive potential.

They may be more feasible to implement either when reduced yields have already

restricted fishing activities and other management measures have been ineffective

or when they address special needs within otherwise productive regions.

Marine reserves and other protected areas should be integrated with existing

and emerging management measures as part of a coherent ecosystem-based ap-

proach to management of commercial and recreational fisheries and should not be
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simply layered over existing regulations. Careful consideration of the effects on

allocation of resources among users, displacement of fishing activity, the require-

ments for surveys and stock assessment, and the costs of monitoring and enforce-

ment should be made in considering protected area options and design.

The Panel found it difficult to limit its considerations to marine reserves as

strictly defined, i.e. areas permanently protected from all extractive activities. We

found that management actions need to be openly evaluated against stated goals

and where goals are not being met changes in management must at least be con-

sidered. The design requirements for marine reserves depend heavily on the envi-

ronmental context and specific management goals, including the overriding goal of

sustainability and high yields of economically important species. Robust experi-

mental design will be critical in order to determine the effects of displaced fishing

pressures and enhancement effects on populations outside of reserves in before-

after-control-impact assessments.

We have been hampered in evaluating the use of marine reserves as a tool

for fishery management by the lack of experiments explicitly designed to address

reserve effects on fisheries. These explicit experiments are urgently needed. There

are numerous uncertainties associated with our understanding both of important

biological and socioeconomic processes and with monitoring, analysis, prediction,

and implementation. Some important uncertainties for marine reserves include the

degree of effective dispersion and reproductive seeding and the ability to resolve

spatial and temporal interactions in monitoring and modeling.

Further study is required on several key issues if closed areas are to as-

sume a more important role in ecosystem approaches to fisheries management

and biodiversity protection. These include high quality, synthetic bottom mapping

with which to define vulnerable habitats that closed areas might best protect; study

of dispersal rates; synthesis of effects of closures in northern temperate and boreal

systems.

Many authors have speculated that marine reserves offer more precaution

against management and scientific uncertainty than traditional measures. At this

point, this is an assertion, and no studies using common definitions and metrics of

precaution have been conducted. Given the importance of this issue, there is a

need to conduct such work, applying biology and social science, particularly as it

relates to findings from existing marine closures.
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Introduction

The widespread degradation of coastal ocean ecosystems,
attendant losses in biodiversity, and depleted status of many fishery
stocks led the U.S. Commission on Ocean Policy to call for a new era of
ecosystem-based management. Ecosystem-based management
encompasses all ecosystem components, including human and non-
human species and their environments. In its July, 2004 report, the
Commission recommends such management be based on principles of
sustainability, precaution, adaptation, and participatory governance and
use the best available science.

Marine reserves, areas completely protected in perpetuity from all
extractive and destructive activities, are being widely considered as a
component of ecosystem-based management. While using marine
reserves for biodiversity and ecosystem conservation is generally
accepted, their potential role in fisheries management is controversial.
Conservation advocates and some scientists have argued that marine
reserves protect multiple stocks from over-exploitation in ways that
conventional management methods that limit fishing effort or catches
cannot or have not been able to do. Commercial and recreational fishing
interests consider marine reserves as one more means to permanently
limit their access to renewable resources. Some fishery scientists have
argued that many fishery management objectives of marine reserves
can be attained by effectively employing conventional measures and
that marine reserves alone do not ensure sustainable fisheries
management.

This two-and-a-half-day conference examined the current state of
knowledge regarding the integration of marine reserve science and U.S.
fisheries management. Experts presented the latest research findings
to an independent Consensus Development Panel. After weighing this
scientific evidence, the panel drafted a statement, addressing the
following key questions:

1. What is the current state of knowledge of the potential biological,
social, and economic consequences, both positive and negative, of
marine reserves?

2. Under what circumstances could marine reserves be an effective
fishery management tool in the U.S.?
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3. How could marine reserves be integrated with existing fisheries
management tools?

4. What general approaches to reserve design would meet fisheries
objectives, taking into account social, economic, biological, and
environmental factors?

5. What are the sources and magnitudes of uncertainty associated
with marine reserves and conventional management approaches, and
what are their implications for practical application of reserve design
tools within the fishery management system?

6. What monitoring actions are needed to evaluate the results of
marine reserves as a fishery management tool?

The Panel found it difficult to limit its considerations to marine
reserves as strictly defined, i.e. areas permanently protected from all
extractive activities, and found the issue of permanence the most highly
contentious part of its overall charge.



9

(1) What is the current state of knowledge of the potential biological,
social, and economic consequences of marine reserves?

Spatial closures have a long history as fishery management tools.
They have been established to protect spawning aggregations, lower
overall fishing mortality rates, minimize bycatch interactions, and reduce
human impacts on vulnerable bottom habitat types. In the last decade,
their use has expanded as fishery management objectives have widened,
for example, to include essential fish habitat (EFH) protection. These
closures range from narrowly focused prohibitions for particular gears
to large-scale marine reserves prohibiting any removals from the three-
dimensional reserve areas. Spatial closures by themselves are not
marine reserves. However, since there are few studies examining the
broad impacts of marine reserves explicitly, we also considered studies
of closures. There have been many such closures and their results can
inform us of the likely impacts of marine reserves on the species within
them and the fisheries around them.

Knowledge about the biological and human-related consequences
of marine reserves comes from two primary sources: (1) case studies of
existing spatial closures, and (2) modeling studies evaluating the potential
effects of reserves, either alone or in combination with other management
measures. In general, these studies concentrate on impacts on yields
and stock sizes of fishery target species, although some case studies
have evaluated wider effects on associated species. Evidence presented
to the panel indicates that available case studies for marine reserves
are concentrated in the lower latitudes. Relatively few case studies exist
from northern temperate and boreal waters. Many reserves and closures
may not have existed for sufficient time to evaluate the potential
consequences on long-lived component species.

Analysis of existing closures reveals that “reserve effects”
(increased abundance and expanded age/size structures of resources
and increased diversity in biological communities within the closed areas)
commonly occur following spatial closures. Although this is not universal
for all monitored species, in all regions, it is nonetheless surprisingly
consistent. In many cases, significant, “reserve effects” have occurred
where resource species were extensively overfished; thus the closure
dramatically reduced fishing mortality on part or all of the stock. Such
contrasts may not be observed with closures in areas where resource
species are currently well managed. Other potential reserve effects
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include “spillover” (density-induced movement of adults across reserve
boundaries into open areas) and larval “export” (movement of eggs and
larvae to areas outside the reserve). Evidence for these latter effects is
more limited than that for reserve effects; in particular, documenting
export is a daunting technical challenge.

Spatial closures have been designed and established either to
rebuild and maintain fishery populations, or to protect ecosystems and
resources. In the case of closures for fishery enhancement, the federal
fishery management process establishes target and threshold levels for
stock size and fishing mortality as performance criteria, enabling
evaluation of a closure’s (or a combination of measures) efficacy.
Performance criteria for overall ecological effects of closures have no
similar well-defined (statutory) targets and thresholds.

In general, we find that there currently is sufficient knowledge to
proceed with the design and evaluation of reserves for the purposes of
addressing primary fishery management goals (achievement of fishing
mortality rate targets and stock biomass maintenance). In the United
States (and in most of the developed world) detailed data exist on where
target species are located, the spatial pattern of species abundance,
general life history data (including longevity, maturity, dispersal of
reproductive products, fecundity, and somatic growth rates), and some
limited information on habitats in which the various life history stages
occur. The design and evaluation of potential marine reserves requires
these data in order to make first-order calculations of the biological
impacts that alternative closed areas could have.

More sophisticated modeling and analysis of marine reserves
require information on spatial movement rates, particularly across reserve
boundaries; potential for export of reproductive products; and the likely
behavioral adaptations by fishers (e.g., effort redistribution and its
biological and socioeconomic impacts) to the establishment of marine
reserves. Additionally, there are important, but unresolved, scientific
questions regarding the functional value (relative productivity) of various
habitat types, density-dependence at high levels of stock biomass (e.g.,
associated with reserve effects), and sub-stock structure within species.
Few empirical studies exist with which to make generalizations regarding
these effects. The Panel considers that studies of these factors represent
a critical but heretofore-unmet research need.  The lack of both a
commonly agreed-to set of goals and clear performance measures
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regarding the effects of marine reserves on ecosystem function hampers
the design and evaluation of closures for these purposes.

Below we briefly comment on the state of knowledge with respect
to specific consequences of closures for the:

Population resilience of exploited species:  Resilience measures
are derived from life history information, stock-recruitment curves and
similar knowledge. Such information exists for many species of fishery
interest. Information regarding the relative efficacy of closures vs.
alternative precautionary management measures to affect resiliency
comes exclusively from modeling studies.

Variation in yield over time: Relatively low fishing mortality rates
should result in less variability in annual yields, while high fishing mortality
rates result in more dependency on variable incoming recruitment.
Rotating open-closed areas can effectively buffer against yield variation
where spatial patterns of recruitment may be variable, as in the
management of some bivalve populations. There is little current
information on the effects of reserves on yield variation (e.g., from
adjacent open areas as a result of spillover and export), with the exception
of some modeling studies.

Multispecies management: Bycatch avoidance has motivated the
establishment of many existing closures, and such closures can be an
effective strategy to reduce problematic bycatch in mixed species
fisheries, and to avoid interactions with protected species. The
consequences of closures on trophic dynamics have been evaluated in
models, but few empirical case studies have produced information on
this issue.

Habitat protection: Obviously spatial closures can afford high
degrees of protection to benthic habitats, and some case studies
document habitat changes following closures. However, the
consequences of habitat protection to productivity of harvested species
are generally poorly known. Some modeling studies have addressed
the potential for fishing effects to reduce carrying capacity, and the effects
that reserves might have on catch and biomass production under such
conditions.

Protection of ecosystem services, structure, and function: Goals
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for ecosystem services, structure, and function have generally not been
specified, nor have the effects of existing closures on these attributes
been documented. In general, some modeling results indicate reserves
should enhance these services and modifications of structure and
function are more likely for reserves than other forms of spatial closures.

Insurance against environmental “surprise” or management failure:
The concept of “insurance” in the context of resource management is ill-
defined  and thus a continuing source of ambiguity and contention.
Overall, there is an open question regarding the proposition that marine
reserves should, a priori, afford greater protection against perturbations
or management failure than do precautionary management alternatives.

(2) Under what circumstances could marine reserves be an effective
fisheries management tool?

Below, we outline the situations when marine reserves are likely
to be ecologically beneficial and socio-economically feasible tools for
fishery management. We assume that reserves will not be used alone
for fisheries management but will be used in conjunction with other tools.
Our discussion highlights the most critical and obvious circumstances;
it is not intended to be an exhaustive list.

Biologically, the reserves may be most likely to be an effective tool
for fishery management when:

♦ Species are sedentary or have high site fidelity (post-settlement)
and have high larval dispersal. These species are the most likely to
achieve long-term benefits (growth and survival) within reserves and to
export these benefits through larval dispersal.

♦ Populations are recruitment limited.
♦ There are impacts to rare or key habitats. When the distributions

of these habitats are limited, they are easier to manage with marine
reserves.

♦ There are aggregations that can be managed within specific
areas. The utility of reserves increases as more species occur in the
aggregations and the aggregations occur at critical life history stages
(e.g., nursery or spawning grounds).

