on a total-carbon basis may be low by
one to two orders of magnitude. This
would shift the average K, for atrazine
to values in a range comparable to that
observed in these experiments. Alterna-
tively, the surface acidity of sediment or
soil clay particles may have the effect
observed here of decreasing the sorptive
capacity of the organic matter.

These results suggest that natural col-
loids may be important in the transport
of hydrophobic contaminants in the
aquatic environment. Furthermore, the
partitioning of solutes onto these colloids
is highly dependent on bulk water char-
acteristics, such as pH and salinity. The
extreme pH dependence of these bio-
polymers also suggests that the sorptive
properties of colloids must be studied
under ambient conditions if meaningful
data are to be obtained.
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University of Maryland Center for
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The High-Velocity Core of the Western Boundary
Undercurrent at the Base of the U.S. Continental Rise

Abstract. The Western Boundary Undercurrent is a high-velocity, contour-follow-
ing bottom current that flows southwesterly on the U.S. Atlantic continental margin.
A high-velocity core of the Western Boundary Undercurrent is delineated by an
analysis of underlying sediments, which are characterized by coarse particle sizes
and efficiently aligned magnetic grains in a zone from 4440 meters at the base of the
rise to 5200 meters on the adjacent abyssal plain.

The Western Boundary Undercurrent
(WBUC) is a high-velocity bottom cur-
rent that flows southwesterly on the con-
tinental margin of the eastern United
States. This westward-intensified bot-
tom current consists of North Atlantic
deep water that is formed in the Norwe-
gian Sea, and it flows as a contour-
following current along the continental
slope and rise (/-3). The WBUC location
has traditionally been inferred from cur-
rent meters and bottom photographs of
sea-floor morphology (4) on the conti-
nental slope and rise. The exact WBUC
location and velocity, however, are not
well understood. Early studies placed
the WBUC at a depth of less than 3000 m
(2); later studies placed it deeper than
3000 m (3, 4), but in none of these stud-
ies was the eastern margin of the WBUC
identified.

During the last decade studies have
suggested that the current is present at
a depth from approximately 1500 m to
more than 5000 m (5). Although the
WBUC appears to flow throughout the
depth range, the high-velocity core of
the WBUC is more restricted. A problem
arises, however, because there is no
consensus on the definition of the high-
velocity WBUC along the continental
slope and rise. Fine sediment is trans-
ported as a nepheloid layer (3, 6), which
is intensified along the lower contin-
ental rise (6). Palynomorphs on the slope

and rise are displaced far to the south

of probable source areas (7) as a result
of the southwesterly transport to the
WBUC. Recent evidence for the WBUC,
however, was found near the base of the
Nova Scotian continental rise by investi-
gators of the High-Energy Benthic Bound-
ary Layer Experiment (HEBBLE) (8).
A combination of sea-floor morphology,
nephelometer data, and sedimentary evi-
dence (9) was used to infer the location
of the WBUC in a region where bottom
current meters indicated a bottom cur-
rent with a velocity as high as 72 cm/sec
at a depth of 4988 m (10). The upper limit
of the high-velocity current is placed at
approximately 4500 m (9) on the basis of
the most shallow occurrence of medium-
scale (10-cm) ripples. Small-scale (< 10
cm) ripples were observed on the rise at
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depths of 4000 to 4500 m (9). The results
of the HEBBLE study and earlier results
indicate that the WBUC resides on the
continental slope and rise but apparently
has a high-velocity region at depths be-
low 4000 m.

In addition to contourite deposition by
the WBUC, other mechanisms may af-
fect deposition on the continental slope
and rise. Turbidity currents and shelf-
slope spillover may deposit sediment de-
rived from more shallow sources (/1).
Since turbidites are deposited by a
down-slope current whereas contourites
are deposited by an along-slope current,
the direction of transport, as revealed by
grain alignment, has been proposed as a
means to delineate the two modes (12).
The assumption of grain alignment paral-
lel to turbidity-current flow (12), howev-
er, has been challenged by more recent
work which shows that grains near the
base of a turbidite may be aligned normal
to the current as a result of traction
transport along the bottom during depo-
sition (/3). Turbidites on the slope may
be restricted to submarine canyons and
adjacent spillover areas (/4). Therefore,
we have restricted our study on the slope
to intercanyon areas in order to reduce
the possibility of encountering turbidites
and slump deposits (/5). Below 4300 m,
however, the canyons lose topographic
expression, and areas of localized turbi-
dite deposition are difficult to predict.

