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Abstract

Acoustic telemetry has been used to monitor the movement of aquatic animals in a
broad range of aquatic environments. Despite their importance, mangrove habitats
are understudied for the spatial ecology of elasmobranchs, with acoustic telemetry
rarely used inside mangrove habitats. One reason for this may be a general assump-
tion that acoustic signals would not be able to be detected by receivers in such
shallow, structurally complex, environments. This study tested whether acoustic
receivers can be used inside mangrove habitats to track the movement of sharks and
rays. Thirty-eight receivers were deployed in a mangrove system in Pioneer Bay,
Orpheus Island, Great Barrier Reef, including inside mangroves, mangrove edges, and
adjacent reef flat areas. The detection range and receiver performance metrics, such
as code detection efficiency, rejection coefficient, and noise quotient, were examined
and tested among habitats. The results highlighted that the signal from transmitters
was successfully detected inside mangrove habitats as well as on the adjacent reef
flat. The range to detect at least 50% of transmissions was up to 20 m inside
mangroves and up to 120 m outside mangroves. The performance metrics of acoustic
receivers inside the mangrove habitat were characterized by low background noise,
low rejection rates, and reasonably high code detection efficiency. Furthermore,
this study tested the application of this method on juvenile blacktip reef shark
Carcharhinus melanopterus and mangrove whipray Urogymnus granulatus, and demon-
strated that it can be used to successfully track animals inside mangrove habitat.
This novel method could reveal further information on how sharks and rays use
mangrove habitats.
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1 | INTRODUCTION

Acoustic telemetry is a useful tool to study the spatial ecology of
aquatic animals (Hussey et al., 2015). Passive acoustic monitoring, in
particular, can be used to provide detailed insights into the habitat
use and movement patterns of animals by remotely monitoring their
presence in a given area over relatively long time frames (months to
years) with a reasonably low labour cost (Heupel et al., 2006).
Advances in telemetry technology have not only lowered the financial
cost of acoustic receivers and transmitters but also offered more vari-
ety in equipment in terms of size, battery life, additional sensors
(e.g., pressure, temperature and acceleration), and communication
ability between equipment and users (Donaldson et al., 2014; Hussey
et al,, 2015). Along with improvements in equipment, improvements
in spatial analysis methods (Whoriskey et al., 2019) have enabled new
insights into the relationship between aquatic animals and their habi-
tats (Espinoza et al., 2021; Papastamatiou et al., 2013).

As acoustic monitoring uses acoustic signals, this method can only
be used where the acoustic signal from the transmitter can reasonably
travel through the environment and be detected by a receiver. Trans-
missions from acoustic transmitters are subject to a range of effects
that can impact on the ability to detect a transmission. These include
attenuation (e.g., signal is absorbed by particles or organisms in the
water), reflection (e.g., signal hits hard objects in the water), and
refraction (e.g., signal hits a boundary, such as thermocline
and changes travel direction) (Heupel et al., 2006). In addition, other
environmental noise at a similar frequency can interfere with detec-
tion and as such the code from the transmitter can be misunderstood
or missed by the receiver (Simpfendorfer et al., 2015). Thus, the
detection performance of receivers is known to be affected by
physical (e.g., wave action, rain, wind, topography), biological
(e.g., biological noise, animal movement, algal blooms), and anthropo-
genic (boat and other human activity noise) factors (Cooke
et al., 2013; Heupel et al., 2006). Hence, the effectiveness of tele-
metry research depends on the system in which the experiment is
conducted and the equipment configuration. As a result, understand-
ing the detection range and receiver performance before conducting
animal monitoring is essential to accurately interpret the collected
data (Kessel et al., 2014).

Acoustic monitoring has been most commonly deployed to inves-
tigate movement patterns of animals that have relatively high fidelity
to a study site in relatively deep, physically open habitats, such as
large rivers, lakes, and offshore, open water marine systems
(e.g., Hanson et al., 2007; Heupel & Simpfendorfer, 2008, 2015)
because these systems often have few impediments to detecting
transmitter signals and this makes interpretation of results straightfor-
ward. Environments in which signal transmission is regularly impeded,
such as in nearshore, shallow, vegetated or coral reef systems, have
sampling difficulty for an acoustic telemetry study because of the
challenges in designing methods that allow the collection of useful
data. For example, the detection range of acoustic receivers in shallow
coral reef environments that have complex topography was smaller

than that in open water habitats due to the complex topography and
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inherently noisy environment of the reef (e.g., Cagua et al., 2013;
Welsh et al., 2012). The presence of vegetation also negatively affects
receiver performance by blocking and attenuating signals, resulting in
low detection probability and small detection range. For example,
Swadling et al. (2020) compared the detection efficiency of acoustic
receivers between transmitters positioned above and among a sea-
grass canopy and found a significant reduction in detection range
when the transmitter sat among the canopy (from 90 to 45 m). Simi-
larly, Weinz et al. (2021) conducted range testing of acoustic receivers
in seasonally submerged vegetated habitats in a freshwater system
and reported substantial differences in detection range (from nearly
200 m when vegetation coverage was low to less than 10 m when
the coverage was high). Thus, environmental conditions, such as bio-
logical noise, shallow water, and vegetation density, can be a chal-
lenge for acoustic telemetry. If these factors are not incorporated into
the animal tracking studies, the data can be misinterpreted and lead to
misunderstanding movement.

Nearshore vegetated habitats are important to aquatic animals
due to their productivity and the ecological services they provide
(i.e., food, nursery and shelter) (Sievers et al., 2019). Mangroves are
one of the most productive systems in tropical and subtropical areas,
and a variety of animals, including invertebrates, teleosts, elasmo-
branchs, amphibians, reptiles, birds, and mammals, are dependent on
mangrove habitats, which support coastal ecosystems as a whole
(Nagelkerken et al., 2008; Rog et al., 2017). Despite their significance
to coastal ecosystems, mangroves are currently under pressure of
deforestation globally (FAO, 2023; Goldberg et al., 2020). Knowledge
of the relationship between mangrove systems and the animals that
use them is critical to predict how coastal communities may respond
to the loss of mangrove systems. For acoustic telemetry, however,
mangrove systems are challenging environments to operate in mainly
due to the shallow water depth, which changes rapidly with tidal
movements, physical complexity from submerged trunks and roots
(e.g., Swadling et al., 2020), and turbidity (e.g., Cooke et al., 2013). As
a result, there have been no long-term acoustic telemetry studies con-
ducted within mangrove habitats (i.e., inside mangrove forests) (Kanno
et al,, 2023).

In other nearshore vegetated ecosystems, there are some studies
that may provide insights to guide studies in mangroves. Recently,
several studies tested the detection performance of active and pas-
sive acoustic telemetry in wetland environments with submerged
aquatic vegetation in lakes and found that acoustic transmitters can
be used in vegetated shallow water environments (Swadling
et al., 2020; Thiemer et al., 2022; Weinz et al., 2021). Matley et al.
(2022) conducted passive acoustic monitoring for yellow perch Perca
flavescens in vegetated lake habitats with the consideration of range
test results. They collected range test data prior to animal movement
monitoring and interpreted the spatial ecology of perch accurately by
incorporating the temporal variability in detection range due to sub-
merged vegetation. Their study highlighted that results are possible
within acoustically challenging environments with appropriate testing.

