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Acoustic surveys are conducted annually in all five of the Laurentian Great Lakes and Lake Champlain to assess forage-fish abundance.
The main target species are rainbow smelt (Osmerus mordax), alewife (Alosa pseudoharengus), and several coregonine species
(Coregonus spp.). The Great Lakes Fishery Commission sponsored an Acoustic Study Group from 2002 to 2006 to discuss common
problems and suggest standardized methods across these lakes. The study group produced a set of recommendations, available as
a Great Lakes Fishery Commission Special Publication and on the web, that use in situ target strength (TS) to scale volume backscatter-
ing. Here, we review these recommendations with special attention to four often-overlooked topics of interest to all acoustic users,
namely issues associated with first, the choice of thresholds for both TS and volume-backscattering strength, second, different settings
for single-echo detection algorithms for measures of in situ TS, third, those taking account of measuring in situ TS in dense fish
concentrations, and finally, detection limits.
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Introduction
Acoustic methods have been used for more than three decades
to estimate fish abundance in both marine and fresh-water
systems (Simmonds and MacLennan, 2005), including early
surveys in the Laurentian Great Lakes (Peterson et al., 1976;
Heist and Swenson, 1983; Mason et al., 2001). Acoustic
surveys are now conducted annually in all five of the
Laurentian Great Lakes and Lake Champlain. The target-fish
species are the main prey of several salmonid species (Salmo,
Salmoides, Oncorhynchus, most lakes) and walleye (Sander
vitreus, Lake Erie): rainbow smelt (Osmerus mordax, all
lakes), alewife (Alosa pseudoharengus, all lakes except Lake
Superior), and coregonines (Coregonus spp., Lakes Superior,
Michigan, and Huron). Despite having similar target species,
assessment methods differ across lakes (Table 1).

Recognizing the need to standardize assessment approaches,
the Great Lakes Fishery Commission funded a study group on
hydroacoustics from 2002 to 2006. This group comprised acoustic
users from academia and from federal, state, and provincial
agencies in both Canada and the USA. The group met twice a
year, sometimes with invited experts in specific topics. The result-
ing document (Parker-Stetter et al., 2009), hereafter referred to as
the GL-SOP, is available through the Great Lakes Fishery
Commission and the USGS Great Lakes Science Center. Most of
the material is also available through the website “Acoustics
Unpacked—a general guide for deriving abundance estimates
from hydroacoustic data” by Sullivan and Rudstam (www.acous-
ticsunpacked.org).

The GL-SOP presents a list of recommendations for the analysis
of acoustic-survey data in the Great Lakes (Table 2). These rec-
ommendations are based on the approach of scaling area- or
volume-backscattering coefficients (sa or sv) with the in situ mean
backscattering cross section. This parameter is sbs, which is often
given as the target strength (TS) through TS ¼ 10 log10 sbs

(dB re 1 m2); in this paper, all references to mean TS are based
on calculations of mean sbs transformed to TS for ease of compari-
son with the literature. There are alternatives to scaling with in situ
sbs, including echo counting and scaling with known TS. The latter
typically involves calculation of TS from fish sampling and empiri-
cal TS functions of fish length. However, echo counting is not poss-
ible in most of the Great Lakes because of high fish densities, and
scaling with “known TS” adds uncertainty associated with the
TS–length regressions, variable tilt angles in the field, and fish
sampling with trawls and nets.

Scaling with in situ sbs, also known as in situ TS-scaling,
requires careful consideration of both the lower threshold on
the TS to be included in the calculations and the associated
threshold on the volume-backscattering strength (Sv ¼

10 log sv). It also requires consideration of potential biases in
the in situ TS associated with single-echo detection (SED) algor-
ithms and with high fish densities and considerations of the range
(depth) limitations of the method. Independent of methods used
to derive densities, we also need to consider which approach is
most practical for the survey design and the associated analysis
of mean and variance. In this paper, we present our recommen-
dations and rationale for analysis thresholds, in situ TS detection
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parameters, and biases associated with dense fish layers and
detection limits. These four issues are seldom discussed in pub-
lished papers and were identified as needing additional

examination by the Great Lakes Study Group. Examples are
taken from surveys of alewife and rainbow smelt in the USA
and Canada.

Table 2. Recommended steps for data collection and analysis of acoustic data for fishery assessment in the North American Great Lakes
(Parker-Stetter et al., 2009).

