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Abstract
We collected data on two GLOBEC cruises to investigate the ubiquity and character of small and ﬁnescale
phytoplankton and zooplankton vertical distributions in continental shelf waters. Coincident data from a fourfrequency echosounding system (38, 120, 200, and 420 kHz), CTD, 150 kHz ADCP, and a suite of high-resolution biooptical instruments were collected at three continental shelf stations off the coast of Oregon in June and August of 2000.
Temporally and spatially coherent ﬁnescale features were identiﬁed in the acoustic record at all sites throughout the
upper water column and the dominant characteristics were observed. There was evidence of an association between the
vertical structure of horizontal velocity and the ﬁnescale structure seen in the acoustic data. These observations support
the hypothesis that discrete, ﬁnescale vertical distributions of phytoplankton and zooplankton may be common in
productive upwelling areas and indicate that additional concurrent physical and biological measurements, at
appropriate temporal and spatial scales, must be made to further characterize the ecological signiﬁcance of these
ﬁnescale distributions.
r 2004 Elsevier Ltd. All rights reserved.

1. Introduction
The Oregon coastal ocean is physically dynamic
due to wind-driven upwelling during spring and
summer (Smith, 1968; Small and Menzies, 1981;
Huyer, 1983). The region supports high primary
and secondary production, making it an important
nursery ground for many invertebrate and ﬁsh
stocks. Fluctuations in coastal salmon stocks over
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the last decade, which appear to coincide with
changes in climate ocean conditions (McFarlane et
al., 2000), have inspired research efforts to assess
the conditions juvenile salmon encounter in their
early oceanic phase (Brodeur et al., 2003).
Characterizing the physical environment and
determining the abundance and distribution of
zooplankton prey for these ﬁsh are important
components of these assessments.
Knowledge of the abundance and distribution
of plankton is important for understanding pelagic
food web interactions, population dynamics,
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community stability, and elemental cycling (Steele,
1974; Levin, 1992). Plankton distributions are
known to be patchy at the scales of centimeters
to meters (Cassie, 1963; Owen, 1989). The
importance of ﬁnescale (less than 10 m) vertical
features depends upon how common, intense, and
persistent they are. Many critical biological
processes (feeding, mate location, etc.) occur on
spatial scales of meters or less. Thus, high spatial
resolution sampling may be necessary to properly
characterize the distributional patterns and variability in plankton populations and to detect
signiﬁcant population changes.
Detailed mapping of vertical zooplankton
distributions on scales less than 10 m is difﬁcult,
and in many cases impossible, with traditional
sampling equipment such as nets. The relatively
coarse sampling resolution of these systems
combined with ship motion and internal wave
activity makes it extremely difﬁcult to resolve
ﬁnescale features. Multifrequency acoustics
have emerged as a powerful tool for investigating zooplankton patchiness on small vertical
and horizontal scales in a variety of environments (lakes, protected inlets, coastal and open
ocean) (Holliday et al., 1998, 2003). Towed
multifrequency acoustic systems have the advantage of being capable of rapidly surveying a
large area and mapping scattering distributions on vertical scales of a few meters (Wiebe
et al. 1996).
Characterizing the temporal and spatial scales
of distributional patterns of zooplankton is
essential to understand zooplankton population
dynamics. The next step, and probably most
difﬁcult one, is determining the mechanisms that
control these distributions. Some studies have
found a correlation between plankton distributions and physical factors, such as density discontinuities and currents (Boyd, 1973; Mackas et
al., 1985, 1997; Haury et al., 1990; Roman et al.,
2001). Most of these studies focused on patches on
the scale of tens of meters. More recent work has
focused on small to ﬁnescale vertical layers
(Holliday et al., 1998; Osborn, 1998; Dekshenieks
et al., 2001; McManus et al., 2003). The results of
these studies show that there is often an association between the location of layers of plankton and

