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Relating fish distributions to physical
characteristics of a tidal energy candidate site in
the Banks Strait, Australia

Constantin Scherelis, Irene Penesis, Philip Marsh, Remo Cossu, Mark Hemer, Jeffrey Wright

Abstract—With the tidal energy industry moving
towards commercial-scale developments, it is important to
consider potential interactions between tidal energy
converters (TECs) and the marine environment prior to the
instalment of large-scale TEC arrays. The Banks Strait, a
tidal channel located in the northeast of Tasmania,
Australia, was identified as a promising candidate site for
tidal energy by the Australian Tidal Energy (AUSTEn)
project. To gain an understanding about potential overlap
between TEC arrays and fish usage of the Banks Strait tidal
channel, fish density distributions were estimated from
hydroacoustic surveys during the tidal resource
characterization campaign. Differences in fish density were
examined according to bottom—-depth, bottom - type, current
speed, temperature and vertical distribution. Fish densities
were significantly higher at night and displayed preferences
for depths between 20 — 40 m and current speeds between
1.75 - 2 m/s. Fish density was generally highest in the
bottom 10 m from the sea floor at all depths sampled.
Variation by temperature and bottom-type sampled was not
significant. Future studies involving long-term, stationary
surveys of fish densities along with repeated surveys across
different seasons would provide a more wholistic picture of
fish distributions in the Banks Strait to inform developers
about potential device encounter probabilities.

Keywords— Australian Tidal Energy, Banks Strait,
environmental monitoring, fish density distribution,
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I. INTRODUCTION

Australia’s commitment to the 2015 Paris Climate
Agreement has produced a surge in the development
of renewable technologies that aim to reduce Australia’s
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greenhouse gas emissions. By 2020, Australia’s renewable
energy portfolio is targeted to reach 33 TWh, requiring
23.5% of Australia’s electricity generation to be from
renewable sources [1]. To meet this target, a total of 6000
MW of installed capacity from renewable sources is
necessary. A largely untapped resource for renewable
energy generation is found in the vast capacity for ocean
renewable energy (ORE) presented by Australia’s
coastline in form of Tidal Energy Converters (TECs) and
Wave Energy Converters (WECs). Current estimates
indicate that ORE resources for wave and tidal far exceed
Australia’s electricity demand, which peaked at 229 TWh
in 2017 [1 - 2].

In 2017, the Australian Renewable Energy Agency
(ARENA), along with researchers at the Australian
Maritime College (AMC), University of Tasmania,
initiated the Australian Tidal Energy (AUSTEN) project. In
partnership with the University of Queensland and
Commonwealth Scientific and Industrial Research
Organisation (CSIRO), the AUSTEn project aims to
characterize high-flow tidal streams in Australia for their
potential to develop tidal energy. If developed on a
commercial scale, tidal energy has the potential to play a
major role in Australia’s future energy mix [3]. Regions
characterized by near-shore, shallow, high-velocity tidal
currents are targeted for tidal energy developments as
they are in proximity to existing power grids, facilitate
installation efforts more readily, and provide a high-
energy extraction potential.
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The Banks Strait, located in the southeast region of the
Bass Strait between Tasmania and Clark Island, Australia,
was identified as an excellent candidate site for tidal
energy developments (Fig. 1). Preliminary studies of this
region involving a coarse-resolution hydrodynamic model
show tidal currents exceeding 2.5 m/s with a tidal range of
2 m [4 - 5], while sporadic bathymetry surveys by the
Australian Navy indicate depths between 25 — 60 m. Along
with its proximity to an existing power grid in the north-
east of Tasmania, the Banks Strait offers potentially
advantageous conditions for the installation, generation
and transmission of electricity generated by TECs.
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Fig. 1. Location of the Banks Strait (a & b), simulated tidal currents
in Banks Strait (c), and a bathymetry map of the Banks Strait with the
region surveyed during the March 2018 field campaign highlighted in
red (d).

