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Abstract.— Hydroacoustic surveys have proven valuable for estimating reser-
voir forage fish abundance but are more challenging for adult predators such as
striped bass Morone saxatilis. Difficulties in assessing striped bass in reservoirs in-
clude their low density and the inability to distinguish species with hydroacoustic
data alone. Despite these difficulties, mobile hydroacoustic surveys have poten-
tial to provide useful data for management because of the large sample volume
compared to traditional methods such as gill netting and the ability to target
specific areas where striped bass are aggregated. Hydroacoustic estimates of res-
ervoir striped bass have been made using mobile surveys, with data analysis using
a threshold for target strength in order to focus on striped bass-sized targets, and
auxiliary sampling with nets to obtain species composition. We provide recom-
mendations regarding survey design, based in part on simulations that provide
insight on the level of effort that would be required to achieve reasonable esti-
mates of abundance. Future surveys may be able to incorporate telemetry or other
sonar techniques such as side-scan or multibeam in order to focus survey efforts
on productive habitats (within lake and vertically). However, species apportion-
ment will likely remain the main source of error, and we see no hydroacoustic
system on the horizon that will identify fish by species at the spatial and temporal
scale required for most reservoir surveys. In situations where species composi-
tion can be reliably assessed using traditional gears, abundance estimates from
hydroacoustic methods should be useful to fishery managers interested in de-
veloping harvest regulations, assessing survival of stocked juveniles, identifying
seasonal aggregations, and examining predator—prey balance.
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Introduction

Hydroacoustic methods have proven effec-
tive for estimating reservoir forage fish abun-
dance. These mobile surveys are cost-effective
to carry out (after the initial purchase cost of
equipment) and provide fine-scale information
on spatial distribution (e.g., Degan and Wilson
1995; Schael et al. 1995; Taylor et al. 2005). The
ability to sample a large volume, compared to
other methods such as gill netting, is impor-
tant for forage species such as threadfin shad
Dorosoma petenense that often occur at high but
patchy densities. Estimating forage fish abun-
dance by species is often straightforward be-
cause the pelagic zone typically contains only a
tew prey species.

Applying hydroacoustic methods to adult
predators such as striped bass Morone saxatilis
has been more challenging, but prior attempts
at assessments of land-locked salmonids sug-
gest that the application may hold promise for
large predators in other systems (Yule 2000;
Gangl and Whaley 2004; and reviewed in
Taylor and Maxwell 2007). Practical difficul-
ties include the relatively low density of adult
predators and the inability to distinguish spe-
cies with hydroacoustic data alone. Effective
hydroacoustic methods for adult striped bass
would be welcome, however, because other as-
sessment techniques such as capture—recapture
methods are laborious (Hightower and Pollock
2013, this volume) or provide only relative indi-
ces of abundance (e.g., annual gill-net surveys).

'The purposes of this chapter are to review
prior hydroacoustic surveys of striped bass and
discuss design considerations in planning fu-
ture surveys. We also consider recent develop-
ments in hydroacoustic equipment and whether
technological advances will enhance our ability
to survey reservoir populations of striped bass.

Prior Hydroacoustic Studies
We found three published studies that used hy-

droacoustic methods to estimate abundance of
adult striped bass. Two were conducted in lakes
and the third was carried out in the lower Hud-
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son River estuary. All three studies (summa-
rized below) used scientific fishery hydroacous-
tic systems. This type of system consists of an
echo sounder that produces the digital signal
that is transmitted underwater by the transduc-
er. Returning echoes from a fish or other object
are received by the transducer and amplified by
the echo sounder. The timing of the returning
echo determines the range of the object from
the transducer while the intensity of the re-
turning echo (target strength) is proportional
to the size of the fish target (Love 1977) and
can be used to separate individuals accord-
ing to expected sizes (e.g., of predators versus
smaller prey). A laptop computer controls the
data acquisition parameters and also stores
data from the echo sounder for later analysis.
Older studies used either single- or dual-beam
transducers, which had limited ability to re-
solve positions of fishes within the acoustic
beam (Ehrenberg and Torkelson 1996). More
recent studies have adopted split-beam trans-
ducers, which increase the precision of posi-
tioning within the beam and also decrease the
variation in the estimate of target strength of
the returning echo (Ehrenberg and Torkelson
1996). Transducer beam widths are chosen to
optimize the detection of fish targets while lim-
iting acoustic noise not attributed to fish. Typi-
cally, acoustic beams are cones between 6° and
15° wide. The volume of water sampled increas-
es with distance from the transducer (apex),
with the volume near the apex poorly sampled.
Two of the three studies reviewed below use a
single vertically oriented transducer to sample
from 2 m below the surface to near bottom. If
the fishes are expected to occupy near-surface
waters, an additional transducer is oriented
horizontally to sample the upper water col-
umn (Figure 1). Two of the three studies used
split-beam target tracking to identify individu-
als and estimate abundance. In target tracking,
echoes showing a consistent trajectory through
the acoustic beam are grouped together and
counted as a single fish track (Taylor and Max-
well 2007). One study used echo integration
to estimate density. This analytical approach is
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Ficure 1. Two transducers deployed from the research vessel for simultaneous down-looking and
side-looking deployments to sample fish targets throughout the water column.

