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( southern highlands fast enough for the next Sorting out what Mars actually did "is an 

Only dormant? Olympus Mons, the largest vol- 
cano in the solar system, may erupt once more. 

face. At least a few such cycles are evident 
in Viking images, say Baker and his col- 
leagues, cycles that could presumably repeat 
again. Other scientists, however, find the 
available imagery unconvincing or doubt 
that all that water could get back into the 

episodic outburst. 
- 

In an upcoming Icarus paper, Clifford 
and planetary geologist Timothy Parker of 
the Jet Propulsion Laboratory in Pasadena, 
California, reject such episodic rejuvena- 
tion. Instead, they propose, Mars has more 
or less steadily wound down geologically 
but not to a dead stop. They start with an 
"inevitable" ocean on early Mars, albeit an 
ice-covered one; the young planet's inner 
heat would have been too great to allow the 
water to be locked up beneath the planet's 
surface, they say. Water cycling slowly from 
lowlands to highlands by sublimation from 
the ice would feed into the subsurface high- 
lands, from which it might occasionally 
burst to cut the outflow channels. But even- 
tually, as internal heat waned, such a thick 
barrier of frozen ground would form that 
only the isolated and increasingly infrequent 
intrusion of magma could allow water to 
break out. 

incredible challenge," says ~ c ~ w e n .  "It's 
probably a complicated story, and we've 
barely begun to figure it out." Doing geolo- 
gy from orbit is never easy, he notes, but on 
Mars today it's proving particularly difficult. 
The Mars Orbital Camera onboard MGS is 
providing unprecedented detail of the sur- 
face. Still, its high-resolution images come 
in strips just 3 kilometers wide thatwill cov- 
er perhaps only 1% of the planet. Given the 
fuzzy Viking views of terrain surrounding 
the s t r i~s  and the alien nature of the land- 
scape, at times 'you don't know what you're 
looking at," says McEwen. Diametrically 
opposed interpretations are common. Add in 
the uncertain dating, and "we're asking 
questions we can't answer without sending 
people and collecting the samples," says 
planetary geologist Kenneth Edgett of Ma- 
lin Space Science Systems in San Diego. A 
wetter Mars would certainly help sustain 
any S U C ~  visitors. -RICHARD A. KERR 

Can Science Rescue role the multiple threats play in driving the 
fish to extinction. 

In the past 18 months, two scientific teams 

Salmon? have issued their conclusions about the rela- 
tive contribution of the chief threats to Snake 

As scientists wrangle over whether breaching dams will save endangered Snake River River salmon: habitat degrada- 
salmon, the Clinton Administration has decided to bypass the controversial decision tion, hatchery misuse, and overharvesting- 

collectively called the "four H's" (see sidebar, 
P O W D ,  OREGON-For now, at least, the other major and hundreds of minor dams in p. 718). One team, composed of state, aca- 
dams will stay, as the controversy swirling the Columbia Basin, have drastically re- demic, and tribal scientists, fingered dams as 
around them escalates. At a press conference duced Northwest salmon populations, some the major culprit and called for bypassing 
on 27 July, the National Marine Fisheries of which are headed for extinction. The dis- them. The other team, scientists from NMFS, 
Service (NMFS) released a long-awaited agreement concerns whether breaching the countered that other factors were equally to 
plan to save the Columbia River's endangered dams is indeed the silver bullet or whether blame and that fiiing them would have more 
salmon by restoring fish habitat, overhauling the salmon can be rescued by other means. certain benefits. The new NMFS plan sig- 
hatcheries, limiting harvest, and improving In theory, at least, the warring parties all naled a clear winner in the debate: The fish- 5 
river flow. What the plan did not do, however, agree that salmon conservation should be eries agency listened to its own scientists. But 2 
was call for immediate breaching of four driven by science. Indeed, Vice President because the plan is expected to be challenged 
dams on the Snake River, the Columbia's ma- A1 Gore has promised "7 

jor tributary-an option that has been the to convene a post- B 
2 

subject of a nationwide environmental cru- election "salmon sum- p 
sade. The NMFS will hold that option in mit" to save the fish 2 