The aim of this study was to determine if acoustic monitoring in

dense mangrove habitats could yield useful ecological data on how
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elasmobranchs, and potentially other taxa, use this habitat. The objec-
tives for this study were (1) to test the detectability of acoustic trans-
mitters in structurally complex mangrove habitats by examining the
detection range and how it varies with diel period, tidal height, and
habitats, (2) to examine receiver performance in mangrove habitat
and compare it to non-mangrove habitats, and (3) to demonstrate
whether acoustic monitoring can be used to track the movements of
animals in mangrove habitats by examining the movement of sharks
and stingrays known to enter mangrove habitats (e.g., George
et al,, 2019; Martins et al., 2020).

2 | METHODS

21 | Studyarea

The study was conducted in Pioneer Bay, Orpheus Island, 17 km off-
shore of the coast of northeast Queensland, Australia (Figure 1). The
bay has both fringing (i.e., mangroves growing along the coast) and
patchy (i.e., mangroves growing sparsely with a space between each
other, rather than densely) mangrove areas with a reef flat which
extends ~400 m from the shoreline to the reef crest with patchy coral
rubble areas. There are four distinct mangrove stands in the bay,
which vary in their width and shape: two small mangrove stands form-
ing isolated patches at the sandy beach and two fringing mangroves
occur along the north and south shorelines. The south fringing man-

groves are longer and wider than the north fringing mangroves,
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FIGURE 1

reaching a width of ~85 m from the shoreline. Mangrove stands are
predominantly composed of red mangroves Rhizophora stylosa, mixed
with gray Avicennia marina and myrtle mangroves Osbornia octodonta.
The mangroves in the study area are evergreen year-round and the
extensive arching prop roots make structurally complex habitats in
mangrove stands.

The main substrate in the mangrove areas is a soft sand-mud mix-
ture and some sections have rocky substrate, especially at the sea-
ward end of both the south and north fringing mangroves. The reef
flat and two small mangrove stands in the middle of the bay are cov-
ered throughout with soft mud and sand. In the reef flat away from
the shoreline mangroves, there are patchy corals and algal-dominated
coral rubble in the proximity to the reef crest. The tidal range is ~4 m
and semidiurnal, and mangrove areas are normally flooded at high tide
and completely exposed at low tide. The reef crest is exposed occa-
sionally at very low tide (when predicted tidal height is roughly
<70-80 cm).

2.2 | Ethical statement

The care and use of experimental animals complied with James Cook
University (JCU) Animal Ethics Committee animal welfare laws, guide-
lines and policies as approved by the JCU Animal Ethics Committee
A2672. Research permits were issued by GBRMPA G15/37987.1 and
the Department of Agriculture and Fisheries, Queensland Govern-
ment 208733.

Reef flat
© Edge
O Middle
@® Rear

Maps of the study site and receiver deployment. Circles indicate receivers (different zones in different colors: pink = zone 1, reef

flat; green = zone 2, mangrove edge; blue = zone 3, mangrove middle; purple = zone 4, mangrove rear); A and x indicate the 1-month and

2-day transmitter positions, respectively.
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2.3 | Field methods

2.3.1 | Receiver deployment

An array of 38 acoustic receivers (VR2W; Vemco Ltd.) was installed in
Pioneer Bay in October 2020 and removed in December 2021. Four
receivers were located at the landward edge of the reef crest, three
on the reef flat midway between the reef crest and the shoreline, and
31 either along the mangrove edge or inside mangrove stands
(Figure 1). The array was designed to examine the performance of
receivers deployed inside mangroves to track the movements
of sharks and rays. For this purpose, the habitat type of each receiver
location was categorized into four zones (hereafter the zones): (1) reef
flat, (2) mangrove edge, within 2 m of the seaward edge of the man-
grove root system, (3) mangrove middle, midway between mangrove
edge and mangrove rear receivers where there was sufficient space,
and (4) mangrove rear, within 10 m of the landward edge of the man-
grove stand and at least 25 m away from the shore line. Within
mangrove stands distances was less than 20 m between receivers.

Prior to deployment, the approximate locations of receivers were
planned, but final locations were determined in the field, with deploy-
ment occurring in more open areas within the mangrove root complex
whenever possible. Receivers were deployed at each designated loca-
tion by driving a 45-cm star picket into the substrate and digging a
hole for placing the receiver body in next to the picket (the hole size
was ~10 cm diameter, ~25 cm deep). A receiver was placed in the
hole and cable tied to the picket. The hole was refilled, with at least
the top 5 cm of the receiver above the substrate (Figure 2). Receivers
were deployed in this way to enable transmitter detection at the low-
est possible water levels and thus maximize detection times during
each tidal cycle.

Data were downloaded from all receivers in December 2020,
May 2021, and December 2021 (on removal). During downloads, six
receivers were found to be not working properly and were replaced
with new receivers. Those six receivers were on the mangrove edge
zone and more than 50 m away from the transmitters, and the
receiver removal was conducted prior to both inside and outside

range testing, therefore, receiver replacement did not significantly
affect the range-testing data.

232 |
testing

Deployment of transmitters for range

One transmitter (V13AP, Vemco) was attached to a solitary mangrove
tree just seaward of the southern mangrove stand for 1 month. This
test was designed to simulate how transmissions from transmitters on
animals swimming seaward of the mangrove edge would be detected
by the different types of receivers (edge, middle, rear). This testing is
hereafter called outside mangrove testing as the test transmitter was
placed outside of mangrove habitats. In addition, two transmitters
(V13AP, Vemco) were attached to prop roots within the southern
mangrove stand for 2 days, one between the edge and middle
receivers and one between the middle and rear receivers. Each trans-
mitter was placed in a small net bag and the bag was tied to the root
or trunk of a tree about 25 cm above the substrate. The 2-day test
transmitters were used to test receiver performance inside mangrove
habitats, i.e. among the mangrove trees. This testing is hereafter called
inside mangrove testing. All transmitters were recovered after the
study. All test transmitters had pressure and acceleration sensors
(hence, there were two consecutive ID numbers for each transmitter,
one for each sensor). The deployed test transmitters were submerged
in water at high tide and completely exposed at low tide.

2.4 | Data analysis

24.1 | Detectionrange

To test the detection range of acoustic receivers in the mangrove sys-
tem, the detection probability (%D) was calculated as the number of
detections recorded by each receiver divided by the total possible
codes sent from the transmitter during the test period. The total pos-
sible pings coded by one transmitter (with two independent sensors)

FIGURE 2 Receivers deployed among mangrove roots.
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was calculated based on (i) the interval of signal made by one transmitter
and (i) the time period when the transmitter was able to send a signal
underwater and the receiver was able to detect that signal. This latter
requirement occurred because of the cyclical inundation of the man-
groves. The mean ping rate of transmitters was 120 s, with pings alter-
nating between the different sensors (pressure or acceleration). Thus, if
only data from one sensor was used in analysis, then the ping frequency
was 240 s. Next, the study time period was calculated based on tidal
cycle data. The time period for the range test was the total time when
the two following conditions were met: (1) a transmitter could send a
valid signal and (2) the signal was able to be detected by underwater
receivers. The signal could be detected by receivers in the study area
when the transmitter was submerged. The tidal height at which these
conditions were met was determined by comparing the timing of detec-
tions with depth indicated as O m by the transmitter depth sensor and
local tide charts. Based on 186 data points with O m depth the average
minimum tidal height at which detections were first made was ~2.0 m.
Finally, the total number of possible pings was calculated. For the
1-month test transmitter, for example, the ping interval for one transmit-
ter (includes two sensors) was 120 s and the total time of the local tidal
height >2 m was 375 h (125 h for day and 250 h for night), therefore
the total number of possible pings was 11,250 (375 x 60/2).

