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Most of what ocean scientists know or believe
to be true about ecological process in the
open sea is necessarily based on correlative
inferences, the interpretation of time series
without direct evidence for cause and effect.
This situation arises in part from the near
impossibility of studying ocean ecosystems
experimentally at appropriate scales of space
and time. Freshwater ecology is a study of
extreme contrast. Although the principal
biotic elements of lakes and oceans are
broadly similar (i.e., both support food webs
containing phytoplankton, zooplankton, and
fish), lakes are comparatively small and
sharply defined by surrounding land, thereby
making them amenable to whole-ecosystem
manipulative experiments. The resulting dif-
ference in approach—inference from correla-
tive evidence in the sea and inference from
experimental evidence in lakes—sets lakes
apart from the oceans as some of the most
carefully studied and best-understood eco-
systems on earth. However, studies of open
ocean ecology are beginning to explore com-
plex interactions among species in interesting
new ways. Analyses of long and detailed time
series, such as those presented by Springer and
van Vliet (1) on the ecological interplay be-
tween pink salmon and seabirds in the subarc-
tic North Pacific, are providing an expanded
viewof ecological process in theworld’s oceans.

Understanding Oceanic Ecosystems
Much of ocean ecology has focused on one
of two general themes—food web dynamics
in response to physical oceanographic change
associated with ocean basin-wide regime
shifts [e.g., the North Atlantic Oscillation
and Pacific Decadal Oscillation (PDO)], and
depletion of fishes and other species of
high trophic status by human exploita-
tion. Although there are many purported
effects of both regime shifts and the de-
pletion of higher trophic-level species, the
strength of inference in both cases is com-
monly limited by the long periods of time
over which these events occur in nature.
Ocean regimes shift over decades, making the
search for recurrent patterns (the gold stan-
dard of inference in any scientific study)
extremely difficult and time consuming.

Understanding the ecological consequences
of fish stock depletions is limited by the
typically one-off nature of these events
and a common lack of information on
the associated ecosystem. The difficulties
have been exacerbated in both instances by
a general lack of attention to alternative hy-
potheses that fall outside a widely held view of
bottom-up forcing (i.e., population control by
production and trophic transfer efficiency).
Pacific salmon numbers have waxed and

waned over the past century with only limited

Alan Springer and Gus
van Vliet have taken the
pink salmon’s story a
large step forward by
demonstrating a link
between the salmon
and breeding seabirds.
understanding of the causes or consequences.
The added challenges of understanding
salmon fluctuations stem from a complex
life history in which populations are po-
tentially influenced by events in both their
riverine spawning and rearing habitats and
the open ocean environments where they
grow to maturity. Impairment of spawning
migrations by dams and destruction of
spawning habitat by logging, agriculture,
and other forms of development have clearly
led to stock declines (2). Furthermore, there
is strong evidence that run strengths of
sockeye salmon in Alaska have fluctuated
on cycles that coincide in period with those
of the PDO (3), thus implicating physical
oceanography and bottom-up forcing as im-
portant drivers of salmon abundance. Al-
though such patterns and their causal
mechanisms are often clear in retrospect,
the ability of fisheries biologists to forecast
salmon run strength with any degree of
confidence is largely limited to extrapolations
from population assessments of earlier life
stages. Environmental influences on salmon
abundance and population trends remain
vague and controversial.

Why Pink Salmon Are Informative
Pink salmon, by virtue of their 2-y life
cycle and typically odd/even year variation in
run strength, provide a potentially edifying
exception to unraveling the mysteries of
salmon ecology. In contrast with nearly all
other trajectories of salmon population
change, the odd/even year variation in wild
pink salmon run strength is both extreme
and highly predictable at regional levels. For
example, the difference in spawning biomass
between odd and even years in the odd-year–
dominated stocks of eastern Kamchatka and
the western Bering Sea has varied over the
past four decades from about 3- to more
than 10-fold. Similar 2-y population cycles
occur elsewhere in the North Pacific region,
except that dominant runs in some places
occur in even years. Occasionally, the pattern
of odd/even year stock domination has
even switched.
Although the underlying reason for this