U 

abeyance while it sees whether the less dras- with an "objective, sci- t 
B 

tic measures will do the trick. Responses ence-based process." z 
from both sides were immediate and out- But science is unlikely P 
raged. "This plan keeps the fuse burning on to provide the answer < 
the extinction time bomb," charged Tim to an intrinsically po- Z 

2 
Stearns of the National Wildlife Federation, litical debate-espe- T 
while presidential candidate George W. Bush cially because the sci- k 8 
and Senator Slade Gorton (R-WA) had al- entists themselves dis- Z 
ready slammed NMFS for not ruling out agree, often vocally, i; 

breaching absolutely. providing ample am- 2 Z 

Without question, the stakes are huge: munition for both 
- 
2 

Wild salmon are cultural symbols of the Pa- camps. At the heart of - 
cific Northwest. Yet breaching the Snake the dispute is the 
River dams-bypassing them with newly maddeningly incom- 

i 
P 

constructed channels-would cost almost plete body of data on 6 
$1 billion and affect thousands of jobs. No ColumbiaBasin salmon Uphill battle. With their natural path obstructed, sockeye salmon $ 
one disputes that these dams, and the 14 -and especially the travel up a fish ladder to return to their spawning grounds. P 
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in court, the scientific fight will likely contin-
ue for years. "I can't imagine anythmg cool-
ing down these debates," admits Phil Levin, 
an ecologist at the NMFS Northwest Fish-
eries Science Center in Seattle. 

On the brink 
The Pacific Northwest is home to five species 
of salmon, each of which is known by several 
names (Chinook or king, chum or dog, coho 
or silver, plnk or humpback, and sockeye or 
blueback), and a related species of sea-going 
rainbow trout called steelhead. Be-
cause salmon and steelhead that 
spawn in one part of a river rarely in-
terbreed with those that spawn in oth-
er parts, the six species are divisible 
into hundreds of individual stocks, 
each with its own distinct genetic, be-
havioral, and morphological imprint. 

Under the Endangered Species 
Act, NlviFS is charged with protect-
ing many endangered species of fish 
and marine mammals. Legally, 
"species" can refer to fill species, 
subspecies, or "distinct population 
segments" of species. For salmon, 
NMFS protects what it calls "evolu-
tionarily significant units" (ESUs): 
groups of related stocks that form a 
distinct population. ESUs are "the 
building blocks of salmon species," 

'You can continue what you're doing.' " But 
the hatcheries were not a cure-all, and the 
populations continued to dwindle. 

The decline accelerated in the late 1970s, 
particularly for Snake River fish. The blame 
quickly focused on the lower four dams on 
the river, built between 1961 and 1975. Ini-
tially, the lower Snake dams had few turbines, 
so most of the water-and the juvenile 
salmon-went over the spillways, a less 
harmful route than through the turbines. In 
the late 1970s, the Army Corps of Engmeers, 

strategies for salmon recovery, including the 
most radical: "permanent natural river oper-
ation," or breaching the dams. 

Multiple models 
To determine whether less drastic methods 
could rescue the fish, state, federal, and tribal 
agenciesjoined forces in 1993 to examine re-
search on the salmon life cycle, particularly 
the effects of downstream migration through 
dams. At the time, two models dominated the 
field. One, developed by biologists from state 

governments and local Native 
American groups, focused on wa-
ter flow as the major determinant 
of juvenile mortality; it tended to 
show high benefits fi-om bypassing 
the dams. The other model, devel-
oped by fisheries scientists at the 
University of Washington (UW) 
and funded mostly by the Bon-
neville Power Administration 
(which markets power from the 
federal dams), blamed most of 
the mortality on factors other 
- than water flow; conse-

L quently, it tended to 
show fewer benefits 

from breaching. 
To resolve dif-

ferences between 
the models, the 

says ~GbinWaples, head of ihe con-
servation biology division of 
NMFS's science center. "The indi-
viduals have a lot more similarity Hydropower. Starting in tne lare 1800s,state 7 
among themselves than with other and federal officials began building dams 
ESUs, and a largely independent throughout the Columbia River Basin, including the 
evolutionary trajectory." four in contention on the lower Snake River [inset). 

