to be communicated from the outer to the inner
segment in the absence of both changes of mem-
brane voltage and current flow between outer
and inner segments (in perfusate low in Na*).
Such intracellular transmission of excitation
might be accomplished by diffusion of an intra-
cellular messenger substance. However, be-
cause light-induced changes of optical transmis-
sion have been observed from isolated rod outer
segments, we think that the changes in transmis-
sion measured from intact rods occur in the out-
er segments.
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An Intense Mesoscale Eddy off the Bahamas

Abstract. An anticyclonic lens of water in the permanent thermocline off the Baha-
mas has water mass characteristics representing Mediterranean and eastern Atlan-
tic central waters. This eddy’s ability to translate across the Atlantic without losing
its identity points to baroclinic eddies as a specific mechanism for large-scale mixing.

Thermocline waters of the North At-
lantic are characterized by an extremely
tight relationship between temperature
(T) and salinity (S) in the range from 6° to
17°C. Geographical variations in this 7/S
relationship are caused mainly by intru-
sions of relatively saline Mediterranean
water and fresher Antarctic intermediate
water. The hydrographic treatise of Ise-
lin (/) and the more recent volumetric
census of Wright and Worthington (2)
suggest that 7/S anomalies in the western
North Atlantic imposed by these two wa-
ter masses are limited to temperatures
less than 8°C. Recent hydrographic ob-
servations from the western Sargasso
Sea revealed an anomalously saline wa-
ter mass ranging from 7° to 12°C which
was embedded in the thermocline. The

Station 6
AR (km)

Temperature (°C)

1

111 70

characteristics of this feature indicate
that it contained water from the eastern
Atlantic and the Mediterranean Sea.
This report is a presentation of the prop-
erty anomalies associated with this in-
tense baroclinic eddy.

The mass of highly saline thermocline
water was discovered in the Hatteras
abyssal plain during cruise 15 of the R.V.
Oceanus in October 1976. This Mediter-
ranean eddy (or ‘*Meddy’’) was initially
detected during a survey in which 750-m
expendable bathythermograph probes
(XBT’s) were dropped in a 1° square
centered at 25°N, 70°W. The Meddy ap-
peared as an extremely warm feature in
the temperature field below 700 m, with
resulting horizontal temperature gradi-
ents as large as 1°C in 30 km. Although

28

15 5

4 18

26
20

27 31
0

T T T T T M |
35.0 36.0 36.5 37.0

Salinity (per mil)

the XBT-derived temperature-depth mea-
surements did not penetrate the lower
limit of the lens, the nearly circular ge-
ometry and 100-km radius were evident.

After the XBT survey, a series of
32 lowerings of a salinity-temperature-
depth (STD) recorder were made within
150 km of the Meddy. Continuous verti-
cal profiles were obtained from the sur-
face to a depth of 1500 m at each station.
Figure 1 is a composite of nine T/S
curves obtained at various radial dis-
tances from the center of the Meddy.
These profiles illustrate the rich vertical
structure of both temperature and salini-
ty within the Meddy. Temperatures
within the Meddy exceeded those of sur-
rounding stations in the depth range from
700 to 1300 m; for example, 10°C water
was observed at 1010 m inside the Med-
dy and generally remained near 800 m for
all far-field stations. The vertical temper-
ature gradient within the Meddy was
also highly depth-dependent: at 900 and
1100 m the gradients were 0.7°C/100
m and 2.8°C/100 m, respectively, com-
pared to typical values of 2.0°C/100 m.
Although vertical temperature profiles
were smooth and monotonically decreas-
ing with depth at stations taken outside
the Meddy, significant temperature in-
versions were evident in profiles taken
around its periphery. The largest of these
inversions extended between 970 and
1020 m at a station approximately 35 km
from the center of the Meddy.

The distribution of salinity in the vicin-
ity of the Meddy was similar to the gen-
eral characteristics of the temperature
field. Salinities within the Meddy ex-
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Fig. 1 (left). Temperature/salinity curves

through the main thermocline for selected sta-
tions- occupied during R.V. Oceanus cruise
15, October 1976. Station numbers and their

respective radial distances from the center of the Mediterranean lens (AR) (24°N, 69°W) are indicated. Each successive profile has been displaced
by 0.25 per mil. Note the variation in the vertical temperature gradient imposed by the lens. Portions of individual curves which contain

excessively high salinities are shaded to illustrate the temperature range and the horizontal and vertical scales of this feature.