♦ There is spatial consistency in the use of areas (e.g., in spawning
grounds) by the population(s) to be managed. When there is less spatial
overlap among populations, it will require a larger total area of reserves
to protect the same amount of each population.
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♦ When the protection of highly fecund (i.e., older and larger)
individuals is desirable. These individuals have a disproportionately large
contribution to larval supply in many populations and reserves can
contribute to their development and/or protection. Traditional
management measures (e.g., slot sizes) can also offer protection to
these size classes but not if there are high post-release impacts (e.g.,
mortality) to released fishes.

♦ When stocks are depleted. Theoretical work indicates that the
yield from reserves is most likely to be demonstrable when the MSY has
been exceeded.

♦ Bycatch is high.

Socio-economically reserves are more likely to be an effective
tool for fishery management when:

♦ Reserves meet multiple objectives (e.g., either for several stocks,
fishery sustainability, habitat protection).

♦ Stocks are in sufficiently poor condition that limits on fishing
have little added consequence.

♦ The economic condition of the fishery is good and reserves will
have little direct economic impact.

♦ Spatial enforcement is feasible (e.g., there has been a history of
spatial management).

♦ Their implementation does not add to a cumulative burden of
regulations.

♦ Effort can be displaced with little economic impact.
♦ Fixed spatial management offers simplicity. In countries without

complex fishery management systems, reserves are simpler to
implement than stock-specific time, area, and gear regulations, which
can be difficult to develop, communicate, and enforce.

♦ Information is limited and precaution is mandated.
♦ Other management measures have been ineffective.
♦ Fleet overcapacity is concurrently addressed.

(3) How could marine reserves be integrated with existing fishery
management tools?

Several contextual elements underlie the integration of marine
reserves with fishery management. The panel assumes that marine
reserves would not be implemented as independent management tools
in the absence of other management measures, but would be added to
existing management. The panel finds, therefore, that they should be
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designed and implemented to integrate with existing management, create
an internal coherence, and contribute to meeting the objectives of a
fishery management plan. As with all fishery management tools, the
cost and benefits of marine reserves should be evaluated in the context
of their application within the specific fishery management plan.

Because they are layered over a set of regulations already in place,
marine reserves will contribute to the cumulative effects of regulation.
The economic condition of the fishery will be critical to the impact of
these cumulative effects. The more economically healthy the fishery,
the more likely that its participants will support marine reserve
development and comply with its implementation. To this end, the panel
finds the existence of ITQs or other forms of property rights will promote
the economic conditions that encourage long-term investments in
conservation.

(3A) Under what circumstances could marine reserves enhance or
detract from conventional management approaches?

Marine reserves have the potential to enhance conventional fishery
management in several ways. Setting aside areas from use can provide
a buffer against management mistakes and scientific uncertainty. These
areas can serve not only as hedges against risk, they can also be a
means to provide direct protection for multiple species when this is
required. In cases where weak stock protections limit harvest of other
species, reserves could also provide the needed protection to these
stocks so that outside-reserve harvest could continue. We note that an
obvious area in which reserves can enhance conventional management
is in cases where fishing disrupts or damages habitat in ways that
diminish productivity of the resource. Finally, the panel finds that
establishing marine reserves on a regional, rather than fishery-specific,
basis could enhance management across several fishery management
plans.

Marine reserves also have the potential to detract from
conventional fishery management by increasing management costs
without concomitant increases in benefits. The creation of additional
costs may occur through the added complications resulting from poor
design and a failure to integrate them into the fishery regulatory and
economic context.
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The panel finds that implementing marine reserves in fully utilized
fisheries will have allocative effects that may detract from management
effectiveness. Depending on their extent and location, reserves may
alter the distribution of seafood landings in ways that diminish economic
activity in fishing communities. The removal of areas from fishing may
also create differential impacts on particular gear types or scales of
operation. For example, marine reserves in nearshore areas can force
small vessels to fish farther offshore under less safe conditions.
Regulatory impacts on both communities and safety are addressed in
National Standards 8 and 10, which fishery management plans must
meet.

The displacement of fishing effort out of marine reserve areas and
its concentration in outside-reserve areas is another potential detractor
from fishery management effectiveness. The magnitude of this effect
depends on the relative size of the area removed and the extent to
which vessels have alternative areas to fish. In fully capitalized or
overcapitalized fisheries, concentrating fishing effort could damage non-
reserve areas. The potential for displacement to work against the
management objectives requires attending to the potential for capacity
management in conjunction with the development of reserves.

Finally, we note that marine reserves introduce additional
requirements for monitoring and enforcement. Monitoring is necessary
to assess the within-reserve response to protection and the progress
toward meeting management objectives. Enforcement of reserves either
through at-sea policing or vessel monitoring systems systems (VMS)
on fishing vessels is necessary to ensure full protection. Both monitoring
and enforcement introduce additional costs to management.

(3B) Would the use of marine reserves affect the application of
conventional management and stock assessment?

The Magnuson-Stevens Fishery Conservation and Management
Act requires that stocks be assessed individually. It is reasonable to
expect that this requirement will continue, even with the multiple-species
protections provided by marine reserves. Stock assessments make use
of both fishery dependent (from landings) and fishery independent (from
at-sea surveys) data. Depending on the size and extent of marine
reserves, methods for collecting data from both sources may need to be
changed to ensure adequate representation. Marine reserves, by setting
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aside areas from fishing, weaken the basic assumption under which
fishery-dependent data are used—that the demographics of the fishery
reflect the demographics of fish stocks. If reserve areas are large, stock-
wide, rather than fishery-represented, abundance will need to be
surveyed. This will increase the importance of fishery independent data
and decrease the importance of fishery dependent data in stock
assessment. The panel finds that new and restratified survey designs
will need to be developed to reflect the new spatial patterns of the fishery.
These changes will carry costs for redesign, new data collection, and
analysis.

(4) What general approaches to reserve design would meet fisheries
objectives?

Design of marine reserves, or any spatial management system,
will be driven by specific goals. For fisheries management, sustainability
is an overriding goal. We note, however, that more explicit, and
occasionally non-fisheries, management goals may be sought.
Consequently, the design process will be unique for each occasion; yet,
for any management decision process, certain general guidelines will
likely diminish confusion and maximize consensus among stakeholders.
These include:

♦ Concisely articulating management goals
♦ Ensuring objectives are measurable and scientifically verifiable
♦ Allowing and planning for changes if objectives are not met
♦ Engaging all stakeholders in the process from the onset.

Inherent in these guiding principles is an adaptive management
plan built on specific goals. As multiple spatial and conventional
management actions may be applied to achieve objectives, there must
be a view of the whole process that ensures separate management
actions are coherent, and ideally, synergistic. Moreover, there should
be an explicit plan for monitoring and assessing specific performance
indicators (see Question 6 for more detail).

The panel recognized that many design criteria relevant to spatial
management options (e.g., area, location, duration, etc.) are highly
specific to explicit management goals. Therefore, it is only possible to
make general recommendations concerning design criteria. First,
because reserves will affect multiple species and multiple users,



17

associated costs and benefits may introduce conflicts. Therefore, to
minimize costs, efforts to reduce conflicts with and among users should
be applied without compromising the management goals. Second, the
concept of permanence with respect to reserves implies inflexibility when
applied to fisheries management goals. Where possible, management
planning should invoke the option for adaptive change in reserve design
on a timeframe that allows for realistically assessing reserve
effectiveness. However, it must be recognized that the multi-species
and ecosystem nature of some management goals may require long
time frames. Third, under circumstances of a given total area requirement,
multiple, smaller reserves (i.e. networks) will generally better spread
risks and costs than will a single large reserve. While ensuring individual
reserves are large enough to be effective, placement of multiple reserves
across the entire management region will reduce localized costs while
simultaneously offering expanded benefits by spreading the risk of
reduced reserve effectiveness that may result from localized
perturbations.

Use of marine reserves and other spatial management options is
likely to increase as management focus trends toward ecosystem-based
options and processes. Expanded oversight of the management process
should include efforts to minimize duplication by recognizing where
different management goals may overlap and/or compete. The Panel
finds that management processes that follow the above approaches
including both planning and evaluation should facilitate realization of
desired effects while minimizing negative impacts and conflict.

(5) What are the sources and magnitudes of uncertainty associated
with marine reserves and conventional management approaches?

We recognize that the biological and socioeconomic processes
related to the full range of fishery management approaches are all
inherently knowable. All approaches, however, contain uncertainties that,
if left unacknowledged or unaddressed, will lead us to misrepresent both
our knowledge about these systems and our ability to manage them
with reasonable confidence. It is important, therefore, to try to provide a
framework for characterizing this uncertainty so that we might better
understand and address it.

We also recognize that knowledge, and therefore uncertainty, in
the context of fisheries management expresses itself at several levels.
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Specifically, uncertainty exists in our fundamental understanding about
the processes governing the ecosystem, the fishery that uses ecosystem
resources, and the management methods used to govern the fishery.
Uncertainty also exists in our ability to monitor these processes through
data collection; analyze this information through estimation, modeling,
and interpretation; make predictions given this analysis; and then
implement and enforce management controls once the state of the
system has been reasonably determined.

The panel proposes a means to contrast the various sources and
magnitudes of uncertainty as illustrated in the table below. The
descriptions in Table 1 (at right) are meant as a starting point for
characterizing the uncertainty associated with these systems rather than
an exhaustive presentation of the subject.

Uncertainty among several of the factors appears lower for use of
marine reserves than for conventional methods. However, this perception
may reflect our greater experience with conventional methods. More
experience with marine reserves will better characterize both the sources
and degree of uncertainty associated with their use.

Some suggest marine reserves will reduce the level of monitoring
and evaluation needed for management. However, even areas closed
to fishing require monitoring and evaluation to apprise managers of
population and ecosystem trends. Given this continual need, the loss of
information otherwise typically available from fishery dependent sources,
and the higher dimensionality inherent in evaluating spatially referenced
information, the effort and costs required to achieve reasonable
information levels may prove higher than expected

Implementation uncertainty is not clearly identifiable at this time,
but may be generally examined at various levels. We know that regulatory
structures associated with conventional methods can become quite
convoluted. Gear regulations, in particular, often prompt changes in
fishing methods in response, resulting in a series of ad hoc modifications
to existing policies. Regulations identifying no-fishing zones for marine
reserves would seem inherently simpler and less subject to alteration
through the evolution of fishing practices, and this may be so. Other
aspects of implementation, such as the political will to site a marine
reserve in contrast to imposition of stricter catch or effort control measures
would also appear simpler. However, implementing reserves at the
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locations and sizes needed to reduce fishing mortality to levels
comparable to those currently sought through reductions in catch or
effort may not be as easy to achieve.

In the end, the panel finds that identifying one of these approaches
as being more precautionary than the other may be premature, strictly
in terms of fishery management. Taking a broader set of factors into
account, such as stabilizing trophic structure or preserving biodiversity,
may tip the weighted risks and benefits in favor of utilizing a marine
reserve. This forces us again to consider a broader set of goals and
objectives with regard to managing these systems, and these must be
clearly specified for each case prior to the debate over which mix of
management procedures to consider.

(6) What monitoring actions are needed to evaluate the use of
marine reserves as fishery management tools?

Monitoring and evaluating the ecological and socioeconomic
impacts of marine reserves are essential aspects of the process of
creating and implementing these spatial management tools. A monitoring
plan should be developed during the design phase for the marine reserve
and should clearly reflect its objectives.