According to NMFS, the Snake 
River has four ESUs-sockeye, springlsum- which operates most of the Columbia Basin 
mer and fall Chinook (the season indicates dams, added more turbines to boost the dams' 
when these distinct ESUs spawn), and steel- power-generating capacity. Fish mortality 
head-all of which are endangered. In the soared. Alarmed, activists pushed the agency 
rest of the Columbia Basin, eight of the 0th- to let more water spill over the dams. 
er 14 ESUs are listed. NMFS estimates that Because spilled water amounts to lost2 most of these ESUs have a greater than 50% electricity, the corps b e d  other ways to re-
chance of extinction by the next century, duce the losses. It built improved fish lad-

@ and some much sooner. 
9. Salmon runs in the Northwest have been 

shrinking since the late 19th century, re-
g duced by cannery operations, mining, and 

logging. But the most severe impact has 
5 come from dams. some of which entirelv 
2 closed rivers, eliminating upstream habitat. 
2 (Grand Coulee Dam by itself blocked fish 

from more than 1500 kilometers of the 
2 Columbia.) Beginning in 1877, federal and2 state agencies tried to counter the fall in 
X salmon and steelhead populations by setting
8 up fish hatcheries. "Hatcheries provided a 

very popular answer to all these problems," 
$ says Joseph Taylor IU,an environmental his-
$ torian at Iowa State University in Ames. 

"The promise of fish culture tells everyone, 

ders and other structures for bypassing the 
dams, modified the turbines to reduce their 
effects, and transported young fish down the 
river in barges and trucks. These efforts cut 
juvenile mortality by as much as half, ac-
cording to an NMFS study. 

But the damage was already done. Snake 
River ESUs were so depleted that listings 
under the Endangered Species Act were in-
evitable. The first, for sockeye salmon, oc-
curred in 1991, followed quickly by the two 
Chinook populations. Snake River steelhead 
were listed in 1997. Because the act blocks 
federal actionsthat jeopardize listed species, 
agencies such as the corps and NMFS were 
vulnerable to litigation. A series of lawsuits 
forced them to consider a wider range of 

two teams formed 
the Plan for Ana-

lyzing and Testing 
Hypotheses (PATH) in 

1994 (Science, 23 April - 1999, p. 574). Funded by 
the Bonneville Power Administra-
tion, PATH had a core group of 25 

scientists, including a half-dozen NMFS re-
searchers. Through workshops and papers, 
PATH intended to create a unified body of 
salmon science. The corps and the Bureau 
of Reclamation (the other agency responsi-
ble for Columbia River dams) could use the 
results to reform the hydropower system; 
NMFS could use them to make its legally 
mandated judgment-a "biological opin-
ion," in the jargon-about the impact on 
Snake River salmon of the four Snake River 
dams, as well as other dams downstream. 

PATH looked first at the historical record. 
Although it was tempting to blame the popu-
lation decline on the dams, especially be-
cause it accelerated afier the last was built in 
1975, it turned out that the productivity of 
the North Pacific had changed at about the 
same time, reducing all Columbia River 
salmon populations. To isolate the dams' ef-
fect, PATH compared the Snake River stocks 
with those farther down the Columbia, 
which was less heavily dammed. Lower 
Columbia salmon also declined after 1975, 
but not as much as the Snake River stocks. 
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Because all the other factors affected both 
stocks equally, PATH scientists argued, the 
difference had to be due to the dams. "We 
painstakingly went through and looked at all 
the H's," says Paul Wilson, who worked on 
PATH for the Columbia Basin Fish and 
Wildlife Foundation. "In the end, we con- 
cluded that hydro was still the most impor- 
tant'' source of mortality. 