Fig. 2 (right).

Temperature/salinity curves from R.V. Oceanus cruise 15, station 31, within the lens of Mediterranean water, and R.V. Chain cruise 82, station
49, at the Mid-Atlantic Ridge (5). An envelope enclosing 1 standard deviation from the mean T/S curve of 20 Oceanus cruise 15 stations outside
the lens illustrates the typical characteristics of thermocline waters in the survey region. Dashed lines are o curves.
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ceeded those from neighboring stations
within the range from 700 to 1300 m.
Vertical displacements of isohalines
through the Meddy were as large as 200
m, and the density-compensating salinity
inversions, corresponding to the temper-
ature inversions, had amplitudes in ex-
cess of 0.15 per mil and vertical scales as
large as 80 m.

The inversions in the 7/S relationship
between 7° and 11°C at stations 21, 26,
and 28 suggest that active mixing was oc-
curring at the outer edges of the Meddy.
Conversely, the center of this eddy was
characterized by a quasi-homogeneous
central core in which the 7/S relationship
was linear over this temperature range.
Observations suggested that this core
had a thickness and diameter of approxi-
mately 200 m and 20 km, respectively.

The intensity of the salinity anomaly
associated with the Meddy is illustrated
by the 7/S curves in Fig. 2. An envelope
which includes data from 20 background
stations in the present survey provides
an estimate of the spatial variability of
the 7/S relationship within the undis-
turbed thermocline of this region. Sta-
tion 31 is representative of the relatively
saline characteristics that were observed
at four stations within 10 km of the Med-
dy center. The positive salinity anomaly
of this station increases sharply with de-
creasing temperature in the range from
12° to 10.5°C. Between 8° and 10°C the
salinity excess in the center of the Med-
dy was on the order of 0.2 per mil, or
approximately 20 times the standard de-
viation in salinity observed at the back-
ground stations. At the base of the
thermocline, where the influence of sa-
line Mediterranean water is normally ob-
served in the Sargasso Sea, the T/S char-
acteristics did not differ significantly
from observations at adjacent stations.

The waters between 15° and 19°C
above the Meddy were significantly less
saline than those observed at the back-
ground stations in the survey, but the
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magnitude of this negative salinity anom-
aly was considerably less than the under-
lying positive anomaly. This shallow,
relatively fresh water mass may have
been coupled to the Meddy below, but
this hypothesis cannot be demonstrated
through inspection of the 7/S properties
alone.

The dynamic topography of the 500-m
surface relative to 1450 m revealed a high
in the vicinity of the Meddy. This feature
exceeded the background topography by
three dynamic centimeters, with this hori-
zontal variation generally being confined
to a band of thickness 20 km and corre-
sponding geographically with the perim-
eter of the Meddy. This topographic high
was completely compensated in the up-
per water column, to the extent that
there was no detectable topography of
the sea surface relative to 1450 m.

This saline thermocline eddy appar-
ently contains eastern Atlantic and Med-
iterranean waters which, from the vol-
umetric census of Wright and Worth-
ington (2), are extremely rare in the
western North Atlantic. The majority of
hydrographic surveys from which vast
amounts of historical serial data have
been collected were based on station
spacings and a vertical resolution on the
order of 100 km and 100 m, respectively.
Therefore, it is possible that intense tran-
sient phenomena having scales com-
parable to the Meddy could exist in the
Sargasso Sea and avoid detection.

Numerous hydrographic investiga-
tions of the Sargasso Sea have revealed
dilute Mediterranean water in the lower
portion of the permanent thermocline (/,
3). The temperature and salinity in-
version layers and the T/S properties that
characterize this water mass are general-
ly observed in the range from 4° to 6°C,
or between o, values of 27.6 and 27.8 (if
oy = 27.6, the specific gravity of water is
1.0276). As illustrated in Fig. 2, the large
salinity anomaly of the Meddy occurs at
o values of 27.3 to 27.55. Observations

of Mediterranean water west of the Ibe-
rian Peninsula @) and in the vicinity of
the crest of the Mid-Atlantic Ridge, near
42°N, 29°W (5), have shown that two dis-
tinct types of Mediterranean water may
persist for great distances to the west of
Gibraltar. The classical mode is charac-
terized by a large salinity maximum near
1000 m with oy equal to approximately
27.6. A shallower salinity maximum is
sometimes observed between o, values
of 27.3 to 27.4. A single station from
R.V. Chain cruise 82 has been superim-
posed on Fig. 2 (dotted line) to illustrate
the T/S characteristics of this water
mass. The saline property of the Meddy
suggests that its core initially contained
an appreciable volume of upper Mediter-
ranean water.