To determine the detection range of at least 50% of detections,
distances between the transmitters and each receiver were calculated
and plotted against %D. The data from outside and inside mangrove
tests were plotted separately to examine if the detection range was
different when the transmitter was inside mangrove habitats or out-
side mangroves. The relationship between %D and distance was plot-
ted separately for each receiver zone (i.e., reef flat, edge, middle, and
rear). A binomial curve was fitted to distance-detection probability
data using a general linear model. Additionally, a generalized linear
mixed model (GLMM) was used to examine if %D was affected by
(1) distance between receiver and transmitter, (2) the zone, and
(3) day or night shift. An individual receiver was incorporated into the
model as a random factor. The model selection was conducted outside
and inside mangrove tests separately. Day and night were determined
based on local sunset/sunrise times. The full model (%D ~ Distance
+ Zone + Day or Night + [1|Receiver]) was fitted using the “Ime4”
package (Bates et al., 2015) in the R program environment (R Core
Team, 2022). The “MuMIn” package (Barton, 2023) was used to eval-
uate all combinations of parameters to determine the best-fit model
that best explained the data. The best-fit model was selected based
on Akaike Information Criterion (AIC) model evaluation and the analy-
sis of deviance test (type Il Wald chi-square tests) was used to test
which factor or factors were statistically significant.

To examine if water depth affected the number of detections
made, detection per depth was analyzed using a chi-square test. To
do this, first, the total number of hours when tidal height was >2 m
during the outside mangrove test was calculated based on hourly tide
charts. Second, the estimated water depth was calculated for each
detection using the pressure sensor data. Third, both tidal height and
estimated water depth data were categorized into the depth bins
(15 cm) separately. This step enabled the calculation of the

frequencies of tidal height occurrence and frequency of detections at
the given depth. Finally, the frequency data of tidal height occurrence
at the study site and detections at the estimated depth were tested
for independence using a chi-square test to examine if detection was
made equally throughout the water depth of >2 m or more (or less)
detection was made at a particular water depth.

242 | Eventdata

Event data were collected from December 2020 to December 2021
and included 41 tags deployed during the animal tracking study. The
system used in this study had a coding scheme where each code sent
eight (V13) or 10 pulses (V13AP) to transmit data (the number of
pulses is different in different transmitter types). The transmitter
information sent using this eight- or 10-pulse code is composed of
three sections. The first section, called the synchronization interval, is
the time between the first two pulses. This value is so tightly defined
that it is rarely replicated by environmental noise, allowing the
receiver to identify it as transmission from a transmitter among other
similar noises in the environment. The second section is the unique
identification number of the transmitter. The third section is a check-
sum that is used to validate the code. The code detection is discarded
if the checksum is invalid. The numbers of valid codes, pulses
detected, and codes rejected are stored in the receiver, along with the
number of pulses detected. These data can be used to calculate
the code detection efficiency (CDE) and the rejection coefficient (RC),
as demonstrated by Simpfendorfer et al. (2008). CDE and RC were

calculated by the following formula:
CDE=D/S

RC=C/S

where D is the number of valid detections, S is the number of valid
synchronization intervals (as an estimate of the number of codes
transmitted), and C is the number of codes rejected because of an
invalid checksum. CDE is the proportion of detection and transmitted
codes, and if CDE = 1, the receiver detects 100% of codes transmitted.
RC is the proportion of codes rejected and the number of codes trans-
mitted, and a low RC value (close to 0) indicates a low frequency of an
invalid checksum and that the receiver detects transmission well.

The stored data were also used to estimate the noise quotient
(NQ) as described by Simpfendorfer et al. (2008) as follows:

NQ=P-(Sxcl)

where P is the number of pulses detected and cl is the number of
pulses used for one valid code; since some transmitters used an eight-
pulse code and others used a 10-pulse code, here we used the mid-
point of cl = 9. Essentially, if there is a significant amount of environ-
mental noise that can be detected by the receivers as a pulse, the

data would show more pulses than could possibly be transmitted by a
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transmitter. Positive NQ values indicate more environmental noise
because this means that there are more pulse-like noises in the envi-
ronment that are detected by the receiver.

CDE and RC data were stored daily while NQ was stored both
hourly and daily. Daily CDE, RC, and NQ were compared between the
four receiver zones using a linear mixed-effect model with an individ-
ual receiver as a random factor with analysis of deviance test and a
post hoc Tukey's HSD was conducted to assess if receiver perfor-
mance was different among the zones. In addition, hourly NQ was
compared between the zones and time of the day using a linear
mixed-effect model with individual receiver as a random factor. An
analysis of deviance chi-square test was then conducted to examine if
NQ values had a different trend throughout the day between the
zones. For these analyses, CDE, RC, and NQ values were log-

transformed prior further analysis.

2.5 | Animal tracking test

To examine if the acoustic receivers in mangroves could be used for ani-
mal tracking, tagged sharks and rays were released into the study area.
Two animals, one blacktip reef shark Carcharhinus melanopterus (Quoy &
Gaimard, 1824) and one mangrove whipray Urogymnus granulatus
(Macleay, 1883), were caught and tagged for the trial. Animals were
caught by a seine-netting or rod-and-reel fishing, their size measured,
and their sex and maturity state (juvenile or subadult) recorded. A trans-
mitter (V13 or V13AP; Vemco Ltd.) was surgically implanted in the
abdominal cavity. The animal was placed in a container filled with water
taken directly from the study site to ensure ambient conditions were
maintained. Once the individual was immobilized, an ~2-cm incision was
made in the abdomen with a sterile scalpel, and the transmitter was
inserted and pushed cranially until it was completely within the abdomi-
nal cavity. Finally, the incision was closed using surgical sutures. After
checking the health condition of the animal and safety of the environ-
ment, the animal was released. The whole procedure took less than
5 min. All animal capture and surgery techniques were consistent with
Animal Ethics approval from James Cook University A2672.

Detection data downloaded from the receiver array were used to
estimate animal positions using the mean-position algorithm described
by Simpfendorfer et al. (2002) in the R environment (R Core
Team, 2022). The time step for position averaging was 15 min. The
positions of the two selected individuals were mapped to display loca-

tions and examined if they were detected within mangrove stands.
3 | RESULTS

3.1 | Range test
3.1.1 |

Outside mangrove range test

Detection probability (%D) increased as the distance between the

transmitter and receiver decreased (Figure 3). The receiver located
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FIGURE 3 Detection probability of the four zones for the outside
mangrove test. The dotted line indicates 50% of detection probability.

TABLE 1 Analysis of deviance table for outside range test.

Best model: %D ~ day or night + (1|receiver)

Chi-square df p value
Day or night 11.801 1 <0.001
Distance 0.274 1 0.6007
Zone 1.3576 2 0.5072
30
g 20
C
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©
2
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Day Night
Day or night
FIGURE 4 Predicted detection probability between day and night

for the outside mangrove test.

closest to the test transmitter (distance of 18.9 m) had the highest
value of %D (94.0%). The detection range of at least 50% of detec-
tions was up to 120 m (Figure 3). This is the flat receiver located
120 m away from the transmitter that recorded more than 50% of
detection. Four receivers located in the edge and flat zones had %D
greater than 50%, which means there was no major physical obstruc-
tion between the transmitter and the receiver. The other receivers,
especially located in the middle and rear zones, had few or no detec-
tions even when the range was less than 50 m. These results were
supported by the GLMM demonstrating that distance and zone had
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FIGURE 6 Detection probability of the different zones for the
inside mangrove test. The dotted line indicates 50% of detection
probability. No detection was made by the flat receivers.

no significant effect on %D (Table 1). However, day or night signifi-
cantly affected %D, with %D being higher at night than during the day
(Table 1 and Figure 4).

