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Abstract Acoustic telemetry is an important tool for

assessing the behavioural ecology of aquatic animals,

but the performance of receivers can vary spatially and

temporally according to changes in environmental

gradients. Studies testing detection efficiency and/ or

detection range are, therefore, important for data

interpretation, although the most thorough range-

testing approaches are often costly or impractical, such

as the use of fixed sentinel tags. Here, stationary tag

data (from study animals that had either died or

expelled their tags) provided a substitute for the long-

term monitoring of receiver performance in a wetland

environment and was complemented by periodic boat-

based range testing, with testing of the effects of

environmental variables (water temperature, conduc-

tivity, transparency, precipitation, wind speed, acous-

tic noise) on detection efficiency (DE) and detection

range (DR). Stationary tag DE was highly variable

temporally, the most influential factors being water

temperature and precipitation. Transparency was a

strong predictor of DR and was dependent on chloro-

phyll concentration (a surrogate measure of algal

density). These results highlight the value of stationary

tag data in assessments of acoustic receiver perfor-

mance. The high seasonal variability in DE and DR

emphasises the need for long-term receiver monitor-

ing to enable robust conclusions to be drawn from

telemetry data.

Keywords Detection range �Receiver performance �
Sentinel tags � Temperature � Precipitation � Turbidity

Introduction

The application of acoustic telemetry to examining the

space-use and behaviour of aquatic animals has grown

exponentially in recent decades (Hussey et al., 2015).

It has benefitted from rapid technological develop-

ment (e.g. Klinard et al., 2019b; Reubens et al., 2019),

resulting in a wealth of data to support species and

habitat management (Brooks et al., 2019) in both the
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marine and freshwater environments (e.g. Davies

et al., 2020).

Passive acoustic telemetry functions by transmis-

sion of coded ultrasonic signals between tags (trans-

mitters implanted in/ attached to moving organisms)

and submerged hydrophones coupled with receivers

(‘receivers’ hereafter), which are usually positioned at

fixed locations.When a tag is within detection range of

a receiver, its unique identity is recorded, along with a

date-time stamp. Data can be collected continuously

for multiple individuals across broad spatial scales,

providing distinct advantages over more traditional

methods of active animal tracking (Kessel et al.,

2014). Furthermore, technologic advances are

reflected in extended battery lives of tags. In response,

the duration of studies has expanded from hours to

multiple years (Hussey et al., 2015). Consequently,

aquatic acoustic tracking is increasingly conducted

across a broad range of environments, from the

Amazon (Hahn et al., 2019) to the Arctic (Kessel

et al., 2016), and under environmental conditions that

can fluctuate considerably over time. However,

assessments of how the performance of receivers

varies over time and space have been less frequent

(Kessel et al., 2014), risking the misinterpretation of

animal behaviour if the frequency of acoustic detec-

tions do not directly represent the space-use and

activity of tagged animals (Payne et al., 2010).

The successful transmission of an acoustic signal

over a specific distance depends on several factors,

including the intensity of the signal at the point of

generation (i.e. tag power output); the amount of

signal loss due to spreading, refraction, reflection and

absorption by the water and other objects; and the

extent of interference from background noise (Med-

win & Clay, 1998). These factors are controlled by

many variables, some of which may be constant

through time and so can be accounted for at the study

onset, such as habitat type (e.g. depth, substrate; Selby

et al., 2016), transmitter type (How & de Lestang,

2012), transmitter location (e.g. internal or external

attachment; Dance et al., 2016) and receiver mooring

design (Clements et al., 2005; Huveneers et al., 2016).

Other variables affecting the ability of receivers to

detect transmitters may fluctuate substantially over a

study period, such as tag orientation (Ammann, 2020),

the physical or chemical properties of water (e.g.

temperature, salinity, turbidity; Huveneers et al.,

2016), water movement (e.g. waves, tides, river flows;

How and de Lestang, 2012; Mathies et al., 2014),

meteorological conditions (e.g. wind, rain; Gjelland &

Hedger, 2013), biofouling (Heupel et al., 2008) and/ or

ambient, anthropogenic and biotic noise (Payne et al.,

2010; Reubens et al., 2019). In addition, signal

collisions can occur when the transmissions of mul-

tiple tags interfere with each other (Simpfendorfer

et al., 2008; Pincock, 2012). While this is minimised

by tags with random transmission intervals, it has

implications if study species form large aggregations

within range of receivers.