water column stability, density discontinuities, and
vertical shear.
There is evidence of persistent ﬁnescale phytoplankton distributions in the Oregon coastal
upwelling region. Thin layers of phytoplankton
were observed over the continental shelf within
narrow density intervals (70.003 sigma-t units)
(Cowles et al., 1998). These layers were continuously observed for at least 4–6 h, a time period in
which signiﬁcant grazing activity can occur and
potentially enhance secondary
production
(Mackas and Burns, 1986). Chlorophyll concentrations were greatly enhanced in these layers
compared to the rest of the water column (four to
ﬁve times higher), so this phenomenon could
have important implications for zooplankton
distributions. Additionally, the association of
these thin layers with physical parameters suggests
that with more observations, we may be able to
determine the range of conditions over which
layers occur, and perhaps ultimately predict
distribution patterns associated with measured
physical factors.
In an effort to determine the extent to which
planktonic distributions are deﬁned by physical
forcing factors, we collected optical, acoustical,
and physical data over the Oregon continental
shelf in the summer of 2000 as part of the
Northeast Paciﬁc Global Ocean Ecosystems Dynamics (NEP GLOBEC) program. Our objective
was to evaluate the association among (1) ﬁnescale
density structure, (2) horizontal velocity patterns,
(3) ﬁnescale phytoplankton distributions, and (4)
ﬁnescale acoustic backscatter features.

2. Methods
Density, horizontal current velocity, ﬂuorescence, and acoustic volume backscatter (SV) data
were collected on two cruises of the R/V Wecoma
in June and August 2000 at three stations over the
Oregon continental shelf (Fig. 1). Density data
were collected with a Seabird 911 CTD, and
ﬂuorescence was measured with a Wetstar ﬂuorometer. These instruments were mounted on a
proﬁling frame that was slightly negatively buoyant and was allowed to drop slowly (15–30 cm s1)
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was calculated from the depth bins of velocity
data.
Acoustic backscatter data were collected with a
four-frequency (38, 120, 200, and 420 kHz) scientiﬁc echosounder (Hydroacoustic Technologies
Inc. 244) system (HTI). The transducers were
oriented in a down-looking conﬁguration in a ﬁxed
towbody that was deployed from the port side of
the ship and held at a ﬁxed depth of approximately
15 m. In this deployment, the effective depth of
each frequency was 200 m (38 kHz), 150 m (120
and 200 kHz), and 100 m (420 kHz). The system
returned an estimate of volume backscatter (SV)
for each frequency.
SV ¼ 10 log10 ðsV Þ:

(1)

The volume scattering coefﬁcient, sV, at a single
frequency is deﬁned by Eq. 2. It is equal to the sum
of the backscattering cross section (s) for each
class of scatterers (represented by j) multiplied by
the number of scatterers (n) in a ﬁxed volume,
usually 1 m3.
sV ¼

j¼n
X

s j nj :

(2)

j¼1

Fig. 1. Map of the study area off the coast of Oregon. Black
squares mark the location of the three proﬁling stations and
isobaths are in meters. Station 1 was sampled on 6 June 2000
during 17:38–23:13 PDT; Station 2 on 5 August, 2000 during
18:13–6 August 00:37 PDT; and Station 3 on 13 August 2000
during 17:29–19:59 PDT.

through the water column, independent of ship
motion, to depths of approximately 90 m. The ship
was allowed to drift during these proﬁles. The raw
data (CTD, 24 Hz; Wetstar, analog response time
0.17 s) were processed according to standard CTD
protocols and subjected to a seven point median
ﬁlter, yielding a vertical resolution of approximately 3–5 cm.
Vertical proﬁles of horizontal current velocity
data were obtained with the shipboard 150 kHz
narrow-band RD Instruments acoustic Doppler
current proﬁler (ADCP). The time-averaged data
(2.5 min) have a vertical resolution of 8 m and the
shallowest depth bin was at 17 m. Vertical shear