appropriate when fish density is high and it is
not feasible to track individual fish. It is based
on the principle that the total acoustic energy
returned from a sampled water volume is pro-
portional to the number of fish in that volume
(Taylor and Maxwell 2007). Information about
the acoustic size (target strength) of an aver-
age individual fish is required to translate the
total acoustic energy returned into an estimate
of fish density. We focus below on the unique
aspects of each study. Detailed information on
fishery hydroacoustic theory and principles are
provided elsewhere (Brandt 1996; Simmonds
and MacLennan 2005).

Mueller and Horn (1999) carried out mo-
bile hydroacoustic surveys of Lakes Mead and
Powell and estimated striped bass abundance
from areas of the lake greater than 20 m deep.
'The surveys were conducted in August of 1996
and 1997. Densities of striped-bass sized tar-
gets were relatively low, allowing individual tar-
gets to be counted to produce fish abundance
estimates. They used a minimum threshold
target strength of =40 dB to limit the analy-
sis to fish estimated to be larger than 16 cm,
based on studies relating target strength to fish
size (Love 1977; MacLennan and Simmonds
1992). Catches from vertical gill netting (sur-

face to depths >30 m) were used to partition the
hydroacoustic estimates among species, with
striped bass comprising an estimated 74-89%
of the fish larger than 16 cm. The abundance es-
timates varied substantially between the 2 years
(1.9 and 3.0 million in Lake Powell, 0.8 and 1.3
million in Lake Mead) and 90% confidence in-
tervals were close to or included 0, so there was
clearly much uncertainty associated with the
estimates. The striped bass estimates along with
similar estimates for prey species were used to
examine predator:prey relationships and to ex-
plain the poor condition and die-offs observed
for striped bass (Gustaveson and Blommer
2013, this volume).

Hartman and Nagy (2006) used mobile hy-
droacoustic surveys to estimate the abundance
of striped bass, white perch Morone americana
and bay anchovy Anchoa mitchilli in the lower
Hudson River estuary. Their analysis was done
from a depth of 2 to 0.5 m above bottom (with
depths ranging up to 18 m), and the estimates
were extrapolated to account for the entire wa-
ter column. They estimated fish densities using
echo integration and partitioned the density
estimates into size-classes using an equation
from Hartman and Nagy (2005) relating target
strength to fish length. Midwater trawl catches
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were used to partition the size-specific den-
sity estimates among species. 'Ihey also made
a limited number of gill-net sets to determine
whether their target species occurred within
0.5 m of the bottom. No striped bass were
collected within this acoustically inaccessible
zone. Their estimates of total abundance for
striped bass (90 mm and larger) were 0.76
million in December 1995 and 1.47 million
in December 1997. A high percentage of the
estimated total in 1997 was in the size range
classified as age 0.

Stewart et al. (2007) conducted mobile
surveys during February using side- and down-
looking transducers to estimate striped bass
abundance in Lake Pleasant, Arizona. The fo-
cus of their study was to evaluate the impact
of invading striped bass on an important and
historically strong largemouth bass Microp-
terus salmoides fishery. Their analysis was based
on individual fish tracks. Fish estimated to be
larger than 125 mm (2005) or 150 mm (2006),
based on Love’s equation (Love 1977), were as-
sumed to be potential predators. Striped bass
comprised 25-38% of the fish in this size range,
assuming that horizontal gill-nets set at the
surface and on bottom obtained a representa-
tive sample of the population of interest.