1. Choose a survey design based on known fish distributions and survey objectives.
2. Calibrate the echosounder (both Sv and TS) with a standard target and settings used during the survey (pulse duration, power settings, single

fish detection, etc.).
3. Test the acoustic equipment with standard vessel speed and use of ancillary equipment (e.g. trawl winches). Record passive acoustic data at

standard survey speed.
4. Collect raw data to below the bottom or maximum range of usable data. Recommended collection settings: pulse duration 0.4 ms (0.2–

0.6 ms), power setting 300 W or less (Korneliussen et al., 2008), ping rate 0.5–4 pings s21 (the slower rate in deep water), TSu data collection
threshold 2100 dB or less for Biosonics (“squared” threshold in the Biosonics software), no lower threshold for Simrad.

5. Base data analysis on raw data. Enter sound speed, absorption coefficient, calibration settings, and transducer depth. Calculate average sound
speed and acoustic-absorption coefficient using average temperature in the water column down to the fish layer of interest.

6. Calculate minimum depth to be included in the analysis; this should be at least the transducer depth plus twice the nearfield.
7. Run bottom-detection algorithm and set the backstep 0.5 m above the detected bottom (0.2–1 m acceptable). Visually scrutinize the whole

echogram for bad data sections and poor bottom detection. Remove questionable data and redefine bottom as needed.
8. Remove ambient noise by calculating Sv noise at 1 m; subtract noise from data. Note that noise levels at 1 m expressed in TSu or Sv are

related but not identical. Alternatively, use power samples directly before applying a TVG function. A noise-removal algorithm using
subtraction and power samples is included in some software.

9. Run single-echo or target-detection algorithms using initial settings of 275 dB for the lower threshold, 26 dB from the peak value for
defining echo duration, 0.6 and 1.5 for the minimum and maximum ratio of echo- and transmitted-pulse lengths, 6 dB for maximum
two-way beam compensation (3 dB for one-way beam compensation), and an angle variance of 0.68 (mechanical degrees).

10. Determine depth layers for analysis by inspecting a graph of TS vs. depth. Changes in the TS distribution with depth may indicate different
fish species or age groups. Compare TS distribution in different zones of the lake (nearshore, offshore). Choose depth layers that have
homogeneous TS distributions. Different depth layers may have to be used in different parts of the lake.

11. Set the minimum TS of interest based on the observed and/or known TS distribution of the fish species of interest. Common values for
minimum TS of interest range from 266 to 254 dB.

12. Calculate detection limits for different size groups depending on minimum TS and noise levels (example in text).
13. Set the Sv threshold so that all backscattering from the minimum TS of interest when detected within the beam width is included in the

analysis. This is the Sv threshold equivalent to a TSu threshold 6 dB below the minimum TS. This Sv threshold will be depth-dependent
(further details in the text).

14. Choose the elementary sampling distance unit (ESDU), typically 200–1000 m giving 20–50 single-fish echoes in most analysis cells. If the
depth layers are shallow, the ESDU might have to be increased to detect enough targets in the analysis cells.

15. Export area-backscattering coefficient (sa) and mean backscattering cross section (sbs) for each analysis cell given the selected thresholds.
16. Check for biased in situ TS using the Nv index. Use the mean sbs by depth region to calculate the Nv index. If Nv is .0.1, replace the mean

sbs in that cell with the mean sbs in surrounding cells or a mean from the appropriate depth layer (see example in the text).
17. Calculate fish density by dividing sa by the mean sbs for each analysis cell. This yields a density in number of fish m22 for each analysis cell.

The density per unit surface area is obtained by summing over all depth layers in each ESDU (interval, segment).
18. Apportion the acoustic fish density to different fish species. This should be based on temperature profiles, known fish temperature

preferences, and catch data.
19. Calculate fish density and species composition in surface and bottom acoustic dead-zones. The report should state whether fish densities in

these zones are included in the total estimate and what assumptions were made for density calculations.
20. Calculate average fish density by species for the whole sampling area with appropriate statistics for the survey design used.
21. Determine the uncertainty of the results including all factors known at the time. List the sources of uncertainty included in these

calculations, such as errors in calibrations, mean sbs, and species allocations; describe the method used to calculate sampling variance (e.g.
cluster analysis, geostatistics).

Table 1. Frequencies, thresholds, and collection/analysis settings for acoustic surveys in the Great Lakes in recent years.

