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Introduction

Mysid shrimp (Mysis relicta) are common in
deep northern lakes and can be a major component of
the food web (Lasenby et al., 1986). This species is
3Ð22 mm long, migratory and omnivorous, feeding
in the upper hypolimnion and lower metalimnion at
night and on or near the bottom substrate during the
day. In Lake Ontario, the biomass and rates of zoo-
planktivory ofMysis relicta have been estimated to
be similar to that of alewife (Alosa pseudoharengus),
the most abundant planktivorous Þsh in the lake (Jo-
hannsson et al., 2003; Gal et al., 2006). Mysids are
also important prey for a variety of Þsh, includ-
ing alewife, rainbow smelt (Osmerus mordax), and
slimy sculpin (Cottus cognatus) (Mills et al., 2003).
Therefore, reliable measures of the abundance of
mysids are important for understanding food web
dynamics in Lake Ontario.

Available estimates of mysid abundance are
based on vertical net tows (Johannsson et al., 2003).
But net tows are time consuming to both collect and
process, and therefore expensive. Furthermore, it is
difÞcult to use net tows to obtain information on Þne-
scale vertical and horizontal distributions. Hydroa-
coustics can provide such information, and is used
routinely to measure the distribution and abundance
of marine euphausiids and other invertebrates (e.g.
Simard and Lavoie, 1999; Foote and Stanton, 2000;
Hewitt et al., 2003). Acoustics has also been used
to measure distribution and abundance of inverte-
brates in lakes, including copepods and cladocerans
(Megard et al., 1997; Hembre and Megard, 2003;
Holbrook et al., 2006), pelagic amphipods (Rud-
stam et al., 1992; Melnik et al., 1993; Trevorrow
and Tanaka, 1997), and insect larvae (Eckmann,
1998; Kubecka et al., 2000; Knudsen et al., 2006).
Although a mysid layer is obvious in acoustic
echograms, and the behavior of this layer has been
used to study vertical migration for decades (Ter-
aguchi et al., 1975; Rudstam et al., 1989; Levy, 1991;
Johannsson et al., 2003), the use of echosounders for
quantitative estimates of freshwater mysids has been
limited (Gal et al., 1999a, 1999b, 2004).

In Lake Ontario and in several of the other Great
Lakes, acoustic surveys for forage Þsh (primarily
alewife, rainbow smelt, and various coregonids) us-
ing 120-kHz echosounders are conducted each year
(Schaner and Lantry, 1999; Mason et al., 2001;
Warner et al., 2006). These acoustic surveys can also
be used for quantitative estimates of mysid abun-
dance if the backscattering cross section�bs (or its

logarithmic transformation target strength, TS) of
mysids at 120 kHz is known. Available information
onM. relicta TS is limited to higher frequencies (420
kHz, Gal et al., 1999b). We also need measures of the
detection range of mysids at 120 kHz and a method
to remove the contribution from noise and Þsh from
the acoustic backscattering originating from mysids.

In this paper, we present a method to measure the
abundance of mysids in Lake Ontario using acous-
tic data from the 120 kHz annual Þsh surveys. We
will: 1) describe how to remove the contribution
from noise and Þsh to acoustics backscattering; 2)
present data on mysid TS at 120 kHz (from July 7,
2005); 3) calculate the detection range for mysids
given the ambient noise level during the survey;
4) present data on the distribution and abundance
of mysids in Lake Ontario using the Ontario Min-
istry of Natural Resources (OMNR) and New York
State Department of Environmental ConservationÕs
(NYSDEC) acoustic forage Þsh survey (from July
25-31, 2005); and 5) compare these results with es-
timates from a whole lake net survey conducted by
the Department of Fisheries and Oceans, Canada, in
November, 2005.

Methodology

Field collections
Mysis target strength (TS) study
We collected acoustic data and vertical net tow