Design Considerations

A primary advantage of mobile hydroacoustic
surveys is the ability to sample a greater propor-
tion of the reservoir in a sampling day compared
to fixed-gear (e.g., gill net) or other direct sam-
pling (e.g., trawls). Also, the volume sampled
can be reliably estimated, whereas fixed-gear
methods sample an unknown volume and catch
rates depend partly on fish movement. Despite
these advantages, a mobile hydroacoustic survey
may still only represent a small fraction of the
entire volume of the lake because of the narrow
beam width of the hydroacoustic transducers.
An effective survey design will consider time
and resources available and sample a sufficient-
ly representative geographic area and portion of
the total volume, based on available informa-
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tion about density and seasonal distribution of
striped bass. As an example, we calculated the
number of fish that might be observed along
a 1,000-m transect of a mobile hydroacoustic
survey, assuming homogeneous distribution
throughout a reservoir and using a striped bass
population estimate of 136,227 fish age 1 and
older from Smith Mountain Lake (Moore et al.
1991). The storage volume for Smith Mountain
Lake (1,082,480 acre-feet) was obtained from
a Federal Energy Regulatory Commission
environmental impact statement document.
Converting to cubic meters (and assuming a
completely random striped bass distribution)
generates a density estimate of 0.0001020 age-
1+ striped bass per cubic meter. Unless the sur-
vey transects are predominately done at depths
greater than 10 m, it is not likely that more than
a single striped bass would be observed along
any 1,000-m transect if using a 6° downward-
oriented transducer (Table 1). Using a wider
15° transducer slightly more than doubles the
expected number of fish encountered, but it also
reduces the resolution, so there is less ability to
separate individual fish targets, particularly near
the bottom.

We then simulated a variety of spatial
distributions of striped bass in a reservoir and
simulated sampling of the population using a
mobile acoustic survey and a range of sampling
efforts. The population distribution and mobile
survey were simulated using Wildlife Simula-
tion Package (WiSP; Zucchini et al. 2007)
in the statistical programming language R (R
Development Core Team 2009). The simulated
striped bass population was based on the assess-
ment used above from Smith Mountain Lake,
Virginia (Moore et al. 1991). The simulated res-
ervoir had a total area of about 10,000 ha and a
population of 137,000 individuals. To simplify
the simulation, we assumed that all fish were
located at the 10-m depth stratum and that the
survey was done using a 15° conical downward-
oriented transducer. This results in a higher
encounter rate than depicted in Table 1 and
would be similar to seasonal periods in which
striped bass are concentrated in a vertical band
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TasLE 1. Calculated beam width and sampling volume for a 1,000-m-long transect. Beam width
calculated for two common transducer beam widths, 6° and 15°. Beam volume is calculated for 5-m
depth interval centered on each stratum. Fish counted per 1,000 m assumes a system-wide density of
0.000102 fish/m?, as derived from Moore et al. (1991).

6° beam 15° beam
Depth Beam Beam Beam Beam
stratum width volume Fish per width volume Fish per
(m) (m) (m?) 1,000 m (m) (m?) 1,000 m
5 0.52 2,620 0.27 1.32 6,583 0.67
10 1.05 5,241 0.53 2.63 13,165 1.34
15 1.57 7,861 0.80 3.95 19,748 2.01
20 2.10 10,482 1.07 5.27 26,330 2.69
25 2.62 13,102 1.34 6.58 32,913 3.36
30 3.14 15,722 1.60 7.90 39,496 4.03
35 3.67 18,343 1.87 9.22 46,078 4.70
40 4.19 20,963 2.14 10.53 52,661 5.37
45 4.72 23,584 2.41 11.85 59,244 6.04
50 5.24 26,204 2.67 13.17 65,826 6.71

of suitable or preferred habitat (Coutant 2013;
Rice et al. 2013; Thompson and Rice 2013; all
this volume). The assumed vertical distribution
determined the beam width and detection of
individuals along a survey transect. We chose
four types of distribution for this exercise: (1)
a homogeneous and random (Poisson) distri-
bution of individuals throughout the reservoir,
(2) a distribution gradient with higher densities
in one region of the reservoir as may be found
during seasons of restricted thermal habitats or
spawning season, (3) a patchy distribution that
may be driven by the distribution of forage spe-
cies or habitat preferences, and (4) a patchy dis-
tribution within a gradient (Figure 2). The effort
for each survey varied from five parallel tran-
sects (approximately 40 km total survey length)
to 50 transects (400 km total survey length).
The first transect was randomly located and
remaining transects were evenly spaced across
the hypothetical reservoir. If an individual was
within the detection width of the transducer
beam, it was counted and the sampled area was
estimated. A distance method was used to esti-
mate the total abundance (Borchers et al. 2002).
We simulated each level of effort 30 times and