Lake Frequency (kHz) Year started
Beam
width (88888)

TS/Sv

threshold (dB)
Ping rate
(pings s21)

Depth
layers ESDU (m)

In situ
TS settings

Erie 70, 120 (S) 1993 11, 7 270/280 0.5 Three layers 800 6 dB, 1.0
Michigan 120, 129 (B) 1991 7 260/280 0.5 –1 10 m 1 000 6 dB, 0.6
Superior 120 (B) 1996 7 255/260 0.5 –1 10 m 1 000 12 dB, 2.0
Ontario 120 (S, B) 1992 7 270/280 1 2 m 2 000 6 dB, 0.6
Huron 70, 120 (B) 2004 5, 7 260/280 0.5 –1 10 m 1 000 6 dB, 0.6
Champlain 70 (S), 120 (B) 2001 11, 7 276/280 1 Varied Varied 6 dB, 0.6

B (Biosonics) or S (Simrad) identifies the echosounder manufacturer. All surveys use in situ TS to scale area- and volume-backscattering coefficients. Depth
layers are the depth intervals used in the analysis; in Lake Erie, these are based on temperature. In situ TS settings illustrated are beam compensation (dB,
two-way) and s.d. of angle data (mechanical degrees). ESDU is the elementary sampling distance unit used in the analyses. Transmit power is ,300 W for
Simrad instruments. Biosonics data are collected without power reduction, as recommended by the manufacturer. ESDU, elementary sampling distance unit.

1392 L. G. Rudstam et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/66/6/1391/690339 by U
.S. D

epartm
ent of Justice user on 17 August 2022



Considerations for analysis
Analysis thresholds
A review of the literature indicated that the choice of thresholds
varied among users and among surveys for similar target species.
In addition, there was no consensus on how an in situ TS threshold
relates to a Sv threshold. In several published surveys, the same
thresholds were applied for both TS and Sv data. Others used a
rule of having the Sv threshold 10–20 dB lower than the TS
threshold.

We propose that thresholds be based on the minimum expected
TS of the fish of interest (TSmin). This is not the same as that
obtained from published TS–length functions evaluated for the
smallest fish length of interest, because TS is highly directional
and therefore highly dependent on tilt angle. As a result, the TS
distribution from a single fish can range between 20 and 30 dB
(Frouzova et al., 2005; Horne and Jech, 2005). We therefore
suggest graphing the whole in situ TS distribution down to
270 dB or lower and selecting the lowest expected TS based
on this distribution and prior knowledge. As an example,
Parker-Stetter et al. (2006) demonstrated that most targets in the
meta- and hypolimnion were adult rainbow smelt in Lake
Champlain and these targets were stronger than 260 dB at
70 kHz. Based on this, they proposed a lower TS limit of
260 dB for this fish group (Figure 1). Similarly, Brooking and
Rudstam (in press) established that 98% of targets from 130 mm
alewife insonified in a net cage were stronger than 260 dB at
both 70 and 120 kHz (Figure 1). Support for this TSmin for
alewife was obtained from the TS distribution from Onondaga
Lake in 2005 where alewife (108–164 mm total length) constituted
.99% of the catch in vertical gillnets (Figure 1).

After deciding on a TSmin (e.g. 260 dB), we can derive the
appropriate threshold for Sv data, but we first need to clarify the
relationship between the Sv and TS values used to construct echo-
grams. Acoustic data are often displayed either as a Sv echogram,
also called a 20-logR echogram, or as a TS echogram, which is
also called an uncompensated TS (TSu) or 40-logR echogram.
Note that although the term TS echogram is used, these data are
not actual TS values, a property of the fish and incident direction;
rather they are the echo amplitudes from which TS can be derived
by compensating for target location in the sound beam, and hence
the alternative term uncompensated TS or TSu. Here, we will use
TSu for these data.

The goal of applying thresholds is to include all backscatter
from the fish of interest and exclude all backscatter from smaller
targets such as bubbles, invertebrates, and smaller fish. Bubbles
are a special problem because of resonance. For example,
0.06-mm diameter bubbles resonate at 120 kHz (Lurton, 2002).
This can result in volume backscattering above the chosen
threshold. However, removing resonant backscatter requires mul-
tiple frequencies, which are typically not available in fresh-water
applications. We propose choosing a Sv threshold that includes
backscatter from all TSmin targets located within the one-way, half-
power beam width, hereafter called “beam width”. The corre-
sponding TSu threshold will be lower than TSmin when the
target is not located at the centre of the beam. The TSu threshold
will be exactly 6 dB lower (3 dB one-way, 6 dB two-way) than
TSmin when the target is at the beam-width angle. With this
threshold, all backscatter from a fish at the TSmin and located
within the beam width will be included. Some backscatter from
insonified fish outside the beam width will be excluded, and this

will cause Sv values to be biased low. However, including smaller
targets will bias high the Sv from the fish of interest. All thresholds
are a compromise between including wanted and excluding
unwanted backscatter.