The panel finds that any monitoring program should be based on
clearly measurable and verifiable performance criteria or indicators that
reflect reserve objectives and consider both socioeconomic and
ecological aspects. Fishers and other interested groups should be
involved in the selection of the performance indicators, as well as in the
design and implementation of the monitoring program. We note that
fishers can play a special role in data collection, assisting with the need
for high resolution, spatially-oriented information.

The designers of the marine reserve must agree on the
characteristics and timeframe of “success” as reflected by the measurable
performance indicators. Management decisions and adaptations will
follow from the monitoring plan and the evidence offered by the
performance indicators. We note further, particularly in the context of
federal legislation, that a variety of management alternatives to the
proposed closures must be evaluated for their ability to meet biological
objectives and all ten of the national standards under the Magnuson-
Stevens Fishery Conservation and Management Act.
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Performance indicators must embody the objectives of the marine
reserve and should evaluate short- and long-term, positive and negative
socioeconomic and ecological effects. They must consider the internal
and external effects of the reserve. Economic indicators should attempt
to quantify both market and non-market values and attempt to isolate
benefits and costs to different users, e.g. displacement of effort; changes
in fleet size, target species, and overall income. Ecological indicators
must reflect both spatial and temporal changes in appropriate
parameters, e.g. species and genetic diversity, abundance, biomass,
and age structure. All indicators must be quantifiable and scientifically
rigorous.

The monitoring plan should be linked to a broader research
program that will address key uncertainties and causal linkages. The
panel recommends that such a research program must embody careful
experimental designs with control and replication experiments that
recognize the limitations of “Before-After-Control-Impact” designs, as
well as correct for potential effects due to displaced effort and export
and or spillover to areas outside of the reserves.

We have been hampered in evaluating the use of marine reserves
as a tool for fishery management by the lack of experiments explicitly
designed to address reserve effects on fisheries. We have instead
evaluated closures and marine reserves—often in ad hoc or crisis
situations—the effects of which in these contexts is confounded and
difficult to evaluate. Reserves show enough promise as fishery
management tools to justify the explicit development of experiments to
directly evaluate their effectiveness.

Conclusions

Marine reserves, areas of the ocean completely protected in
perpetuity from all extractive and destructive activities, should be
considered in the broader context of the development of ecosystem-
based management for the Exclusive Economic Zone of the United
States. From that perspective, marine reserves have clear application
for meeting objectives for ecosystem conservation and protection of
marine biodiversity in addition to whatever benefits they may have for
achieving fishery management objectives. Furthermore, marine reserves
are a category of area management options—including less restrictive
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and less permanent alternatives—that may be used in order to achieve
ecosystem- or species-based management objectives.

With regard to fishery effects, many studies of marine reserves
and other area closures, most of which are from lower latitudes, have
now shown that fishery target species increased in abundance and their
age structure expanded within the closed area in a preponderance of
cases (the so-called “reserve effect.”). This is particularly the case where
the resource species are significantly overfished. Evidence for effects
outside closed areas, either by movement of adults across the reserve
boundaries (“spillover”) or larval “export” is more limited and effects on
stocks within larger regions can only be deduced by models at this point.
This is because of the limited size and duration of existing reserves and
inherent difficulties in measuring and interpreting such broader effects.
Reserves show enough promise as fishery management tools to justify
the explicit development of experiments to directly evaluate their
effectiveness. More sophisticated modeling and analysis is required for
better understanding of spatial movement rates, export of reproductive
products, and adaptations by fishers.

Marine reserves clearly offer some advantages for simultaneously
incorporating habitat protection and maintenance of ecosystem structure
and function within the protected area. They may offer some advantages
for multi-species management and as a hedge against environmental
surprise or management failure in contrast to other precautionary fisheries
management approaches, but these have not yet been empirically
demonstrated and are likely to be context-specific.

Marine reserves are most likely to be an effective management
tool for relatively sedentary species with broad larval dispersal, which
are recruitment limited, and for mobile species with high site fidelity.
They may also be effective for protecting rare habitats vulnerable to
human disruption or in protecting aggregations of animals (e.g., when
spawning), when exploited populations have been severely depleted,
or where bycatch is high. Closed areas may also be useful in achieving
broad demographic representation in spawning populations if large
animals have limited movement potential relative to reserve boundaries,
and when they can maintain populations of highly fecund, older females
with strong reproductive potential. They may be more feasible to
implement either when reduced yields have already restricted fishing
activities and other management measures have been ineffective or



23

when they address special needs within otherwise productive regions.

Marine reserves and other protected areas should be integrated
with existing and emerging management measures as part of a coherent
ecosystem-based approach to management of commercial and
recreational fisheries and should not be simply layered over existing
regulations. In general, the coupling of quotas or effort control with
protected areas will likely produce more benefits to stocks and help
foster the economic conditions that encourage such conservation
approaches. Careful consideration of the effects on allocation of
resources among users, displacement of fishing activity, the requirements
for surveys and stock assessment, and the costs of monitoring and
enforcement should be made in considering protected area options and
design.

The Panel found it difficult to limit its considerations to marine
reserves as strictly defined, i.e. areas permanently protected from all
extractive activities. We found that management actions need to be
openly evaluated against stated goals and where goals are not being
met changes in management must at least be considered. The design
requirements for marine reserves depend heavily on the environmental
context and specific management goals, including the overriding goal of
sustainability and high yields of economically important species.
Management goals should be clear, objectives measurable and
scientifically verifiable, and plans adaptable if objectives are not met.
Development of the design should involve stakeholders at the outset,
identify specific performance outcomes, and include sufficiently rigorous
monitoring and assessment. Because most reserves would be intended
to address multiple conservation, species-specific, and user goals,
designs will require clear optimization procedures that do not unduly
compromise key goals. Moreover, designs will have to take into account
the regional network perspective in which the proposed specific reserve
is included.

There are numerous uncertainties associated with our
understanding both of important biological and socioeconomic processes
and with monitoring, analysis, prediction, and implementation of all fishery
management approaches. Although these uncertainties may be different
between marine reserves and conventional management approaches,
in general they are no greater for marine reserves and in some respects
may be lower. Some important uncertainties for marine reserves include
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the degree of effective dispersion and reproductive seeding and the
ability to resolve spatial and temporal interactions in monitoring and
modeling.

Monitoring and evaluating the ecological and socioeconomic
consequences of marine reserves is essential in this stage of their
development as an ecosystem-based management tool. Monitoring
should assess indicators of the performance outcomes included in the
reserve design that support evaluations of “success” and subsequent
adaptive management. Robust experimental design will be critical in
order to determine the effects of displaced fishing pressures and
enhancement effects on populations outside of reserves in before-after-
control-impact assessments.

Research Recommendations

There are a number of specific and general areas requiring
additional research if marine reserves are to assume a more important
role in ecosystem approaches to fisheries management and biodiversity
protection:

1. Throughout the U.S. there is limited information on bottom
substrates and communities that structure fish habitats. There is a
pressing need for high quality bottom mapping and assessment in order
to define vulnerable habitats that might merit closure.

2. The fidelity of species to particular habitats is a major issue in
designing effective areal closures. Spillover of harvestable animals
requires that boundaries be established that allow some animals to range
beyond the reserve, while building spawning populations within the
closure area may depend on low dispersal rates. The use of modern
technologies (chemical, molecular, etc.) to determine dispersal patterns
and rates should be expanded.

3. While there are a number of well-documented studies of marine
reserves and their effects in tropical or low latitudes, the amount of
information for northern temperate and boreal systems is limited. Given
that most of the high volume fisheries exist in these more poleward
waters, there is a pressing need to develop a synthesis of the effects of
area closures in such environments.

4. Few empirical studies, sophisticated modeling or analyses exist
with which to make generalizations regarding the effects of marine
reserves on spatial movement rates, particularly across reserve
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boundaries; potential for export of reproductive products; and the likely
behavioral adaptations by fishers (e.g., effort redistribution and its
biological and socioeconomic impacts). Additionally, there are important,
but unresolved, scientific questions regarding the functional value
(relative productivity) of various habitat types, density-dependence at
high levels of stock biomass (e.g., associated with reserve effects), and
sub-stock structure within species. The Panel considers that studies of
these factors represent a critical but heretofore-unmet research need.

5. Many authors have speculated that marine reserves offer more
precaution (insurance) against management and scientific uncertainty
than do traditional measures. At this point, this is an assertion and no
studies using common definitions and metrics of precaution have been
conducted. Given the importance of this issue, there is a need to conduct
such work, applying biology and social science, particularly as it relates
to findings from existing marine closures.
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From the Bridge

Editor’s Watch

Concept to Reality
By Cynthia Anderson, Alolkoy Editor

The concept of marine reserves in CINMS has captured considerable media
attention. Never before have marine reserves been proposed for such a
heavily populated coastal region of the United States.

The marine reserves process has brought together scientists, policy-
makers, fishers and many others in a thorough exploration of the threats to
the local marine environment and the viability of “no take” zones as a
solution. This issue of the Alolkoy contains an overview of the process.

You’ll find the Problem Statement adopted by MRWG on page 3, along
with frequently asked questions. Patricia Wolf and Matthew Pickett detail
the marine reserves process, while Sean Hastings provides an overview of
existing state and federal legislation.

Bob Leeworthy and Peter Wiley cover the social economics of marine
reserves. Matthew Cahn comments on the integration of science and policy.
Satie Airame reviews the benefits of marine reserves, effective reserve size
and the methodology of locating marine reserves.

Ben Waltenberger explains how a new GIS tool aids in the marine
reserves process. See “Things to Do” for an update on upcoming MRWG
meetings; the public is welcome.

Cover photo:
An underwater
photographer in
CINMS explores
a kelp forest.
©Mark Conlin

Marine Reserves
By Matthew Pickett, Sanctuary Manager

Over the past few years, the concept of marine reserves has gained attention
as a viable tool in marine resource management. This issue of Alolkoy is

focused on the benefits and challenges of marine reserves, and how
the Channel Islands National Marine Sanctuary (CINMS) is
moving towards effective implementation of marine reserves.

The Sanctuary, in partnership with the State of California, is
engaged in a community-based process that has the potential to
lead the nation in a new direction for marine resource protection.
A recent consensus statement presented by over 160 marine
scientists has added even more validation to the Sanctuary and
State’s efforts. Worldwide scientific studies support utilization of
marine reserves as a method for protecting the ecosystem and
sustaining marine economies.

CINMS brings unprecedented public involvement, the latest
science and technological tools, strong economic analysis and
community knowledge to the local process. This will be a year of

important decisions. The establishment of marine reserves within CINMS
will be a triumph for all who enjoy and utilize our offshore waters. The hard
work necessary to establish marine reserves is sometimes challenging, but
invaluable and of lasting benefit.

CHANNEL ISLANDS
MARINE SANCTUARY

FOUNDATION
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CINMS’ rich
underwater ecosystem
would be protected by
marine reserves.
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Marine Reserves:
Frequently Asked Questions
What are marine reserves?
Marine reserves, or “no take” zones, are a
specific type of Marine Protected Area
(MPA) that prohibits all extraction or har-
vesting of marine resources. Marine re-
serves are not intended to limit access or
anchoring.