But there was a puzzle. By this time, the 
corps and the Bureau of Reclamation were 
barging and trucking most juveniles mund 
the dams. Yet the percentage of salmon that 

The Other H's 

N E W S  F O C U S  

later returned to spawn was lower than the 
percentage that had returned before the dams 
were built. Some unknown factor seemed to 
be killing the fish after they passed the dams. 
State and tribal scientists within PATH ar- 
gued that dams and barges were having de- 
layed impacts on salmon survival. Their UW 
colleagues countered that the hydropower 
system alone could not produce such a large 
impact and concluded that the change in 
ocean productivity had to be at fault. 

Hoping to settle this and other internal dis- 
putes, PATH created a supermodel that pre- 

dicted the future population levels for Snake 
River spring/summer Chinook; models for the 
other Snake ESUs, they hoped, would soon 
follow. The model contained every assump- 
tion everyone on the team thought important. 
Rather than try to agree on one set of the most 
likely assumptions, PATH kept them all, run- 
ning the supermodel for each possible permu- 
tation, more than 5000 times in all. In a series 
of voluminous reports completed in April 
(www.efw.bpa.gov/Environment/PATH), the 
group said that in almost every scenario, 
breaching was the best route to recovery. 

When the National Marine Fisheries Service (NMFS) unveiled its 
draft biological opinion of the Columbia River hydropower system 
(see main text) on 27 July, it was accompanied by a broader strate- 
gy written by nine federal agencies covering all the factors impli- 
cated in salmon decline. Fisheries scientists have long identified 
these factors as the "four H's": hydropower dams, harvesting, habi- 
tat degradation, and hatchery misuse. According to the interagency 

: plan, known as the "All-H Paper," improvements in the other three 
H's will provide benefits that are more certain and widespread 
than those from dam breaching.To be successful, this new strategy 
must overcome environmentalist opposition and gain the coopera- 
tion of state governments, Native American tribes, and private 
landowners. And because addressing the other H's may be even 
more costly than breaching dams, NMFS will have to convince 
Congress to pump more money into salmon recovery. 

Harvest In some ways, harvest is the easiest factor to under- 
stand and control, because its effects on mortality are direct and 

streams, can stir up sediments with similar effects. 
Habitat degradation is pronounced in the Columbia River estu- 

ary, where the young salmon make the transition from fresh water 
to saltwater. Dredging to improve navigation, filling in wetlands to 
expand urban areas, and flood control measures have made this 
habitat less salmon-friendly. 

The ALCH strategy makes habitat protection its centerpiece. Ma- 
jor programs include improving stream flows by acquiring private 
water rights; protecting fish habitat in the lower Columbia estuary 
by purchasing wetlands and adjoining land; and accelerating habitat 
restoration on federal lands in areas identified as high priority. But 
these measures will require the cooperation of big private landown- 
ers, historically a problem for the Endangered Species Act. 

Hatcheries. Each natural stock adapts to the characteristics of 
its spawning ground, including temperature, depth, flow, and dis- 
tance from the river mouth. If salmon from one environment mate 
with salmon from another or from a hatchery, the offspring are 
likely to lose sets of coadapted genes, decreasing their fitness for a 
particular environment. For this reason, the practice of breeding 

easily measured. Protecting the endan- hatchery fish from whatever eggs 
gered runs while allowing harvest of were available, regardless of species, 
others that migrate at theiame time is 
problematic, however. Fishers have no 
way of knowing whether a Chinook I 
salmon on the line is from a plentiful 
Washington-coast run or a critically 
endangered run on the Snake River. 