Once TSu is determined, the corresponding Sv threshold can be
calculated from the relationship between TSu and Sv. These values
are related through the sampling volume that depends on range
(R, m), pulse duration (t, s), sound speed (c, m s21), and equival-
ent beam angle (C, sr). Using dB units:

TSu;R ¼ Sv;R þ 20 log Rþ 10 log
ctc

2

� �
; ð1Þ

where TSu,R is the uncompensated TS, and Sv,R is the volume-
backscattering strength, both at range R. The Sv threshold

Figure 1. TS distributions for (a) alewife and (b) rainbow smelt. The
alewife data are from adults observed in a net cage in July 2005 with
both 70 kHz (Simrad) and 123 kHz (Biosonics) units (0.2 ms pulse
duration). Field data are from Onondaga Lake, May 2005 (Simrad
EY500, 70 kHz, 11.48 beam width, 0.2 ms pulse duration).
Rainbow-smelt data are from Lake Champlain in June 2007
(Biosonics DtX, 120 kHz, 7.28 beam width, 0.4 ms pulse duration;
Simrad EY60, 70 kHz, 11.48 beam width, 300 W power, 0.256 ms
pulse duration).
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equivalent to a constant TSu threshold decreases with range
because the sampling volume increases with range (Figure 2).
Both Sonar5 (Balk and Lindem, 2007) and Echoview (v4.4,
Myriax, 2007) have options to apply a TSu threshold directly to
the Sv data before echo integration; this procedure will result in
the correct range-dependent Sv threshold.

The difference between a range-dependent Sv threshold and the
commonly applied constant Sv threshold is most obvious in
shallow water, because of the non-linear decrease of the sampling
volume with depth and the consequent non-linear increase in the
Sv threshold. In shallow water, when a fish is present the Sv is high
because the sampling volume is small. What we propose is to use
this relationship to remove more of the unwanted backscatter from
smaller targets in shallow water than is possible with a constant Sv

threshold. In an example from Lake Erie, the density of age-0
rainbow smelt in the 2–6-m depth layer was calculated as
0.66 fish m22 with a constant Sv threshold of 2110 dB, and as
0.47 fish m22 when applying a range-dependent Sv threshold
based on a TSmin for age-0 smelt of 266 dB (272 dB in TSu), a
decline of 28%. In deeper water, the difference is much less; the
density at 16–20-m depth was only 2% lower with the range-
dependent threshold than with the constant threshold. However,
because age-0 rainbow smelt were more abundant in shallow
water, the overall density in the water column decreased by 17%
when the appropriate thresholds were applied. In many lakes,
fish occur close to the surface (e.g. Kubecka and Wittingerova,
1998; Knudsen and Sægrov, 2002) where smaller targets than the
fish of interest can contribute substantially to Sv, causing bias in

the overall fish density. Therefore, we recommend using a range-
dependent Sv threshold for fresh-water surveys.

In situ TS algorithms
In situ TS depends on the SED algorithms, correct angle detection
within the beam and the beam-compensation algorithm (Ona and
Barange, 1999). Ideally, the SED algorithm should remove echoes
from multiple fish from the distribution of in situ TS. These algor-
ithms include (i) limits on the ratio of echo- and transmitted-pulse
lengths, (ii) the s.d. of the angle determinations from the samples
within the echo pulse (SDangle), and (iii) the angle of the target
from the centre of the beam (Soule et al., 1996; Ona and
Barange, 1999). The effect of these settings will vary among lakes
and survey conditions, which complicates standardizations. For
an alewife population of mainly age-3 fish (Onondaga Lake,
New York, in 2005, data collected with a 70 kHz Simrad EY500
echosounder with 11.48 beam width and 0.2 ms pulse duration),
the mean in situ TS was most sensitive to SDangle. Mean TS
increased from 242.55 dB for SDangle ¼ 0.68 to 241.73 dB for
SDangle ¼ 58 (Table 3). This difference (0.82 dB) is equivalent to
a 20% change in the estimated fish abundance. Mean in situ TS
also increased with higher beam compensation (Table 3), but
this difference was small. For the 2005 Onondaga Lake survey,
the mean TS was 242.58 dB with 3 dB beam compensation and
242.41 dB with 12 dB beam compensation (at SDangle ¼ 0.68); a
difference of 0.17 dB and a 4% difference in estimated fish
density. The effect of changing the acceptable lower echo-length
limit from 0.6 to 0.8 times the initial pulse length was a 0.3 dB
decrease in in situ TS and the accepted targets decreased sixfold,
from 2976 to 466. Decreasing the upper echo-length ratio limit
from 1.5 to 1.2 had no effect (Table 3). The maximum TS differ-
ence in this case implies a 20% change in estimated fish density; a
result of similar magnitude to several other sources of uncertainty
associated with acoustic surveys (Simmonds et al., 1992). The
GL-SOP recommends a maximum beam compensation of 6 dB,
as long as sufficient echoes are obtained (i.e. several hundred),
and a maximum acceptable SDangle of 0.68. A higher SDangle may
allow some multiple-fish echoes to pass the SED filter and could
also accept more noise spikes as single targets.