As an emerging technology, the effects of tidal energy
devices on the marine environment have yet to be fully
described. One concern for tidal energy devices is the
encounter probability between fish and turbines. Field
studies monitoring fish behavior upon encountering
turbine blades were conducted [6 — 8] and device
encounter probability models were developed to address
this concern [9]. No significant effects on fish behavior
from single device deployments were concluded and fish-
strike probability was determined to be less than 5% in a
laboratory flume study by Castro-Santos and Haro [10].
However, both approaches recognized that encounter
probability and subsequent effects to fish populations are
a function of the number of fish present during the
operational phases of the turbine. As the industry
advances from single-device deployments to commercial-
scale arrays that include hundreds of turbines, the
potential for fish and turbines to be co-located increase
significantly. Additional concerns for commercial-scale
TEC developments include population-level responses in

fish by disrupting migratory pathways [11] and adding
stressors in the form of underwater noise [12] and
electromagnetic fields [13]. Potential impacts to the
physical characteristics within a tidal channel have also
been raised in form of reduced current speeds, altered
water quality and nutrient supplies, and changes in
sediment transport [14 — 16]. Addressing these concerns
and quantifying potential impacts for comparison with
other energy sources is a challenging, yet important step
in evaluating the future of tidal energy [11].

Studies on the environmental impacts of tidal energy are
limited and have not yet encompassed device effects on
the marine environment to the full extent, especially for
large-scale commercial developments [17]. In response to
this uncertainty, environmental impact assessments (EIAs)
must be conducted that inform about the marine animals,
habitats and ecosystems at the tidal energy candidate sites
and evaluate potential impacts of TECs to the marine
environment. Fish density assessments at tidal energy
candidate sites provide important insights for determining
the impact of such devices on the marine environment.

Fish densities have been shown to vary by habitat,
where different fish species display preferences for bottom
type, depth, temperature, bathymetry and current speed
[9, 18 — 19]. Environmental monitoring studies conducted
at tidal energy sites to date suggest fish abundance is
associated with tidal- and diel cycles and that the
likelihood of fish encountering tidal energy devices
changes seasonally [20 — 22]. It has also been established,
in other oceanic environments, that fish presence and
distribution are linked to a variety of hydrodynamic
features ranging from small scales, such as turbulent
eddies [23], to medium scales, such as internal waves [24],
to large-scale oceanic convergence zones [25]. However,
relationships between fish and hydrodynamic properties
(e.g. currents and turbulence) in high-flow tidal habitats
have yet to be fully described. The aim of this study is to
examine relative fish density distributions throughout the
Banks Strait tidal energy candidate site based on depth,
current speed, bottom-type, and temperature.

II. METHODS

A. Data collection

A 16-day field campaign was undertaken by the
AUSTEN project to characterize the tidal resource of the
Banks Strait region from March 13 to March 29, 2018.
Mobile hydroacoustic surveys of the study site were taken
concurrent to field-campaign operations. Hydroacoustic
sampling was conducted with a Simrad 120 kHz, 7°
circular-beam transducer mounted to the vessel hull,
operating at 0.2 millisecond pulse duration and a 2 Hz
sampling rate.
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The region of interest (ROI) investigated during this
campaign included a 173 km? region within the Banks
Strait tidal channel (Fig. 2). Sampling stations within the
study region included 16 casts using an RBR Maestro
Multi-Channel Logger for conductivity, temperature and
depth (CTD) measurements. Eight of the CTD stations
included Penetrometer casts measuring the penetration
depth upon impact with the surficial seabed sediments.
Maximum penetration depth is indicative for bottom-type,
where penetration depths <1 cm is typically rock, > 1 cm <
20 cm indicates sand and > 20 cm is most likely a mud or
silt composition [26]. Each penetrometer station included
three casts from which the mean penetration depth was
taken. A drop-camera was used to confirm bottom-types
inferred from penetration-depth measurements. Timing of
survey transects within the ROI was subject to activities
conducted by the AUSTEn project that
bathymetry surveys, instrument deployments for long-
term monitoring, and station casts. Adverse weather also
required the vessel to seek shelter near shore for several
days. Two ADCP instrument were deployed during the
field campaign, including a Teledyne RDI Workhorse 300
(station A) and a Nortek Acoustic Wave and Current
profiler (station B).

included

Day-time surveys
* Night-time surveys
* Cast stations
ADCP station A
ADCP station B

N
Fig. 2. Region surveyed in the Banks Strait during the March 2018

field campaign. Survey timing and sampling activities are
highlighted. ADCP station 1 represents the Teledyne RDI Workhorse
300 and ADCP station 2 the Nortek Acoustic Wave and Current
profiler.