For most of the endangered fish in 
the Columbia Basin, harvest rates are 
already so low that further restric- 
tions are politically difficult--and un- 
likely to contribute to recovery. The 
All-H strategy calls for continuing 

river, or season, is a thing of the past. 
But because hatchery populations 
today dominate salmon species, they 
still-affect their wild cousins. To 
make up for losses in wild runs, for 
example, hatcheries allow many 
more young fish to survive to adult- 
hood, relaxing the selective forces at 
that stage. If the hatchery fish inter- 
breed with the wild ones, the genetic 
makeup of the population will likely 
be adversely affected. 

these low rates, while tagging most Multiple threats. Thij young coho will face many obsta- The All-H strategy takes an ag- 
hatchery fish to enable fishers to tell cles before it returns to spawn, including habitat degrada- gressive stance on the hatchery is- 
them apart. tion, harvesting, competition from hatchery fish, and, of sue, arguing that al l  ex.isting 

Habitat degradation. Like overhar- course, hydropower. hatcheries should be reformed to 
vesting, habitat degradation has been minimize the harm to wild fish. Any 
a problem since the late 1800s. By extracting ore with high- federal agency operating a hatchery must develop a genetic man- 
pressure hoses, miners drew water away from streams and re- agement plan, including drawing from the gene pool appropriate 
turned a flow of sediment, burying the gravel needed for spawning. for a particular location. But drastically changing or cutting back 
Sometimes they mined the stream itself, extracting gravel, sand, hatchery operations will be resisted by the tribes, whose treaty 
and limestone as well as gold. And logging removed trees from rights to salmon and steelhead have increasingly been satisfied by 
forests adjoining streams, increasing stream temperatures and cov- harvesting hatchery fish. 
ering spawning beds in eroded dirt. Although the agencies declined to place a price tag on addressing 

In addition to wreaking damage directly, dams made it possible the'"other H f "  strategy, rough estimates put it at billions of dollars. 
to irrigate the dry, eastern parts of the region. But irrigation takes The funding will have to come quickly, as NMFS intends to reevalu- 
water from streams, which harms spawning and rearing habitat. ate salmon status in 2008 to ascertain whether dam breaching is 
And the cattle that accompanied irrigation, if not fenced out of necessary after all. 4.C.M. AND M.L.P. 
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For some PATH members, the debate 
was over: The dams had to go. In March 
1999, eight team members signed on to a 
highly publicized letter to President Clinton 
that claimed that "a building scientific con- 
sensus" showed that "bypassing four dams 
on the Lower Snake River" was "the surest 
way to restore" the endangered salmon. But 
other PATH scientists declined to sign the 
letter. One, James Anderson, the main de- 
veloper of the UW model, argued that PATH 
gave too much credence t o  older, suspect 
data. Recent. more accurate data. he con- 
tended, werd a good fit with his model, 
which pointed to the ocean as the major 
source of salmon problems. Soon after the 
letter was sent, Anderson told a congres- 
sional committee that "the best we can say 
at this time is that the work is not fmished." 
Designed to unify scientific opinion, PATH 
instead ended up splintering it finther. 

A different approach 
Meanwhile, NMFS was becoming dis- 
enchanted with PATH. According to 
Michael Schiewe, head of fish ecology at 
the NMFS northwest science center, "PATH 
provided very hydrocentric work," examin- 
ing the dams "in isolation" fiom the other 
H's. What's more, PATH had analyzed just 
Snake River ESUs, but by spring 1999 the 
agency had added eight more Columbia 
River ESUs to the endangered List. 

That year NMFS asked its own scientists 
for a broader, less "hydrocentric" take on 
salmon science: the Cumulative Risk Initia- 
tive (CRI, www.nwfsc.noaa.gov/cri). Peter 
Kareiva, a fish ecologist, joined NMFS to di- 
rect the effort. Kareiva's team began with a 
general risk analysis of 11 of the 12 endan- 
gered Columbia Basin ESUs. Released in 
draft form this April, the analysis found that 
the Snake ESUs, though are not 
the most endangered in the Columbia Basin. 
That dubious honor belonged to upper 
Columbia sprmg/summer Chinook and three 
steelhead ESUs, each of which was decreas- 
ing at a rate of 10% or more per year. 