The frequency of the tidal height at the study area and the fre-
quency of detection at estimated water depth were not independent
(chi-square test: X2 = 143, df = 132, p value = 0.242) (Figure 5).
Between 200 and 320 cm depth, detection was made equally
throughout water depths >2 m.

3.1.2 | Inside mangrove range test

Detections were recorded by the six receivers located closest to the
transmitters, while all other receivers had no detections (Figure 6).
The receivers adjacent to the transmitters (<20 m) had 40%-45%

few or no detections. Detection probability was significantly affected
by distance and day or night but not by zone (Table 2 and Figure 7). %
D was higher when the distance was smaller and during the day than
at night inside mangroves (Figure 7).

3.1.3 | Receiverevent data

The event data results differed between inside (middle and rear) and
outside (reef flat and edge) mangrove receivers (Figure 8a-c). Overall,
inside mangrove zones showed low rejection rates and reasonably
high code detection efficiency, while the outside mangrove zones
showed greater noise, low rejection rates, and lower code detection
efficiency.

Daily code detection efficiency (CDE) was significantly different
between the mangrove rear and the other three zones, where overall
CDE was lower in the rear mangrove zones than the other three
zones (analysis of deviance type Il Wald chi-square test: X*> = 18.727,
df = 3, p <0.001) (Figures 8a and 9a). Daily rejection coefficient
(RC) was low in all four zones and less than 2.5% of codes were
rejected due to invalid checksums (Figure 8a). This indicates that there

were very few transmitter collisions throughout the study. RC was
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significantly different among the zones, but the effect was small (anal-
ysis of deviance test: X2 = 8.4106, df = 3, p = 0.038) (Figure 9b). RC
was lower in the mangrove rear than the other three zones
(Figure 9b). Daily noise quotient (NQ) values were significantly differ-
ent among the four zones (Table 3 and Figure 8c). Daily NQ was the
highest in the reef flat zone, followed by the edge and the middle, and
was lowest in the mangrove rear zone (analysis of deviance test:
X? = 98.835, df = 3, p < 0.001) (Figure 9c¢).

Hourly NQ data showed two distinct patterns (Figure 8d, log
transformed), where the noise at the reef flat and edge mangrove
zone declined from 12 to 5 pm before gradually increasing again,
while the inside mangrove zone increased around 5 am and declined
around midday. There was a significant interaction effect between
hour and zone on hourly NQ (Table 3) and hourly NQ was overall
highest at the reef flat, low in the middle and rear zones, both fluctu-

ating similarly throughout the day (Figure 9¢). Hourly NQ values in the
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TABLE 3 Analysis of deviance test results for hourly noise
quotient.

Chi-square df p value
Zone 17.046 3 <0.001
Hour 3429.848 23 <0.001
Zone x hour 2021.06 69 <0.001

Note: Bold value indicates statistical significance.

mangrove edge moved between the reef flat and the middle and rear
mangrove zones (Figure 9¢). The data inside mangroves (middle and
rear) need to be treated with caution as the sample size was small

and few detections were made by close receivers, as stated above.

3.1.4 | Animal application

A blacktip reef shark and a mangrove whipray were successfully tagged
and tracked between December 7, 2020 and May 24, 2021, and
December 8, 2020 and December 7, 2021, respectively. The acoustic
receivers at the reef flat, edge, middle, and rear mangrove zones success-
fully detected tagged animals. The trajectories of a juvenile shark (black-

tip reef shark, 671 mm total length, female) and juvenile stingray

(mangrove whipray, 325 mm disc width, male) were mapped for 1 day
for the shark and four consecutive days for the stingray due to the differ-
ence in activity levels of these animals. The trajectories demonstrated
that both were detected by the middle and rear receivers at the south
mangrove stand (Figure 10a,b). The shark roamed over the reef flat,
repeatedly swimming near the south mangrove edge and occasionally
visiting middle and rear mangrove areas (Figure 10a,b). Examination of
the timing of these events showed that the use of the middle and rear
mangrove areas occurred during the high-tide periods of the presented
days. The trajectory of a juvenile stingray demonstrated frequent use of

rear mangrove zones (Figure 10c,d).

4 | DISCUSSION

This study demonstrated that acoustic receivers can be used for track-
ing animals where dense mangrove roots are present. As expected,
dense mangrove roots and trunks blocked signal transmission
(e.g., Claisse et al., 2011; Thiemer et al., 2022), resulting in only very
short detection ranges for receivers deployed within the mangrove
habitat. Receivers only logged at least 50% of detections from a trans-
mitter when it was located within 20 m. When the distance between
the transmitter and the receiver was more than 20 m in mangrove

habitat, detections were rare. While detection ranges in the
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FIGURE 10 Trajectories of tagged animal movement and bar graphs of the proportion of detections in the four different zones. Blacktip reef
shark (ID 851) (a) from December 11, 2020 to December 12, 2020 and (b) from January 11, 2021 to January 12, 2021. Mangrove whipray
(ID 31027) (c) from January 10, 2021 to January 14, 2021 and (d) from January 1, 2021 to January 5, 2021. A represents acoustic receivers.

mangrove habitat were small, placement of receivers in a dense array
(mean distance between adjacent receivers = 19.1 m) enabled the
reception of many signals from transmitters and thus facilitated the
tracking of animals inside the mangrove habitat. Very local detection,
as in this situation, is an advantage for animal tracking because if the
transmission from the tagged animal was detected there is a high
probability it was present within a small area, and hence its location is
known with a relatively high level of accuracy.

The detection range of acoustic receivers is expected to be small
in topographically complex environments, such as vegetated and coral
reef habitat. As expected, the detection range inside mangrove habi-
tats in this study (i.e., ~20 m) is comparable to those reported from
shallow seagrass, macrophytes, and coral reef environments (Table 4).
For example, Swadling et al. (2020) tested the detection probability
and detection range among the seagrass canopy and found that the
detection range was up to 40 m. Similarly, Weinz et al. (2021) and
Thiemer et al. (2022) conducted range testing in two macrophyte hab-
itats and the detection range was less than 8 and 20 m, respectively.

Welsh et al. (2012) conducted acoustic receiver performance tests in

a shallow (~5 m deep) coral reef at the same bay at Orpheus Island
(a little farther offshore) and reported the detection range was as low
as 60 m. Such small detection ranges are caused by low detection
probability, and there are several possible factors that could lead to
poor detection probability in mangrove habitats. First, signal blockage
by physical structure was likely a major factor affecting detection
probability as there were many obstacles (i.e., mangrove trees)
between the transmitter and most receivers (Selby et al., 2016; Weinz
et al., 2021). Second, water depth is an important factor for conduct-
ing acoustic telemetry; in very shallow water, acoustic signals do not
travel far, resulting in low performance (Claisse et al., 2011; Cooke
et al., 2013). Threshold water depth that acoustic signals can travel
and be detected properly varies in the study site, and this study dem-
onstrated that when tidal height was greater than 2 m and mangrove
habitats were flooded, the detection probability was not affected by
tidal height. Finally, reef environments are known to be quite noisy
and environmental noise can interfere with the detection ability of
acoustic receivers (e.g., Welsh et al., 2012), hence the proximity to the

reef environments in this study may have affected acoustic receiver
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Reference Habitat type Transmitter placement condition
Swadling et al. (2020) Seagrasses Above seagrass canopy

Within seagrass canopy
Weinz et al. (2021) Macrophytes Highest SAV density

Lowest SAV density
Thiemer et al. (2022) Macrophytes Not applicable
This study Mangroves Inside mangroves

Reef flat Outside of mangroves

Claisse et al. (2011) Coral reefs 5-10 m deep

10-15 m deep

15-20 m deep
Welsh et al. (2012) Coral reefs <5 m deep

Abbreviations: NA;SAV, submerged aquatic vegetation.

performance in the adjacent mangrove systems. It may also be possi-
ble that the mangrove habitat is noisy, but this has rarely been tested.
The results of the NQ analysis suggest that the mangrove habitat was
less noisy than the reef flat habitat, but further research is needed to
understand the noise environment within mangrove habitats.