samples at 21 locations with different bottom depths
during the night of July 7, 2005, off Oswego, NY
(location in Fig. 7), with the U.S. Geological Survey
research vessel Kaho. Net samples were obtained
with a 1-m diameter conical opening and closing
net (mesh size 1 mm) at a number of locations with
bottom depth from 170 to 50 m. In all cases, a re-
stricted section of the water column was sampled
based on the echograms. The net was retrieved at
0.3 m s�1 to maximize the efÞciency of capture of
mysids (Nero and Davies, 1982). All sampling was
done under minimal red light. We assumed that the
net was 100% efÞcient and calculated volume sam-
pled from the opening of the net and tow length.
Boat drift will not affect sample volume as long as
the net opening remains perpendicular to the surface
of the water. This should have been the case during
sampling because July 7 was a calm night and the
wire angles were not noticeably different from ver-
tical. Mysids were preserved in alcohol in the Þeld,
and then enumerated and measured (up to 100 per
sample) in the laboratory. Length measurements (tip
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of rostrum to the cleft of the telson) were converted
to biomass using a length to dry weight regression
(Ln (W, dry wt, g)= �12.55+ 2.72 Ln (L, mm),
derived from Johannsson (1995) after correcting an
error in the original equation). Temperature proÞles
were collected at 30, 75, 130, and 170 m water depth
with a SeaBird depth and temperature proÞler.

Acoustic data were collected with a Biosonics Dt-
X 120-kHz split beam unit (7.8� beam width, pulse
duration 0.6 ms, 1 ping s�1). The transducer was
mounted on a tow body positioned 5 m away from
the starboard side of the boat at a depth of 1.5 m.
The tow body was balanced as to remain horizontal
both when the ship was moving and when station-
ary. Absorption coefÞcient and sound speed were
calculated for 10�C, the average measured temper-
ature between the surface and 40 m depth on July
7. The unit was calibrated by the manufacturer in
May 2005, and conÞrmed to be within 0.1 dB of
manufacturerÕs speciÞcation in October 2005 using
a�40.4 dB standard copper sphere. Data were col-
lected with a lower threshold of�130 dB.

Whole lake survey

The whole lake acoustic data were collected as
part of the annual OMNR - NYSDEC survey for for-
age Þsh (alewife and rainbow smelt) in Lake Ontario
July 25Ð31, 2005. Five cross-lake transects in the
main lake and three shorter transects in the Kingston
Basin were surveyed at night. Data were collected
with a similar echosounder as used for TS measure-
ments described above (Biosonics Dt-X, 120-kHz
split beam, 7.2� beam width, 0.4-ms pulse length, 1
pings s�1) deployed on a tow body with the trans-
ducer at 1.8 m depth. Survey speed varied from
5.5 to7 knots, depending on conditions. This unit
was calibrated with a standard�40.7 dB tungsten
steel sphere, and no correction was necessary from
factory calibrations. All data were collected with a
lower threshold of�100 dB.

The two acoustics units used in this study should
give comparable data. The difference in pulse length
and beam width between the two instruments is ac-
counted for by the calibration and the difference in
threshold is not important as data below�100 dB
were not useable in the mysid layer due to ambient
noise levels.

Auxiliary data were collected with midwater
trawls to identify Þsh targets, and with a Brancker
Research temperature proÞler at several times dur-
ing each transect. In addition, a HOBO light meter

was deployed to measure shipboard light levels (in
lux) every 10 s. In 2005, Tucker trawls were used to
investigate smaller targets in the epilimnion. This net
caught young-of-year alewife, young-of-year rain-
bow smelt, and 3-spine sticklebacks (Gasterosteus
aculeatus). These are also the main adult Þsh species
caught in offshore Lake Ontario in years when us-
ing the standard larger midwater trawl (Schaner and
Lantry, 1999; Gal et al., 2006).

Analysis of acoustic data

Analysis of acoustic data from both theMysis
TS study and the whole lake survey was done with
EchoView 3.4 (SonarData, 2004, Fig. 1). First, it was
necessary to remove scattering due to ambient noise
including noise from engines, electrical generators,

Figure 1. Schematics of the processing of 120-kHz acoustics
data used to extract mysid volume backscattering for abundance
estimates. The uncompensated target strength (TS) echogram is
resampled vertically with 10 pixels per meter. To construct a mask
of Þsh echoes, this data set is dilated (each pixel replaced with
the maximum within a 7× 7 pixel area) and a bitmap matrix
constructed where all pixels with values above a Þsh exclusion
threshold (FET, often�60 dB in this study) are identiÞed. On
the left side is the noise removal Þlter. First, the TS data are
converted to volume back scattering (Sv). Then a noise echogram
is generated with values at each depth calculated from a noise
level at 1 m range of�125 dB and the TVG function applied to
the Sv data (Data generator). These depth-speciÞc noise values
are subtracted from the Sv data. Finally, all pixels identiÞed as
> FET in the bitmap are replaced with Òno-dataÓ, and this Þnal
matrix is used to calculate sv data from the mysid layer.
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and the electronics in the echosounder. Volume
backscattering strength (Sv) originating from am-
bient noise was measured to be lower than�125
dB during both theMysis TS study and the whole
lake survey. This noise level increases with depth
due to the application of a time varied gain (TVG)
function. We removed noise by subtraction of the
expected noise level at each depth calculated from
a noise level of�125 dB at a range of 1 m and the
applied TVG function (Korneliussen, 2000). This
noise level was lower than the factory speciÞcation
(Sv of �123.8 dB at 1-m range).

