reaction of the thermalized HO, radical
with CO is exceedingly slow (k; prob-
ably less than 1020 cm® molec—!
sec—1) and that this reaction should
not, therefore, be of any significance
in atmospheric chemistry. The large
discrepancy between the results of
Westenberg and de Haas and our re-
sults might be explained in terms of
the reacting hydroperoxyl radical being
in a non-Boltzmann distribution in the
former study. Finally, the most im-
portant reactions of thermalized HO,
in the atmosphere would appear to be
those with the trace gases NO and SO..
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Deep-Sea Benthic Community Respiration:

An in situ Study at 1850 Meters

Abstract. The in situ oxygen uptake of sediments at 1850 meters on the con-
tinental slope south of New England is two orders of magnitude less than the
uptake of sediments from shallow shelf depths. After treatment of the sediments
with Formalin there was no measurable chemical oxygen uptake, which shows
that the total uptake is biological (community respiration).

The deep-sea benthos live under con-
ditions of low food supply and high
hydrostatic pressure. Measurements of
the rate of food supply to these or-
ganisms are lacking, but it is assumed
to be low because of the logarithmic
decrease in animal numbers and bio-
mass with depth (Z) and because of the
comparatively low organic content in
deep-ocean sediments (2). Metabolic
effects of high pressure have not been
studied in deep-sea benthic animals,
but Jannasch et al. (3) found microbial
degradation to be 10 to 100 times
slower in the deep sea than in con-
trols at the same temperature but at
surface pressure. Therefore, one can
predict that deep-sea communities will
show an inverse relationship between
water depth and oxygen uptake due
to pressure. This occurs in an environ-
ment increasingly food limited with

. depth.

Pamatmat (4) measured benthic me-
tabolism at the surface on sediment
cores retrieved from 2800 and 2900 m.
These samples were subjected to changes

Table 1. In situ measurements of oxygen con-
sumption of bottom sediments from various
locations.

0, (ml m-2 hr-?)

Location Total Community
uptake respiration
Bermuda subtidal,
21°C (12) 229 229
Woods Hole outfall,
22°C (9) 67.8 52.8
Buzzards Bay,
22°C (9) 54.6 46.8
Puget Sound subtidal,
7°C (4) 7.6
Slope, 1850 m 0.5 0.5

in both pressure and temperature before
measurements were made. Also, at-
tempts have been made to calculate the
oxygen requirements of deep-sea
benthos by using respiration data for
similar species of shallow-water animals
(5). We report here the first in situ
measurements of oxygen uptake, as a
measure of metabolic activity, made on
undisturbed deep-sea benthic communi-
ties.

We visually placed in situ respirome-
ters (bell jars) at a deep-sea bottom sta-
tion, located 217 km south of Cape
Cod at 39°46'N, 70°40'W, from the
research submersible D.S.R.V. Alvin at
1850 m. This environment is charac-
terized by a bottom current of 0.25 to
0.5 cm/sec, foraminiferal ooze sedi-
ment, and temperatures ranging from
3.7° to 4.5°C (6). The respirometer
unit consisted of two capped Plexiglas
cylinders serving as chambers which,
when placed on the sediment, enclosed
areas of 48 cm2. A polarographic oxy-
gen electrode (7) in each chamber fed a
signal through an operational amplifier
to a Rustrak recorder housed in a glass,
pressure-resistant sphere atop the unit.
Power was supplied from batteries in
the sphere. Each chamber was stirred
by a magnetically driven stirrer. Mea-
surements of the total oxgen uptake
were made over a period of 48 to 72
hours during which the oxygen con-
centration changed by 12 to 18 percent.
Formalin injections, used to poison the
biological oxygen demand, were made
with an ampule mounted within each
chamber; the ampule was broken by a
plunger operated by Alvin’s mechanical
arm.
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Two additional measurements were
made from the R.V. Alcoa Seaprobe by
using a drill rig equipped with a 2000-m
drill pipe, television camera pod, and
hook apparatus, at a station 32 km
southwest of the bottom station and at
the same depth (39°44’N, 70°57'W). A
total of ten measurements of total oxy-
gen uptake and two measurements of
chemical oxygen demand were made
during June and August 1972. We cal-
culated oxygen uptake rates from the
slopes of the recorder graphs, visual
records of bell jar penetration depth,
and the oxygen concentration of the
bottom water (7.15 ml of O, per liter
at 4.5°C).