distinct odd/even year cycle in pink salmon
biomass is currently unknown, it is almost
certainly not a consequence of biennial vari-
ation in physical forcing. There is simply no
evidence or reason to believe that physical
oceanographic patterns cycle on a 2-y period.
Instead, the cycle is probably an epiphe-
nomenon of salmon demography and
density-dependent interactions with some
aspect of their environment, such as at-sea
food availability, in-stream spawning
habitat, the per capita effect of predators,
and intercohort competition or canni-
balism. That is, more-abundant popula-
tions realize some advantage over less-
abundant populations in environments that
are otherwise similar. This general mech-
anism would work if sequential years
were, on average, similar to one another.
However, regardless of the cause, the phe-
nomenon by itself provides an interesting
window into the ecological effects of pink
salmon on their ocean ecosystem.
Nearly two decades ago, Shiomoto et al.

(4) recognized both the pattern and the
power of this approach, which they then
used to explore oceanic food web dynamics
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in the subarctic North Pacific region. These
authors found that chlorophyll concentration
(a proxy for phytoplankton abundance) was
positively correlated with the high years in
pink salmon abundance, whereas zooplank-
ton biomass showed the opposite pattern,
from which they concluded that the associ-
ated ocean food web operated under the in-
fluence of a pink salmon-initiated trophic
cascade (a chain of interactions that begin
with predators and spread downward
through food webs). The underlying idea is
just this: In years when salmon are abundant,
their zooplankton prey are relatively rare
and, as a consequence, the zooplankton’s
prey (phytoplankton) are relatively abundant.
Similar open-ocean trophic cascades have
since been shown or suggested in the western
North Atlantic Ocean (5), the North Sea (6),
and the Black Sea (7). These latter three
examples were all derived from time-series
analyses of fish stocks as they declined
from human exploitation (or in some cases
recovered following protection), and con-
current measurements of phytoplankton,
zooplankton, and forage fish abundance in
the associated food webs. Although the evi-
dence for a fishery-driven trophic cascade is
reasonably compelling in each of the three
cases, alternative interpretations have been
advanced because the strength of infer-
ence was limited by the typically one-off
nature of the purported driver (the decline or
recovery of exploited fish stocks). Shiomoto
et al.’s (4) initial study, because of the re-
current nature of the rise and fall of pink
salmon biomass, stands alone as being largely
impervious to alternative interpretations.
Alan Springer and Gus van Vliet (1) have

taken the pink salmon’s story a large step

forward by demonstrating a link between
the salmon and breeding seabirds. Virtually
every step in the seabirds’ reproductive pro-
cess, from nesting effort to hatching and
fledging success, anticorrelates with the pink
salmon cycle; seabird reproductive success
is therefore higher during the cycles’ low
years. The repetitive nature of Shiomoto
et al.’s (4) data strengthened their inference
for a trophic cascade. The even longer time
series and more extensive replication of
Springer and van Vliet’s (1) study make the
contrasts in seabird reproductive perfor-
mance between contiguous high/low pink
salmon years difficult to explain in the
absence of an indirect interaction between
pink salmon and seabirds. Although the
cause of this negative association between
salmon and seabirds remains somewhat
uncertain, the likely explanation is that salm-
on are outcompeting seabirds for an other-
wise limiting food resource. Whether or not
the seabirds reciprocate with a negative ef-
fect on salmon is an intriguing issue that
remains to be explored.
Competitive interactions between salmon

and seabirds might have been predicted from
an assessment of dietary overlap between

these groups of consumers. However, the
strong tendency of most seabird and salmon
biologists to relate variation in reproductive
success and changing population size to
bottom-up forcing by physical oceanographic
processes may have blinded them to the
alternatives. Springer and van Vliet’s (1)
findings argue persuasively that indirect spe-
cies interactions are the best available expla-
nation for the coupled fluctuations of pink
salmon and seabirds, and in general, deserve
more attention as alternative hypotheses to
bottom-up forcing as explanations for
change in other ocean populations (8).
Springer and van Vliet (1) were able to

explore several alternative hypotheses for
time trends in pink salmon and seabirds be-
cause of a visionary decision in the 1970s
by the Alaska Maritime National Wildlife
Refuge to design and put in place a seabird
monitoring program. Springer and van
Vliet’s insightful interpretations could never
have been made without these data.
More comprehensive long-term monitoring
programs of this quality would greatly en-
hance our understanding of marine eco-
system dynamics.
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