To our knowledge, none of the earlier
investigators of sediments beneath the
WBUC ¢-7, 9) have used parameters
that are sensitive to modern benthic
oceanography and applicable to relative
paleovelocity or paleoposition estimates
for the WBUC. We have measured two
sedimentological parameters in gravity
core-top samples (/6) from a study area
on the continental slope and rise from
New Jersey to North Carolina (Fig. 1).
These two parameters have been shown
to be sensitive to relative bottom-current
velocity in deep-sea sediments (I3, 17);
the carbonate-free mean silt size (/8) and
magnetic grain long-axis alignment effi-
ciency (19) are independent methods
used to identify the location of high-
velocity, deep-sea bottom currents.

Figure 2 shows the cross section of
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three traverses with the particle size and
alignment values plotted above the core
position on the profile. We arbitrarily
decided that a mean size value of 6.45 ¢
and a particle alignment (F) value of
1.03 would be used to separate relatively
high- and low-velocity regions. These
values were chosen on the basis of re-
sults for high- and low-velocity regimes
in the Vema Channel (I7, 20). These
values are approximately mean values
for the data and give consistent results
on the three profiles. The particle align-
ment parameter has a lower sampling
density on the profiles since an undis-
turbed sample was not available for
many cores. Therefore, F; does not de-
lineate transition zones as sharply as the
silt mean.

On two traverses (A-A’ and C-C')
there is a coarsening trend in the silt
mean size data from 3000 m to the

shallowest core on each profile (Fig. 2).
The gradual trend persists up to 2100 m
with a dramatic coarsening above this
depth. This trend is observed in both of
the grain size profiles; however, an asso-
ciated increase in the magnetic alignment
is not observed. The magnetic alignment
in the shallowest samples actually re-
mains quite constant at low F values.
One possible explanation is that the silt
mean is more sensitive than the magnetic
grain alignment to low bottom-current
velocity. Since these depths fall within a
zone on the lower slope where low-
velocity bottom currents attributed to
the WBUC may be found (5), this possi-
bility cannot be ignored. Another possi-
ble mechanism may be simply a function
of proximity to the terrestrial source
area; as samples are taken closer to the
source, a grain size increase is expected
but an associated magnetic alignment

increase is not expected since alignment
efficiency is independent of proximity to
the source. A similar increase in the
organic carbon content toward the ter-
restrial source is observed (27), and the
organics may have been transported to
the shallow continental slope depths by
the same processes that provided the
coarse silt.

From 2100 to 4400 m, samples are fine-
grained with poor alignment values, an
indication of low relative bottom-water
velocity (Fig. 2). There is some fluctua-
tion in the values within this region, but
the dominant trend indicates an area of
fine-grained sediment accumulation with
poor particle alignment in a zone of low
inferred bottom-water velocity. The
sharp transition on the silt grain size
profile defines the depth to which this
low-velocity zone extends. The transi-
tion to high velocity occurs at 4460 m on
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profile A~A’, at 4420 on profile C-C’,
and at 4300 m on profile B-B’. Because
there is a greater concentration of cores
on profiles A~A’ and C-C’, we chose an
average depth of 4440 = 20 m as the
western (upper) boundary of a high-ve-
locity core of the WBUC.

It is also possible to identify the east-
ern margin of the high-velocity core of
the WBUC on profiles B-B’ and C-C’
(Fig. 2). Profile B-B’ shows that the
transition from high to low velocity oc-
curs between cores V26-2 and V16-8,
where the sharp change in silt mean
values indicates the same magnitude of
variation as on the western margin. Silt
mean values on profile C-C' show a
decrease at the same distance from the
continental rise as on profile B-B'. Al-
though the arbitrary 6.45-¢ transition
line is not actually crossed, there is an
abrupt decrease in grain size that is simi-
lar to that observed in profile B-B’, an
indication that the eastern edge of the
high-velocity WBUC is nearby. Profile
A~A’ does not show the separation be-
tween high and low inferred velocity as
accurately as the other profiles because
of a lack of samples. The transition may

occur at core V30-3, which is at the
transition value of 6.45 &, but it is diffi-
cult to support the placing of the bound-
ary there on the basis of one data point.
Since the two deepest samples (RC3-2
and RC2-5) are extremely fine-grained,
the eastern boundary must fall to the
west of those sites. The inferred high-
velocity region narrows on profile A-A’
if the transitional point at core V30-3 is
used to establish the boundary. Addi-
tional samples are needed to define the
position of the eastern boundary on pro-
file A-A'.

