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transport. 

The Vema Channel (Fig. 1) is a narrow 
gap in the Rio Grande Rise through 
which Antarctic Bottom Water (AABW) 
flows northward from the Argentine Ba- 
sin into the Brazil Basin (1). It has been 
the major path of AABW flow since the 
Pliocene before which the Hunter Chan- 
nel to the east (2) may have been a more 
important route (3). There is evidence 
that the Vema Channel is an erosional 
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feature created by the high-velocity 
northward flow of AABW through the 
constriction of the gap (1). Average bot- 
tom current velocities observed in the 
axis of the channel are 20 to 25 cm/sec 
(4). Flume studies suggest that such bot- 
tom current velocities are sufficient to 
cause scour in deep-sea sediments (5), es- 
pecially if microrelief such as manganese 
nodules is present (6). We attempt here 
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to identify the extent of AABW in the 
Vema Channel during the last glacial pe- 
riod. 

Two water masses are present in the 
Vema Channel, the deeper northward- 
flowing AABW and the shallower North 
Atlantic Deep Water (NADW) which 
flows south with a lower velocity (1). 
The transition zone between the two wa- 
ter masses is marked by sharp gradients 
in water properties and in the concentra- 
tion of suspended particulates (4), and by 
pronounced changes in the character- 
istics of the underlying sediments (7). 
The identification of the level of no mo- 
tion (LNM) within this transition zone is 
somewhat arbitrary in the absence of 
closely spaced observations of current. 
Hydrographic considerations (4) suggest 
that the LNM may correspond approxi- 
mately with the 1.2?C potential temper- 
ature isotherm, a surface which in turn 
corresponds to the foraminiferal lyso- 
cline at approximately 4000 m on the east 
flank of the channel (7, 8). An alternative 
interpretation, more consistent with data 
presented here, is that the LNM corre- 
sponds to the maximum gradient in the 
benthic thermocline, which slopes from 
about 3900 to 4000 m on the western side 
of the channel to about 4200 to 4250 m on 
the eastern side (4). 

Where the LNM intersects the sea 
floor one would expect to find a stagna- 
tion zone produced by the effect of op- 
posing currents (9). Although this zone 
may be characterized by turbulent condi- 
tions, the net advective component 
should be approximately zero so that bot- 
tom current transport of sediment should 
be minimal. This effect should result in a 
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Fig. 1. (Left) Map showing the location of cores (Chain 115-60, 61, 62, 88, 89, 90, 91, 92; Vema 22-74, 75; Vema 24-249, 250, 251; Robert Conrad 
11-40; Robert Conrad 15-147, 148) in the Vema Channel. Bathymetry (in meters, corrected for the density of the water) is from (4). (Right) Regional setting of the Vema Channel in the southwestern Atlantic. 
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Increased Transport of Antarctic Bottom Water 
in the Vema Channel During the Last Ice Age 

Abstract. Particle size analyses of surface sediments in the Vema Channel reveal a 
spatial variation related to the present hydrography. Similar analyses of sediment 
deposited during the last ice age (18,000 years before the present) indicate a maxi- 
mum shallowing of the upper limit of Antarctic Bottom Water (AABW) of about 100 
meters, coupled with an increase in velocity, which resulted in an increase in AABW 
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Fig. 2 (Bottom). East-west profile of the Vema Channel with deeper AABW flowing north (G) 
and shallower NADW flowing south (0). The present level of no motion was chosen to 
correspond with the maximum gradient of the benthic thermocline ( ) and the LNM 
18,000 years B.P. (-?-) determined in this study (see text). (Top) Silt mean in 4 units (the 
negative logarithm to the base 2 of the grain size in millimeters). Cores are plotted relative to 
position on the bathymetric profile below. The silt mean on the present sea floor (0) is from 
trigger core-top samples; the silt mean in the samples 18,000 years B.P. ()) were chosen from 
180 and CaCO3 curves (13). The silt mean in core-top samples of cores 40 and 147 (shown by x) 
are north of the profile of the other cores (Fig. 1) but are added for comparison. 

zone with higher sedimentation rates and 
finer-grained sediment preferentially de- 
posited under less dynamic bottom cur- 
rent conditions. 

In principle, the effect of current scour 
should be most pronounced in the axis of 
the channel where bottom current veloc- 
ities are highest, whereas near the edges 
of the flow the velocity should be suffi- 
ciently diminished that scouring is re- 
placed by selective winnowing. The re- 
sult would be a change in the sizes of par- 
ticles deposited as a function of position 
in the channel. The relationship between 
particle size distribution and relative bot- 
tom current velocity in winnowing zones 
suggests that higher bottom current 
velocities are marked by coarser sedi- 
ment resulting from the selective remov- 
al of the finer fraction (10). Therefore, 
the particle size distribution should be a 
sensitive monitor of relative bottom cur- 
rent velocities, with finer mean particle 
size interpreted as an indication of rela- 
tively lower velocity. We have used this 
procedure to interpret the lateral extent 
of fast-flowing AABW in the Vema Chan- 
nel (7). 