As a result of these inconsistencies, analyses of

acoustic telemetry data require an understanding of the

variability in the probability of detection over space

and time if researchers are to examine rates of

movement, space-use and/ or activity, as opposed to

simply recording the movement trajectories of ani-

mals. The term ‘detection range’ (DR) describes the

maximum distance over which an acoustic transmitter

can be detected by a receiver, while detection

efficiency (DE) is defined as the number of detections

in a set period as a proportion of the total number

possible (Brownscombe et al., 2020). DE typically

shows a logistic relationship of decay with increasing

distance from an acoustic receiver (Kessel et al.,

2014). Assessment of DE can be completed in a

number of ways, the most thorough being the use of

fixed sentinel tags at regular distance intervals from

focal receivers (Kessel et al., 2014; Selby et al., 2016;

Brownscombe et al., 2020). However, comparatively

few studies have adopted this method in riverine or

wetland environments (but see Whitty et al., 2009;

Béguer-Pon et al., 2015), perhaps because feasibility is

limited by factors that prevent safe deployment, such

as high flow variability and/ or high anthropogenic

disturbance in navigable waterways.

In highly connected wetlands, where the habitats

used by fishes can include a range of lentic and lotic

areas, the prevailing environmental conditions can

vary spatially and temporally, potentially impacting

both DE and DR. This is particularly pertinent to the

Norfolk Broads, Eastern England, where the landscape

includes nutrient rich, shallow lakes connected to

lowland rivers used for navigation. Using this area as

the study system, the aim was to assess spatial and

temporal variability in the detection range and

efficiency of acoustic receivers. High levels of boat

traffic in this shallow environment prevented the use

of sentinel transmitters moored at fixed distances from
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receivers. However, following the tagging of wild fish

as part of a companion study, it became apparent that

stationary transmitters were present in the vicinity of

some receivers, having either been expelled by tagged

fish or the tagged fish had died there. These transmit-

ters enabled the continuous monitoring of receiver DE

for up to 16 months. Stationary tag data were then

complemented by periodic boat-based range testing

using a dedicated range-testing tag. The study objec-

tive was thus to quantify both acoustic receiver DE and

DR, and test changes in these in relation to temporally

variable environmental conditions (water temperature,

transparency, conductivity, wind speed, precipitation

and acoustic noise).

Materials and methods

Study system

The focus of the study was the River Bure, which

forms part of the Broads National Park, a protected

wetland characterised by many small shallow lakes

(medieval peat diggings termed ‘Broads’; Fig. 1). The

system is tidal and experiences major saline incursions

during tidal surges and/ or low river flows, generally in

winter, with the upstream limit of saline intrusion

believed to be at Horning (Fig. 1; Clarke, 1990). The

Bure flows south-east into the North Sea, with a mean

discharge of 6 m3s-1. Its channel widths in the study

area are 25–30 m wide, with depths to 3 m, and a

substrate predominantly consisting of silt and peat.

A fixed array of 44 acoustic receivers (Vemco,

VR2W) was deployed in the river and connected

wetlands in October 2017 and January 2018 to track

the movements of native fish species. Measures of DE

(using stationary transmitters from tagged fish) or DR

(using boat-based range testing) were estimated for

nine receivers that covered both lentic and lotic

habitats (Table 1; Fig. 1). Data were downloaded

quarterly, when the hydrophones were also cleaned of

biofouling. Receivers were attached to permanent

underwater structures, moored on wooden posts or

suspended from floating objects (Table 1), and were

continuously operational until the study end in

November 2019. All receivers were placed at approx-

imately mid-water depth (1–1.5 m) and were gener-

ally positioned in channel/ lake margins.