An increase in the abundance of a particular
class of scatterer will result in an increase in the
measured SV at all frequencies (Medwin and Clay,
1998).
The HTI acoustic data have a vertical resolution
of approximately 1 m. Volume backscatter measurements were corrected for changes in sound
speed, which depends upon temperature, salinity,
and pressure measured from the CTD proﬁles. The
shallowest depth bin for the HTI data is 17 m.
Buoyancy frequency (N2) was calculated from
the density proﬁles and Richardson number (Ri)
was calculated from the density proﬁles and the
ADCP derived vertical shear proﬁles calculated
from the ADCP data. The water column (or
portion thereof) is considered stable if Ri is greater
than 0.25 (Pickard and Emery, 1990). In this
study, Ri was calculated over 8 m vertical intervals.
Individual vertical proﬁles of volume backscatter, current velocity, and vertical shear were
constructed by taking 10 min. averages at the time
of each CTD/Optics proﬁle (each proﬁle took
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approximately 10 min. to complete). Depth-lagged
cross-correlation analysis was performed on these
proﬁles to determine if volume backscatter was
correlated with velocity, vertical shear, buoyancy
frequency, or Ri.

3. Results
We observed a spatial relationship between the
density structure of the water column and the
distribution of phytoplankton. Fluorescence measurements show that phytoplankton were concentrated in horizontal layers located above 40 m at
all the three stations (Fig. 2). The layers had sharp
boundaries that were spatially correlated with
steps in the density proﬁle (Dst ¼ 0:102 m1 ). This
relationship was strongest at Stations 1 and 3.
These steps in density created local peaks in watercolumn stability, represented by N2. The spatial

relationship between density steps, local peaks in
N2, and boundaries of ﬂuorescence peaks are
illustrated with an example proﬁle (Fig. 3) typical
of the 19 proﬁles collected (time of each proﬁle is
shown as a tick at the top of each panel in Fig. 4).
The water column was very stable at Stations 2
and 3 with Ri values all above 0.25. At Station 1,
Ri values ranged from 0.02 to 0.4 with all values
between 40 and 60 m above 0.25.
Patterns in acoustic backscatter were characterized by layers and patches that were narrow in
vertical extent (o10 m), persistent for the time
period of the sampling (2.5–6 h), had intense
scattering compared to the background, and
had sharp boundaries (DS V =Dz410 dB m1 )
(Fig. 4, Layers 1A, 1B, 2A, 2B, 2C, 3A, and
3B). We show detailed data from 120 kHz for
brevity; the features discussed have patterns at
the other frequencies that are consistent with the
120 kHz.

Fig. 2. Wetstar ﬂuorometer voltage with density (st) contours from CTD overlaid. Arrows on the top of each panel indicate the time of
each CTD proﬁle. The circled arrow is the proﬁle shown in Fig. 3. The x-axes span the time range of acoustic sampling at each station.
Local time is PDT.
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Fig. 3. Example proﬁle of (A) density, (B) buoyancy frequency (N2), and (C) ﬂuorescence from Station 1. Arrows indicate boundaries
of ﬂuorescence peak (C), corresponding steps in density (A) and local peaks in N2 (B).

At Station 1, the pattern of acoustic backscatter
was related to changes in the bathymetry that
occurred as the vessel drifted during our observations. There was a layer of backscatter centered
around 50 m (Layer 1A) located offshore of a
submarine bank. At the edge of the bank, there
was a break in this layer and it subsequently
disappeared in the onshore direction over the
bank. At Station 2, there was a layer of backscatter (Layer 2A) that appeared to rise off the
bottom and ascend in the water column approximately 1 h after sunset (approximately 20:30 or
217.85 local time). Another scattering layer (Layer
2C) was observed after 23:00, local time, in the
upper water column at the offshore edge of the
bank.
The observed layers had distinct scattering
spectra (Fig. 5). Layers 1A and 2A showed low
scattering at 38 kHz, higher scattering at 120 and
200 kHz, and slightly lower scattering at 420 kHz.
Layer 3A showed the same trend at 38, 120, and