We have examined the relationship be- 
tween the present hydrography and the 
surface sediment in a series of trigger 
core-top samples from the eastern flank 
of the channel (Fig. 1). A comparison of 
the mean particle size in the silt fraction 
of carbonate-free sediment (11) and the 
hydrography is presented in Fig. 2. The 
silt mean on the present sea floor varies 
only slightly in cores 88 through 249 and 

838 

represents the finest mean values of silt 
size, suggesting a relatively low velocity 
for NADW. The sharp change in the 
mean size of silt particles west of core 
249 is due to a coarsening of the silt frac- 
tion, an effect that may be due to intense 
winnowing of fine particles by high-ve- 
locity AABW. The region of maximum 
values of the silt mean clearly defines a 
zone of high-velocity AABW. The coars- 
est sediment is found in core 148 (Fig. 2) 
on the western slope of the channel, 
which is expected as a result of a west- 
ward intensification of north-flowing bot- 
tom currents in the Southern Hemi- 

sphere. The finer silt mean in core 251 
(Fig. 2) suggests that this core may be 
near the LNM on the western side of the 
channel. This interpretation is supported 
by the fact that the present benthic 
thermocline is slightly shallower than 
that core (Fig. 2). Since the sediment in 
core 251 is not as fine as that in core 249, 
we suggest that the LNM may be west 
of, and shallower than, core 251. 

Critical to estimating paleotransport in 
the Vema Channel is the selection of an 
isochron along which the particle size 
distribution may be determined and com- 

pared with that of present-day sedi- 
ments. The peak of the last ice age at 
18,000 years before the present (B.P.) 
was chosen from oxygen isotope stratig- 
raphy in two of the cores (12) and total 
carbonate analysis (7, 13) in all the 
cores. High-velocity AABW has caused 
scour or intense winnowing on the sea 
floor deeper than 4250 m, and con- 

sequently the level corresponding to 
18,000 years B.P. cannot be identified in 
cores deeper than that level. However, 
cores under AABW shallower than 4200 
m (for example, cores 74, 249, and 61 in 
Fig. 2) and all cores recovered under 
NADW may be correlated on the basis of 
the isochron at 18,000 years B.P. 

The distribution of the silt mean on the 
sea floor during the last ice age (Fig. 2) 
differs significantly from that at present. 
The upper limit of the zone of high silt 
mean values, for which we infer high-ve- 
locity AABW flow, was shallower by 100 
m (that is, to the location of core 62, Fig. 
2). This suggests that the top of the fast- 
flowing AABW shallowed by approxi- 
mately 100 m in the Vema Channel dur- 
ing the last ice age. The silt mean under 
NADW 18,000 years B.P. has a spatial 
variation similar to but finer than that of 
the present, suggesting a similar flow pro- 
file with a somewhat lower velocity. This 
evidence suggests that the increased 
flow of AABW during the last glacial 
maximum was not matched by an in- 
creased production of bottom water in 
the North Atlantic (14). 

The volume transport of AABW in the 
channel is controlled by the position of 
the LNM and by the mean velocity of 
AABW through a cross section bounded 
by the LNM and the channel walls. Esti- 
mates of present AABW transport in the 
Vema Channel have differed depending 
on the cross section selected and the 
computed velocity profile (1, 4). In prin- 
ciple, however, changes in the relative 
transport may be estimated from spatial 
and down-core analysis of the particle 
size distribution of the silt fraction. 

Examination of Fig. 2 shows that, 
without any increase in the velocity of 
AABW during the last ice age, the trans- 

port of bottom water was at least 20 per- 
cent greater because of the shallowing of 
the LNM and thereby an increase in the 
cross-sectional area of AABW flow (15). 
If the velocity of AABW also increased, 
then the increased transport would be 

greater than this minimum estimate. The 
relative increase in the velocity of 
AABW during the last ice age may be es- 
timated from a single core which was un- 
der AABW both at present and 18,000 
years B.P. Cores under AABW but near 
the LNM (for example, cores 249 and 61 
in Fig. 2) will not be reliable indicators of 
the magnitude of the velocity increase 
since only small changes from the "no 
motion" state may cause large variations 
in the silt mean which will give a false im- 

pression of magnitude changes. Core 74 
near the eastern edge of AABW and core 
251 near the western edge meet the 
above criterion since they are far enough 
from the edge effects of AABW but not 
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so deep that winnowing or erosion has 
left large gaps in the sedimentary record. 