Stationary tags

As part of a companion study, common bream

Abramis brama (L.) were sampled from the River

Bure by rod and line angling during November 2017

and April 2018. Under anaesthesia (Tricaine methane-

sulfonate, MS-222), fish were surgically implanted

with an acoustic transmitter (‘tag’ hereafter) (V13:

69 kHz; low power output; length 36 mm 9 diameter

13 mm, 6.0 g mass in water; random transmission

interval around 90 s; estimated battery life 1200 days)

and released following their return to normal beha-

viour. All regulated procedures were performed under

the UK Home Office project licence 70/8063 and after

ethical review. Between 18 January 2018 and 15 May

2019, acoustic signals from eight of the tagged bream

Table 1 Details of acoustic receivers used in the study, including their application to measurements of either detection efficiency

(DE) or detection range (DR)

Receiver ID Receiver mooring design Habitat Measure of receiver performance

1 Attached to permanent wooden structure Lentic; flowing DR

2 Moored on wooden post Lentic; flowing DE

3 Suspended from pontoon Lentic DE

4 Moored on wooden post Lentic; flowing DE

5 Moored on wooden post Lentic DE

6 Moored on wooden post Lentic DE

7 Attached to permanent wooden structure Lotic DE

8 Moored on wooden post Lentic DE

9 Moored on wooden post Lentic DR
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became stationary within range of an acoustic receiver

(Fig. 1), either due to fish death or tag expulsion.

These stationary tags subsequently became surrogates

for sentinel tags in the monitoring of acoustic receiver

DE. Three stationary tags were located using manual

acoustic tracking (Vemco; VR100) and their distance

to the nearest acoustic receiver was estimated (±

25 m; Table 1). Other tags could not be located due to

resource constraints. Detection data from all stationary

tags were collected until 5 November 2019, except for

one tag whose data were collected from 5 April 2018

to 1 August 2018, after which it was no longer in range

of a receiver due to it being redeployed in a different

location (Receiver #4; Table 1; Fig. 1). Another

receiver (Receiver #6) was moved by approximately

100 m during the study period, while the nearby

stationary tag remained in range; for this tag, the pre-

and post-relocation data were separated (Fig. 2).

Detection range testing

A total of 14 range tests were conducted for two

receivers situated in Wroxham Broad (WB; N = 8) and

South Walsham Broad (SWB; N = 6) between January

and November 2019 (Fig. 1). These locations offered

sufficient space for range testing, while representative

of distinct environmental conditions. WB is situated

upstream of the saline limit at Horning and has a

relatively high exchange of water with the River Bure,

while SWB is situated further downstream, below the

limit of saline incursion, but is much less strongly

influenced by main river flows. Due to its location,

SWB has occasional high saline events and typically

displays higher residual conductivity (as a measure of

salinity) than WB. In addition, the release of phos-

phorus from the sediment in SWB results in dense

blooms of phytoplankton during warmer months

Fig. 1 Map of the River Bure study system showing locations

of the acoustic receivers used in range testing, plus those in

range of stationary tags which were used to measure detection

efficiency. Receivers are numbered according to Table 1. The

location of the temperature logger and water sampling sites

(Environment Agency, 2020) are also pictured. The Broads

National Park area is shaded green
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(Moss & Balls, 1989). In each location, DR was

estimated by lowering a range testing tag (V13;

69 kHz; low power output; fixed 10 s transmission

interval) from a stationary boat to 1 m below the water

surface at distance intervals of approximately 50 m

from the receiver. The tag was held underwater for

1 min, and DR was recorded as the maximum distance

over which the tag remained detectable. Exact

distances were verified using GPS positions taken

during range testing.

Environmental data

Water temperature (± 0.5�C) in the River Bure was

recorded at 15-min intervals throughout the study

period by a data logger (HOBO� Pendant; model

MX2202, Onset Computer Corporation; Fig. 1). Half-

hourly records of average wind speed (ms-1) at

Norwich airport (10 km from study site), plus six-

hourly records of precipitation (cm) at the MET office

station at Weybourne (33 km from study site), were

obtained from an online meteorological archive

(Raspisaniye Pogodi Ltd, 2020). During range testing

in WB and SWB, point measurements of water

temperature (± 0.2�C) and conductivity (± 0.005

mS cm-1) were taken using a YSI meter (Pro Plus),

with water transparency (± 0.1 m) measured using a

Secchi disk. Further data on water transparency and

chlorophyll (a and b) concentration, measured at

monthly intervals between November 2017 and

February 2020, were sourced for six locations across

the study site (Fig. 1; Environment Agency, 2020).