Oxygen uptake under the bell jars
ranged from 0.39 to 0.55 ml m—2 hr—1
at the bottom station. Both values at
the other station were 0.62 ml m-—2
hr—1. The difference between the two
sites is statistically significant (P < .05),
but the mean of all ten values, 0.50 =
0.03, is two orders of magnitude lower
than the values from shallow depths
(Table 1). We detected no residual oxy-
gen uptake after the addition of
Formalin, which indicates that more
than 99 percent of the uptake was due
to biological activity. This suggests that
the accumulation of biologically oxidiza-
ble organic matter is negligible. If it
were not, we would expect the sedi-
ments to become anoxic and accumulate
reduced compounds (8). The lack of
organic accumulation supports the gen-
eral belief that food is limiting to
deep-sea communities.

Pamatmat (4) made measurements
between 2750 and 2900 m off the coasts
of Peru and Washington. His values
are an order of magnitude larger than
ours (1.5 to 4.5 ml m—2 hr—1) with a
reported chemical oxygen uptake of 66
to 106 percent of the total. Part of this
high value may be due to decompres-
sion during retrieval of the cores and
higher experimental temperatures. But
surface production is high in these
regions of the Pacific coast (upwelling
regions), and a part of the high uptake
is undoubtedly due to a greater food
supply at the bottom. This explanation
is supported by the high chemical up-
take found.

We do not have samples or measure-
ments of the animal biomass under our
bell jars. However, measurements by
Rowe et al. (9) at the same bottom site
indicate a decrease of one order of
magnitude in biomass between shelf
depths (30 to 100 m) and the deep site.
Since the decrease in oxygen uptake
between shelf and deep slope in the
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western Atlantic is two orders of
magnitude (Table 1), we might conclude
that the deep benthic animals are less
active metabolically than their shallow-
er living relatives. However, in shal-
low benthic systems, bacterial metab-
olism accounts for most of the oxgen
uptake (10). If this is also true at 1850
m, the decrease with depth can be ac-
counted for by the decrease in bacterial
metabolism. We think our community

_ respiration measurements are more typi-

cal for deep slope depths than those
of Pamatmat (4) and that oxygen con-
sumption is even lower at greater
depths. Hence, the metabolic activity
of deep-sea benthic communities, which
occupy more than 76 percent of the
world’s ocean bottom (/17), is low.

K. L. SmitH, Jr, J. M. TeAL
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543
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Convergent Projection of Three Separate
Thalamic Nuclei on to a Single Cortical Area

Abstract. Three distinct sensory-motor nuclei in the thalamus project to parietal
cortex in the Virginia opossum; the ventral posterior nucleus receives inputs from
somatic sensory structures and projects to layers 1V and I, the ventral antero-
lateral nucleus receives inputs from motor structures and projects to layers 1V
and 11l and inner 1, and the central intralaminar nucleus receives inputs from
sensory, motor, and other structures and projects to layers VI through outer I.
The physiologically defined amalgamation of somatic sensory and motor cortex
is correlated, therefore, with the extent of cortex that receives convergent somatic
sensory and motor input from the thalamus.

Since Morison and Dempsey first
provided electrophysiological evidence
of more than one thalamic influence
on each area of the cortex (), neuro-
physiologists have accumulated further
support for this concept (2). However,
anatomical evidence has not provided
clear or consistent support for more
than one thalamic projection to each
cortical area. We have studied the
somatic sensory-motor cortex of the
opossum—an area extremely rich in
convergent thalamic inputs (3)—in
order to specify the total number of
thalamic inputs and the distribution of
their axonal terminals in each cortical
layer.

In the opossum two divisions of
the ventral thalamic nucleus which
receive nonconvergent afferent fibers
from either sensory or motor structures
have been described (4). Projections
from spinal, dorsal column, and tri-

geminal lemnisci to the thalamus were
studied to identify the region that
receives inputs from somatic sensory
relay nuclei. Projections from cerebel-
lum to the thalamus were studied to
identify the equivalent thalamic nucleus
to those cells that project to motor
cortex in other mammals, The results
showed that cells in the posterior two-
thirds of the ventral nucleus receive
fibers from somatic sensory relay nuclei,
while those in the rostral one-third
receive cerebellar fibers; there was no
detectable overlap in the projection
field of these fiber systems. In contrast,
fibers from all of the afferent sensory
and motor systems, as well as from the
ascending reticular formation converge
on a thalamic cell group outside of the
ventral nucleus; these thalamic cells
constitute the somatic sensory-motor
part of the intralaminar system of
nuclei. Sensory and motor afferents to
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