Second, we removed the contribution from Þsh
to Sv. Fish are large targets relative to mysids and
could seriously bias quantitative acoustic estimates
of mysids if present. To increase the probability of
removing all contributions from Þsh, we increased
the number of data points removed around each tar-
get as follows. The data were resampled as 10 data
pixels per meter (pixel size of 10 cm) and dilated by
replacing each pixel with the maximum found in the
surrounding 7× 7pixels. Pixels with values above a
certain threshold in the dilated data matrix (the Þsh
exclusion threshold, FET, in most cases chosen to be
�60 dBÑsee results) were replaced with Òno dataÓ
in the original data set (Mask in Fig. 1). We applied
the FET in the TS domain where the recorded value
(Òuncompensated TSÓ) is proportional to target size
at all depths. Re-sampling and dilation are needed to
remove weaker echoes from Þsh associated with the
tails of the pulse and when located further from the
center of the beam. All areas with excessive noise
were also removed from the analysis. Thus, the pro-
cedure we developed for extracting mysid volume
backscattering coefÞcients from the 120-kHz data
requires four parameters to be speciÞed: a Þsh ex-
clusion threshold, a noise level at 1 m, a vertical
pixel size, and the size of the dilation Þlter. The Þrst
part of the results and discussion section elaborates
on the choice of these parameters.

Volume backscattering coefÞcients (sv, in m2

m�3, Sv = 10 Log10 (sv)) for the TS study was
calculated for the depth layers and time periods
corresponding to the mysid samples after remov-
ing the contributions from noise and Þsh. We also
excluded epilimnetic waters that mysids do not oc-
cupy (Gal et al., 2004). Net catches (both density and
biomass) and sv values were used to calculate acous-
tics backscattering cross section (�bs) per mysid and
per unit dry weight at 120 kHz.

For the whole lake survey, the mysid layer was
identiÞed from the appearance on the echograms,

from the location of the layer relative to the temper-
ature proÞles, and from the behavior of the scatter-
ing layer in response to shipboard light. The acous-
tic return from mysids is known to decrease dra-
matically in response to light because mysids will
avoid high light by rapidly sinking; a behavior that
leads to changes in orientation and therefore to re-
duced mysid TS. We have observed this behavior
in both the Þeld and in the laboratory (Gal et al.,
1999b). Consistent with these earlier observations,
wenoted an immediate decline in the deeper acous-
tic backscattering layer when the shipÕs deck lights
were turned on, as registered by the logging light
sensor (Fig. 2). This identiÞes this layer as predom-
inantly M. relicta. This behavior was not present
in the epilimnetic scattering layer. Mysids are the
only abundant larger invertebrate in the hypolimnion
of Lake Ontario (Kuns and Sprules, 2000). The
largest hypolimnetic copepods (Limnocalanus and
Senecella) are less than 3 mm and are expected to
have much lower TS with less directional response
compared toMysis (Megard et al., 1997; Foote and
Stanton, 2000).

Acoustic data from the mysid layer was exported
in 1-min intervals after removing noise and contri-
butions from Þsh. We used time intervals instead of
distance to allow direct comparison with the light
sensor data and removed any section with registered
light levels. One minute corresponds to a 160 - 220-
m section of a transect at standard survey speed of
5.5-7 knots. Acoustic data from above the mysid
layer were excluded, as that depth layer includes
backscattering from other zooplankton and from lar-
val Þsh that will not be removed by the FET. Acoustic
data within 2 m from the bottom were also excluded.
Thus, all data presented here are from the top of the
mysid layer to 2 mabove the bottom or the detection
limit (60 m, see results), whichever was shallower
(Fig. 2).