calculated the mean abundance and coefficient
of variation for each level. The results are also
presented in terms of the total distance traveled
to provide guidance for designing a survey or
monitoring program. Mobile surveys are usu-
ally conducted from small vessels at speeds be-
tween 1.5 and 2 m/s (5-7 km/h), which would
equate to a maximum of 40-50 km survey dis-
tance per 8-h sample day.

This exercise highlighted two important
considerations when designing a mobile hy-
droacoustic survey for fishes like striped bass
in reservoirs. First, using a minimal effort level
of 40 km of transects, and assuming a random
and homogeneous distribution of fish in the
system, coeflicient of variation approached
20% (Figure 2). Second, as the population dis-
tribution departs from homogeneous, uncer-
tainty in abundance estimates increases. In the
extreme case of two large patches, coefficient
of variation approached 60% for the lowest ef-
fort level. The coefficient of variation did not
fall below 20% until effort was increased by
60% or another half-day of effort (Figure 2).
For this 10,000-ha reservoir and the types of

spatial distribution and patchiness simulated
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Ficure 2. Results from a simulation survey of four types of spatial distribution of striped bass and
varying level of survey effort. See text for description of system, population and survey. Top row shows
the simulated 8,000 x 12,500 m rectangular reservoir with four types of striped bass distribution: (A)
a homogeneous random distribution, (B) a gradient distribution varying 10-fold along the x-axis, (C) a
patchy distribution with densities 100-fold higher in patches compared to surrounding system, and (D)
two patches within a gradient distribution with densities 30- to 100-fold higher in patches compared to
surrounding system. Vertical lines are shown as an example of the level of effort equivalent to 40 km
and individuals that were detected along each transect (highlighted dots). Second row shows estimated
abundances from 30 simulations at each level of survey effort (40 to 400 km). Bottom row shows coef-
ficient of variation at each level of survey effort (SD/mean).

here, a survey effort level of 100 km of tran-
sects (2 d) would produce reasonable popula-
tion estimates for large pelagic fishes such as
striped bass. However, this exercise included
some simplifying population and survey con-
ditions: (1) single species, (2) fixed depth of
all individuals, and (3) simple systematic (par-
allel) survey design. We encourage biologists
and managers to consider this simulation ap-
proach when designing their survey for striped
bass, paying particular attention to any prior
knowledge about the spatial arrangement (e.g.,
patchiness) of the striped bass population and
possible logistical constraints that may dictate
a different survey design (e.g., zigzag pattern).
As we discuss below, considerations must also
be given to mixed-species communities and
the need to apportion the hydroacoustic den-
sity estimates based on directed sampling for
species identification.

Another potential design issue is that
striped bass may occupy habitats that are not
readily surveyed using hydroacoustics. For ex-
ample, striped bass that are in shallow near-
shore areas, within about 0.5 m of the bottom,
within submerged standing timber, or in high-
ly localized summer refuges such as springs or
tributaries (Coutant 1985) would be difficult
or impossible to survey. The best strategy here
would be to determine times of the day or year
when striped bass are separated from structure,
bottom, and other species. For example, Muel-
ler and Horn (1999) reported that during win-
ter, striped bass were often closely associated
with the bottom but, at night, would rise and
disperse throughout the water column.

A hydroacoustic survey using a split-beam
sonar provides some information about fish
size based on the strength of returning echoes.
If the survey is done using target tracking
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(which we recommend), then the average tar-
get strength for the series of echoes from an
individual fish can be used to estimate fish
size, using a regression equation such as that
developed by Hartman and Nagy (2005). Us-
ing this approach to track individual fish, it
should be possible to separate small forage
fishes from larger fish such as striped bass
(Figure 3). This does not eliminate the need
for traditional sampling to get species com-
position (e.g., gill netting), but it does mean
that species composition can be estimated for
a specific size range of interest (e.g., the range
containing adult striped bass).

