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SCIENCE'S COMPASS

Is the Deep Sea on a Diet?

Ellen R. M. Druffel and Bruce H. Robison

ost of the animals that live on the
M deep-sea floor rely on a food chain
that begins thousands of meters
above them in the ocean’s upper layers.
Photosynthesis driven by sunlight supports
microscopic plant life (phytoplankton) near
the sea surface, which in turn supports ani-
mal and microbial communities throughout
the ocean’s depths. During the descent of
phytoplankton and other organic matter to
the sea floor, mid-depth communities filter
and recycle sinking detritus that consists of
phytoplankton cells, fecal pellets, and myri-
ad forms of organic debris. The end result
is that organic matter collects at the inter-
face between the ocean and the sea floor.
Here it is eaten by sediment-dwelling (ben-
thic) organisms (including bacteria) that
emit carbon dioxide and nutrients as waste
products into the seawater (see the figure).
Food supply and food demand are pre-
sumed to be in balance. If these processes
become unbalanced, the oceanic carbon cy-
cle may be disrupted and the stability of
benthic fauna threatened. On page 1174 of
this issue, Smith and Kaufmann (/) report a
surprising finding about the balance be-
tween food supply and demand. Studying a
station in the Northeastern Pacific (off the
central California coast) between 1989 and
1996, they found that despite a pronounced
decline in food supply, the food demand of
the deep-sea benthic community remained
relatively constant. They attribute the de-
crease in food supply to the well-document-
ed increase in sea-surface temperature and
decrease in plankton biomass in the North-
eastern Pacific. But the paradox of constant
food demand has yet to be explained.
Oxygen and organic matter, the basic
essentials to sustain benthic organisms of
the ocean floor, are thought to be available
in plentiful supply. Oxygen is replenished
in the deep sea through the sinking of oxy-
gen-rich surface waters at higher latitudes.
The flux of organic matter, however, can
apparently dwindle to small values that ap-
pear inadequate to support the benthic
communities. Using particle traps shaped
like huge inverted cones placed 50 and 600
m off the ocean bottom (see the figure),
Smith and Kaufmann monitored a 7-year
decline in sinking organic matter (a mea-
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sure of food supply). In contrast, oxygen
consumption (a measure of food demand)
in the benthic community living at 4100 m
below the ocean’s surface was unchanged.
Why was there no apparent effect of the
decreased food supply on the community of
the ocean floor? Are these deep-living crea-
tures slowly being starved and, if so, how
long can they survive? Perhaps one answer
is that the detrimental effect is manifest in
some process, such as reproduction, that is
not measured by oxygen consumption.

ic community. The mobile megafauna
(which include epibenthic organisms such
as sea cucumbers and brittle stars) do not
figure into the measurements of sediment
community food demand because they are
too rare. The megafauna may be affected by
the reduction of organic input, however, be-
cause their feeding strategies are better suit-
ed to concentrated food sources. But there
was no evidence of a reduction in the abun-
dance of mobile megafauna at Station M
(the station at 4100 m depth where food
supply and demand was measured) (2), and
so this option does not appear to be a viable
answer to the conundrum.

The case for alternative food sources
must also be considered. Dissolved organic
matter is available in high concentrations
(0.5 mg/liter) in the seawater surround-
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Sampling a deep-sea menu. Processes involved in
the transfer of particulate organic matter (POC), a
measure of food supply, in the deep ocean. POC flux
was measured using particle traps deployed at 50 and
600 m above the ocean floor in a section of the
Northeastern Pacific. POC decreased steadily over 7
years. In contrast, sediment community oxygen con-
sumption (SCOC), a measure of food demand by ben-
thic organisms living in the sediment of the ocean

floor (at 4100 m depth), remained constant.

However, if reproduction was deferred in
response to low food availability, we would
expect that cumulative mortality would
have led to a decline in sediment communi-
ty food demand, at least in the later years of
the time series.