An alternate explanation for the trends
in grain size and alignment is deposition
by a turbidity current. This mechanism is
capable of transporting coarser continen-
tal shelf-slope material to great depths,
but the evidence appears to be to the
contrary. The cores have no megascopic
turbidites; the sand fraction reveals low
percentages (0 to 7 percent) of quartz
sand; the proportion of displaced shal-
low benthic foraminifera is in quantita-
tively insignificant amounts. The change
from fine to coarse silt mean values
occurs on the lower continental rise
where the change in slope is minimal,

and the location therefore is an unlikely
area of turbidite deposition. In addition,
the coarsening is observed in profiles A—-
A’ and C-C’ at nearly identical depths,
which is unlikely for widely separated
turbidites. Finally, a gradual fining of
grain sizes toward the distal end of a
turbidite is expected. Instead, particle
sizes remain nearly constant, and there
is a sharp decrease at the eastern edge
with a magnitude similar to that found at
the western edge (Fig. 2). Although this
evidence does not totally eliminate tur-
bidity currents as a depositional mode on
the lower rise, it does favor a contourite
depositional mechanism.

We conclude that the silt mean and
magnetic alignment parameters define a
zone of high-velocity bottom water at the
base of the continental rise (Fig. 1),
which we ascribe to a high-velocity core
of the WBUC. As far as we know, this
is the first report that identifies both
boundaries of any segment of the
WBUC. The western (upper) margin of
the high-velocity WBUC is defined by a
sharp transition in the silt mean values at
a depth of 4440 m. Our placement of the
boundary at this depth is consistent with
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the observation by HEBBLE investiga-
tors of a high-velocity, southward-flow-
ing current deeper than 4000 m with an
increased velocity below 4500 m. The
highest inferred velocity occurs at ap-
proximately 4900 m (Fig. 2), where the
highest current velocity in the HEBBLE
area was 72 cm/sec (9, 10) and the great-
est light-scattering in the nepheloid layer
is found (6). The width of the high-
velocity core of the WBUC is approxi-
mately 300 km (Fig. 1). The eastern
margin of the WBUC core occurs on the
abyssal plain at water depths of 5100 to
5400 m and is characterized by a transi-
tion in silt mean values similar to that
observed on the western margin. The
existence of two such well-defined mar-
gins may be due to the long residence
time of the WBUC core in this channel
or to the meandering of the WBUC high-
velocity core within this zone during the
time represented by the geologic sam-
ples. Since our velocity parameters indi-
cate that the margins are quite abrupt,
we suggest that the high-velocity WBUC
has flowed in a narrow (300 km) chan-
neled area between 4440 and 5200 m for
the time represented in our samples
(~ 100 to 200 years).
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Survival and Differentiation of Identified Embryonic

Neurons in the Absence of Their Target Muscles

Abstract. Although prevented from contacting their target muscles, identified
limb-innervdting neurons in grasshopper embryos survive and differentiate to

maturity.

The survival and differentiation of mo-
toneurons and autonomic neurons in ver-
tebrates are influenced decisively by the
cells their axons contact during develop-
ment; deprived of their target muscles,
these neurons usually die (7). Central
neurons in insects are arranged in gan-
glia, each of which corresponds to and
innervates a particular body segment.
Thoracic segments have limbs and their
ganglia contain limb-innervating neu-
rons; these cells are absent from ganglia
in the abdominal segments, which lack
limbs. During embryogenesis, motoneu-
rons in each segment send axons to the
periphery to innervate developing mus-
cles, and shortly thereafter many neu-
rons die (2, 3). The mechanisms that
regulate the survival and differentiation
of these insect neurons are unknown.
Here we report experiments in which
limb buds were removed from insect
embryos early in development. Our re-
sults show that two identified insect neu-
rons need not contact their target muscle
in order to survive and differentiate.

We removed limb buds from early
embryos of the grasshoppers Locusta
migratoria and Schistocerca americana.
For our experiments in Locusta we
chose the largest limb motoneuron, the
fast extensor tibia (Feti) (4), which inner-

vates the extensor tibia muscle of the
metathoracic leg. Since Feti sends an
axon to only one leg, we removed the
metathoracic leg on one side and used
the homologous cell on the unoperated
side as a control. For our experiments in
Schistocerca we chose the largest modu-
latory neuron, the dorsal unpaired medi-
an extensor tibia (Dumeti) (5), which
also innervates the extensor tibia mus-
cle. Since the axon of Dumeti bifurcates
and extends into both metathoracic legs,
we removed these legs and used the
homologous cell from unoperated ani-
mals as a control. Both Feti and Dumeti
can be recognized in normal embryos by
the large size and position of the cell
bodies and by their axonal and dendritic
morphology (Figs. 1 and 2).

In experiments with Locusta, the limb
buds were removed from embryos within
the egg (6). The damage caused by the
operation varied. In some cases proxi-
mal fragments of the leg remained, and
these animals were later rejected. In
others the leg was completely removed
(serial sections of animals 2 to 3 days
after the operation confirmed that no
limb muscles were present on the operat-
ed side). Sixty-two successful operations
were performed; in 25 the limb bud was
removed at or before the appearance of
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