In mangrove edge and reef flat (i.e., outside mangroves) habitats,
the detection range was up to 120 m when there were no obstacles
between the transmitter and the receivers. One receiver located
120 m away from the transmitter in the reef flat zone had a detection
probability greater than 50% during the 1-month test where the
transmitter was located on the edge of the mangrove habitat. There
were no major obstacles between this receiver and the transmitter,
resulting in an exceptionally high detection probability in the reef flat
zone. Other than this receiver, detections were not received even
when the distance was less than 100 m because thick mangroves
were present between the receiver and the transmitter, and the trans-
mission was blocked as such. In dense mangrove habitats, the distri-
bution of vegetation (or any kinds of obstacles in the study area)
influences the detection range more than the distance between trans-
mitter and receiver does. In some contexts, the density of vegetation
and the structural complexity of habitat may matter more than dis-
tance. In addition, shallow water depth and the topography of the reef
flat might affect detection efficiency (e.g., Cagua et al., 2013). The
detection range in this study for both inside and outside mangrove
habitats was much smaller than that in open water or estuarine river
systems, for example ~450 m in an estuarine river system in Simpfen-
dorfer et al. (2008), ~650 m in open water in Huveneers et al. (2016),
and ~950 m at an offshore reef atoll in Meyer et al. (2010). These
findings suggest that detection range is fundamentally different
depending on environmental factors such as topography, habitat type,
and water depth, and therefore the range test prior to the animal
tracking is essential to interpret the tracking and monitoring data
(e.g., Matley et al., 2022).

Detection probability during testing was different between day
and night. In the present study, outside and inside mangrove tests
showed the opposite pattern between day and night. In the outside

experiment, detection probability was higher at night than in the day,

TABLE 4 Comparison of the
detection range between shallow
85 structurally complex habitats.
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whilst in the inside experiment it was higher during the day. Diel pat-
terns in detection probability have been observed by several studies.
For example, some studies have reported that detection frequency
drops with the onset of sunset and stays low at night until increasing
at sunrise (e.g., Payne et al., 2010; Stocks et al., 2014), and attributed
this pattern to an increase in biological noise at night that interfered
with signal transmission and detection. In contrast, Welsh et al. (2012)
found no diel pattern in detection probability in the coral reef environ-
ment in Pioneer Bay. Although this field study could not identify the
potential causes of this diel pattern in detection, one possible explana-
tion is the difference in daily fluctuation in environmental and biologi-
cal noise (background noise) between reef flat and mangrove habitats
due to physical context (e.g., open vs. sheltered) and biological differ-
ences (e.g., faunal composition). Importantly, the comparison between
the inside and outside tests should be treated with caution because of
the difference in study durations (2 days vs. 1 month) and the number
of detections (much fewer detections inside mangroves than outside).

The performance metrics of acoustic receivers were tested for
the first time in a mangrove habitat and were characterized by low
background noise and low rejection rates (i.e., middle and rear man-
grove zones). In this study, less than 2.5% of codes were rejected due
to an invalid checksum, indicating that there were very few transmit-
ter collisions (e.g., Simpfendorfer et al., 2008). Noise analysis results
suggest that inside mangroves (i.e., the back and middle zones) was a
less noisy habitat than outside mangroves (i.e., the reef flat and man-
grove edge zones). Noise in the reef flat zone was especially high
compared to the other zones, which is not surprising as the coral reef
environment is very noisy (Welsh et al., 2012), and as such the total
number of detections was most likely to be lower than the synch
codes transmitted by the transmitter due to noise, resulting in low
code detection efficiency. Inside mangrove zones, in contrast, was less
noisy and showed higher code detection efficiency than that from the
reef flat and mangrove edge receivers. Lack of noise in mangrove
zones possibly occurs because mangrove trees block noise from the
outside, such as wind, rain (Gjelland et al., 2013), and waves (Stocks
et al., 2014), and therefore the water surface was calmer inside man-

groves. In addition, the mangrove habitats were located away from
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the noisy reef. Thus, the results of receiver performance metrics sup-
port the use of acoustic receivers in mangrove habitats. As this experi-
ment demonstrates, codes sent from the transmitters were detected
with high code detection efficiency, low rejection rates, less noise,
and virtually no signal collision inside mangrove habitats as long as the
transmitter was nearby.

Diel variation in the degree of noise was found to be different in
the inside and outside mangrove habitats. In the outside mangrove
zone, noise was relatively higher throughout the day except in the late
afternoon and evening (between 2 and 8 pm), when the level of noise
dropped. This is somewhat contradictory with the findings by Payne
et al. (2010) and Radford et al. (2008) that biological noise increased
at night in reef environments. Inside mangroves, the level of noise
increased in the morning after sunrise until midday and then dropped
and stayed low outside of those hours. It is difficult to explain why we
observed this pattern in noise inside and outside mangroves in the
current study, but there was likely to be unknown factor(s) causing
the daily noise pattern. Patterns in diel noise difference are likely to
vary significantly between systems (reef vs. non-reef) and possible
causes of this diel pattern in noise could be animal activity and surface
water movement (Gjelland et al., 2013; Payne et al., 2010). Future
research should examine the source of background noise inside man-
groves to examine what possible effect it may play in acoustic
receiver performance.

The range-testing data from the inside mangrove test need to be
treated with caution because of the short duration of range testing
(2 days). Although the data demonstrated a general pattern of short
detection range inside mangroves, future research with longer dura-
tion (at least 2 weeks) would be beneficial to assess more detailed
information. In addition, the receiver deployment method is known to
affect receiver performance (Heupel et al., 2006; Huveneers
et al.,, 2016). Although this needs future research in mangrove habi-
tats, this study demonstrated the effectiveness of the deployment
method we used because some receivers recorded more than 90% of
signals that arrived at the receiver and previous research has been
successfully conducted using the same deployment method
(Schlaff, 2020). Biofouling on the receiver, which is another major fac-
tor that negatively affects the receiver performance (Heupel
et al.,, 2008), had negligible effects in this study because biofouling
was minimal. Lack of biofouling may have been in part because of the
regular drying of receivers at low tide, which would have reduced
the ability of fouling organisms to survive.

The results of animal tracking demonstrated that the receiver
array was able to track tagged sharks and rays when they were pre-
sent in areas well inside mangrove habitat, including in very shallow
areas located in dense mangroves. Based on range test results, the
detections by middle and rear mangrove receivers indicated the pres-
ence of individuals nearby (likely within 20 m), confirming that tagged
sharks and rays were regularly roaming near the rear and middle
receivers. Although the use of mangrove root habitat by stingrays and
blacktip reef sharks in the study area was previously observed by
active acoustic tracking (George et al., 2019; Martins et al., 2020), pas-
sive monitoring (Davy et al., 2015), and video observation (Kanno

s FISHBIOLOGY |

et al., 2019), the present study revealed these species move farther
into the dense mangrove areas and away from the edge habitat than
previously thought. For the shark, the proportion of detections was
generally higher at the reef flat and edge zones than the middle and
rear mangrove habitats, presumably due to limited accessibility of
mangrove habitats during low tide. The stingray was, in contrast,
detected less in the reef flat zone likely because their flattened body
shape allows mangrove whiprays to remain in very shallow water (less
than 20 cm) at lower tidal levels and move much less than blacktip
reef sharks (Davy et al, 2015; George et al., 2019; Martins
et al., 2020), therefore they are rarely detected by reef flat receivers.
Thus, acoustic receivers deployed in the different zones in mangrove
habitats were able to reveal differences in the use of mangrove habi-
tats between juvenile sharks and stingrays.