Why are marine reserves
being considered?
The answer to this question is found in
the official Problem Statement adopted by
consensus of the Marine Reserves Work-
ing Group (MRWG), the entity charged
by the Sanctuary Advisory Council with
developing a preliminary recommenda-
tion for marine reserves (see page 4):

“The urbanization of Southern Cali-
fornia has significantly increased the
number of people visiting the coastal zone
and using its resources. This has increased
human demands on the ocean, including
commercial and recreational fishing, as
well as wildlife viewing and other activi-
ties. A burgeoning coastal population has
also greatly increased the use of our
coastal waters as receiving areas for hu-
man, industrial and agricultural wastes.
In addition, new technologies have in-
creased the efficiency, effectiveness and
yield of sport and commercial fisheries.
Concurrently, there have been wide-scale
natural phenomena such as El Niño
weather patterns, oceanographic regime
shifts and dramatic fluctuations in pin-
niped populations.

“In recognizing the scarcity of many
marine organisms relative to past abun-
dance, any of the above factors could play
a role. Everyone concerned desires to bet-
ter understand the effects of the individual
factors and their interactions, to reverse
or stop trends of resource decline and to
restore the integrity and resilience of im-
paired ecosystems.

“To protect, maintain, restore and
enhance living marine resources, it is nec-
essary to develop new management strat-

egies that encompass an ecosystem per-
spective and promote collaboration be-
tween competing interests. One strategy
is to develop reserves where all harvest is
prohibited. Reserves provide a precaution-
ary measure against the possible impacts
of an expanding human population and
management uncertainties, offer educa-
tion and research opportunities and pro-
vide reference areas to measure non-har-
vesting impacts.”

Which species will marine
reserves try to protect?
While marine reserves offer protection to
the whole ecosystem, MRWG is also in-
terested in protecting specific species.
MRWG generated a list of over 100 spe-
cies in CINMS to consider in designing
reserves utilizing the following criteria:
species that are economically or
recreationally important; species that are
candidates for, or listed as, endangered;
species that have exhibited long-term or

Marine Reserves Working Group Members
For additional information visit the Sanctuary website,
http://cinms.nos.noaa.gov/nmpreserves.html.

Patricia Wolf, Co-Chair California Department of Fish and Game
Greg Helms Center for Marine Conservation
Dr. Michael McGinnis UCSB, Ocean Coastal Policy Center
Steve Roberson Channel Islands Marine Resource Restoration
Shawn Kelly Surfrider Foundation, Ventura Chapter
Chris Miller Lobster Trappers Association
Neil Guglielmo Squid Seiner and Processor
Dale Glanz ISP Alginates (Kelp Harvesting Company)
Tom Raftican United Anglers
Marla Daily Sanctuary Advisory Council
Dr. Craig Fusaro Sanctuary Advisory Council
Gary Davis National Park Service
Mark Helvey National Marine Fisheries Service
Deborah McArdle California Sea Grant
Locky Brown Diving Interests
Robert Fletcher Sportfishing Association of California
Matt Pickett, Co-Chair Sanctuary Manager

rapid declines in harvest; habitat-forming
and dominant species; and species that are
sensitive and/or important as prey. The
species list includes marine plants, such
as kelp; invertebrates, such as urchins;
over 80 species of fish; marine birds, such
as brown pelicans; and marine mammals,
such as harbor seals.

Where are marine reserves
being considered?
Marine reserves are being considered
within the boundaries of CINMS, a feder-
ally designated MPA that encompasses
1,252 square nautical miles, from the
shoreline out six nautical miles around
San Miguel, Santa Rosa, Santa Cruz,
Anacapa and Santa Barbara islands. Sanc-
tuary waters overlap state waters (shore-
line out three miles) and Channel Islands
National Park (shoreline out one mile).
Reserves are only being considered within
the current boundaries of CINMS.
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The Marine Reserves Process
By Patricia Wolf and Matt Pickett

Marine reserves have been at the
forefront of state and local politics
for many years. A specific proposal
for new reserves in the Channel
Islands was made to the California
Fish and Game Commission (FGC)
in 1999 by a local conservation
group of recreational fishermen. At
the request of the FGC, and with
the support of diverse interest
groups, the Department of Fish and
Game (DFG) and the Channel
Islands National Marine Sanctuary
(CINMS) developed a joint federal
and state process to consider
marine reserves.

At the core of this process is a panel of representatives
formed by the Sanctuary Advisory Council (SAC). The panel
is known as the Marine Reserves Working Group (MRWG)
and represents many interest groups, experts and community
members not represented on the SAC (See MRWG member-
ship, page 3).

Two advisory panels support MRWG by providing
additional expertise: a Science Advisory Panel and Socio-
economic Advisory Panel (see related articles). These
panels give advice and information to MRWG and analyze
MRWG’s proposals.

MRWG has already defined a
problem statement, mission state-
ment, and goals and objectives to
guide the discussions. The mission
statement gives the panel a clear
direction: Using the best ecological,
socio-economic, and other available
information, MRWG will collaborate to
seek agreement on a recommendation to
the Sanctuary Advisory Council
regarding the potential establishment of
marine reserves within the Channel
Islands National Marine Sanctuary area.

The MRWG recommendation
will be consensus-based. The consen-

sus approach requires that the legitimate concerns of all
members be satisfactorily addressed before the group as a
whole can reach agreement on a recommendation. The SAC
will evaluate and forward this recommendation as formal
advice to the Sanctuary Manager, who will then provide the
recommendation to the FGC.

The power in the marine reserves process lies in the
partnership among the agencies and the community. Through
collective learning and communication, each panel member
has become familiar not only with the problems at hand, but
with the views and needs of other constituencies as well.

This multidisciplinary approach should lead to a recom-
mendation that is more acceptable to all concerned parties.
MRWG is using the best available science, socio-economics
and local knowledge. The group forms a bridge linking
ecology, economics and policy with the concerns of the
marine community.

Because the recommendation will not be a majority vote
and any member can stop the group from moving forward,
everyone’s needs must be met. This does not mean that a
member can simply “veto” the recommendation. Concerns
must be voiced along with constructive ways to meet them,
without compromising the concerns of others.

The final recommendation will be stronger because it
will represent the wide array of views and needs of the
community-at-large. As MRWG nears the final steps in the
negotiation, it is essential that we hear from all interested
parties. You can track our progress and get involved by
visiting the CINMS website: http://cinms.nos.noaa.gov/
nmpreserves.html.

Patricia Wolf is Regional Manager of the Marine Region for the
California Department of Fish and Game, the DFG Representative on
the Sanctuary Advisory Council and Co-Chair of the Channel Islands
marine reserves process. Matt Pickett, Sanctuary Manager, is also
Co-Chair of the process.

Goals for Marine Reserves
MRWG is designing marine reserves to achieve and bal-
ance the following goals:
Biodiversity: To protect representative and unique
marine habitats, ecological processes and populations
of interest.
Socio-economics: To maintain long-term socio-eco-
nomic viability while minimizing short-term socio-eco-
nomic losses to all users and dependent parties.
Sustainable Fisheries: To achieve sustainable fisher-
ies by integrating marine reserves into fisheries man-
agement.
Natural and Cultural Heritage: To maintain areas for
visitor, spiritual and recreational opportunities which
include cultural and ecological features and their asso-
ciated values.
Education: To foster awareness, promote stewardship
and encourage responsible use of marine resources.

A meeting of the Marine Reserves Working Group
(MRWG).
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Marine Reserves Legislation: A Review
By Sean Hastings

Marine protected areas and marine man-
aged areas (MPAs and MMAs) are used
increasingly by state and federal agencies
as resource management tools. The pur-
pose of MPAs and MMAs is to protect and/
or enhance living marine resources, cul-
tural heritage, water quality and recre-
ational opportunities.

CINMS is an example of a federally
designated MPA. When marine reserves are
designated here, they will form a specific
MPA within the Sanctuary. Taken together,
MPAs and MMAs at the state and federal
levels form a complex regulatory system.
A key question is: how will Channel Is-
lands marine reserves fit into this system?

This article attempts to answer this
question by providing a brief outline of
key legislation and agency activities at the
state and federal levels since 1998.

State Legislation
State Interagency Marine Managed
Areas Workgroup, 1998-2000
The Resources Agency of California estab-
lished the State Interagency Marine Man-
aged Areas Workgroup to evaluate MMA
classifications and recommend improve-
ments. The following agencies were in-
volved: Coastal Commission, Department
of Fish and Game (DFG), Department of
Parks and Recreation, San Francisco Bay
Conservation and Development Commis-
sion, State Lands Commission, State Wa-
ter Resources Control Board and the Uni-
versity of California.

Marine Life Management Act
(MLMA), 1998
The MLMA states that fishery manage-
ment plans will form the primary basis for
managing the state’s sport and commer-
cial fisheries. By September 2001, the DFG
must prepare a status report on state-man-
aged fisheries and a master plan for de-
veloping fishery management plans. The
act stresses using the best available sci-
ence and an adaptive approach to deci-
sion-making, including collaboration
from a wide array of perspectives and ex-

pertise—as does the CINMS marine re-
serves process.

Marine Life Protection Act (MLPA),
Assembly Bill 993, 2000
The MLPA sets goals for a comprehensive
MPA program in California’s marine wa-
ters; establishes criteria for selecting MPA
sites, including fully protected marine re-
serves; requires development by 2002 of
a statewide MPA master plan; and creates
processes that require a sound scientific
basis for the master plan and involvement
by interested parties.

MMAs Improvement Act,
Assembly Bill 2800, 2001
Based on the work of the State Interagency
Work Group, this act establishes a new
classification system for MMAs that con-
solidates over a dozen classifications into
six and simplifies terminology. The act in-
corporates existing MMAs into the new
system, without changing existing resource
protection, in a manner consistent with the
MLPA; eliminates the use of existing clas-
sifications by January 2002; and establishes
a consistent designation process to be used
by all state entities for MMAs.

The six new classifications are: State
Marine Reserve, State Marine Park, State
Marine Conservation Area, State Marine
Cultural Preservation Area, State Marine
Recreational Management Area and State
Water Quality Protection Area. For more
information, see: http://caselaw.lp.find
law.com/cacodes/prc/36700-36900.html

Federal Legislation
President’s Executive Order 13158
on Marine Protected Areas, 2000
President Clinton issued this Executive
Order to develop, strengthen and expand a
national system of marine protected areas.
The order calls on federal agencies with an
interest in MPAs to use their authorities to
establish and recommend new MPAs, in-
crease protection of existing MPAs and de-
velop/share scientific information.

The order creates a National MPA

Center in Santa Cruz, sponsored by NOAA
and the Department of Interior, to provide
scientific resources for establishing and
managing MPAs. In California’s ocean
waters, the order particularly affects the
activities of national marine sanctuaries,
national parks, the Pacific Fisheries Man-
agement Council and the U.S. Environ-
mental Protection Agency.

Pacific Fisheries Management Council
(PFMC), 2000
The PFMC is one of eight regional fishery
management councils established under
the Magnuson-Stevens Fishery Conserva-
tion and Management Act. The PFMC re-
cently adopted a technical report identi-
fying options for using marine reserves as
a management tool for species under its
jurisdiction. Currently under way, Phase
II of the PFMC reserve process will desig-
nate marine reserves for groundfish along
the West Coast.

Bringing It All Together
The Channel Islands marine reserves pro-
cess is a year ahead of other reserve desig-
nation processes under way at the state and
federal level. Therefore, it will be crucial to
integrate Channel Islands reserves into the
larger framework of reserves in California.

CINMS and DFG staff, and local com-
munity representatives, participate in sev-
eral of the state and federal processes listed
above to ensure that the Channel Islands
marine reserves process and eventual des-
ignation are consistent with the MMA Im-
provement Act, exceed MLPA requirements,
satisfy the President’s Executive Order and
are nested in fisheries management plans
required under the MLMA and the PFMC.