Another explanation could be that the
impact of reduced food supply is borne by
other constituents of the deep-ocean benth-

ing the study site (3) and may serve as
a source of food for benthic microor-
ganisms such as bacteria. There is also
some evidence for the horizontal trans-
port of organic material from the con-
tinental shelf and slope of the Califor-
nia coast, east of Station M, especially
during early summer (4-6).

Smith and Kaufmann (/) effec-
tively defend their measurements of
particle flux and oxygen demand.
For example, they state that sediment
trap clogging could contribute to the
discrepancy between food supply
and demand. Then they correctly
point out that for this to be an opera-
tive factor, the clogging rate should
have increased between 1989 and
1996 to produce the observed re-
sults. However, increased clogging is
a function of increased particle flux,
which is counter to the productivity
trends measured at the surface. Thus,
clogging is not likely to be a source
of error.

This reasoning assumes that the
same kinds of particles are involved in
both high and low levels of organic
matter flux. If, however, there was a
change in particle type due to reduced
phytoplankton productivity and a shift
from crustacean grazers such as krill to
gelatinous grazers such as pelagic
tunicates, which filter feed efficiently
when phytoplankton are scarce), then
clogging might be expected to increase
because of more mucus-derived parti-
cle aggregations. There is no clear evidence
of such a shift in the plankton data, only a
pronounced decline in overall abundance (7,
8). Given the circumstances, we believe that
Smith and Kaufmann’s measurements are an
accurate representation of deep-sea process-
es in the Northeastern Pacific.

Three different methods were used to
measure the food demand of the sediment
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community, all of which required assess-
ment of oxygen consumption in different
enclosures for 1 to 6 days (/). Remark-
able among these technologies is a new
benthic research vehicle called ROVER
(see the photograph). This autonomous
undersea vehicle resembles a small,
tracked forklift. It carries a suite of in-
struments and cameras, a navigation sys-
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ern California coast (10, 11) and are now
joined by Smith and Kaufmann’s measure-
ments of decreased particulate organic
flux in the deep sea during the 1990s.
What are the causes of these regional
changes in water temperature, biology, and
the supply of food to the deep sea? Is it a
natural pattern, or is it partly related to hu-
man-induced increases in greenhouse gases

tem, and a programmable
control system with a limit-
ed decision-making capa-
bility. ROVER’s endurance
allows for 6-month deploy-
ments, but unlike its rela-
tive, Mars Sojourner, it can
operate independently of
real-time human control for
its entire mission.

There is an important
temporal aspect to this sto-
ry with future implications
for the stability of benthic
communities. In the North-
eastern Pacific, the past
few decades have seen an increase in sea-
surface temperature with a concomitant
decrease in primary production and zoo-
plankton abundance (7-9). These trends
are linked to decreases in the abundance of
seabirds and kelp production off the south-

in the atmosphere? We can-
not yet answer this ques-
tion, and Smith and Kauf-
mann leave it as a tantaliz-
ing tidbit for us to ruminate
over. For the future, it will
be important to determine
whether these findings in
the Northeastern Pacific are
applicable to the other
oceans of the world. Sayles
et al. (12) showed that ben-
thic community oxygen de-
mand did not vary with the
seasons in the Sargasso Sea
(of the North Atlantic) and
was constant from 1987 to 1993; these re-
sults are in contrast to Smith and Kauf-
mann’s clearly seasonal data (particle flux
and oxygen demand were highest in early
summer and fall, and lowest in winter).

The findings of Smith and Kaufmann

will have far-reaching implications for
oceanographers, biogeochemists, and cli-
mate modelers. We used to think of the
deep sea as a highly stable, steady-state
system, but with the advent of high-resolu-
tion, time-series data sets this picture is
changing. Seasonal, annual, and decadal
variability in mixing processes and ex-
changes with other systems appear to be
the rule, not the exception. The ramifica-
tions of a declining food supply for benth-
ic communities are a sine qua non for fu-
ture studies of the oceanic carbon cycle.
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