Importantly, acoustic receivers and transmitters were successfully
used for monitoring the movements of sharks and rays within man-
grove habitats in this study. Conducting the range test prior to the
animal application allowed us to examine if the design of a receiver
array in the mangrove system was appropriate and demonstrated a
very localized detection range inside mangrove habitats. The receiver
performance metrics identified low rejection rates and environmental
noise, meaning that the acoustic receivers and transmitters functioned
appropriately within a mangrove habitat as long as the short detection
range was taken into account in the array design. Those test results
gave strong support for how to interpret the data obtained from the
animal tracking in mangrove habitats, and therefore the animal appli-
cation test revealed the holistic movement of individuals within man-
grove habitats. Future research using acoustic telemetry should reveal
more detailed habitat use and movement patterns of aquatic animals,
such as elasmobranchs, in mangrove habitats and help us better
understand the role mangrove habitats play for nearshore species.

AUTHOR CONTRIBUTIONS

SK is the corresponding author, led the research project including
planning, field work and data analysis, wrote the first draft and edited
this paper through entire process. KH, AS and AS contributed to
research preparation, field data collection and draft editing. MRH and
CAS contributed to field work, statistical analysis and draft editing.

ACKNOWLEDGMENTS

The authors thank the Orpheus Island Research Station for supporting
and organizing our field work. This work was funded by James Cook Uni-
versity, AIMS@JCU, and the Morris Family Trust. We also thank field
work volunteers who assisted with field work. The authors would also
like to thank an editor and two anonymous reviewers for insightful and
valuable comments on this manuscript. Open access publishing facilitated
by James Cook University, as part of the Wiley - James Cook University
agreement via the Council of Australian University Librarians.

FUNDING INFORMATION

James Cook University Postgraduate Research Scholarships, a JCU
CSE Competitive Research Training Grant, a Morris Family Trust Stu-
dent Research Grant, and an AIMS@JCU Pilot Research Award.

85UB01 SUOWIWOD SA[EeID) 3(dedl|dde auyy Aq peusenob aJe ol WO ‘8sN JO S8|nJ o} A%iqiT8UlUQ AB]1/ UO (SUONIPUOD-PUR-SLLLIBY WD A8 |1 ARe.d1jBu JUO//:SdnLy) SUOIPUOD pue SWS 1 81 88S [9202/c0/2z] Uo Ariqiauliuo Aeim ‘A1sieAun %000 sewer Ag ZT8ST G4I/TTTT 0T/I0p/w00 A8 im Areiqijpul|uo//sdny wouy pepeojumod ‘G ‘SZ0Z ‘6798560T



KANNO ET AL.

o FISHBIOLOGY ¢

ORCID
Shiori Kanno "2 https://orcid.org/0000-0003-2767-8092
REFERENCES

Barton, K. (2023). 'MuMIn'": Multi-model inference. https://cran.r-project.
org/web/packages/MuMIn/index.html

Bates, D., Michler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-
effects models using Ime4. Journal of Statistical Software, 67(1), 1-48.

Cagua, E. F., Berumen, M. L., & Tyler, E. H. M. (2013). Topography and bio-
logical noise determine acoustic detectability on coral reefs. Coral
Reefs, 32(4), 1123-1134. https://doi.org/10.1007/s00338-013-
1069-2

Claisse, J. T., Clark, T. B., Schumacher, B. D., McTee, S. A,, Bushnell, M. E.,
Callan, C. K., Laidley, C. W., & Parrish, J. D. (2011). Conventional tag-
ging and acoustic telemetry of a small surgeonfish, Zebrasoma flaves-
cens, in a structurally complex coral reef environment. Environmental
Biology of Fishes, 91(2), 185-201. https://doi.org/10.1007/s10641-
011-9771-9

Cooke, S. J., Midwood, J. D., Thiem, J. D., Klimley, P., Lucas, M. C,,
Thorstad, E. B., Eiler, J., Holbrook, C., & Ebner, B. C. (2013). Tracking
animals in freshwater with electronic tags: Past, present and future.
Animal Biotelemetry, 1, 5. https://doi.org/10.1186/2050-3385-1-5

Davy, L. E., Simpfendorfer, C. A., & Heupel, M. R. (2015). Movement pat-
terns and habitat use of juvenile mangrove whiprays (Himantura granu-
lata). Marine and Freshwater Research, 66(6), 481-492.

Donaldson, M. R, Hinch, S. G., Suski, C. D., Fisk, A. T., Heupel, M. R,, &
Cooke, S. J. (2014). Making connections in aquatic ecosystems with
acoustic telemetry monitoring. Frontiers in Ecology and the Environ-
ment, 12(10), 565-573. https://doi.org/10.1890/130283

Espinoza, M., Lédée, E. J. I, Smoothey, A. F., Heupel, M. R,
Peddemors, V. M., Tobin, A. J., & Simpfendorfer, C. A. (2021). Intra-
specific variation in movement and habitat connectivity of a mobile
predator revealed by acoustic telemetry and network analyses. Marine
Biology, 168(6), 80. https://doi.org/10.1007/s00227-021-03886-z

Food and Agriculture Organization of the United Nations. (2023). The
world's mangroves 2000-2020. Food and Agriculture Organization of
the United Nations

George, L. W., Martins, A. P. B., Heupel, M. R., & Simpfendorfer, C. A.
(2019). Fine-scale movements of juvenile blacktip reef sharks Carchar-
hinus melanopterus in a shallow nearshore nursery. Marine Ecology Pro-
gress Series, 623, 85-97. https://doi.org/10.3354/meps13010

Gjelland, K. @., Hedger, R. D., & Rands, S. (2013). Environmental influence
on transmitter detection probability in biotelemetry: Developing a
general model of acoustic transmission. Methods in Ecology and Evolu-
tion, 4(7), 665-674. https://doi.org/10.1111/2041-210x.12057

Goldberg, L., Lagomasino, D., Thomas, N., & Fatoyinbo, T. (2020). Global
declines in human-driven mangrove loss. Global Change Biology, 26,
5844-5855. https://doi.org/10.1111/gch.15275

Hanson, K. C., Cooke, S. J., Suski, C. D., Niezgoda, G., Phelan, F. J. S,,
Tinline, R., & Philipp, D. P. (2007). Assessment of largemouth bass
(Micropterus salmoides) behaviour and activity at multiple spatial and
temporal scales utilizing a whole-lake telemetry array. In: ALmeida,
P. R., Quintella, B. R., Costa, M. J., Moore, A. (eds) Developments in Fish
Telemetry. Developments in Hydrobiology 195, vol 195, pp. 243-256.
Springer, Dordrecht.