In situ TS in dense fish aggregations
When fish are too dense, they cannot be observed individually and
in situ TS measurements are unreliable. As SED algorithms are not
perfect, some echoes are falsely detected as single fish, especially in

Figure 2. Threshold in the Sv domain corresponding to a constant
TSu threshold of 266 dB (see text).

Table 3. Mean TS calculated for targets stronger than 260 dB in the 2–10-m depth layer using different SED settings.

Beam compensation
(dB)

Angle
variance

Minimum
echo length

Maximum
echo length

Number of
targets detected

Mean TS greater
than 260 dB (dB) DTS (dB)

3 0.6 0.6 1.5 1 567 242.58 20.03
6 0.6 0.6 1.5 2 976 242.55 0
9 0.6 0.6 1.5 4 177 242.44 0.11
12 0.6 0.6 1.5 5 235 242.41 0.14
6 2.0 0.6 1.5 4 815 241.97 0.58
6 5.0 0.6 1.5 6 172 241.73 0.82
6 0.6 0.8 1.5 504 242.86 20.31
6 0.6 0.8 1.2 466 242.82 20.27
6 0.6 0.6 1.2 2 950 242.55 0

All analyses are based on the same transect data. Data are from a survey with a Simrad 70 kHz echosounder (11.48 beam width, 0.2 ms pulse duration) in
Onondaga Lake, May 2005. Data analysis done with EchoView version 4.4, method 1 [equivalent to the Soule et al. (1996) algorithm used by Simrad (Myriax,
2007)]. DTS is the difference in mean TS for targets greater than 260 dB compared with standard recommended settings (row 2, mean TS of 242.55 dB).
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dense aggregations (Soule et al., 1997). Accepting these echoes as
valid in situ TS measures can lead to a substantial error in mean
TS and therefore in fish-abundance estimates. A clear example of
this was observed in Lake Erie via a concentration of age-0
rainbow smelt in the thermocline, on 21 July 2006 (Figure 3).
The number of small targets declined drastically in the densest
area (between 19- and 21-m depth), whereas the number of
larger targets increased (Figure 3). We interpret this as an effect
of multiple-fish targets being accepted as single targets in the
dense region. This conclusion is supported by the absence of
similar large targets in the same depth layer in areas with lower
densities.

To recognize when fish are too dense to calculate unbiased
in situ TS data, the GL-SOP recommends that users routinely cal-
culate the Sawada index (Nv, Sawada et al., 1993; see also Gauthier
and Rose, 2001), which estimates the average number of fish
present in the sampling volume given a random distribution of
fish in space. i.e.

Nv ¼
ctcR2rv

2
; ð2Þ

where c, t, c, and R have been defined previously, ctcR2=2 is the
sampling volume (in m3), and rv the fish density (number of
fish m23). All of these parameters, except rv, are known or easily
measured. Density is generally obtained from the ratio of sv to
sbs but that approach is not valid in this case, because the in
situ mean sbs is biased in dense regions. Therefore, we propose
using sbs from surrounding depths where the fish density is
lower. For the Lake Erie data in Figure 3, we calculated Nv by

assuming that the fish in the dense layer (19–22 m) were the
same fish as found at depths above and below this layer (17–18
and 23–24 m). There was a strong correlation between the Nv

index and the measured mean TS (Figure 4, r2 ¼ 0.85). We
propose accepting the apparent mean in situ TS only if Nv , 0.1
(Warner et al., 2002; Rudstam et al., 2003), otherwise replacing
in situ TS in dense regions with a TS value from surrounding
areas with lower fish density. In our example from Lake Erie, the
estimated density of age-0 rainbow smelt in the 15–22-m depth
layer increased from 2.7 fish m22 when using mean TS, without
accounting for multiple-fish biases, to 5.0 fish m22 when based
on the mean TS from surrounding regions where Nv , 0.1.