B. Data processing

Survey tracks occurring within the ROI were extracted
and processed in Echoview® software (10.0, Myriax,
Hobart, Australia). Strong signals in the surface layer,
likely caused by entrained air bubbles from turbulence and
ship movement were removed by implementing a signal-

dependent surface-line threshold (Fig. 3A). A bottom-
detection line was also created to remove bottom returns
and isolate the water column for continued data
processing (Fig. 3B). A -70 dB target-strength threshold
was applied to remove non-fish targets contributing to the
backscattered (e.g. suspended
zooplankton). Survey tracks were split into 20 m distance
bins (N =50,133) and processed for volume backscatter (Sv)
metrics. Bin size was based on a previous fish distribution
study at a tidal energy candidate site in the Bay of Fundy
[21]. Svis used to describe the density of organisms within
a sampled volume of water and is the primary
measurement tool for estimating fish densities and
abundance in hydroacoustic studies [20 — 21, 27 — 28]. Sv
represents the sum of backscatter received from all
scatterers (i.e. targets) within a sampled volume of water
and is expressed logarithmically in units of decibels (dB re
1 m?) or, in its linear domain (sv), as m*>xm- defined as [28
-29]:

signal sediments,

_Zo'bs
S ==

Where obs is the backscattering cross-section or reflective
intensity of a target and V the volume sampled. V is a
function of the equivalent beam angle ()), an
approximated angle at which 99% of energy is transmitted
from a transducer (7° in this case), and range squared (due
to spherical spreading) [28]:

CcT
V= 1PR2(7)

Where c is the speed of sounds (m/s) and T pulse duration
(milliseconds). Mean volume backscatter (s, ) was
calculated for each 20 m distance bin (A), where the
number of samples (s) per bin and sample volume (V)
varied according to vessel speed and activity, and depth
[30].

s — Z.iqné(estssvsvs)

vmean = TS ACe 1)

Line- and target-strength thresholds were accounted for,
where ¢ = 0 if samples were outside of the surface- and
bottom-line thresholds, and t = 0 if samples were below the
specified minimum target-strength threshold. s. values
were then converted to its logarithmic form [Sv = 10 x
log(sv)] and examined for differences according to diel
stage, current speed and direction, bottom-depth (i.e.
distance from the water surface to the seafloor) and
vertical distributions within the water column. A separate
processing step exported mean Sv in 2 m depth-cell
intervals for each 20 m distance bin (Fig. 3). Exported meta-
data included sampling time, GPS location and mean
bottom- and surface-line depths per distance bin used to
mask bottom- and surface backscatter. Sy measurements
within 100 m of each cast station were averaged and
compared to the conditions present.
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Fig. 3. Visualized processing steps for Sv data extraction. A is th
surface interference that includes (most likely) entrained air bubbles,
B is the seafloor, C represents one 20 m distance bin, D shows a 2 m
depth-cell within the 20 m distance bin, and E shows probable fish
targets that contribute to the exported Sv strength.

A two-dimensional, 400 m grid hydrodynamic model of
the Banks Strait region was constructed as part of the
AUSTEN tidal resource assessment campaign, with depth-
averaged current speed and current direction simulated in
10 min intervals. The lateral open boundaries were forced
using the TPXO7.2 global ocean model [31], with surface
wind and sea level pressure forcing generated using the
ERAS dataset [32]. Modelled current speeds were matched
to the respective time and location of each 20 m distance
bin. Model performance was assessed by correlating
modelled current speeds with in-situ measurements taken
from two ADCP deployments in the study region during
this field campaign (Fig. 2).

C. Data analysis

Data was subsampled into day-time and night-time
surveys due to significant differences in Sv that would
mask any difference observed from
characteristics of the site. Surveys occurring between
sunset and sunrise (19:30 — 07:00 AEDT) were grouped into
night-time surveys (N =19,249), while any surveys outside
of this period were grouped into day-time surveys (N =
30,884).

the physical

Current speed associated with each 20 m distance bin
were grouped into 0.25 m/s intervals, where the first
interval represents mean Sv for current speeds between 0
and 0.25 m/s and the final interval includes currents
between 2 and 2.25 m/s. Minimum current speed extracted
from the hydrodynamic model based on survey time and
location was 0.03 m/s, while the maximum was 2.08 m/s.
Bottom-depth was grouped into 10 m intervals, where the
minimum bottom-depth sampled throughout the study
region was 14.76 m and the maximum depth was 74.87 m.