Heupel, M. R, Reiss, K. L., Yeiser, B. G., & Simpfendorfer, C. A. (2008).
Effects of biofouling on performance of moored data logging acoustic
receivers. Limnology and Oceanography: Methods, 6(7), 327-335.
https://doi.org/10.4319/lom.2008.6.327

Heupel, M. R., Semmens, J. M., & Hobday, A. J. (2006). Automated acous-
tic tracking of aquatic animals: Scales, design and deployment of lis-
tening station arrays. Marine and Freshwater Research, 57(1), 1-13.
https://doi.org/10.1071/MF05091

Heupel, M. R, & Simpfendorfer, C. A. (2008). Movement and distribution
of young bull sharks Carcharhinus leucas in a variable estuarine envi-
ronment. Aquatic Biology, 1, 277-289. https://doi.org/10.3354/
ab00030

Heupel, M. R., & Simpfendorfer, C. A. (2015). Long-term movement pat-
terns of a coral reef predator. Coral Reefs, 34(2), 679-691. https://doi.
org/10.1007/s00338-015-1272-4

Hussey, N. E., Kessel, S. T., Aarestrup, K., Cooke, S. J., Cowley, P. D,
Fisk, A. T., Harcourt, R. G, Holland, K. N., Iverson, S. J., Kocik, J. F.,
Mills Flemming, J. E., & Whoriskey, F. G. (2015). Aquatic animal telem-
etry: A panoramic window into the underwater world. Science,
348(6240), 1255642. https://doi.org/10.1126/science.1255642

Huveneers, C., Simpfendorfer, C. A, Kim, S., Semmens, J. M,
Hobday, A. J., Pederson, H., Stieglitz, T., Vallee, R., Webber, D.,
Heupel, M. R,, Peddemors, V., Harcourt, R. G., & Reynolds, J. (2016).
The influence of environmental parameters on the performance and
detection range of acoustic receivers. Methods in Ecology and Evolution,
7(7), 825-835. https://doi.org/10.1111/2041-210x.12520

Kanno, S., Heupel, M. R, Sheaves, M. J., & Simpfendorfer, C. A. (2023).
Mangrove use by sharks and rays: A review. Marine Ecology Progress
Series, 724, 167-183. https://doi.org/10.3354/meps14452

Kanno, S., Schlaff, A. M., Heupel, M. R., & Simpfendorfer, C. A. (2019). Sta-
tionary video monitoring reveals habitat use of stingrays in mangroves.
Marine Ecology Progress Series, 621, 155-168.

Kessel, S. T. Cooke, S. J, Heupel, M. R, Hussey, N. E,
Simpfendorfer, C. A., Vagle, S., & Fisk, A. T. (2014). A review of detec-
tion range testing in aquatic passive acoustic telemetry studies.
Reviews in Fish Biology and Fisheries, 24(1), 199-218. https://doi.org/
10.1007/s11160-013-9328-4

Macleay, W. J. (1883). Notes on a collection of fishes from the Burdekin
and Mary rivers, Queensland. Proceedings of the Linnean Society of new
South Wales, 8(2), 199-213.

Martins, A. P. B., Heupel, M. R, Bierwagen, S. L, Chin, A, &
Simpfendorfer, C. A. (2020). Tidal-diel patterns of movement, activity
and habitat use by juvenile mangrove whiprays using towed-float GPS
telemetry. Marine and Freshwater Research, 72, 534-541. https://doi.
org/10.1071/mf20078

Matley, J. K., Klinard, N. V., Larocque, S. M., Weinz, A. A., & Colborne, S. F.
(2022). Space use of juvenile and subadult yellow perch (Perca flaves-
cens) in the Detroit River using acoustic telemetry: Incorporating vari-
able detection ranges in vegetated areas. Canadian Journal of Fisheries
and Aquatic Sciences, 79(1), 63-72. https://doi.org/10.1139/cjfas-
2020-0425

Meyer, C. G., Papastamatiou, Y. P., & Clark, T. B. (2010). Differential move-
ment patterns and site fidelity among trophic groups of reef fishes in a
Hawaiian marine protected area. Marine Biology, 157(7), 1499-1511.
https://doi.org/10.1007/s00227-010-1424-6

Nagelkerken, 1., Blaber, S. J. M., Bouillon, S., Green, P., Haywood, M.,
Kirton, L. G. Meynecke, J. 0., Pawlik, J., Penrose, H. M.,
Sasekumar, A., & Somerfield, P. J. (2008). The habitat function of man-
groves for terrestrial and marine fauna: A review. Aquatic Botany,
89(2), 155-185. https://doi.org/10.1016/j.aquabot.2007.12.007

Papastamatiou, Y. P., Meyer, C. G. Carvalho, F., Dale, J. J,
Hutchinson, M. R, & Holland, K. N. (2013). Telemetry and random-
walk models reveal complex patterns of partial migration in a large
marine predator. Ecology, 94(11), 2595-2606. https://doi.org/10.
1890/12-2014.1

Payne, N. L., Gillanders, B. M., Webber, D. M., & Semmens, J. M. (2010).
Interpreting diel activity patterns from acoustic telemetry: The need
for controls. Marine Ecology Progress Series, 419, 295-301. https://doi.
org/10.3354/meps08864

Quoy, J. R. C.,, & Gaimard, J. P. (1824). Description des Poissons. In L. de
Freycinet (Ed.), Voyage autour du monde, entrepris par ordre du roi Exé-
cuté sur les corvettes de S.M. "L'Uranie" et "La Physicienne", pendant

85UB01 SUOWIWOD SA[EeID) 3(dedl|dde auyy Aq peusenob aJe ol WO ‘8sN JO S8|nJ o} A%iqiT8UlUQ AB]1/ UO (SUONIPUOD-PUR-SLLLIBY WD A8 |1 ARe.d1jBu JUO//:SdnLy) SUOIPUOD pue SWS 1 81 88S [9202/c0/2z] Uo Ariqiauliuo Aeim ‘A1sieAun %000 sewer Ag ZT8ST G4I/TTTT 0T/I0p/w00 A8 im Areiqijpul|uo//sdny wouy pepeojumod ‘G ‘SZ0Z ‘6798560T


https://orcid.org/0000-0003-2767-8092
https://orcid.org/0000-0003-2767-8092
https://cran.r-project.org/web/packages/MuMIn/index.html
https://cran.r-project.org/web/packages/MuMIn/index.html
https://doi.org/10.1007/s00338-013-1069-2
https://doi.org/10.1007/s00338-013-1069-2
https://doi.org/10.1007/s10641-011-9771-9
https://doi.org/10.1007/s10641-011-9771-9
https://doi.org/10.1186/2050-3385-1-5
https://doi.org/10.1890/130283
https://doi.org/10.1007/s00227-021-03886-z
https://doi.org/10.3354/meps13010
https://doi.org/10.1111/2041-210x.12057
https://doi.org/10.1111/gcb.15275
https://doi.org/10.4319/lom.2008.6.327
https://doi.org/10.1071/MF05091
https://doi.org/10.3354/ab00030
https://doi.org/10.3354/ab00030
https://doi.org/10.1007/s00338-015-1272-4
https://doi.org/10.1007/s00338-015-1272-4
https://doi.org/10.1126/science.1255642
https://doi.org/10.1111/2041-210x.12520
https://doi.org/10.3354/meps14452
https://doi.org/10.1007/s11160-013-9328-4
https://doi.org/10.1007/s11160-013-9328-4
https://doi.org/10.1071/mf20078
https://doi.org/10.1071/mf20078
https://doi.org/10.1139/cjfas-2020-0425
https://doi.org/10.1139/cjfas-2020-0425
https://doi.org/10.1007/s00227-010-1424-6
https://doi.org/10.1016/j.aquabot.2007.12.007
https://doi.org/10.1890/12-2014.1
https://doi.org/10.1890/12-2014.1
https://doi.org/10.3354/meps08864
https://doi.org/10.3354/meps08864

KANNO ET AL.

les années 1817, 1818, 1819 et 1820. Chez Pillet Aine, Imprimeur-
Libraire, Paris.