Ultimately, the California Fish and
Game Commission, PFMC and NOAA
will be responsible for integrating CINMS
marine reserves into the existing marine
resource management system.

Sean Hastings, CINMS Resource Protection Co-
ordinator, is lead staff for the marine reserves
process. The California Resources Agency con-
tributed substantially to this article.
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Social Economics of Marine Reserves
By Bob Leeworthy and Peter Wiley

Commercial and recreational uses of the Channel Islands
National Marine Sanctuary generate $197.9 million of total
income annually and support 5,491 jobs in the region. An
effective marine reserve network will provide a sustainable
resource base on which this economy can prosper over the
long term.

A Socio-economic Advisory Panel was created to
research the economic impacts of marine reserves and
present a comprehensive analysis to the Marine Reserves
Working Group (MRWG). Comprised of nine representa-
tives from regulatory agencies, the research community and
the community-at-large, the Socio-economic Advisory
Panel mounted a vast data collection effort.

Given the lack of socio-economic data in CINMS when
the analysis began two years ago, this analysis is arguably
the most comprehensive to date. The panel’s analysis
focuses on consumptive uses such as private boat fishing/
diving and commercial fishing/diving; and non-consump-
tive uses such as wildlife viewing, non-consumptive diving
and kayaking. The analysis will assist in crafting a balanced
marine reserve recommendation that maximizes ecological
benefits while minimizing socio-economic impacts.

Recreation Industry
Researching the recreation industry involved collecting data
from existing sources such as regional and county economic
reports, identifying current activities and exploring patterns
of recreational use. To perform a detailed and fine scale anal-
ysis, data were compiled at a 1 x 1 nautical mile resolution.

The team created a database of recreation charter/
party boat operators for consumptive and non-consumptive
activities. The data included geo-referenced data and
business-related data of 18 operators.

Distribution of private boat activity was compiled
from sources such as the Channel Islands National Park,
The Nature Conservancy and yacht clubs/marinas.

Commercial Fishing Industry
Commercial fishing data were compiled from numerous
sources. The California Department of Fish and Game
(DFG) divides the ocean into 10 x 10 nautical mile blocks
to record catch. Twenty-two DFG blocks encompass CINMS,
and information was compiled for 1988-1999 by species
caught and by each of the 22 blocks. Individual species,
such as shrimp, shark and rockfish, were aggregated
into 27 groups.

Information was collected on the distribution of catch
at 1 x 1 nautical mile resolution for most of the 27 species
groups. Thirteen species groups were mapped at 1 x 1

nautical mile resolution and placed in an Arc View
geographic information system for analysis. These 13 groups
account for 98.5 percent of the ex vessel value in CINMS,
and include squid, urchin, spiny lobster and prawns. (“Ex
vessel value” indicates the amount of money received by
fishermen for their catch.) Nine maps for species groups
that account for the other 1.5 percent were developed at
10 x 10 nautical mile resolution.

Socio-economic Impacts
Economic models were constructed for both the recreation
industry and commercial fishing industry to translate the
mapped measurements into economic measures. The
recreation industry model estimates the spending impacts
of recreational users in CINMS. The commercial fishing
model estimates the impacts on revenue (ex vessel value) of
commercial fishing operations and translates this into total
income and employment impacts. Socio-economic profiles
of commercial fishermen show who might be impacted by
marine reserves.

The socio-economic data and models will assist MRWG
in designing boundary alternatives and allow the Socio-
economic Advisory Panel to analyze their impacts. The
models can estimate the “maximum potential loss” to users
displaced from marine reserve areas. With the data distribu-
tions and models, and with local information on other factors,
a complete socio-economic assessment will be produced for
review by decision-makers and the general public.

Bob Leeworthy is Chief Economist of the National Ocean Service, Special
Projects Office and the leader of the Socio-economic Advisory Panel.
Peter Wiley is a staff economist of the National Ocean Service, Special
Projects Office and the Panel’s project lead for the recreation industry.

Socio-economic Advisory Panel Members
Dr. Vernon R. (Bob) Leeworthy, Chair, NOAA’s

National Ocean Service, Special Projects Office
Peter C. Wiley, NOAA’s National Ocean Service,

Special Projects Office
Dr. Cynthia Thomson, NOAA’s National Marine

Fisheries Service
Dr. James Lima, U.S. Department of Interior,

Minerals Management Service
Marija Vojkovich, California Department of

Fish and Game
Dr. Charles Kolstad, UC Santa Barbara
Dr. Craig Barilotti, Sea Foam Enterprises, San Diego
Dr. Caroline Pomeroy, UC Santa Cruz
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CINMS is currently engaged in a fasci-
nating decision-making process regard-
ing the establishment of marine reserves,
or no-take zones. As a federal agency,
CINMS is required to solicit public in-
put into any regulatory decision it makes.
The marine reserves process, however,
goes well beyond any required public
participation. In fact, CINMS may be
ahead of most other federal agencies in
giving the public a seat at the table.

The challenge before the agency is
significant. On one hand, CINMS must
balance competing mandates established
by the National Marine Sanctuaries Act
in 1972: conservation of marine resources
versus protection of public and commer-
cial access to the Sanctuary. On the other
hand, the agency takes its partnership
with the public seriously.

There is a consensus among marine
scientists that a network of marine re-
serves is a powerful tool for enhancing
biodiversity and mitigating damage to
marine ecosystems. Yet, marine reserves
may seriously impact consumptive users
of Sanctuary resources.

To meet this challenge, CINMS has
constructed a unique stakeholder process
for evaluating the marine reserve ques-
tion. A stakeholder working group—the
Marine Reserves Working Group
(MRWG)—and two advisory panels (sci-
entific and socio-economic) were con-
vened to better review science and policy
preferences. The Science Advisory Panel
reviewed those aspects of the working
group’s discussion that relied upon sci-
ence-based information. The Socio-eco-
nomic Advisory Panel collected eco-
nomic data and made those data avail-
able to MRWG.

The process represents the best ideal
of civic science, where stakeholders are
integrated into the scientific process of
evaluation in areas including: a) framing

Integrating Science and Policy
in Marine Reserves
By Matthew Cahn

the problem in partnership with scien-
tists; b) defining goals and objectives, in
consultation with scientists; c) and ap-
plying final ecological data to stakeholder
reserve recommendations.

Scientists evaluated the best avail-
able information on marine reserves, as-
sembled appropriate datasets and ana-
lyzed those data using theoretical mod-
eling, case study analysis and computer-
based annealing (see page 9).

Many observers have noted that the
assumptions of science and policy are
fundamentally different. Science is em-
pirical; it assumes a high degree of train-
ing and expertise. There is a narrow pro-
tocol of acceptable methodologies, and
outcomes are empirically justified ac-
cording to these methodologies. By defi-
nition, access is limited.

In contrast, policy is normative, de-
fining what we ought to do. Policy as-
sumes multiple interests
and stakeholders. There
is no established proto-
col; instead, multiple
methodologies are uti-
lized. Policy outcomes
are not empirically justi-
fiable. And, policy access
is, at best, unlimited.
Stated another way, if sci-
ence is rational and de-
mocracy is non-rational,
there is bound to be con-
flict. It is no surprise,
then, that bringing effec-
tive science into the
policy process has been
extremely challenging.

Integrating science
into effective resource
management has been at-
tempted by federal agen-
cies for many years.
NOAA’s national marine

sanctuaries have developed an innovative
approach that may provide a model
across the nation. CINMS is at the fore-
front of this trend. The CINMS process
is not yet complete; however, it is pos-
sible to make some preliminary assess-
ments. It is clear that this evolving model
is closer to resolving the paradigmatic
conflicts that have long kept science and
policy at arm’s length.

When interest-based stakeholders
and scientists are successful at linking
their analytic approaches, a truly civic-
science based rulemaking process will
emerge. Although practical issues may
limit its application, the CINMS process
is a model of a policy-science partnership.

Dr. Matthew Cahn is a Professor of Public Policy
at California State University Northridge and
a Visiting Professor of Public Policy at the Bren
School of Environmental Science and Manage-
ment.

Science Advisory Panel Members
Dr. Matthew Cahn, Chair, CSU Northridge
Dr. Mark Carr, UC Santa Cruz
Dr. Ed Dever, Scripps Institute
Dr. Steve Gaines, UC Santa Barbara,

Marine Science Institute
Peter Haaker, California Department of

Fish and Game
Dr. Bruce Kendall, UC Santa Barbara
Dr. Steve Murray, CSU Fullerton
Dr. Daniel Reed, UC Santa Barbara,

Marine Science Institute
Dan Richards, Channel Islands National Park
Dr. Joan Roughgarden, Stanford University
Dr. Steve Schroeter, UC Santa Barbara
Dr. Dave Siegel, UC Santa Barbara, ICESS
Dr. Allan Stewart-Oaten, UC Santa Barbara
Dr. Robert Warner, UC Santa Barbara
Dr. Libe Washburn, UC Santa Barbara, ICESS
Dr. Russ Vetter, National Marine Fisheries Service
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Designing Marine Reserves for Conservation 
By Satie Airame

Marine reserves are important tools for
marine conservation and fisheries
management, with the potential to protect
ecosystems, improve fisheries yields and
enhance recreational opportunities. Non-
consumptive users, such as recreational
divers and photographers, enjoy
increased diversity and abundance of
animals in and around reserves. Sport
fishermen and divers may benefit from
spillover of sport fish from reserves into
non-reserve areas. Commercial fishermen
may benefit from larval export of
economically important species from
reserves into non-reserve areas. All users
benefit from sustainable use of resources
over the long term.

There is substantial evidence that
protecting areas from fishing leads to
rapid increases in abundance, size,
biomass and diversity of animals. Halpern
(in press) reviewed 76 studies of reserves
that were protected from at least one form
of fishing. Across all reserves, abundance
approximately doubled, biomass
increased 2.5 times that in fished areas,
average body size increased by
approximately one third and the number
of species present per sample increased
by one third.

Marine scientists and state and
federal agencies that manage fisheries
have recognized the potential role of
marine reserves in conservation and fish-
eries management. In 2000, the Pacific
Fisheries Management Council
specified a process to consider
marine reserves as part of an
integrated scheme to sustain a
healthy ecosystem and more
effectively manage the West Coast
groundfish. In 2001, the National
Research Council released an
evaluation of marine reserves,
identifying reserves as a tool for
conservation and fisheries
management where conventional
approaches to management have
failed to sustain fisheries. A

consensus statement strongly favoring
marine reserves, signed by 161 top marine
scientists from the United States and 10
other countries, was released at the 2001
annual meeting of the American
Association of the Advancement of
Science.

Agencies and scientists agree that
marine reserves should be implemented
around the world for long-term fishery
and conservation benefits.

Effective Reserve Size
One of the most important questions in
conservation and fisheries management
is how large reserves must be to provide
specific benefits. Reserve size depends on
goals for marine reserves and the level of
fishing intensity in a particular region.

For example, Ballantine (1997)
recommends a minimum size of 10 percent
of representative marine habitats to meet
humankind’s ethical obligation to protect
natural areas. DeMartini (1993) cautions
that small reserves (e.g., 10 percent) may
protect species with rapid growth, high
reproduction and low dispersal, but larger
reserves (e.g., 30 percent or more) may be
necessary to protect species with slow
growth and lower reproduction (such as
rockfish). Sladek-Nowlis and Roberts
(1997) recommend reserve sizes of 75-80
percent of the geographical distribution of
populations to sustain species that suffer
from extremely high fishing mortality.