Mysid density and biomass were calculated for
each 1-min interval from the measured sv and the
average�bs determined on July 7, 2005. We also ex-
ported latitude, longitude, and bottom depth for each
interval. Overall density in the lake was calculated
by stratifying the data by bottom depth (BD) into
four regions 1) BD>100 m. 2) BD between 100 and
75 m, 3) BD between 75 and 50 m and 4) BD between
50 and 30 m. Bathymetric data from Lake Ontario
were from Virden et al. (2000). No data were col-
lected in BD<30 m and mysid density was assumed
to be 0 in those areas. For calculations of variance,
each transect was considered one (deep region of the
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Figure 3. Effect of the Þsh exclusion threshold (FET) on remain-
ing volume backscattering strength. Results from three areas are
shown: ÒMysisÓ is aregion with moderate mysid and Þsh density,
ÒLightÓ is a region where mysidsÕ behavioral response to light
has decreased mysid backscattering leaving mostly Þsh, ÒDense
MysisÓ is the dense mysid layer between 18 and 25 m depth in
the middle of transect 5 (see Fig. 2).

The choice of Þsh exclusion threshold (FET) is
important (Fig. 3). The FET should maximize the
inclusion of mysid backscattering and minimize the
inclusion of Þsh backscattering in the estimate. The
difference between mysid and Þsh TS is substantial
at 120 kHz; the average TS of a 100-mm rainbow
smelt is�45.3 dB (Rudstam et al., 2003) and of a
100-mm alewife is�43.7 dB (Warner et al., 2002),
which is over four orders of magnitude higher than
the TS of a 9 mm mysid (�86.3 dB, see below). Fish
TS is variable, however, and depends strongly on tilt
angle (Simmonds and MacLennan, 2005). This is
true for both rainbow smelt and alewife (Rudstam et
al., 2003; Warner et al., 2002). In addition, Þsh will
have lower echo levels when located at the edge of
the acoustic beam. A Þsh returning a�54 dB echo
when located in the middle of the beam would re-
turn a�60 dB signal if located at the half power
beam angle (2-way decline of 6 dB, see Simmonds
and MacLennan, 2005). Remember that the FET is
applied in the TS domain. But dense concentrations
of mysids can result in echo levels over�60 dB in
the TS domain (Fig. 2 and 3). It is therefore not pos-
sible to choose one threshold that removes all Þsh
backscattering while retaining all mysid backscat-
tering. The choice of FET is by necessity a compro-
mise between the need to remove most Þsh echoes
while retaining most mysid backscattering.

Weused two sources of information for choosing
the FET. First we used literature information on the
expected TS distributions of the Þsh species that
co-occur with mysids in the meta and hypolimnion
of Lake Ontario (yearling and older rainbow smelt

and adult alewife, Gal et al., 2006). Over 95% of the
TS from yearling and older rainbow smelt are larger
than �55 dB in Lake Champlain (Parker Stetter
et al., 2006). For adult alewife, 95% of the TS mea-
sured on 130-mm alewife in a net cage were larger
than �58 dB (Rudstam et al., unpublished data).
These results suggest that a threshold in the TS
domain needs to be smaller than�64 dB to remove
the contribution from all Þsh even when the Þsh is
located at the edge of the beam. Second, we plotted
sv as a function of the FET (Fig. 3). In areas of mod-
erate mysid and Þsh densities (ÒMysisÓ), sv declines
with FET but there is a saddle between�55 and�65
dB when most Þsh backscattering is removed while
most mysid scattering is retained (Fig. 3). With FET
smaller than�65 dB, mysid backscattering is also
excluded. In areas with low mysid TS, because of
their response to light (ÒLightÓ), sv increases slowly
for thresholds larger than�60 dB indicating that
some Þsh backscattering is still present at a FET of
�60 dB. Together, this suggests that a threshold of
�60 dB will remove most Þsh backscattering while
retaining most mysid backscattering. Therefore we
chose a FET of�60 dB for most areas. However,
when mysids are dense (ÒDenseMysisÓ), this
threshold removed too much mysid backscattering
(Fig. 3) and we therefore applied an FET of�55
dB in those regions. These regions were obvious on
echograms as regions without obvious Þsh traces
and where the whole mysid layer could be masked
out with a�60 dB FET. As a result, it was possible
to visually identify areas requiring the higher FET
and manually adjust this value. This occurred at
depths between 18 and 25 m in some sections of
transects 2 and 3 (Fig. 7). Holbrook et al. (2006)
used similar thresholds for removing Þsh (�61 to
�63 dB) from zooplankton acoustic signals in Lake
Superior, but it is unclear from their paper if this
was athreshold applied in the Sv or TS domain.