200 kHz but because the depth of this layer was
beyond the range of 420 kHz, there were no
acoustic data at this frequency.
There were distinct vertical transitions in the
horizontal ﬂow ﬁeld at all three stations (Fig. 6).
At Station 1, the east–west component of horizontal ﬂow showed that the lower portion of the
water column, 20–30 m above the bottom, was
ﬂowing faster and to the east while the upper part
of the water column was ﬂowing slowly to the
west. There was a layer of faster westward ﬂow
between 30 and 40 m. The north–south component
of horizontal ﬂow showed that there was a layer of
northward ﬂow between 50 and 60 m surrounded
by slow, southward ﬂow. Later in the time record
there was a layer of increased southward ﬂow
above 50 m. At Station 2, the east–west and
north–south components of horizontal ﬂow show
similar patterns. There was a layer of southwestward ﬂow above 40 m and a layer of southeastward ﬂow above 80 m later in the time record.
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Fig. 4. Volume backscatter (Sv) from 120 kHz. Layers of interest are labeled 1A, 1B, 2A, 2B, 2C, 3A, 3B. Arrows on the top of each
panel indicate the time of each CTD proﬁle. The circled arrow is the proﬁle shown in Fig. 3. The x-axes span the time range of
collection of acoustic data at each station. Local time is PDT.

Fig. 5. Average volume scattering spectra for layers 1A, 2A,
and 3A at the four frequencies 38, 120, 200, and 420 kHz.

At Station 3, all of the water from 15–200 m was
ﬂowing to the west with an increase in velocity
above 100 m. The north–south component of
horizontal ﬂow showed that there was a transition
between northward and southward ﬂow that bends
upward from 160 m at the beginning of the time
record to 120 m at the end of the time record.
Although there was some spatial correspondence visible in the plots of acoustic backscatter
and current velocity, depth-lagged cross correlation analysis did not reveal any statistically
signiﬁcant relationships between volume backscatter, horizontal velocity, or vertical shear. The
current velocity data had a much coarser vertical
resolution than the acoustic data (8 m vs. 1 m) so it
was difﬁcult to accurately determine the relationship between gradients in current velocity and
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Fig. 6. Horizontal velocity from shipboard 150 kHz ADCP. Sidelobe bottom reﬂection contaminates data within 10–30 m of the
bottom and these data are not shown. The x-axes span the time range of collection of velocity data at each station. Local time is PDT.

scattering distributions. Despite the lack of statistically signiﬁcant relationships, there were distinct
qualitative correlations between patterns of horizontal current velocity and acoustic backscatter.
At Station 1, Layer 1A coincided with a band of
weak northerly ﬂow between 50 and 60 m
surrounded by slow, southerly ﬂow (Figs. 4 and
7). Other scattering layers, labeled 1B, are located
at a gradient in southward ﬂow. Layer 2A at
Station 2 was associated with a transition between
northerly and southerly ﬂow. Layer 2B appears to
be affected by short wavelength internal waves and
is located between the 0.08 and 0.03 m s1 northward velocity gradients. There was some correspondence between the southeasterly ﬂow in the
upper 100 m of the water column late in the record
(decimal year-day 218.0) and the patches of
increased scattering above 30 m. At Station 3,
Layer 3A tracked the boundary between northerly
and southerly ﬂow, and was located several meters