Autocorrelation of Sv among 20 m distance bins was
removed by randomized data subsampling that allowed
for each sampling unit to be treated as an independent
measurement. Autocorrelation was found to be negligible
after 40 lag-units for both day- and night-time sampling.
As such, datasets were resampled into a randomized order
where each data point was at least 40 units removed from
the previous. The resampled day- and night-time datasets
were tested for residual autocorrelation according to the
Ljung-Box Q-test and found to have non-significant
autocorrelation (p <0.05). This enabled changes in mean Sv
based on current speed, current direction and bottom-
depth to be examined.

Vertical distribution of Sv throughout the water column
was explored by calculating the mean Sv for all depth-cells
that shared the same water depth (i.e. distance from water
surface to depth-cell) and bottom-depth. For example, Sv
depth-cells close to the bottom between 26 m — 28 m were
only grouped with depth-cells that had comparable
bottom-depths with
significantly deeper, where 28 m would represent a mid-
water depth instead. Day- and night-time surveys were
explored separately. Autocorrelation in the vertical
distribution of Sv was not of concern, as each cell presents
a summary statistic (mean) that is representative of a
collection of spatially and temporally independent
samples.

and not regions that were

Statistical analysis was carried out using the statistical
toolbox in Matlab [33]. Significant differences in Sv
according to diel stage, depth, and current speed were
examined using robust Analysis of Variance (ANOVA)
tests in form of the Kruskal-Wallis test at the 1%
significance level (p < 0.01). The Kruskal-Wallis test
examines whether variables included in the analysis share
the same distribution, where a p-value < 0.01 rejects the
hypothesis that a shared distribution exists. Non-
parametric testing was necessary as assumptions of
normality were not met according to the Kolmogorov-
Smirnov test at the 5% significance level (p <0.05).

I1I. RESULTS

Significant differences in Sv values were observed
during night-time sampling compared to day-time
sampling with a large increase in backscatter occurring
during the hour of sunset (19:00 — 20:00) and decreasing
during the hour of sunrise (07:00 — 08:00). Median Sv
between the hours of 22:00 and 06:00 were shown to be
consistently in the region of -70 dB, while median Svduring
day-time sampling were around the -80 dB mark (Fig. 4).
Sampling conditions with respect to current speed and
direction, bathymetry and bottom-type were evenly
represented during day- and night-time surveys.
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Fig. 4. Mean Sv sampled at different hours of the day. Blue circles
indicate means, red horizontal bars are medians, box height
represents the 25t and 75t percentiles and whiskers the 10t and 95t
percentiles. Green lines represent the mean sunrise and sunset times
that occurred during the 16-day field campaign.

During daytime sampling, median Svvalues varied from
-83.43 dB during low current speeds (0 to 0.25 m/s) over -
81.17 dB during medium (1 — 1.25 m/s) to -80.04 dB during
high current speed (2 — 2.25 m/s) events. Night-time
sampling saw a similar trend at significantly increased Sv
values, with -70.56 dB during low, -69.88 dB during
medium and -70.69 dB during high current events (1.75 -
2.0 m/s). Highest median backscatter of -66.73 dB was
observed at night with currents between 1.5 — 1.75 m/s.
Currents exceeding 2.0 m/s did not occur during night-
time sampling. Svwas found to decrease steadily along the
bottom-depth gradient, where deeper regions exhibited
lower Svduring both day- and night-time sampling (Fig. 5).
No significant differences in Svwere found as a result from
current direction.
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Fig. 5. Mean Svgrouped by diel stage, current speed, and bottom-
depth. No depths above 70 m or current speeds above 2 m/s were
sampled during night-time surveys. Boxplot statistics are described
in Fig. 4.

Further investigation into vertical distributions by
bottom-depth revealed low Sv in the top layer (1.5 m - 15
m), especially in regions with depths exceeding 22 m for
day- and night-time sampling. Svincreased with depth,
where the highest values were sampled closest to the
seafloor, especially in regions with depths between 15 m
and 40 m (Fig. 6). Surveys in deeper pockets (40 m — 75 m)
exhibited a mid-water column layer where Sv would
increase from the surface to about 40 m, then decrease 3 dB

(day) and 4 dB (night) between the 40 m and 50 m layer
before increasing again towards the bottom (Fig. 6).
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Fig. 6. Vertical distribution of Sv throughout the water column at
different depths. The x—axis indicates the bottom-depth sampled,
while the y-axis denotes the water column in 2 m cell depths. Bright
colors indicate a higher concentration of fish targets in the water
column. Note: color-scale change for night-time surveys.