In conjunction with the STD survey,
six neutrally buoyant sound fixing and
ranging (sofar) floats were deployed
in a 1.5° square centered at 24°30'N,
69°30'W. Five floats, numbered 11, 13,
14, 15, and 16, were ballasted to a depth
of 700 m and an additional float (float 12)
was set to remain near 850 m. Floats 13,
15, and 16, which were deployed north of
24°30’N, all moved continuously to the
southeast for approximately 2 weeks, in
agreement with the dynamic topography
that was determined from the STD sur-
vey. Floats 11 and 14, which were de-
ployed at distances of 80 and 50 km from
the center of the Meddy, exhibited in-
tense anticyclonic motion shortly after
launch (Fig. 3); float 12, which was
launched nearer the center, behaved
similarly. These trajectories exhibited
orbital velocities which reached a maxi-
mum of 30 cm/sec at a radial distance of
50 km from the center of the Meddy. De-
composition of the float trajectories, to
remove the rotational component of ve-
locity, indicated that the Meddy was
moving to the southwest at a rate of 6
cm/sec during the 38-day period over
which this analysis could be made.

The most remarkable aspect of this
Meddy was its very existence more than
6000 km from its parent water mass.
How could it traverse the ocean without
losing its identity to the surrounding
thermocline waters? Was it passively ad-
vected across the ocean by a westward
mean flow, or could its available poten-
tial energy provide a dynamic basis for
self-propulsion in the absence of a sus-
tained mean flow? ,

Our knowledge of the mean flow with-
in the subtropical North Atlantic is con-
tradictory. Recent sofar float tracks
from 24°N (6) suggest significant east-
ward flow, which is in agreement with
the direction of flow inferred from charts
of the dynamic topography presented by
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Defant [plate 21 in (7)] and Leetmaa et
al. [figure 1 in @)]. Sverdrup et al. (9)
and Worthington (/0), on the other hand,
require westward flow in the main
thermocline of a few centimeters per sec-
ond, corresponding to a zonal transit
time of approximately 10 years.

Our knowledge of the decay of baro-
clinic eddies is also limited. It is known
that newly formed Gulf Stream rings lose
their anomalous water properties within
1 to 2 years after formation (/7). Al-
though their 100-km horizontal scale ap-
proximates that of the Meddy, they are
considerably more energetic. If the rate
of mixing within these baroclinic eddies
is proportional to the radial shear, one
can speculate that the containment time
of the Meddy would be much greater
than that of rings.

McCartney (/2) has shown that baro-
tropic vortices can propel themselves
westward on a beta-plane (/3). If this ap-
plies to baroclinic eddies as well, the
Meddy would provide an efficient mech-
anism for large-scale preferentially zonal
mixing. In this case, one may expect an
upper bound for the intensity of a Meddy
since both mixing and dissipation would
be accelerated with increased baroclini-
city.

ScorT E. MCcDOWELL
H. THomAS RossBY
Graduate School of Oceanography,
University of Rhode Island, Kingston
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Kainic Acid Injections Result in Degeneration of

Cochlear Nucleus Cells Innervated by the Auditory Nerve

Abstract. When kainic acid, a putative neurotoxin for neurons with glutamatergic
input, is injected into the brainstem, it produces a selective pattern of degeneration
in the cochlear nucleus. The rate and extent of degeneration is correlated with the
distribution of the primary auditory fibers. This evidence supports the hypothesis that
glutamate is the neurotransmitter for primary auditory fibers.