Statistical analysis

First, the stationary tag data were tested in generalised

linear mixed models (GLMM) to estimate the prob-

ability of detection as a function of mean daily water

temperature, mean daily wind speed, total daily

precipitation and the daily noise quotient. The noise

quotient was calculated from summary data stored by

the receivers (Simpfendorfer et al., 2008) and pro-

vided a measure of acoustic noise in the environment,

with negative values indicating tag collisions and

positive values indicating ambient/ anthropogenic/

biotic noise. Transparency and conductivity were not

included as explanatory variables here as their mon-

itoring in the study area was not conducted on a

Fig. 2 Daily detection efficiency of one stationary tag in range

of an acoustic receiver. Separate lines represent data collected

pre- and post-receiver redeployment on 22 August 2018. The

transmitter was originally located to within 50 m of the receiver,

but following receiver redeployment this distance increased to

approximately 150 m
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sufficiently regular basis. The GLMM response vari-

able was the daily number of recorded detections, as a

proportion of the maximum number possible given the

transmission interval. This required a binomial family

structure and logit link function, with random effects

of tag ID and receiver location accounting for

variation in tag/receiver habitat and distance from

the receiver. Covariates were initially parameterised

separately in univariate models, then combinations of

those resulting in a reduction in Akaike’s information

criterion (AIC) values were compared in multivariate

models. Model comparison followed the minimisation

of AIC, with those exhibiting DAIC \ 2 awarded

strong support alongside the best model, providing

they were not more complex versions of nested models

with lower AIC (Richards et al., 2011).

Next, the range testing data were tested in linear

mixed models (LMM) to examine the effect of water

temperature, conductivity, wind speed and trans-

parency on the maximum DR of acoustic receivers,

with receiver location (WB; SWB) included as a

random effect. Seasonal fluctuations meant that tem-

perature and transparency were correlated (WB: r =

- 0.84, P = 0.009; SWB: r = - 0.89, P = 0.016), as

well as temperature and conductivity at WB (r =

- 0.86, P = 0.006), so these covariates were not

modelled together. Precipitation was excluded as an

explanatory variable here due to the range testing

being carried out in absence of rain. Furthermore,

noise quotients were unavailable for the limited

timeframes of range testing (less than 24 h). Model

selection followed the minimisation of AIC, as above.

Finally, the relationship between water transparency

and chlorophyll concentration was explored using the

water quality data in an LMM. Data were log-log

transformed (Carlson, 1977), with sample site repre-

senting a random effect. All analyses were conducted

in R 3.6.2 (R Core Team, 2019) using the package

lme4 (Bates et al., 2015).

Fig. 3 The effects of

a mean daily temperature

and b total daily

precipitation on the

detection efficiency of

stationary tags according to

the best-fitting GLMM

model. Lines represent

separate transmitter data

included as a random effect.

Labels in panel a signify the
distance between certain

transmitters and their

nearest acoustic receiver.

Where lines are not labelled

in a, the location of

stationary transmitters was

not confirmed and thus

distances could not be

estimated

Table 2 Minimum, maximum and mean (± SD) daily detec-

tion efficiency (DE; %) for each stationary tag

Tag ID Receiver ID Min Max Mean

27268 8 0.0 73.6 28.6 ± 21.3

28576 3 0.0 38.0 2.2 ± 5.6

28577 2 0.0 71.4 6.0 ± 11.5

28578 6b 0.0 94.5 22.7 ± 33.8

28585 6a 85.0 100.0 95.2 ± 2.4

28585 6b 0.0 75.3 13.6 ± 20.4

28586 4 63.6 98.5 87.4 ± 5.7

28592 7 0.0 82.4 16.5 ± 20.6

30034 5 0.0 58.8 5.8 ± 10.6

Tag ID ‘28585’ is listed twice due to the redeployment of

receiver #6 during the study period, as illustrated in Fig. 2
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Results