Supplementing this grim overall picture 
was a reanalysis of the two Snake River 
ESUs treated by PATH. CRI argued that at- 
tempts to isolate the dams' effects from other 
factors, as PATH had done in its comparison 
of Snake River and lower Columbia stocks, 
were inevitably confounded by the poor qual- 
ity of the historical data and the changes in 

2 the ocean conditions. Nor did they embrace = the PATH sqwmodel approach, which they 
P regarded as manageably complex and in- 
hmprehensible for policy-makers. B htead, CRI used a simple demographic 
& model that divided the complex salmon life 
? cycle into different stages. Plugging in mor- 
f tality and fecundity estimates for each stage, 
1 CRI derived its own assessment of the popu- 

lation growth rates for the Snake ESUs. Us- 
ing these growth rates as an index of health, 
CRI identified the stages in which c o m a -  
tion measures could do the most good. 

For both ESUs, the dams had their greatest 
impact in a single stage: the second year for 
spnnghmmer Chinook, and the f& year for 
fall Chinook But, the CRI team argued, other 
stages offered the most potential for improve- 
ment. For the spring/summer Chinook, the 
most promising stages were the fust year, be- 
fore they migrated, and later, when the fish 
were in the Columbia estuary and near-shore 
ocean, well away from the dams, so breaching 
them would not help much. Breaching ap- 
peared to offer more help to the fall Chinook. 
Unlike the spnngfsummer fish, they spawn in 

ery operations, and harvest limits. Dam oper- 
ation would also have to i m p r o v d u t  the 
dams did not have to go, at least not yet. The 
plan uses the CRI analysis to set standads for 
gauging the recovery of salmon stocks. If af- 
ter 8 yean the fish have not dTiciently recov- 
ered, says the opinion, NMFS will recom- 
mend that the dams be breached. 

George T. Frampton Jr., acting chair of 
the White House Council on Environmental 
Quality, admitted that the decision was in 
part political. Breaching the Snake River 
dams would take a decade or more, given 
the fierce opposition. "There is not a single 
elected representative in Congress fiom the 
region that in any way supports breaching," 
Frampton said. "The fish need more imme- 

Kinder, gentler dams? Increasing the flow of water over 
the top of Snake River dams, including Ice Harbor Dam 
(above), and improving fish ladders (inset) are two op- 
tions on the table for spurring salmon recovery. 

the main branch of the Snake River and mi- diate action." 
grate through the dams in their first year; 
h h m g  the dams would reduce mortality at 
that stage and also imprave habitat. But even 
for fall Chinook, protecting habitat in other 
ways and reducing harvest seemed equally 
likely to be effective. 

Scoffing at CRI's analysis as politically 
mothted, American Rivers, an environmental 
group, hired biological consultant Gretchen 
Oosterhout to critique it. Kareiva concedes 
that CRI might look "haplessly timid" about 
the politically charged dam decision. But he 
insists there are "solid scientific reasons for fa- 
voring more certain adions such as stopping 
the dewatering [& water for irrigation 
and other purposes] of streams and of rivers 
before those four dams are h h e d . "  

Victory for CRl? 
NMFS's 27 July plan was part of the agency's 
long-awaited ctraft biological opinion on the 
impact of all Columbia River federal dams. 
To avoid jeopardizing listed salmon and steel- 
head, NMFS declared, improvements would 
have to be made in habitat protection, hatch- 

To conservationists, the 8-year wait is 
unacceptable, and plans are already afoot to 
sue NMFS over the final biological opinion. 
While the dispute continues, political 
groups will keep latching onto whichever 
science best fits their goals. American 
Rivers, for example, maintains a remove- 
thedams Web page (www.removedams.org) 
that makes numerous references to PATH- 
based scientific works-but has no links to 
CRI documents. Across the political divide, 
the Columbia River Alliance, a small coali- 
tion of dam supporters, gives a lukewarm 
nod to the CRI results on its Web page 
(www.teleport.com/-cra/aa99/aa0416.htm) 
--and completely ignores PATH. 

The "objective, science-based process" 
touted by Gore will never be able to resolve 
political wars, says Taylor, the environmen- 
tal historian. "Science can provide us with 
information about choices, but it is not go- 
ing to deliver the Holy Grail." 

C. MANN AND MARK L PLUMMER 

Mann and Plummer are the authors of Noah's 
Choice. 
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