below this boundary in an area of weak southerly
ﬂow. A broad layer of increased scattering above
80 m (Layer 3B, Fig. 4) is located in an area of
stronger northward ﬂow (Figs. 6 and 7).
We observed one case in which a scattering
feature was associated with the peak in ﬂuorescence. At Station 3, there was a broad layer of
increased ﬂuorescence between 5 and 30 m (Fig. 2)
that corresponded with the location of Layer 3B
(Fig. 4). Layer 1A at Station 1 (Fig. 4) was clearly
not collocated with the peak in ﬂuorescence which
was located between 10 and 30 m (Fig. 2),
approximately 20 m above the scattering layer.
At Station 2, the peak in ﬂuorescence is above
15 m (Fig. 2) and so is above the shallowest depth
bin of acoustic data, and the potential spatial
relationship between scattering and ﬂuorescence
cannot be determined. Overall, there is no clear
pattern to the spatial relationship between acoustic
scattering and ﬂuorescence features, but it is clear
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Fig. 7. Northward velocity contours (m s1) overlaid on 120 kHz Sv. Solid lines indicate contours of Northward ﬂow and dashed lines
indicate contours of Southward ﬂow. The x-axes span the time range of collection of acoustic data at each station. Local time is PDT.

that scattering features are not always associated
with peaks in ﬂuorescence.

4. Discussion
The data from our three stations show that
phytoplankton were distributed in discrete layers
with sharp vertical gradients that often were
associated with physical properties of the water
column. These features were seen both nearshore
(Stations 1 and 2) and offshore (Station 3) in June
and August 2000, indicating that these distributional patterns may be common during upwelling
off the Oregon coast.
Phytoplankton were concentrated in distinct,
though not always thin, layers which were
correlated to the density structure of the water
column. Boundaries of ﬂuorescence peaks were

characterized by sharp vertical gradients that were
associated with steps in the density proﬁle and
local peaks in N2. The relationship between the
location of ﬂuorescence boundaries and the
density structure was seen in all of the 19 CTD
proﬁles taken at the three stations, showing that
this is a potentially common relationship.
Our observations revealed considerable ﬁnescale
pattern in acoustic volume backscatter over the
Oregon continental shelf. Scattering features frequently took the form of horizontal layers with
sharp vertical gradients that had intense volume
backscatter levels relative to the background
(410 dB differences between adjacent 1 m vertical
bins). These layers were often less than 10 m-thick
and were persistent for intervals of 2.5–6 h. The
observed scattering patterns sometimes corresponded with horizontal velocity patterns, but
the relationship was not consistent. Other studies
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also have observed distinct scattering features with
sharp vertical gradients (Holliday and Pieper,
1980; Greene and Wiebe, 1991; Batchelder et al.,
1995; Wiebe et al., 1996; Hitchcock et al., 2002;
Ressler and Jochens, 2003; Ressler et al., 2005). In
some cases, the vertical boundaries of these
features were associated with physical parameters
such as the location of the pycnocline or temperature front (Hitchcock et al., 2002) and horizontal
boundaries with the presence of mesoscale circulation features (Ressler and Jochens, 2003;
Ressler et al., 2005). Wiebe et al. (1996) suggest
that physical forcing mechanisms may have played
an important role in the formation of the different
types of scattering features they observed in a
stratiﬁed versus well-mixed area. No speciﬁc
comparisons were made between the location of
scattering features and the vertical proﬁle of
horizontal velocity patterns, so we cannot compare this aspect of our results with those of other
researchers.
The spectra of these backscatter features suggest
that they may have been composed of zooplank-
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ton. We can use multifrequency acoustic techniques to indicate whether observed patches and
layers in the water column may have the same
composition of scatterers. Assemblages which give
different measures of Sv at different frequencies
can be composed of either different types of
scatterers, different numbers of scatterers, different sizes of scatterers, or a combination of these
three (Greenlaw, 1979). Fig. 8 shows the theoretical volume scattering strength curves for several
different individual organisms of a particular size
derived from models created by Stanton (1998a,
b). If the size of one of these organisms was
decreased, the curve would retain the same shape,
but would shift to the right, to higher frequencies,
and the magnitude of scattering would decrease.
The sizes of the individual zooplankton shown in
Fig. 5 represent maximal sizes encountered in this
area (Sutor, 2004). Therefore, we make the
assumption that these curves represent the upper
bound of expected scattering and that volume
scattering spectra from representative zooplankton
off the Oregon coast would most likely have curves