Detection limits
Detection limits are seldom discussed in fresh-water applications.
Signals can only be detected without bias if the signal-to-noise
ratio (SNR) is high enough. Because noise varies, spurious noise
spikes can be mistakenly attributed to fish if the SNR is too low.
Simmonds and MacLennan (2005) suggest that an SNR of 10 dB
is adequate for fish assessment, representing a signal that is an
order of magnitude higher than the average noise levels. If noise
levels do not vary much, signals may be detectable without bias
at a lower SNR.

There are two components to consider when determining
appropriate SNR: the signal and the noise. We want to detect,
without bias, the signal from a single fish with TSmin when
located within some distance from the acoustic axis. As above,
we suggest using the beam width. Within the beam width, TSu is
up to 6 dB lower than TS. For a fish with TS of 260 dB, we
would need to detect a signal of 266 dB at some reasonable

Figure 3. Example of in situ TS bias caused by high fish density (rainbow smelt in Lake Erie). Analysis is shown in Figure 4. Data collected by
L. Witzel, Ontario Ministry of Natural Resources, and D. Einhouse, New York State Department of Environmental Conservation.
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SNR (e.g. 3 dB, a factor of 2). In this manner, we can detect fish of
this size, without bias, down to a depth where the noise level, after
amplification by the TVG, is 269 dB measured as TSu, i.e. 266 dB
signal and an SNR of 23 dB. For in situ TS measures, the appli-
cation of a normalized echo-length criterion at some distance
from the peak, typically 6 dB lower, must also be considered.
For unbiased in situ TS data, we therefore need the noise level to
be 6 dB lower, or 275 dB for a minimum TS of 260 dB. The
range (R) at which the noise level (in TSu units) is 275 dB can
be calculated given the noise levels at 1 m (TSu,1):

TSu ¼ �75 ¼ TSu;1 � 40 log10ðRÞ � 2aR; ð3Þ

where a is the acoustic-absorption coefficient in dB m21. As an
example, the noise TSu,1 for a Lake Ontario survey in 2005 was
2150 dB (equivalent to Sv ¼ 2125 dB for this case; Rudstam
et al., 2008). The limit for unbiased detection of a 260 dB
target at that noise level is 101 m. Noise levels in 2006 were slightly
higher (TSu,1 ¼ 2145 dB) and the limit for unbiased detection of
the same target was therefore 58 m in 2006 (Figure 5). As most fish
in Lake Ontario are found at depths ,60 m, noise levels were
acceptable for unbiased target detection for targets stronger than

260 dB in both 2005 and 2006. It must be emphasized that
changes in noise levels (in dB) are not linearly related to detection
range. Additionally, targets of a given strength (e.g. 260 dB) can
be detected in deeper water when they are located closer to the
centre of the beam, but the number of such targets detected will
be biased low.

Reports
Acoustic-survey reports typically include information on basic
parameters such as beam width, pulse duration, and ping rate,
but seldom include a detailed rationale for selecting minimum
TS values, the number of areas with Nv . 0.1 that can bias in
situ TS values, and detection limits. To improve comparisons
between studies, we suggest that the following information be
included in primary reports presenting acoustic data: (i) hardware
and software used, including version; (ii) ping rate, pulse duration,
field-calibration details, and beam width; (iii) SED parameters and
method; (iv) the minimum threshold level that is considered to
represent the fish of interest and the method used for noise
removal; (v) the noise level at 1 m (Sv preferred); (vi) the detection
limit (range) for the smallest fish of interest; (vii) the number of
analysis cells with high Nv values; (viii) a graph of representative
TS distributions for layers with different TS features or a graph
of mean TS vs. depth; (ix) information on decision rules for allo-
cating fish density to different species; (x) mean and variance of
the fish density and the calculation method used (geostatistics,
cluster analysis, etc.); (xi) estimates of uncertainty, including
identification of factors that were included in the estimates; and
(xii) a map of the spatial distribution of fish density along transects
to illustrate spatial patterns and variability.
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assumed to be where the SNR is 3 dB for a target located on the
edge of the beam width (TSu 6 dB below the minimum TS of
interest).
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