Detection efficiency

The daily detection efficiency (DE) of stationary tags

was highly variable, both spatially and temporally, and

ranged from 0 to 100% (Figs. 2, 3). Mean DE for each

tag ranged from 2.2 to 95.2% (Table 2). All covariates

in the univariate models, except wind speed, resulted

in reduced AIC. Mean daily water temperature and

total daily precipitation were retained in the best-

fitting GLMM predicting DE, with both variables

having a negative effect on the probability of detection

(Table 3a; Fig. 3). Water temperature was a particu-

larly strong predictor of DE, with AIC increasing

substantially when it was removed from the model

(DAIC = 230; Online Resource 1). While the noise

quotient varied from - 114,660 to 391, with 87% of

values below zero, suggesting a high incidence of tag

collisions, noise did not contribute to the best model

predicting DE. No other combinations of variables

were awarded strong support under the selection

criteria (Online Resource 1). The estimated between-

tag and between-receiver standard deviations were

considerably larger than the magnitude of the fixed

effects (Table 3a), indicating significant spatial vari-

ation in DE due to habitat and/ or distance from the

receiver (Fig. 3).

Detection range

Boat-based detection range testing was conducted

over varying environmental conditions at both sites,

with water temperature ranging from 2.9 to 23.1�C,
transparency from 0.3 to 2.0 m, and wind speed from 5

to 14 m s-1. Conductivity at Wroxham Broad (WB)

was stable (mean ± SD: 0.80± 0.03 mS cm-1), but at

South Walsham Broad (SWB) varied from 0.83 to

5.69 mS cm-1 (1.96± 1.88 mS cm-1). Measurements

of detection range (DR) varied from 30 to 840 m. All

covariates improved LMM fit relative to the null

model, but the best model predicting DR retained

transparency and wind speed (Table 3b), with no other

combinations of covariates receiving strong support

under the selection criteria (Online Resource 2).

Notably, the removal of transparency resulted in a

model with a relatively high DAIC value (19.3),

indicating its high explanatory power (Fig. 4; Online

Resource 2). While wind speed was also included in

the best model, uncertainty in the magnitude of its

effect was high and overlapped zero (Table 3b).

Variation in DR according to the random effect of

receiver location was low relative to the magnitude of

the effect of transparency, but high relative to the

effect of wind speed (Table 3b). In addition, chloro-

phyll concentration was a strong predictor of water

transparency across the study system (Table 3c;

Fig. 5), reducing AIC by 92.2 relative to the null

model.

Discussion

Awareness of issues surrounding the performance of

receivers for acoustic telemetry has grown in recent

years, with studies having increasingly investigated

variability across biotic and abiotic gradients (Kessel

et al., 2014; Huveneers et al., 2016). Here, stationary

transmitters in the environment enabled the measure-

ment of the long-term DE of receivers in an environ-

ment where the deployment of sentinel tags was not

feasible. The results revealed high spatial and tempo-

ral variability in receiver performance; daily detection

Table 3 Coefficient estimates for the fixed (b ± SE) and

random effects (SD) in the best fitting (a) GLMM predicting

daily detection efficiency of stationary tags, (b) LMM pre-

dicting acoustic detection range of receivers and (c) LMM

predicting water transparency

Parameter Fixed Random

(a)

(Intercept) 1.71 ± 1.37 –

Temperature - 0.21 ± 0.02 –

Precipitation - 0.08 ± 0.03 –

Tag ID – 0.96

Receiver ID – 3.70

(b)

(Intercept) - 51.18 ± 217.77 –

Transparency 437.85 ± 113.89 –

Wind speed - 7.23 ± 16.63 –

Receiver ID – 142.50

(c)

(Intercept) 0.39 ± 0.04 –

Log(chlorophyll) - 0.32 ± 0.03 –

Sample site – 0.07
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efficiency decreased with elevated water temperature

and precipitation, and variability between tags indi-

cated a dependence on transmission distance and

habitat typology. Complementary boat-based range

testing revealed water transparency to be a strong

predictor of maximum detection range.