Vertical gill netting can be a useful meth-
od for estimating species composition in open
water (Mueller and Horn 1999). The main
limiting factor for this method is that catches
tend to be small, resulting in poor estimates of
species composition over the larger zone of the
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hydroacoustic transect. Horizontal gill nets
fished at the surface or bottom may be effec-
tive if large targets believed to be striped bass
are distributed throughout the water column.
Fishing a suspended gill net at a particular
depth could be very effective in certain seasons
(e.g., when striped bass are concentrated due
to summer habitat squeeze), although setting
the nets can be difficult and catches are often
low (Stewart et al. 2007; Bergthold and Bettoli
2009).

One strategy for improving the precision
of hydroacoustic surveys for striped bass would
be to narrow the spatial scope of the survey. A
data-driven approach for defining the spatial
scope would be to implant transmitters in a
subset of fish. Locations of radio- or sonic-
tagged fish within the reservoir would make
it possible to stratify by zone or habitat type,
with proportionally more hydroacoustic sam-
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Ficure 3. Example echogram from Badin Lake, North Carolina showing a layer of small forage fish
(clupeids) within the first 10 m with larger fish targets (possibly including striped bass) between 10 and
20 m deep. The dashed box on the right side of the echogram indicates the range of target strengths
(TS; —40 to —27 dB) that would be expected for striped bass larger than 150 mm, based on the relation-
ship provided by Hartman and Nagy (2005). For clarity, only three large fish targets are identified.
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pling in strata containing more striped bass.
If depth- or temperature-sensing transmitters
were used, the reservoir could be stratified in
three dimensions. Information about the verti-
cal distribution of striped bass should increase
the efficiency of the hydroacoustic survey, sim-
plify the analysis of hydroacoustic data, and re-
duce uncertainty about species composition of
hydroacoustic targets. For example, Thompson
(2006) used depth- and temperature-sensing
tags to show that striped bass in Badin Lake,
North Carolina were concentrated into a lim-
ited volume of (marginally) suitable habitat
during summer due to temperature and dis-
solved oxygen requirements. Because of this
“habitat squeeze” (Coutant 1985, 2013), sum-
mer would be a very efficient time to conduct
a hydroacoustic survey for striped bass. How-
ever, one practical concern about a summer
survey is that fish sampling for species com-
position could result in considerable mortality
of striped bass.

If a data-driven approach is not fea-
sible, initial weights for proportional sam-
pling by stratum could be equal or based on
information from anglers or area biologists.
Preliminary weights could be updated as hy-
droacoustic data become available. For the hy-
droacoustic survey of Lakes Powell and Mead,
Mueller and Horn (1999) limited their analy-
sis of hydroacoustic data to areas of the lake
greater than 20 m deep, based on the experi-
ence of area biologists.

A hydroacoustic survey during summer
could also be useful for monitoring the decline
in suitable habitat (habitat squeeze). The sur-
vey would provide three-dimensional informa-
tion about where striped bass-sized targets are
concentrated. Coupled with water quality data
and predictions from reservoir water quality
models (Ruane et al. 2013, this volume), it
should lead to a greater understanding of how
habitat squeeze impacts reservoir striped bass.
It could also be used to assess the effectiveness
of potential engineering methods intended to
create better temperature-dissolved oxygen

habitat (Mobley et al. 2013, this volume).
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Field Trial of Simulated Survey
Methodology

The mobile survey methodology described
above was field tested on 2 September 2010 at
Jordan Lake near Raleigh, North Carolina. The
pilot survey was conducted in the Haw River
arm, where summer die-offs of striped bass
had been observed in prior years (N. C. Oakley,
North Carolina Wildlife Resources Commis-
sion, personal communication). Four transects
with a total distance of 10.1 km were done
using a down-looking BioSonics DT-X split-
beam system with a frequency of 430 kHz and
a 7° transducer beam. Fish tracking was done
using Echoview software, and tracks with an
average target strength less than —35 dB were
excluded. This target strength should corre-
spond to an average size of about 35 cm, based
on Love’s (1971) dorsal aspect equation.