In general, the benefit of a reserve
for conservation increases with size.
Larger reserves protect more habitats and
populations, providing a buffer against
losses from environmental fluctuations
and other natural factors that may
increase death rates or reduce population
growth rates.

For fisheries management, the
benefit of a reserve does not increase
directly with size. The maximum benefit
of no-take reserves for fisheries, in terms
of sustainability and yield, occurs when
the reserve is large enough to export
sufficient larvae and adults, and small
enough to minimize the initial economic
impact to fisheries.

The Science Advisory Panel  eval-
uated the status of fishery resources
around the Channel Islands and goals
established by the Marine Reserves
Working Group for conservation and
fisheries management. One of the goals
for marine reserves is to protect repre-
sentative and unique marine habitats.
Another goal is to achieve sustainable
fisheries by integrating marine reserves
into fisheries management.

The Science Advisory Panel deter-
mined that setting aside no less than 30
percent, and possibly 50 percent, of
CINMS for marine reserves would achieve
some measure of protection for both
conservation and fisheries goals.
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Marine reserves would help currently depleted populations of canary rockfish (left), and bocaccio
(right) to recover.
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Locating Marine Reserves
CINMS is located in a region of
tremendous biological and physical
complexity. The Science Advisory Panel
divided the study area (CINMS) into three
bioregions (the Oregonian Bioregion, the
Californian Bioregion and the transition
zone between the two) based on species
distributions and physical characteristics.
Each of the regions exhibits distinct
oceanographic patterns that influence
species composition.

For planning purposes, the regions
were subdivided into “planning units” of
1 x 1 minute (approximately 1 x 1 square
nautical mile). Each planning unit was
assigned a set of values based on habitat
and species diversity. For example,
scientists described the depth and the
percentage cover of soft sediments (mud,
sand, gravel) and hard sediments (rock,
boulder, bedrock) in each planning unit.
Submerged rocky features, such as
pinnacles, seamounts and submarine
canyons, were located using bathymetric
maps, and the percent cover of each feature
was estimated in each planning unit.

The areas covered by dominant algae
and plant species, such as giant kelp,
eelgrass and surfgrass, were identified from
aerial photographs and habitat maps of the
Channel Islands region. In addition, each
planning unit was scored for the presence
of bird colonies (16 species) and pinniped
haul-outs (5 species).

Computer Analysis
Conservation priority areas were located
using “Sites v. 1.” This computer program
was developed to help The Nature
Conservancy locate potential reserve areas
on land, and the program was modified to
help conservation planners evaluate
marine environments.

The program randomly generates an
initial reserve system that includes the
target percentage of each habitat and
feature. The program then calculates the
conservation value of the reserve system

(based on the goals of the reserve system)
and the cost of the reserve system (in this
study, based on the boundary length of
each planning unit).

After evaluating the initial reserve
system, the program randomly selects a
planning unit that might or might not
already be included. The program
evaluates the change to the value (and
cost) that would occur if this planning unit
were added or removed. At each step, the
new solution is compared to the previous
solution, and the best one is accepted. In
this study, the program evaluated 1 million
iterations during a single run, and over 300
runs for each analysis.

A large number of good solutions may
satisfy a single set of goals. The Science
Advisory Panel provided a map demon-
strating the number of times each planning
unit was selected for a final solution out
of the total number of runs (Figure 1). This
map was used to locate a set of core
conservation areas. The Science Advisory
Panel also selected five solutions that meet
all ecological goals at targets of both 30
percent and 50 percent set-aside (for a total
of 10 possible solutions). These solutions

Figure 1. Conservation priority areas in the Channel Islands National Marine Sanctuary. Darker
colors indicate areas of high conservation value in terms of a variety of habitats and species of
interest.

and Fisheries Management

were chosen because of their high
conservation value and because they were
distinctly different from one another,
allowing flexibility on the part of the
conservation planners.

Flexibility to explore alternative
solutions is critically important for
conservation planners because optimal
solutions may not be possible given
practical problems. This approach provides
resource managers with the tools necessary
to develop acceptable and effective
solutions to complex, multi-objective
conservation problems.

Dr. Satie Airame is Scientific Advisor at CINMS.
She currently works with the Science Advisory
Panel and the Marine Reserves Working Group
on conservation and fisheries management issues
in the California Channel Islands.
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An important part of the marine reserves siting process is
efficiently conveying relevant information to the Marine
Reserves Working Group (MRWG) and to the public. Much
of the scientific and socio-economic information gathered is
complex, and in its native format not easily interpreted by
someone who is not an expert in a particular field.

Also, because information is linked to specific “places
in space” (i.e., potential marine reserve sites), complex
datasets must be “anchored” to geographic locations. One of
the best tools for doing this is a Geographic Information
System (GIS). A GIS allows users not only to intuitively
visualize potential reserve sites relative to themselves and
external landmarks, but also to “mine” them for scientific
and socio-economic data related to their locations.

CINMS has partnered with NOAA’s Coastal Services
Center to create an enhanced GIS interface called the
Channel Islands Spatial Support and Analysis Tool
(CI-SSAT). CI-SSAT is more than a GIS; it is a “decision
support system,” a term linked to the new and growing
field of Public Participation GIS.

The idea behind Public Participation GIS is to create
computer interfaces that allow stakeholders to query data
contained in the GIS, and to “weight” those data relative to
their importance to a particular stakeholder or group. This
allows stakeholders to view and understand how community

Spatial Technology in the Marine
Reserves Process
By Ben Waltenberger

processes may affect them and gives them an informed voice
in those processes.

To illustrate this idea, let’s walk through a simple
example of using CI-SSAT in a marine reserve siting process.
The first screen in CI-SSAT is the criteria screen, where users
can weight criteria (i.e., assign relative importance of one
criterion to another) within an area they wish to analyze as
a potential site.

In the Channel Islands marine reserves process, for
instance, MRWG has two criteria: ecological and socio-
economic. A fisherman would probably decide that the
socio-economic criterion has a higher degree of relative
importance than the ecological criterion (a reserve in Area
X may curtail or end a particular type of fishing activity).
An environmentalist concerned with protecting a rare
species that only occurs in Area X would probably give the
ecological criterion a higher relative weight.

Once weights are assigned, CI-SSAT analyzes the
criteria comparatively using a simple suitability algorithm.
It then creates a map with the chosen analysis area in color
shades going from dark to light. The darker the shade, the
more likely the area meets a stakeholder’s goals based on the
weights they chose. The lighter the area, the less likely it will
meet their goals.

Once this “results” map is made, users can dig into the
data associated with it. For instance,
users can perform a socio-economic
analysis that shows dollar amounts of
particular fish species taken out of the
area and the percentage of commercial
use in that area relative to the entire
CINMS. Users can analyze the data for
ecological resources (e.g., percentage of
kelp, percentage of rocky shoreline,
number of bird species) that are found in
the area. Users can also query and display
ancillary datasets that show information
such as historical use patterns, bathymetry
(water depth) and geology, to name a few.

The ability to analyze and compare
all these data in an intuitive map environ-
ment is a powerful tool to help citizens
become informed and involved in the
marine reserves process.

Ben Waltenberger is Spatial Data Analyst for the
Channel Islands National Marine Sanctuary.

A custom-designed GIS tool, the Channel Islands Spatial Support and Analysis Tool (CI-SSAT),
helps stakeholders query data regarding the marine reserves process.
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Sanctuary Waves
Management Plan Revision Update
On February 9, 2001 Dan Basta, Director of NOAA’s Office
of National Marine Sanctuaries, met with the Sanctuary
Advisory Council to discuss CINMS boundary options. The
SAC and the community advised Mr. Basta and CINMS staff
on a wide range of concerns and ideas, and this information
has been taken into consideration to help guide an agency
decision on this challenging issue.

Late this spring or early summer, look for public release
of the Draft Environmental Impact Statement (DEIS) and
Draft Management Plan (DMP). These documents will
compare a series of boundary options, identify the agency’s
preferred alternative and present a suite of management
programs proposed for the next five years.

Following the DEIS/DMP release, public hearings will
be scheduled, and
CINMS will welcome
and respond to public
comments. Later in the
year, watch for release
of the Final Environ-
mental Impact State-
ment and Final
Management Plan.

For ongoing up-
dates on the manage-
ment plan process,
access the CINMS
website at: www.
cinms.nos.noaa.gov/
nmpintro.html or
contact Anne Walton at
(805) 884-1470.

Cultural Resources Program Highlights
Conference presentations, a series of public lectures, an
Internet chat and an online curriculum have been the focus
of the CINMS cultural resources program.

Robert Schwemmer, CINMS Cultural Resources Coordi-
nator, presented a paper at the Society for Historical Archae-
ology meeting in January 2001 that discussed the educa-
tional aspects of the cultural resources program. Deborah
Marx of East Carolina University presented her survey work
at the CINMS shipwreck site Winfield Scott, a California
Gold Rush-era passenger steamer. Members of CMAR
(Coastal Maritime Archaeology Resources), an avocational
archaeological organization, presented papers on their
partnership role in recording shipwreck sites in CINMS
and Channel Islands National Park.

Lectures on shipwrecks of the
Channel Islands were presented at
the Santa Barbara Maritime
Museum’s Munger Theater to
audiences that included the general
public and community schools.
Robert Schwemmer and Laura
Francis, CINMS Educational
Coordinator, participated in a two-
hour Internet chat hosted by Rain
Camp that reached students and
teachers throughout Southern
California.

In December 2000, BRIDGE,
an online Ocean Science Teacher Resources Center, provided
teachers and students with a lesson plan featuring historic
shipwrecks of the five West Coast sanctuaries. The curricu-
lum is available on the CINMS website at www.cinms.nos.
noaa.gov.

CINMS Foundation Initiates
Collaborative Marine Research
The Channel Islands Marine Sanctuary Foundation has
created a program to involve stakeholders in cooperative
research, resource assessment and protection. The program
is based on a partnership (facilitated by CINMS) of local
marine researchers, commercial fishers and resource man-
agement agencies (National Marine Fisheries Service and
California Department of Fish and Game).

This partnership will investigate resource management
questions with commercial fishers in a variety of roles,
including as participants in project selection and planning and
as paid research assistants. The program is designed to collect
resource management information in a cost-effective manner
and build positive relations between marine stakeholders.

The program’s pilot project will be “Movement Patterns
of Nearshore Marine Fishes in the Channel Islands National
Marine Sanctuary.” Led by Dr. Jennifer Caselle of UC Santa
Barbara, this project will investigate patterns of fish move-
ment and stock structure of reef fishes (including California
sheephead, rockfish, cabezon and kelp bass) associated with
the premium/live finfish fishery. The project will involve
trapping and tagging fish, combined with recapture and
resighting surveys, in order to:
• Determine stock structure and population differences
among sites for targeted and non-targeted species caught
in live traps.
• Determine movement patterns and mobility scales for
several stages and sexes (e.g. juveniles, adults, males and
females) of species caught in live traps.
• Determine the catch composition of live traps in
CINMS boundaries.
• Develop methods for efficient and effective fisher-
scientist collaboration.