It is clear that the silt mean in cores 74 
and 251 during the last ice age was coars- 
er than at present (Fig. 2), an indication 
of a higher current velocity 18,000 years 
B.P. It is not possible to interpret the silt 
mean as a simple function of bottom cur- 
rent velocity; however, the relative in- 
crease in particle size in both cores may 
be used to infer a relative increase in ve- 
locity. In core 74 the silt mean 18,000 
years B.P. is 5.3 ( compared to the pres- 
ent silt mean of 5.5 fq. The silt mean 
coarsened from 5.9 0 to 5.65 0 in core 
251 during the last ice age. The magni- 
tude of the change in the silt mean is 
nearly the same in both cores; this find- 
ing suggests a similar relative increase in 
bottom current velocity on both sides of 
the channel. Therefore, the particle size 
data suggest an increase in AABW veloc- 
ity during the last ice age, although we 
cannot estimate the magnitude of the 
change. 

Particle size analysis of sediment from 
18,000 years B.P. indicates that the com- 
bined effects of a shallower LNM and 
possibly increased velocity of bottom wa- 
ter resulted in an increase in AABW 
transport through the Vema Channel dur- 
ing the last glacial maximum. Our ap- 
proach has provided a semiquantitative 
method by which to interpret changes in 
bottom water production during the past. 
If demonstrated to be worldwide in ex- 
tent, this increased transport conceiv- 
ably could be the cause of widespread 
erosional disconformities which have 
been suspected to be associated with Ne- 
ogene glaciations (16). 

MICHAEL T. LEDBETTER 
Graduate School of Oceanography, 
University of Rhode Island, Kingston 
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Appearance of Vegetation in Ultraviolet Light: 

Absorbing Flowers, Reflecting Backgrounds 

Abstract. Flowers that uniformly absorb ultraviolet light may contrast strikingly 
with a bright ultraviolet-reflecting background, such as densely hairy or glaucous fo- 
liage, white soils, or the sky. Shadows will not resemble these flowers if the appear- 
ance of each in visible light is also considered. Examples are shown from Mexican 
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Since the realization that insects use 
ultraviolet (UV) reflectance patterns in 
searching for flowers, such patterns have 
been extensively studied (1). However, 
little note has been taken of the back- 
ground against which the flowers are nor- 
mally viewed. Usually the background is 
tacitly assumed to absorb UV light, and 
published photographs generally have 
dark gray or black backgrounds. Thus, 
flowers that do not reflect UV seem un- 
interesting. In fact, some- natural back- 
grounds are highly reflectant of UV, and 
flowers that absorb UV contrast striking- 
ly with them. 

To facilitate interpretation of photo- 
graphs taken with visible (to the human 
eye) and UV light, I equalized the con- 
trast and standardized the exposures, so 
that equal percentages of reflectances re- 
sult in approximately equally bright 
images (2). In the pictures taken with 
ringflash illumination (3) the distant back- 
giound appears to be black as a result of 
the rapid decrease of light intensity with 
increasing distance from the flash; how- 
ever, the brightness of objects near the 
focal plane can be compared. The pictures 
taken with daylight illumination show 
much more realistic appearances. 

I first encountered the pattern of a 
dark flower against a bright background 
in Mexico during a study of Heliotropi- 
um section Orthostachys and sect. Hal- 
myrophila. The small flowers of these 
plants are positioned close to the leaves 
so that a plant's foliage constitutes much 
of its flower's background. In visible 
light these flowers are white with a yel- 
low or yellow-green center. The densely 
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hairy or glaucous leaves, stems, sepals, 
and bracts are whitish-green or green. 
Most of these species have UV images 
showing dark flowers and bright foliage. 
An animal whose color vision includes 
UV will see the flower as a brightly col- 
ored spot rich in visible light and poor in 
UV. The foliage will appear white or pas- 
tel owing to its high reflectance at all 
wavelengths (Figs. 1 and 2). 

Some plants that expose part of the 
back of the corolla in bud have a UV pat- 
tern that looks like sepals on the early ex- 
posed corolla parts and one that looks 
like a flower on the parts exposed at 
opening. In other examples (4) the sepals 
were UV-absorbing and the flower was 
mostly reflecting. Some species of Heli- 
otropium show the same phenomenon 
but with the colors reversed. Here a row 
of hairs makes the early exposed rear 
portions of the corolla highly reflectant 
in the UV, while the hairless remainder 
is dark (Figs. 3 and 4). On the foliage as 
well, the hairs (or glaucous covering) are 
responsible for the bright UV reflection. 
The actual leaf surface reflects little UV. 

Since sand provides a UV-reflecting 
background, I took photographs of sand 
dune vegetation near Lake Michigan in 
the hope of finding more plants with the 
dark-flower UV pattern. A number of ad- 
ditional examples were found and three 
are shown (Figs. 5-7). The dune pictures 
were taken with daylight illumination on 
sunny days and so include shadows. The 
shadows are less depleted of UV light 
than of visible light, since the very bright 
UV from the "blue" sky partly fills in 
the sunlight shadows. Therefore, the 
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