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SIDEBAR. Acoustic Backscatter Patterns
By Jaime Palter, Lauren Cook, Afonso Gonçalves Neto, Sarah Nickford, and Daniele Bianchi

Hidden from view beneath the ocean sur-
face, an abundance of marine animals, 
many smaller than a centimeter long, 
assemble into distinct layers that can be 
continuous over thousands of kilome-
ters of the ocean (Klevjer et  al., 2016). 
These layers contain an enormous stand-
ing stock of biomass that is a key food 
source for a diversity of marine predators 
(Irigoien et al., 2014).

Acoustic methods have proven to be 
increasingly powerful tools for examining 
the behavior of these animals (Bianchi 
et  al., 2013; Irigoien et  al., 2014; Bianchi 
and Mislan, 2016; Klevjer et  al., 2016). 
The backscatter strength of acoustic sig-
nals gives an indication of the density of 
these animals and their positions in the 
water column. Therefore, the repeat ADCP 
along CMV Oleander III transits provides a 
unique view of the space-time variability of 
these scattering layers.

The 75 kHz acoustic signal used since 
2005 detects centimeter-size macrozoo-
plankton and micronekton, as well as 
organisms with inflated gas inclusions, 
which return the strongest echo. These 
critters include euphausiids, myctophids, 
and mesopelagic fish. Though the acous-
tics cannot inform us about the species 
composition of the backscatterers, we can 
learn much about their mobility and pres-
ence in different water masses through-
out the year. Figure 1 provides an example 
from a transit with high-quality data return 
and fair weather throughout the passage 
from New Jersey to Bermuda. The acous-
tic backscatter profiles were processed by 
averaging in 8 m vertical bins, and in dura-
tion from three to five minutes. We use a 
bulk depth range correction to account 
for beam spreading and water absorption 
that follows the sonar equation described 
in Deines (1999).

For the transit depicted in Figure 1, 
the ship traveled through the night over 
the shelf. The sun rose when Oleander 
was approximately 150 km north of the 
Gulf Stream in the Slope Sea (top curve 
in the figure). Before sunrise, a dense 

sound scattering layer (SSL) congregates 
near the surface of the Slope Sea, about 
150–200 km north of the Gulf Stream. As 
the sun rises, the SSL begins its daily dive, 
closely following the position of an isolume 
(depicted as a white contour) through the 
water column. Just before local noon, the 
ship crossed the Gulf Stream (indicated by 
the red isotach contours). Within the swift-
est part of the current, there is anomalously 
low backscatter that extends to a depth of 
600 m. This abrupt reduction of scatter-
ing organisms is frequently observed in 
the Oleander crossing of the Gulf Stream, 
and may reflect the downstream advec-
tion of water with low backscatter content. 
To the south of the Gulf Stream, the deep 
scattering layer reappears along the same 
isolume as in the Slope Sea but—owing 
to the increased clarity of the Sargasso 
Sea Water—is almost 200 m deeper. 
The Sargasso Sea also hosts a shallower 
mesopelagic SSL centered at a depth of 
approximately 200 m that is not apparent 
north of the Gulf Stream.

The transit between the Gulf Stream 
and Bermuda takes over 24 hours, which 
is long enough to reveal a full cycle of diel 
vertical migration in the Sargasso Sea. As 
soon as the sun sets, some fraction of the 
animals from the deepest observed sound 
scattering layer at 500 m and the inter-
mediate layer at 200 m swim upward and 
thicken the dense scattering layer near 
the ocean surface. At sunrise, the organ-
isms dive again to deeper and darker 
layers. This pattern is coherent across 
the Sargasso Sea, with only one notice-
able excursion: in a cyclonic eddy about 
200 km south of the Gulf Stream (appar-
ent in the red isotachs), the scattering lay-
ers all bend toward the surface, just as iso-
pycnals would be expected to do in this 
feature (see Rossby et al., 2011). 
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FIGURE 1. Acoustic backscatter intensity (dB, shown in color) versus depth and distance from the center of the Gulf Stream on a 
southbound Oleander transit in June 2005. The black curve at the top shows solar elevation. The red contours show speeds of 0.5, 
1.0, and 1.5 m s–1 in the Gulf Stream, and −0.5 and 0.5 m s–1 in a cold core ring centered at 200 km (solid for positive velocity toward 
the northeast). The white contour shows the depth of an isolume, I (z) = 1 × 10–7, which is unitless because it is a normalized value 
(i.e., when the sun elevation angle is directly overhead, the surface value, Io would be equal to 1). I (z) is calculated from the solar ele-
vation angle and the diffuse attenuation coefficient, kd, according to an exponential decay, I (z) = e–kd z, where kd at 490 nm is interpo-
lated for the appropriate month along the path of Oleander from the SeaWifs satellite product. Therefore, the approximation of light 
here accounts for the climatological mean pattern of absorbing constituents in the water column, but does not account for cloudi-
ness. The cross-Gulf Stream distance is calculated as in Thomas and Joyce (2010), which takes the maximum depth-​averaged veloc-
ity as the center of the Gulf Stream and the direction of that velocity as perpendicular to the cross-stream direction.