Robert Schwemmer,
CINMS Cultural Resour-
ces Coordinator, spoke to
audiences at the Maritime
Museum’s Munger Theater
on Sanctuary shipwrecks.
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Dan Basta, Director of NOAA’s Office
of National Marine Sanctuaries.
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Things to Do, Places to Go

U. S. Department of Commerce
National Oceanic and Atmospheric Administration
Channel Islands National Marine Sanctuary
113 Harbor Way, Suite 150
Santa Barbara, CA  93109
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Need more information?
Contact:

Channel Islands
National Marine
Sanctuary
Santa Barbara Harbor
113 Harbor Way, Suite 150
Santa Barbara, CA  93109
805/966-7107

Channel Islands Harbor
3600 South Harbor Blvd.,
Suite 217
Oxnard, CA  93035
805/382-6141
805/382-6151

Email:
channelislands@nms.
noaa.gov
Website:
www.cinms.nos.noaa.gov

Channel Islands
National Park
1901 Spinnaker Drive
Ventura, CA  93001
805/658-5700
Website: www.nps.gov/chis/

Channel Islands
Marine Sanctuary
Foundation
Kelly Darnell
113 Harbor Way, Suite 150
Santa Barbara, CA  93109
805/687-0324

Marine Reserve Working Group
(MRWG) Meetings
MRWG meetings are open to the public and all
are encouraged to attend. On May 23, the
Sanctuary Advisory Council will meet to receive
the MRWG recommendation. There will also be
a public forum in May, date to be announced.

On June 19 at Chase Palm Park Center, there
will be a Sanctuary Advisory Council meeting to
discuss the MRWG recommendation. For more in-
formation, contact Sean Hastings at (805) 884-1472.

Whale Watch Trips
Join the Sanctuary Naturalist Corps for educational
whale watch trips departing from Santa Barbara
Harbor, Ventura Harbor and Channel Islands
Harbor. SNC volunteers will be available for blue
and humpback whale watch trips. For more
information, visit the CINMS website or call Shauna
Bingham at (805) 382-6151.

Dive into Fish Counting
If you would like to participate in the
Great American Fish Count this July,
plan to attend a free Fish Identi-
fication Seminar. Reserve your place
by contacting Laura Francis at
laura.francis@noaa.gov or (805)
884-1463. June 12, 2001, 7 p.m.-9
p.m. Channel Islands National Park
Visitor Center, 1901 Spinnaker Dr.,
Ventura; June 19, 2001, 7 p.m.-9
p.m. Munger Theater, Santa Barbara

Maritime Museum, Santa Barbara Harbor; July
7, 2001, 7 p.m.-9 p.m. Waterfront Classroom,
125 Harbor Way (2nd floor), Santa Barbara Harbor.

Geographic Information Systems
(GIS) Workshops
CINMS will host two GIS workshops for teachers
this summer, one at UCSB from June 16-19 and
one at Ventura College from August 8-11. The
$75 fee includes all curriculum materials and a
field trip. Contact Laura Francis at laura.francis
@noaa.gov or (805) 884-1463.

Fish Survey Trip
Join CINMS and REEF for a fish survey trip
aboard the Truth Aquatics boat Conception on
July 8-9. The fee is $175. Contact Shauna
Bingham at shauna.bingham@noaa.gov or
(805) 382-6151.

Channel Islands National Marine Sanctuary
Boundary

Ventura

National Park Service Headquarters
& Visitor Center

Santa Barbara

National Marine Sanctuary Headquarters
& Sea Center
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Appendix F. Outline of Information Required for Marine Protected Area Proposals 
 
The Marine Life Protection Act (MLPA) requires the development and evaluation of alternative 
proposals for marine protected areas (MPAs) in each biogeographical region. There are 
several sources of guidance regarding the contents and evaluation of MPA proposals: 
 

• The MLPA 
• Discussions of the Master Plan Team established under the MLPA 
• Criteria developed by the State Interagency Coordinating Committee for Marine 

Managed Areas pursuant to the Marine Managed Areas Improvement Act 
• Experience with establishing MPAs in California and elsewhere. 

 
Distillation of this guidance will assist in developing and evaluating MPA proposals by 
identifying early in the process the required or desirable information, synthesis, analysis, and 
evaluation. The current limited capacity of state agencies to carry out all of these functions 
argues for encouraging the private sector to take on more of these activities. The more the 
information and analytical requirements of the MLPA are met by MPA proposals from the 
private sector, the more likely it will be that responsible agencies can carry out due diligence 
review of these proposals. 

 
The proposed outline of information required for MPA proposals is based on the guidance 
identified above. Definition of key terms will require further discussion as part of the broader 
MLPA Initiative. Whether prepared by a public agency or by a private organization, a proposal 
should aim at addressing most, if not all, of the requirements listed below.  

 
The outline is organized in four sections: 

• A summary 
• The setting 
• The proposal 
• Individual MPAs within the proposal 

 
Summary 

• Objectives of proposal 
• How the proposal addresses the requirements of the MLPA and other relevant law 

 
The Setting 

• Description of region 
o Legal description of the boundaries of study area 

 Rationale for boundaries 
o Species or groups of species likely to benefit from MPAs [FGC §2856(a)(2)(B)] 

(See list of species at www.dfg.ca.gov/mrd/mlpa/guidelines.html and 
www.dfg.ca.gov/mrd/mlpa/table_inv.html.)   

 Distribution of these species in the region and beyond 
 Status of these species in the region and beyond 

o Representative or unique marine ecosystems in the region [FGC §2853(b)(1)] 
 Distribution of these ecosystems 
 Status of these ecosystems (principally “function” and “integrity”) 
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o Distribution of representative and unique habitats in the region generally, and 
specifically for species likely to benefit:  

 Rocky reefs 
 Intertidal zones 
 Sandy or soft ocean bottoms 
 Submerged pinnacles 
 Kelp forests 
 Submarine canyons 
 Seagrass beds 

o Distribution of oceanic features that may influence target species, including 
currents and upwelling zones (FGC §2856[a]2[B]) 

o Current and anticipated distribution of human uses 
 Aquatic 

• Commercial fishing 
• Recreational fishing 
• Diving 
• Etc. 

 Terrestrial 
• Discharges 
• Recreation 
• Aesthetics 
• Other 

o Current management of human activities affecting target species, ecosystems, 
and habitats 

o Evaluation of current management of human activities affecting target species, 
ecosystems, and habitats in relations to the goals and objectives of the MLPA 

 
The Proposal 

• Process used to develop the proposal 
o Participants and their roles 
o Sources of information 

 
• Gap analysis 

o Description of existing MPAs 
o Adequacy of existing management plans and funding 
o Target habitats and ecosystems entirely unrepresented or insufficiently protected 

by existing MPAs and other management activities 
o Target habitats and ecosystems insufficiently protected by existing MPAs and 

other management activities, without replicates in the region or with replicates 
too widely spaced 

 
• Framework for regional MPA proposal 

 
• Regional goals and objectives for a MPA proposal 

o Relation of goals and objectives to the MLPA generally and to resource problems 
and opportunities in the region specifically 
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• General description of preferred proposal (and alternatives) 
o Spacing of MPAs and overall level of protection 
o Proposed management measures 
o Proposed monitoring for evaluating the effectiveness of the site in achieving its 

goals 
o Proposed research programs 
o Proposed education programs 
o Enforcement needs and means of meeting those needs 
o Funding requirements and sources 
o Proposed mechanisms for coordinating existing regulatory and management 

authority 
o Opportunities for cooperative state, federal, and local management, 
o Name 

 
• Evaluation of the proposal: 

o How does the proposal emphasize: 
 areas where habitat quality does (or potentially can) support diverse and 

high-density populations 
 benthic habitats and non-pelagic species 
 hard bottom as opposed to soft bottom, because fishing activities within 

state waters have had the greatest impact on fishes associated with hard 
bottom, and because soft bottom habitat is interspersed within areas 
containing rocky habitat 

 habitats associated with those species that are officially designated as 
overfished, with threatened or endangered species, and productive 
habitats such as kelp forests and seagrass beds 

o How does the proposal include: 
 unique habitats 
 a variety of ocean conditions such as upwelling centers, upwelling 

shadows, bays, estuaries, and exposed and semi-protected coastlines 
o How does the proposal address existing MPAs? 
o How does the proposal include a variety of sizes and types of MPAs that: 

 Provide enough space within individual MPAs for the movement of 
juveniles and adults of many species 

 Achieve beneficial ratios of edge to area 
 Help to include a variety of habitats 
 Facilitate analysis of the effects of different-sized MPAs 
 Facilitate analysis of the effects of different types of MPAs 
 Provide for biological connectivity 
 Enable the use of MPAs as reference sites to evaluate the effects of 

climate change and other factors on marine ecosystems, without the 
effects of fishing 

 Enable the use of MPAs as reference sites for fisheries management, 
 Minimize the likelihood that catastrophic events will impact all replicate 

MPAs within a biogeographic region 
 If an MPA is less restrictive than a reserve, how do different uses and 

restrictions affect achieving the objectives immediately above? 
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o How does the proposal use simple and easily recognizable boundaries to 
facilitate identification and enforcement of MPA regulations? 

o Where feasible, how does the proposal locate MPAs in areas where there is 
onsite presence to facilitate enforcement? 

o How does the proposal consider non-extractive uses, cultural resources, and 
existing fisheries and fishing regulations? 

o How does the proposal consider proximity to ports, safe anchorage sites, and 
points of access, to minimize negative impacts on people and increase benefits? 

o How does the proposal facilitate monitoring of MPA effectiveness by including 
well-studied sites, both in MPAs and unprotected areas? 

o How does the proposal consider positive and negative socioeconomic 
consequences? 

 
• What are the socio-economic impacts of the proposal? 

o Current uses: 
 What are the current uses of sites within the proposal that are likely to be 

affected? 
 What are the likely impacts of MPAs upon these uses? 

o Future uses: 
 How are current uses expected to change in response to the sites within 

the proposal? 
 What are the socio-economic impacts of these changes? 

o Costs and benefits: 
 What uses are likely to benefit from sites within the proposal, and how? 
 What uses are likely to suffer from MPAs, and how? 

• What is the improved marine reserve component of the proposal? (FGC §2857[c]) 
o Which habitat types are represented in at least one marine reserve in this 

biogeographical region? 
 Do reserves include habitat types and communities across different depth 

ranges? 
 Do reserves include habitat types and communities across different 

environmental conditions?  
 Is each habitat type and community represented in at least one reserve in 

this region? 
 

• Which species will benefit from the proposal and how?  
(See list of species at www.dfg.ca.gov/mrd/mlpa/guidelines.html and 
www.dfg.ca.gov/mrd/mlpa/table_inv.html.)   

 
• How does this proposal meet the goals and guidelines of the MLPA (FGC § 2853[b]): 

o Protect the natural diversity and abundance of marine life, and the structure, 
function, and integrity of marine ecosystems; 

o Help sustain, conserve, and protect marine life populations, including those of 
economic value, and rebuild those that are depleted; 
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o Improve recreational, educational, and study opportunities provided by marine 
ecosystems that are subject to minimal human disturbance, and to manage these 
uses in a manner consistent with protecting biodiversity; 

o Protect marine natural heritage, including protection of representative and unique 
marine life habitats in California waters for their intrinsic value; 

o Ensure that California’s MPAs have clearly defined objectives, effective 
management measures, and adequate enforcement, and are based on sound 
scientific guidelines; 

o Ensure that the state’s MPAs are designed and managed, to the extent possible, 
as a network. 

 
• Information necessary for fulfilling required CEQA alternative analysis. 