Evidence suggests that glutamate or
aspartate, or both, may be neurotrans-
mitters for the auditory nerve in the
cochlear nucleus. The concentrations of
both amino acids decrease in the cochle-
ar nucleus (/) when primary auditory
terminals degenerate, whereas several
other amino acids (/) and the enzymes
choline acetyltransferase, glutamate de-
carboxylase, and tyrosine hydroxylase
2) do not change. Aspartate has a dis-
tribution in the cochlear nucleus simi-
lar to that of the auditory nerve terminals
(3), and the decreases in glutamate and
aspartate after auditory nerve lesions are
greatest in areas of the nucleus that con-
tain the highest concentration of primary
auditory terminals (¢). Kainic acid, an
analog and agonist of glutamic acid (5),
causes selective degeneration when ad-
ministered to the central nervous system
in nanomole amounts (6-8). The neuro-
toxic effects of kainic acid may be due to
its neuronal excitatory action (9), and
present evidence suggests that neurons
with receptors for glutamate may be es-
pecially susceptible to destruction by
kainic acid (6, 7). To characterize further
the synapses of the auditory nerve, we
have studied the effects of kainic acid on
neurons in the cochlear nucleus. Our re-
sults suggest that the destruction of neu-
rons in the cochlear nucleus by kainic
acid follows the distribution of auditory
nerve synapses. This is additional evi-
dence that auditory nerve synapses may
use glutamate as a neurotransmitter.

Thirty male tricolor guinea pigs weigh-
ing 400 to 600 g were anesthetized with
pentobarbital or methoxyflurane (or
both) and stabilized in a stereotaxic ap-
paratus. A hole was made in the skull
over the right cerebellar hemisphere.
With a micromanipulator, a 30-gauge
needle attached to a 10-ul Hamilton sy-
ringe was positioned with the tip 4.5 mm
anterior to the lambdoidal suture and 3.5
mm lateral to the sagittal suture and, at
an angle of 18° to the vertical, lowered to
a depth of 9 mm. These coordinates
placed the tip of the needle in the middle
cerebellar peduncle, 0.2 to 0.5 mm medi-
al to the cochlear nucleus, at the level of
the caudal anteroventral cochlear nucle-
us and the rostral posteroventral cochle-
ar nucleus. The anteroventral cochlear
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nucleus and the posteroventral cochlear
nucleus are equidistant to the injection
site, and the dorsal cochlear nucleus is
further by a factor of less than 1.5.

Phosphate-buffered saline containing
1.0, 0.5, 0.15, or 0.05 mg of kainic acid
per milliliter, pH 7.4, was infused into
the brainstem over 10 minutes. The vol-
ume infused was always 2 ul. Control in-
jections consisted of a-methylaspartate
(1 mg/ml in phosphate-buffered saline)
and buffered saline alone. Animals were
killed at 1, 3, 6, 12, 18, and 24 hours after
injection by cardiac perfusion with 3 per-
cent glutaraldehyde, 2 percent para-
formaldehyde, and 0.005 percent CaCl,
in 0.1M sodium cacodylate buffer. Slices
of the brainstem containing the cochlear
nuclei, both ipsilateral and contralateral
to the injection site, were postfixed, de-
hydrated, and embedded by procedures
described previously (/0). Sections 1 to 2
pum thick from all regions of the cochlear
nuclei were cut and examined with the
light microscope. Two of the animals
were injected with 2 ug of kainic acid as
described above, and after 3 hours they
were killed by perfusion with 10 percent
formalin. The brainstem was removed
and frozen serial sections, 20 um thick,
through the cochlear nucleus were cut in
the parasagittal plane. These sections
were stained with thionine.

The cochlear nucleus is divided into
three anatomical divisions, the antero-
ventral cochlear nucleus, the postero-
ventral cochlear nucleus, and the dorsal
cochlear nucleus (/7). The anteroventral
cochlear nucleus contains a homoge-
neous population of spherical cells at the
rostral pole, dorsally (Fig. 1A); ven-
trally, smaller oval-shaped neurons oc-
cur among the spherical cells. A distinct
layer of granule cells and other small
neurons covers the anteroventral coch-
lear nucleus and extends over the pos-
teroventral cochlear nucleus (Fig. 1A).
The posteroventral cochlear nucleus and
the dorsal cochlear nucleus contain pop-
ulations of neurons heterogeneous in
size and shape with the dorsal cochlear
nucleus containing a distinguishable lay-
er of fusiform cells.

One hour after injection of 2 ug of
kainic acid, degenerating neurons were
present in the ventral cochlear nucleus
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