Fig. 8. Plot of theoretical target strengths at different frequencies for several different organisms (6 mm long copepod, 2 mm diameter
shelled pteropod, 2.5 cm long euphausiids). These curves are based on the scattering models of Stanton et al. (1998a, b). Arrows mark
the location of 38, 120, 200, and 420 kHz on the x-axis. (After Fig. 3 in A. Lavery et al., 2002).
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that were shifted to the right and were lower in
magnitude than the curves displayed. Assuming
this, we can make some comparisons between
the scattering spectra we measured and these
theoretical curves. From this plot, we can see
that organisms such as euphausiids, copepods,
and pteropods have relatively low scattering at
38 kHz, higher scattering at 120 and 200 kHz,
and are in the range of geometric scattering at
420 kHz. This means that measured scattering
can show an increase or decrease from 200 to
420 kHz, depending upon the shape and size
of the scatterer. Organisms such as ﬁsh with
swimbladders and gas-bearing siphonophores
have relatively high scattering at 38 kHz and
show little change in scattering level at 120, 200
and 420 kHz. Additionally, other researchers
have shown that the difference in scattering
between 38 and 120 kHz can be used to distinguish
patches of ﬁsh and euphausiids; euphausiids
have low scattering at 38 kHz and high scattering
at 120 kHz (Maduriera et al., 1993; Swarzman
et al., 1999).
The average scattering spectra of the three
scattering layers we observed (Fig. 5) show low
scattering at 38 kHz, increased scattering at 120
and 200 kHz, and Layers 1A and 2A show
decreased scattering at 420 kHz. The spectral
curves for Layers 2A and 3A show the same
shape, differing only in amplitude while Layer 1A
shows a slightly different spectral curve with a
lower average value of SV at 200 kHz. Ressler et al.
(2005) observed similar scattering features over the
Oregon shelf in August 2000 with the same
spectral characteristics. These scattering features
were determined to be composed of euphausiids by
net-tow data (Ressler et al., 2005). Given the
observed spectra (lower scattering at 38 kHz and
higher scattering at 120, 200 kHz), our empirical
knowledge of scattering spectra shown in Fig. 5,
the results of Maduriera et al. (1994) and Swartzman et al. (1999), and the supporting evidence
from Ressler et al. (2005), we conclude that these
layers are most likely composed of zooplankton
without gas inclusions, keeping in mind that
without knowledge of the size structure of the
zooplankton in these layers, exact comparisons are
not possible.