 
Individual MPAs within the Proposal 
 

• What are the boundaries of this MPA? 
• What is the total area of the MPA? 
• What is the total shoreline length of the MPA? 
• Does this MPA expand upon an existing MPA? 
• What is the overall goal of this MPA? 
• What are the objectives that serve this goal? 
• What species, populations, habitats, or ecosystem functions are of most concern in this 

area? 
o What are the chief threats to these features? 

 Which of these threats are amenable to management? 
o What restrictions are proposed that address these threats? 
o What additional restrictions or designations (e.g. water quality protection areas) 

would help address these threats?  
• Many of the general design issues identified for the network apply here as well. 
• What features does the site display among those identified for different types of MPAs 

by the State Interagency Coordinating Committee for Marine Managed Areas? (See 
Attachment A.) 
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ATTACHMENT A TO APPENDIX F 
 
Excerpted from California State Interagency Coordinating Committee for MMAs 
CRITERIA FOR DESIGNATING MARINE MANAGED AREAS 
 
 
Pursuant to statute, these designation criteria have been developed by the State Interagency 
Coordinating Committee for Marine Managed Areas to assist individuals or groups in 
developing site proposals. While the criteria are based on language in California law, it is not 
required that a site meet all of the criteria listed for a specific classification. Because different 
MMAs will have different goals and purposes, some of the criteria listed overlap or are mutually 
exclusive. All the criteria are presented here to help applicants prepare appropriate 
documentation. Site proposals need only address those criteria that apply to the specific site 
and classification being proposed (see item #6 on the application form).  
 
[Note that the word “potential” has been added before each set of criteria in this attachment. 
This word has been added during development of the draft master plan framework for the 
MLPA Initiative and was not part of the original attachment as developed by the California 
State Interagency Coordinating Committee for MMAs.] 
 
I. STATE MARINE RESERVE 
 
A. Potential Biological Criteria 

1. The proposed site will protect or restore rare, threatened, or endangered native species 
or habitats. 
 

2. The proposed site will protect outstanding, representative, or imperiled marine species, 
communities, habitats, or ecosystems. 
 

3. The proposed site will protect populations of one or more fish species that have been 
declared “overfished” by the National Marine Fisheries Service.  [see 
www.nmfs.noaa.gov for list] 
 

4. The proposed site will protect populations of harvested species that are of concern to 
state or federal fishery managers. 
 

5. One or more habitats within the proposed site is/are designated as essential fish habitat 
(EFH) by the National Marine Fisheries Service.  [see www.nmfs.noaa.gov for list] 
 

6. The proposed site will protect habitat, or biological communities, populations, species or 
gene pools that are under-represented or not replicated in the existing network of state 
marine managed areas. 
 

7. The proposed site will protect connections between geographic areas and/or habitat 
types, including estuarine and marine, wetland and intertidal, intertidal and subtidal, and 
deep and shallow water. 
 

8. The proposed site is biologically highly productive. 
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9. The proposed site contains multiple habitat types. 

 
10. The proposed site has historically received relatively heavy fishing effort, it is likely that 

some populations of fished species are locally depleted, and populations of fished 
species are expected to rebound if protected. 

 
B. Potential Socio-Economic Criteria 

1. The proposed site currently or potentially provides public access, consistent with 
resource protection goals. 
 

2. The proposed site currently or potentially provides educational and interpretive activities 
for the public. 

 
3. The proposed site has historically received relatively little fishing effort. 

 
4. Designation of the proposed site is not likely to have a significant negative socio-

economic impact on those who have traditionally used the area. 
 

5. Designation of the proposed site is likely to have a positive socio-economic impact. 
 

6. The proposed site is bordered by similar habitat in which spillover effects from 
protecting one or more species could benefit those fishing adjacent to the site. 

 
C. Potential Management and Enforcement Criteria 

1. The proposed site overlaps or is adjacent to an existing protected or managed area, 
thus facilitating enforcement. 
 

2. The proposed site is adjacent to a populated area in which public stewardship would 
facilitate enforcement. 
 

3. The proposed site has boundaries that are practical and enforceable. 
 

4. Designating this site would lessen the impact of human uses on sensitive populations of 
marine or estuarine organisms. 
 

5. The proposed site has little or no direct access from land, or the access is controlled. 
 

6. The proposed site has or will have funding sources and/or in-kind resources for 
enforcement. 
 

7. The proposed site has or will have funding sources and/or in-kind resources for 
management activities. 
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D. Potential Evaluation and Research Criteria 
1. The proposed site will provide an opportunity for scientific research or monitoring in 

outstanding, representative, or imperiled marine habitats or ecosystems. 
 

2. The proposed site has or will have funding for scientific research or monitoring. 
 

3. The proposed site has been the site of previous scientific research or monitoring 
studies. 
 

4. Seafloor habitat within the proposed site has been partially or totally mapped using side-
scan sonar or equivalent technology. 

 
II. STATE MARINE PARK 
 
A. Potential Biological Criteria 

1. The proposed site will protect a spacious natural system. 
  
2. The proposed site will protect outstanding, representative, or imperiled marine species, 

communities, habitats, or ecosystems. 
 

3. The proposed site will afford some protection to populations of harvested species that 
are of concern to state or federal fishery managers. 
 

4. One or more habitats within the proposed site are designated as essential fish habitat 
(EFH) by the National Marine Fisheries Service.  [see www.nmfs.noaa.gov for list] 
 

5. The proposed site will protect habitat, or biological communities, populations or species 
that are under-represented or not replicated in the existing network of state marine 
managed areas. 
 

6. The proposed site will protect connections between geographic areas and/or habitat 
types, including estuarine and marine, wetland and intertidal, intertidal and subtidal, and 
deep and shallow water. 
 

7. The proposed site is biologically highly productive. 
 

8. The proposed site contains multiple habitat types. 
 

9. The proposed site has historically received relatively heavy fishing effort, it is likely that 
some populations of fished species are locally depleted, and populations of fished 
species are expected to increase if protected. 

 
10. The proposed site will protect populations of one or more fish species that have been 

declared “overfished” by the National Marine Fisheries Service.  [see 
www.nmfs.noaa.gov for list] 
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B. Potential Cultural Criteria 
1. The proposed site has cultural objects or sites of historical, archaeological or scientific 

interest. 
 
C. Potential Socio-Economic Criteria 

2. The proposed site currently or potentially provides public access, consistent with 
resource protection goals. 

 
3. The proposed site currently or potentially provides educational and interpretive activities 

for the public. 
 
4. The proposed site will provide sustainable recreational opportunities in the absence of 

conflicting uses. 
 

5. The proposed site will provide recreational opportunities to meet other than purely local 
needs. 

 
6. The proposed site has historically received relatively little fishing effort. 

 
7. Designation of the proposed site is not likely to have a significant negative socio-

economic impact on those who have traditionally used the area. 
 

8. Designation of the proposed site is likely to have a positive socio-economic impact. 
 

9. The proposed site is bordered by similar habitat in which spillover effects from 
protecting one or more species could benefit those fishing adjacent to the area. 

 
D. Potential Geological Criteria 

1. The proposed site has outstanding or unique geological features that contribute to the 
biological productivity of the area. 
 

2. The proposed site has geological features that are critical to the lifecycle of native 
marine or estuarine species. 

 
E. Potential Management and Enforcement Criteria 

1. The proposed site overlaps or is adjacent to an existing protected or managed area, 
thus facilitating enforcement. 
 

2. The proposed site is adjacent to a populated area in which public stewardship would 
facilitate enforcement. 
 

3. The proposed site has boundaries that are practical and enforceable. 
 

4. Designating this site would lessen the impact of human activities on sensitive 
populations of marine or estuarine organisms. 
 

5. The proposed site has or will have funding sources and/or in-kind resources for 
enforcement. 
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6. The proposed site has or will have funding sources and/or in-kind resources for 

management activities. 
 
F. Potential Evaluation and Research Criteria 

1. The proposed site will provide an opportunity for scientific research or monitoring in 
outstanding, representative, or imperiled marine habitats or ecosystems. 
 

2. The proposed site has or will have funding for scientific research or monitoring. 
 

3. The proposed site has been the site of previous scientific research or monitoring 
studies. 
 

4. Seafloor habitat within the proposed site has been partially or totally mapped using side-
scan sonar or equivalent technology. 

 
III. STATE MARINE CONSERVATION AREA 
 
A. Potential Biological Criteria 

1. The proposed site will protect or restore rare, threatened, or endangered native species 
or habitats. 
 

2. The proposed site will protect outstanding, representative, or imperiled marine species, 
communities, habitats, or ecosystems. 
 

3. The proposed site will protect populations of one or more fish species that have been 
declared “overfished” by the National Marine Fisheries Service.  [see 
www.nmfs.noaa.gov for list] 
 

4. The proposed site will protect populations of harvested species that are of concern to 
state or federal fishery managers. 
 

5. One or more habitats within the proposed site are designated as essential fish habitat 
(EFH) by the National Marine Fisheries Service.  [see www.nmfs.noaa.gov for list] 
 

6. The proposed site will protect habitat, or biological communities, populations, species or 
gene pools that are under-represented or not replicated in the existing network of state 
marine managed areas. 
 

7. The proposed site will protect connections between geographic areas and/or habitat 
types, including estuarine and marine, wetland and intertidal, intertidal and subtidal, and 
deep and shallow water. 
 

8. The proposed site is biologically highly productive. 
 

9. The proposed site contains multiple habitat types. 
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10. The proposed site has historically received relatively heavy fishing effort, it is likely that 
some populations of fished species are locally depleted, and populations of fished 
species are expected to rebound significantly if protected. 

 
B. Potential Socio-Economic Criteria 

1. The proposed site currently or potentially provides public access, consistent with 
resource protection goals. 
 

2. The proposed site currently or potentially provides educational and interpretive activities 
for the public. 

 
3. The proposed site has historically received relatively little fishing effort. 

 
4. Designation of the proposed site is not likely to have a significant negative socio-

economic impact on those who have traditionally used the area. 
 

5. Designation of the proposed site is likely to have a positive socio-economic impact. 
 

6. The proposed site is bordered by similar habitat in which spillover effects from 
protecting one or more species could benefit those fishing adjacent to the area. 

 
C. Potential Geological Criteria 

1. The proposed site has outstanding or unique geological features that contribute to the 
biological productivity of the area. 
 

2. The proposed site has geological features that are critical to the lifecycle of native 
marine or estuarine species. 

 
D. Potential Management and Enforcement Criteria 

1. The proposed site overlaps or is adjacent to an existing protected or managed area, 
thus facilitating enforcement. 
 

2. The proposed site is adjacent to a populated area in which public stewardship would 
facilitate enforcement. 
 

3. The proposed site has boundaries that are practical and enforceable. 
 

4. Designating this site would lessen the impact of human activities on sensitive 
populations of marine or estuarine organisms. 
 

5. The proposed site has living marine resources that if managed properly will allow for 
sustainable harvest. 
 

6. The proposed site has or will have funding sources and/or in-kind resources for 
enforcement. 
 

7. The proposed site has or will have funding sources and/or in-kind resources for 
management activities. 
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E. Potential Evaluation and Research Criteria 

1. The proposed site will provide an opportunity for scientific research or monitoring in 
outstanding, representative, or imperiled marine habitats or ecosystems. 
 

2. The proposed site has or will have funding for scientific research or monitoring. 
 

3. The proposed site has been the site of previous scientific research or monitoring 
studies. 
 

4. Seafloor habitat within the proposed site has been partially or totally mapped using side-
scan sonar or equivalent technology. 
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