It is better to replace the areas with Þsh echoes
with Òno-dataÓ rather than a value of 0. Replacing
these pixels with Òno-dataÓ is equivalent to assum-
ing that mysid density in this volume of water is the
same as in surrounding water. Replacing these pixels
with a 0 value is equivalent to assuming mysids are
not present within this volume of water. Although
mysids can avoid Þsh in the laboratory (Boscarino
et al., 2007), it is unlikely they can avoid Þsh in
the whole pulse volume removed. We would not ex-
pect to Þnd mysids in Þsh stomachs if they were
not present with Þsh in the lake, and this is clearly
not the case as mysids are important prey items for
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both alewife and rainbow smelt in Lake Ontario
(Johansson et al., 2003; Gal et al., 2006). In ad-
dition, targets in the whole pulse volume contribute
backscattering to each pixel, not just the volume of
water immediately surrounding the Þsh (Simmonds
and MacLennan, 2005). The pulse volume increases
with depth, beam width, and pulse length. At 20-m
depth, a beam width of 7o, and a pulse length of
0.4 ms, the pulse volume is larger than 1.5 m3. We
believe this is too large a volume to be devoid of
mysids even when a Þsh is present.

Target strength of mysids at 120 kHz

Mysids were present in the echogram from the
Mysis TS study as a dense layer from just below
the thermocline to 40 or 50 m depth (Fig. 2). This
distribution is similar to earlier observations in Lake
Ontario (Johannsson et al., 2003; Gal et al., 2004)
and can be predicted from the response of mysids to
light and temperature (Gal et al., 2004; Boscarino
et al., 2007). Vertical net hauls conÞrmed that this
layer consisted ofM. relicta, and that few mysids
were found above the thermocline.

We caught 3,845 mysids with lengths between 3
and 18 mm (average 9.0 mm) in 21 net hauls (Fig. 4).
The mysid population showed two distinct length
peaks representing animals born in 2004 and 2005.
M. relicta has an 18 to 24 month generation time
in Lake Ontario (Johannsson et al., 2003). In four
samples, the catch was less than 20 animals and the
average size less than 6 mm because few older ani-
mals were caught. These data points were excludeda
priori for two reasons. First, small mysids likely have
different TS than larger mysids and may therefore
bias the relationship. Second, if mysids are both rare
and small, they may no longer be the dominant back-
scatterers as other zooplankton also contributes to
backscattering. In the remaining 17 samples, the av-

Figure 4. Length distribution ofM. relicta caught in the water
column at night, July 7, 2005.

erage length of the animals ranged from 7.7 to 10.3
mm and included animals in both size groups. The
total number of paired net-acoustics comparisons
used for the regressions was therefore 17. Including
all 21 samples a posteriori increases the R2 of the
relationship (from an R2 of 0.68 with 17 data points
to an R2 of 0.72 with 21 data points).

There was a signiÞcant correlation between vol-
ume backscattering strength (Sv,dB) and both mysid
density and mysid biomass obtained with vertical net
hauls in July 2005 (log-transformed data, R2 = 0.68
and 0.67, respectively, N= 17, Fig. 5). The slope
wasclose to 0.1 for both regressions. A slope of 0.1
in the dB scale is equivalent to a linear relationship
between sv and density on a linear scale (any other
slope in the dB scale represents a power function be-
tween sv and density, which indicate that the�bsof
an individual mysid is dependent on mysid den-
sity). Thus, the contribution of backscattering from
individual mysids was additive, as expected from
acoustic theory (Simmonds and MacLennan, 2005).
The additive property of acoustic backscattering has
been shown to hold for Þsh unless densities are ex-
tremely high (Foote, 1983). We calculated an aver-
age�bs by dividing sv by mysid density or biomass
for each data pair, and calculating averages and con-
Þdence limits from these data points. The average
�bs per mysid was 2.35·10�9 (1 SE 3.5·10Ð10) or in
logarithmic form a TS of�86.3 dB (95% CL�87.8
dB to �85.1 dB, N= 17). The average backscat-
tering per g dry weight was 1.44·10�6 m2 g�1 or
in logarithmic form�58.4 dB (95% CL�60.1 to
�57.2 dB, N= 17). These results are slightly dif-
ferent from values calculated from the regressions
in Fig. 5 because of the logarithmic transformations
used in that Þgure. Note that these measures assume
that the catchability of the net is 100%, which is
likely not the case. Therefore, our TS values may be
biased high and the mysid density estimates there-
fore biased low (see also Gal et al., 1999b).