Modelled current speeds correlated with in-situ
measurements from ADCP station A at R = 0.906 and at
ADCP station B at R = 0.843 (Fig. 7).
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Fig. 7. Modelled current speed at station A and B compared to in-
situ ADCP measurements.

CTD casts were taken throughout the sampling site at
depths between 23 m and 60 m (Fig. 8). Vertical changes in
the CTD metrics measured for each cast were minimal (<
5 %) and the depth-averaged mean for each cast was taken
(Table I). Temperature differences among stations varied
between 18.14°C - 19.70°C. Differences
penetration depths by station measured 2.77 cm at station
6, to 7.10 cm at station 8. All stations were subject to a
sandy bottom-types based on the methodology presented
by [26]. Drop-camera observations confirmed these
measurements with the addition that station 6 was
characterized by rubble as well as sand. Sv values were
significantly increased at station 1 and 2 where sampling

in mean
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occurred at night and site conditions displayed shallow
depths (~25 — 30 m) with increased temperatures (Table I).
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Fig. 8. Bathymetry of the study region and sampling stations for
CTD and Penetrometer casts as presented in Table I.

TABLEI
DEPTH- AVERAGED RESULTS FROM SAMPLING STATIONS

Mean Max Mean
Temp  Depth Mean Diel Penetration
Station (°C) (m) Sy Stage  Depth (cm)
1 19.42 26.24 -69.52 Night 6.37
2 19.22 28.64 -62.92 Night 4.03
3 19.70 35.93 -80.30 Day 3.63
4 19.62 55.57 -81.82 Day 5.50
5 19.41 23.22 -74.89 Day 6.90
6 18.60 41.00 -80.21 Day 2.77
7 18.35 28.43 -73.60 Day 6.90
8 18.77 57.67 -83.13 Night 7.10
9 18.82 50.08 -74.38 Day -
10 18.61 35.81 -78.25 Day -
11 18.52 37.13 -79.20 Day -
12 18.14 37.76 -74.49 Day -
13 18.39 44.69 -81.05 Day -
14 18.35 54.29 -82.58 Day -
15 18.33 60.39 -83.37 Day -
16 18.28 31.23 -80.63 Day -

IV. DISCUSSION

Fish densities throughout the Banks Strait were found to
fluctuate based on the environmental conditions present
and varied most notably by diel stage, followed by bottom-
depth and current speed. Highest fish densities, in form of
volume backscatter (Sv), were present at night in regions
with 15 m — 30 m bottom-depth and depth-averaged
current speeds between 1.75 m/s and 2 m/s. Lowest fish
densities were found at day in deep waters (60 m — 70 m)
during current speeds between 0 m/s and 0.5 m/s. CTD
stations with higher temperature also displayed higher
fish densities, although sampling conditions for diel stage,

bottom-depth, and current velocity must be considered.
Vertical distribution in the water column were found to
show increasing fish density with depth and the highest
concentration of fish occurred in the bottom 2 — 6 m.
However, mid-water column distribution differed by
bottom-depth, where fish densities in regions beyond 50 m
for day-time and 58 m during night-time surveys would
decrease at % of the water column depth before increasing
to its respective maximum in the final quarter of the water
column. Further investigation into vertical distribution
changes based on current speed would show if fish are
prone to change position in the water column according to
current speeds and if certain depths are preferred during
high- or low- current events.

Low fish densities found in the surface layer (0 — 6 m)
may have been influenced by the ‘surface line threshold’
masking noise interferences caused by entrained air
bubbles (Fig. 3A). The surface line was set to a minimum
of 1.5 m and advanced to maximum of 18.72 m depending
on strong backscatter extending from the surface. The
median surface line depth was 2.21 m and extended
beyond 6 m in only 3.6% of samples and beyond 10 m in
only 0.27 %.