R Core Team. (2022). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing. https://www.R-
project.org/

Radford, C. A, Jeffs, A. G, Tindle, C. T., & Montgomery, J. C. (2008). Tem-
poral patterns in ambient noise of biological origin from a shallow
water temperate reef. Oecologia, 156(4), 921-929. https://doi.org/10.
1007/s00442-008-1041-y

Rog, S. M., Clarke, R. H., Cook, C. N., & Cowie, R. (2017). More than
marine: Revealing the critical importance of mangrove ecosystems for
terrestrial vertebrates. Diversity and Distributions, 23(2), 221-230.
https://doi.org/10.1111/ddi.12514

Schlaff, A. M. (2020). Multi-scale patterns in movement and space use of
sharks on inshore reefs Ph.D thesis. James Cook University.

Selby, T. H., Hart, K. M., Fujisaki, ., Smith, B. J., Pollock, C. J., Hillis-
Starr, Z., Lundgren, I., & Oli, M. K. (2016). Can you hear me now?
Range-testing a submerged passive acoustic receiver array in a Carib-
bean coral reef habitat. Ecology and Evolution, 6(14), 4823-4835.
https://doi.org/10.1002/ece3.2228

Sievers, M., Brown, C. J,, Tulloch, V. J. D., Pearson, R. M., Haig, J. A,
Turschwell, M. P., & Connolly, R. M. (2019). The role of vegetated
coastal wetlands for marine megafauna conservation. Trends in Ecology
and Evolution, 34, 807-817. https://doi.org/10.1016/j.tree.2019.
04.004

Simpfendorfer, C. A., Heupel, M. R., & Collins, A. B. (2008). Variation in the
performance of acoustic receivers and its implication for positioning
algorithms in a riverine setting. Canadian Journal of Fisheries and
Aquatic Sciences, 65(3), 482-492. https://doi.org/10.1139/f07-180

Simpfendorfer, C. A., Heupel, M. R., & Hueter, R. E. (2002). Estimation of
short-term centers of activity from an array of omnidirectional hydro-
phones and its use in studying animal movements. Canadian Journal of
Fisheries and Aquatic Sciences, 59(1), 23-32. https://doi.org/10.1139/
f01-191

Simpfendorfer, C. A., Huveneers, C., Steckenreuter, A., Tattersall, K.,
Hoenner, X., Harcourt, R., & Heupel, M. R. (2015). Ghosts in the data:
False detections in VEMCO pulse position modulation acoustic telem-
etry monitoring equipment. Animal Biotelemetry, 3(1), 1-10. https://
doi.org/10.1186/s40317-015-0094-z

~e FISHBIOLOGY 2 @ Bk

Stocks, J. R, Gray, C. A, & Taylor, M. D. (2014). Testing the effects of
near-shore environmental variables on acoustic detections: Implica-
tions on telemetry array design and data interpretation. Marine Tech-
nology Society Journal, 48(1), 28-35.

Swadling, D. S., Knott, N. A., Rees, M. J., Pederson, H., Adams, K. R,
Taylor, M. D., & Davis, A. R. (2020). Seagrass canopies and the perfor-
mance of acoustic telemetry: Implications for the interpretation of fish
movements. Animal Biotelemetry, 8(1), 1-12. https://doi.org/10.1186/
s40317-020-00197-w

Thiemer, K., Lennox, R. J., & Haugen, T. O. (2022). Influence of dense mac-
rophyte vegetation and total gas saturation on the performance of
acoustic telemetry. Animal Biotelemetry, 10(1), 1-14. https://doi.org/
10.1186/s40317-022-00275-1

Weinz, A. A., Matley, J. K, Klinard, N. V., Fisk, A. T., & Colborne, S. F.
(2021). Performance of acoustic telemetry in relation to submerged
aquatic vegetation in a nearshore freshwater habitat. Marine and
Freshwater Research, 72(7), 1033-1044. https://doi.org/10.1071/
mf20245

Welsh, J. Q., Fox, R. J., Webber, D. M., & Bellwood, D. R. (2012). Perfor-
mance of remote acoustic receivers within a coral reef habitat: Impli-
cations for array design. Coral Reefs, 31(3), 693-702. https://doi.org/
10.1007/s00338-012-0892-1

Whoriskey, K., Martins, E. G., Auger-Méthé, M., Gutowsky, L. F. G,
Lennox, R. J., Cooke, S. J., Power, M., & Mills Flemming, J. (2019). Cur-
rent and emerging statistical techniques for aquatic telemetry data: A
guide to analysing spatially discrete animal detections. Methods in Ecol-
ogy and Evolution, 10(7), 935-948. https://doi.org/10.1111/2041-
210X.13188

How to cite this article: Kanno, S., Heupel, M. R, Hoel, K.,
Schlaff, A., Siddiqi, A., & Simpfendorfer, C. A. (2025).
Performance and detection range of acoustic receivers in
mangrove habitats. Journal of Fish Biology, 106(5), 1540-1553.
https://doi.org/10.1111/jfb.15817

85UB01 SUOWIWOD SA[EeID) 3(dedl|dde auyy Aq peusenob aJe ol WO ‘8sN JO S8|nJ o} A%iqiT8UlUQ AB]1/ UO (SUONIPUOD-PUR-SLLLIBY WD A8 |1 ARe.d1jBu JUO//:SdnLy) SUOIPUOD pue SWS 1 81 88S [9202/c0/2z] Uo Ariqiauliuo Aeim ‘A1sieAun %000 sewer Ag ZT8ST G4I/TTTT 0T/I0p/w00 A8 im Areiqijpul|uo//sdny wouy pepeojumod ‘G ‘SZ0Z ‘6798560T


https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1007/s00442-008-1041-y
https://doi.org/10.1007/s00442-008-1041-y
https://doi.org/10.1111/ddi.12514
https://doi.org/10.1002/ece3.2228
https://doi.org/10.1016/j.tree.2019.04.004
https://doi.org/10.1016/j.tree.2019.04.004
https://doi.org/10.1139/f07-180
https://doi.org/10.1139/f01-191
https://doi.org/10.1139/f01-191
https://doi.org/10.1186/s40317-015-0094-z
https://doi.org/10.1186/s40317-015-0094-z
https://doi.org/10.1186/s40317-020-00197-w
https://doi.org/10.1186/s40317-020-00197-w
https://doi.org/10.1186/s40317-022-00275-1
https://doi.org/10.1186/s40317-022-00275-1
https://doi.org/10.1071/mf20245
https://doi.org/10.1071/mf20245
https://doi.org/10.1007/s00338-012-0892-1
https://doi.org/10.1007/s00338-012-0892-1
https://doi.org/10.1111/2041-210X.13188
https://doi.org/10.1111/2041-210X.13188
https://doi.org/10.1111/jfb.15817

	Performance and detection range of acoustic receivers in mangrove habitats
	1  INTRODUCTION
	2  METHODS
	2.1  Study area
	2.2  Ethical statement
	2.3  Field methods
	2.3.1  Receiver deployment
	2.3.2  Deployment of transmitters for range testing

	2.4  Data analysis
	2.4.1  Detection range
	2.4.2  Event data

	2.5  Animal tracking test

	3  RESULTS
	3.1  Range test
	3.1.1  Outside mangrove range test
	3.1.2  Inside mangrove range test
	3.1.3  Receiver event data
	3.1.4  Animal application


	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	ORCID
	REFERENCES