A TS of a 9-mm mysid of�86.3 dB is some-
what low compared to expectations from theory and
other measurements in the literature. A theoretical
model for backscattering from a 9-mm bent ßuid-
Þlled cylinder (Stanton and Chu, 1993) predicts a
TS of �82.4 dB. The same model with parameters
from Gal et al. (1999b) predicts a TS of�77 dB
at 120 kHz for a 9-mmM. relicta. But theoretical
models can give widely different results. David et al.
(1999) used three scattering models to estimate TS
of 14 to 16-mm mysidSiriella jaltensis and obtained
values between�100 dB and�79 dB depending on
the model used. Empirical measures of mysid TS
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Figure 5. Relationship between volume backscattering (Sv in dB) at 120 kHz and mysid density (Log10(# m�3)) (panel A) and mysid
biomass (Log10 (g dry wt m�3)) (panel B) obtained with vertical net tows. Data from July 7, 2005 collected along a transect from
shore to 170 m depth off Oswego, NY (Fig. 7). Data from the 4 samples with few and small mysids that were not included in the
regression are marked with dark triangles. The solid line is the regression based on the logarithmically transformed data. The dashed
line is based on the calculated�bs used in this paper.

are rare. Gal et al. (1999b) reported TS ofM. re-
licta at 420 kHz to be -73.1 dB using comparison
with net hauls and between�74.8 and�76 dB us-
ing in situ estimates and comparison with optical
plankton counters. Wiebe et al. (1990) measured TS
at 420 kHz of 14 to 31-mmNeomysis rayii to be
between�80.9 and�72.9 dB with no clear length
dependence. A pelagic amphipod (Macrohectopus
branickii) with similar size, shape and behavior as
M. relicta has a TS of�82 dB at 200 kHz for a 15-
mm animal (Rudstam et al., 1992). Although these
literature values are greater than our measurements,
most of them are for larger animals and higher fre-
quencies, for which we generally expect larger TS
(but see Knudsen et al., 2006).

Weare only aware of literature values for TS per
unit dry weight of mysids at 420-430 kHz. The equa-
tion in Gal et al. (1999b) yields an Sv of�54.0 dB for
a biomass of 1 g dwt m�3 of M. relicta at 420 kHz,
which is higher than our estimate and may be due
to the higher frequency used by Gal et al. Holbrook
et al. (2006) presented a relationship between zoo-
plankton dry weight and backscattering from Lake
Superior that includes mysids. Using their equation,
the volume back scattering for 1 g dwtm�3 is�62.6
dB at 430 kHz. Although lower than our estimate,
their data includes substantial contributions from
copepods and cladocerans that are expected to yield
lower acoustic backscatter per unit weight due to
their smaller size relative to the acoustic wavelength
(Foote and Stanton, 2000).

Given a TS of�86.3 dB and a noise level of�125
dB at 1 m, we can calculate the expected signal to

noise ratio (SNR) for a mysid density of 1 animal
m�3 at different depths. If we accept a SNR of 3 dB
(a factor of 2), the detection limit is 60 m (a noise
level of�125dB at 1 m isampliÞed to�89.3 dB at
a range of 60 m by the TVG function). This detec-
tion range depends on density; the detection range
for a density of 5 mysids m�3 (Sv of �79.3 dB) is
120 m. A detection range of 60 m should have been
sufÞcient to insonify most mysids during the whole
lake survey. Peak mysid abundance was between 20
and 30 m depth during this survey (quarter moon on
July 28, 2005), and we know from other studies dur-
ing the summer that most mysids are above 50 m in
low moon light (Gal et al., 1999a, 2004). However,
during full moons and during the fall when the ther-
mocline deepens, some mysids are found in deeper
water than 60 m (Gal et al., 2004) and the detection
limit can then be a concern for whole lake mysid
estimates.

Distribution of mysids in Lake Ontario

Mysid areal abundance in the 1-min sections
ranged between 0.4 and 667 mysids m�2(depths
from the thermocline to the bottom or to 60 m, Fig.
6). Average abundance for the Þve longer transects
(1Ð5, Fig. 7) was 161 m�2 (range for whole tran-
sect averages were 130-211 m�2). Few mysids were
detected in the shallow Kingston Basin (transect 6,
average 10 mysids m�2). We assumed that no mysids
were present in epilimnetic waters. This is supported
by observations of acoustics backscattering with
and without shipboard light (Fig. 2), previous net
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