Physical phenomena, such as temperature and
salinity microstructure also can cause scattering
(Seim and Gregg, 1994; Stanton et al., 1994; Seim
et al., 1995; Warren et al., 2003). Our highresolution temperature, salinity, and density proﬁles revealed no evidence of water-column overturns and so the presence of signiﬁcant
microstructure is unlikely.
It is not possible to draw deﬁnite conclusions
about the correlation between phytoplankton and
zooplankton distributions from these data. Only
the scattering feature located above 30 m at
Station 3 was associated with a peak in ﬂuorescence. Because the acoustic instrument was held at
a ﬁxed depth of 15 m, the ﬁrst effective acoustic
data are from 18 m, which is below part (Stations 1
and 3, Fig. 4) or all (Station 2, Fig. 4) of the peak
in ﬂuorescence. However, many of the spatially
discrete, intense, scattering features were observed
in areas of the water column where the ﬂuorescence was low, suggesting that the location of
zooplankton may not be associated with the
location of maximum phytoplankton abundance
in many cases. This observation has been reported
in other studies (Herman, 1983; Napp et al., 1988;
Huntley et al., 1995; Jaffe et al., 1998).
The role of physical mechanisms of formation
and maintenance of ﬁnescale scattering distributions is not clear from this study. The horizontal
velocity data had coarse resolution (8 m vertical
bins) compared to the acoustic data (1 m vertical
bins). To assess more carefully, the role of
horizontal current velocities and shear in creating
biological structure, we must obtain current data
with the same spatial resolution as the acoustic
data. In addition, it is possible that physical
factors controlled the formation of the layers we
observed but our sampling began after the
formation event took place. For example, the
deep scattering layer at Station 3 closely tracked
the boundary between northern and southern ﬂow,
so the boundaries of this layer may have been
associated with areas of increased vertical shear
that could act to ﬂatten and extend a thick layer or
patch into the observed thin layer. This station is
located at the southern edge of a mesoscale
circulation feature (Barth et al., 2005, Fig. 2b)
and the observed scattering distributions may be
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potentially inﬂuenced by this feature. Unfortunately, the coarse vertical resolution of the
horizontal velocity and shear data does not allow
us to clearly determine the relationship between
scattering features and shear. Sampling for longer
time periods with higher spatial resolution velocity
data would allow us to observe a sequence of
events that may better explain the potential role of
currents and shear in the formation and maintenance of scattering layers. We also cannot
discount the role of behaviors such as aggregation
on food sources or vertical migrations in forming
the observed scattering patterns. The lack of
consistent collocation of phytoplankton and zooplankton suggests that aggregation of zooplankton
on layers of phytoplankton is not the only
behavioral process accounting for the formation
of zooplankton layers.
The results of this study show that accurate
assessment of the zooplankton biomass and distribution patterns in this system requires a vertical
resolution of less than 10 m. The ﬁnescale scattering
features observed on these cruises did not appear to
be random or transient. Sampling must be conducted for longer periods at the appropriate spatial
scales to better quantify the persistence of such
features. The evidence from these data show that
ﬁnescale aggregations are not so short lived that they
can be treated as random when sampling.
Multifrequency acoustic measurements can identify patches of different composition and, when used
in conjunction with theoretical scattering models, we
can draw some broad conclusions about the most
likely composition of observed scattering features.
However, these measurements alone cannot give us
quantitative numbers of animals or their identity.
The only way to clearly determine the identity of the
scatterers in each patch is to sample them directly or
observe them with image-forming optical instruments. Density and identities of zooplankton are
critical factors to assess along with distribution
patterns to create a complete spatial picture of the
zooplankton community.
We need a better understanding of how common and persistent ﬁnescale zooplankton distributions are in the Oregon shelf upwelling region.
This knowledge will determine the type of
sampling methods necessary to accurately assess
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zooplankton distribution and biomass and will
illustrate the potential coupling between primary
producers and grazers which has implications for
particle ﬂux and elemental cycling. Finer-scale
current and shear data are necessary to determine
the role of physical factors in the formation and
maintenance of these ﬁnescale distributions. We
also need sea-truthing data to determine the
identity of the scatterers so that we can assess
more accurately the biomass distributions and
behavioral mechanisms controlling distributions.
The timing of the ascent at Station 2 is consistent
with diel vertical migration, but to correctly assess
the importance of this and other behaviors, we
must conﬁrm the composition of these layers.
Previous work utilizing the Video Plankton
Recorder and MOCNESS has shown the utility
of these technologies to provide seatruthing data
for acoustics on various spatial scales (Benﬁeld et
al., 1998, 2003). Collecting coincident, ﬁnescale
physical and biological data, which allow us to
determine the distribution and identity of zooplankton, is critical to assessing the factors which
control zooplankton distributions.
In summary, we found that zooplankton were
distributed in ﬁnescale, intense, and persistent
vertical layers. There was (1) a strong association
between phytoplankton distributions and density
structure but no apparent association between
zooplankton distributions and density structure,
(2) some association between zooplankton distributions and horizontal velocity patterns, and (3)
no clear association between maximal phytoplankton and zooplankton distributions. These results
indicate that plankton distributions of this kind
may be common and physical mechanisms may
play an important role in the formation and
maintenance of these layers. With longer term
sampling and higher vertical resolution velocity
data, the relative importance of physical and
biological mechanisms of layer formation can be
assessed more clearly.
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