We detected six fish tracks with mean target
strength greater than —35 dB. These fish were lo-
cated at a depth of about 3 m, where water tem-
perature was 29°C and dissolved oxygen concen-
tration was about 2 mg/L. The dissolved oxygen
level was less than 1 mg/L at a depth of 4 m,
so we assumed the effective search volume was
between our starting range of 0.5 m and the bot-
tom or 4 m, whichever was less. This produced
an estimated sampling volume for our transects
of 16,204 m? or a fish density of 0.0004/m?. This
density is slightly higher than the estimate as-
sumed in Table 1, but striped bass in Jordan Lake
were concentrated into a limited depth range,
and the six fish we detected may have included
multiple species. The low number of detected
targets also makes clear the difficulty of conven-
tional sampling to get species composition. Fish
sampling might be aided here by the apparently
clumped spatial distribution for striped bass in
this arm of the lake. All six targets we detected
were less than 1 km apart and three of the six
were at the same location.

Conclusions and Future Directions

Hydroacoustic surveys have several advantages
over traditional methods such as gill netting.
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Gear selectivity (relative vulnerability to capture
across size-classes) is not an issue, whereas both
gill nets and electrofishing are known to be size
selective. Hydroacoustic surveys can cover large
areas at fine resolution compared to the coarse
resolution of traditional gears. It is also straight-
forward to expand hydroacoustic survey results
to a whole-system abundance estimate if suf-
ficient sampling is performed in each stratum,
whereas traditional methods provide only an in-
dex of relative abundance.

Generating a lake-wide abundance es-
timate for striped bass-sized targets would
typically require less than a week of transect
effort in order to achieve reasonable precision.
Relatively more effort would be needed if the
distribution of striped bass is patchy, although
information about the patchiness from telem-
etry, preliminary hydroacoustic surveys, or other
data sources could result in a much more effi-
cient and cost-effective survey.

Additional field effort would be required
to partition the lake-wide abundance estimate
among species. The sampling locations (areas and
depths) and gears (e.g., gill-net orientation and
mesh sizes) would be based on the hydroacoustic
results. This should make the fish sampling more
effective, as there may be relatively few species
within the habitats occupied by adult striped bass.
For example, striped bass comprised 74-89% of
the vertical gill-net catch of fish 16 cm and larger
within Lakes Powell and Mead (Mueller and
Horn 1999). Similarly, mid-water trawl sampling
in the lower Hudson River indicated that 100%
of the fish between 30 and 100 cm were striped
bass (Hartman and Nagy 2006).

A future direction for mobile hydroacoustic
surveys may be to increase the sampling volume
through the use of other sonar technologies. As
we show in Table 1, striped bass may be rare
along any given transect owing to the narrow
transducer beam used. Other sonar technologies
may provide information on the distribution of
large fishes in reservoirs that could help guide
the survey design. Multibeam echo sounders
can increase the sampling swath by 10-fold, and
many side-scan sonar systems are capable of
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sampling at least 100-m-wide swaths. Neither
of these systems can currently provide quantita-
tive information that could produce abundance
estimates, but presence of large targets or groups
or schools of large fishes could be used to focus
effort using the split-beam echo sounder. An-
other approach is to orient a split-beam trans-
ducer at an oblique angle at the depth where
striped bass are expected to occupy. Sample vol-
ume could be increased threefold compared to a
vertically oriented transducer; however, this ap-
proach would only work if striped bass are well
above the bottom. Alternatively, a horizontally
aimed transducer towed at the expected depth
of striped bass vertical distribution would in-
crease the sample volume compared to surface-
mounted transducers by more than sevenfold.
Abundance estimates from a hydroacoustic
survey should be valuable to the fishery man-
ager. These estimates would provide a context
for interpreting creel survey results, that is, in as-
sessing the extent to which fishing impacts the
adult population. Hydroacoustic estimates can
also be used to examine the effectiveness of a
stocking program, not only survival from stock-
ing to recruitment into the fishery, but also the
adult population produced at different stocking
rates. Estimates of population size can also be
valuable for examining the predator:prey ratio.
Hydroacoustic surveys often produce abundance
estimates for forage fish as well as predators and
would be valuable for examining whether current
(or proposed) stocking levels might overwhelm
the prey base. Tagging methods can also be used
to estimate absolute abundance of striped bass,
but it is difficult to generate the sample sizes
needed to obtain precise estimates (see High-
tower and Pollock 2013). Our view is that hy-
droacoustic surveys have the greatest potential
of the available sampling gears for producing
whole-lake abundance estimates that would al-
low for more advanced management approaches.
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