Findings from environmental monitoring studies
focused on fish density distributions in other high-
potential tidal energy sites showed some agreement and
some disagreement with results from this study. For
example, Viehman et al. [20] described the distribution of
fish at the Fundy Ocean Research Center for Energy
(FORCE) in the Bay of Fundy, Canada, using a bottom-
mounted hydroacoustics platform. Fish density in this
region was found to be mostly unaffected by diel stages
and even displayed lower densities at night in the summer
months. In addition, the vertical distribution of fish
showed higher densities in the surface layer (0 — 10 m
during ebb) with an increase in the bottom layer (25 m —
bottom) also being present. Another study utilizing mobile
hydroacoustic transects at the Bay of Fundy study site and
shows the highest distribution of fish densities to be
present in the bottom 10 m of the water column [21]. The
Bay of Fundy study site is characterized by tidal currents
exceeding 4 m/s, a tidal range of 12 m, and a depth of 33 m
during ebb. Differences in fish species composition and
environmental conditions attribute to variations in fish
density and distribution found among study sites and
speaks to the fact that site-specific monitoring is important
to adequately describe fish distributions at tidal energy
candidate sites.

Vertical differences in CTD casts were minimal, as is to
be expected in shallow (< 100 m), well-mixed, turbulent
systems. Penetrometer measurements indicate that a thin
layer of sand is likely present in all regions sampled
throughout the Banks Strait at varying depths [26]. Only
station 3 included measurements with penetration depths
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of 0 cm, indicating the presence of some rock or rubble,
which was confirmed by the drop camera. Further
layer based on
hydrodynamic properties could provide valuable insights
into sediment transport estimates for the Banks Strait
region.

investigation into the sediment

This study presents an overview of small-scale cyclical
changes in fish density distributions (e.g. diel and tidal
cycle) in the Banks Strait. However, seasonal changes in
fish species composition have not been considered.
Different fish species will interact differently with its
resulting in varying fish abundance,
distribution and behavior, which must be recognized
when investigating long-term interactions between tidal
turbines and the marine environment [20 - 21].
Additionally, the location, design and size of tidal
turbine(s) must be known to fully describe the spatial
overlap with fish habitats. While the AUSTEn project has
identified the Banks Strait as a well-suited candidate site
for tidal turbines, exact turbine design and placement is
decided by the industry looking to develop the site.
Engineering constraints for different turbine designs will
affect its exact placement and thus its spatial overlap with
fish. It must also be recognized that spatial overlap
between turbines and regions that exhibit high fish
densities is not necessarily an indication for fish injury or
mortality rates. Swimming behavior of fish in close
proximity to an operating turbine will inform about fish-
strike probabilities, which can then be extrapolated to the
spatial distribution of fish at tidal energy sites.

environment,

Fish assemblage studies along the Tasmanian coast are
consistent with the results from this study. ~30 km east of
the Banks Strait study site lies the Flinders Commonwealth
Marine Reserve that has been studied extensively for its
fish species assemblage [18]. These studies have found
higher fish abundance and species richness, as well as
larger individuals to be present at night and in shallow
waters [19]. Reef-associated bottom habitats also showed
higher species richness, while sediment habitats showed
species at significantly higher tropic levels [18]. The most
common fish species of the shallow, reef-associated habitat
assemblage included Degan’s leatherjacket (T. degeni),
silverbelly (P. melbournensis), jackass morwong (N.
macropertus), velvet leather jackets (M. scaber), and
draughtboard shark (C. Iaticeps). The most common fish
species of the shallow sediment-associated habitat
assemblage included the common gurnard perch (N.
scorpaenoides), sand flathead (Platycephalus bassensis),
gummy shark (Mustelus antarcticus), and the tiger flathead
(Platycephalus richardsoni).

V. CONCLUSION

This study provides an overview of fish density
distributions in the Banks Strait tidal energy candidate site
(Australia) with consideration given to diel stage, depth,

current speed and direction, temperature and bottom-
type. Significant density changes between day- and night-
time surveys were observed, with differences in bottom-
depth and current speed also being evident. Vertical
distributions showed higher densities towards the bottom.
Bottom-type and temperature had negligible impacts on
fish densities observed. Overlaying favorable areas for
turbine installation with physical conditions that display
high fish densities will help determine the potential for
TECs and local fish populations to interact and help
mitigate effects to the
environment early in the development process. Further
studies that address seasonality in the Banks Strait region
are intended. Mobile different
throughout the year will inform about seasonal changes to
fish density distributions that may result from a varying
fish species assemblage. Furthermore, a long-term,
stationary study involving a bottom-mounted platform
sampling fish and tidal currents concurrently will give
insights into fine-scale relationships between fish and
currents over several months.

potential device marine

transects at times
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