Temperature affects the propagation of sound in

water through its impact on water density (Medwin &

Clay, 1998). How & de Lestang (2012) also reported a

reduction in DE with increased temperature, although

other studies have reported no significant correlation

(Heupel et al., 2008; Gjelland & Hedger, 2013). While

thermal stratification of water is key to explaining

reduced DE in some systems (e.g. Huveneers et al.,

2016; Klinard et al. 2019a), it is unlikely to apply to

the River Bure as depths do not exceed 4 to 5 m, and

even less probable in broads with mean water depths

of 1.5–2 m. Alternatively, water temperature may be

associated with other factors affecting DE in the study

system, such as seasonal anthropogenic noise (i.e. boat

traffic related to tourism, Moss, 1977), algal blooms

(Moss & Balls, 1989) and/ or macrophyte growth

(Weinz, 2020). Indeed, periodic range testing revealed

transparency (or turbidity) was a better predictor of

maximum DR than temperature. Furthermore, the

results revealed a clear association between trans-

parency and chlorophyll concentration, which is an

indicator of the density of algal blooms (Moss & Balls,

1989). This finding is consistent with a number of

other studies suggesting phytoplankton impacts acous-

tic receiver performance (Shroyer & Logsdon, 2009;

Gjelland & Hedger, 2013). Consequently, water

temperature may be both directly and indirectly linked

to the temporal fluctuations in DE observed here.

Fig. 4 Effect of water transparency (as Secchi disk depth) on

the maximum acoustic detection range measured periodically in

WroxhamBroad (triangles) and SouthWalshamBroad (circles).

The solid line and greyed area represent predictions and 95%

confidence intervals according to the best-fitting LMM
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The influence of precipitation and wind is expected

to be more prominent in shallow water than at depth

due to the entrainment of air bubbles that enhances

sound absorption and scattering (Gjelland & Hedger,

2013). While evidence here suggested rain reduced

DE, wind speed could not predict DE and its effect on

DR was uncertain. This is perhaps due to the relatively

sheltered nature of the study system compared to large

lacustrine, estuarine or marine sites that feature in

other range-testing studies (e.g. Gjelland & Hedger,

2013; Huveneers et al., 2016; Reubens et al., 2019).

Conductivity was not a strong predictor of DR, but

Heupel et al. (2006) reported reduced DR in freshwa-

ter versus estuarine sites, with Simpfendorfer et al.

(2008) suggesting that the stratification of water in

estuaries can lead to greater acoustic interference. This

emphasises the need for more detailed investigation

into the effect of salinity gradients on acoustic receiver

ranges.

The study system was characterised by a predom-

inantly silt sediment, upon or within which the

stationary tags would have settled. Acoustic receivers

can exhibit higher detection range in environments

with more homogenous substrates (Selby et al., 2016;

Brownscombe et al., 2020), although the detection of

tags on or embedded in soft sediment is likely to be

less efficient than tags suspended in the water column,

such as during boat-based range testing (Heupel et al.,

2006). This may explain why boat-based measure-

ments of DR often exceeded 400 m, despite analyses

of the stationary tag data suggesting DE was low for

tags situated greater than 250 m from the receivers.

Moreover, some variation from the results here would

be expected if the experiment were to be repeated with

fixed sentinel tags. Nevertheless, evidence suggests

that traditional range testing methods can considerably

overestimate the detection probability of tagged

animals in situ (Dance et al., 2016), and thus these

estimates of DE may be more representative of the

Fig. 5 Effect of

chlorophyll concentration

on the transparency of water

samples collected across the

study site (Environment

Agency, 2020). Sample sites

are signified by point colour.

The solid line and greyed

area represent predictions

and 95% confidence

intervals according to the

best-fitting LMM
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detection of benthic foraging fish species, such as

common bream.

Few studies have examined long-term variability in

acoustic receiver DE and/ or DR (for 12? months;

Kessel et al., 2014, Huveneers et al., 2016), yet the

patterns detected here highlight the importance of

capturing the effects of natural seasonally fluctuating

conditions. This knowledge can enhance detection

probability estimates for tagged animals (Whoriskey

et al., 2019) and could be incorporated into statistical

models, such as mark-recapture or state space models

(Brownscombe et al., 2020). Thus, efforts should

always be made to determine spatial and temporal

variability in receiver performance wherever possible.

These efforts should attempt to capture changes in

receiver performance across the full range of environ-

mental conditions encountered, which will be unique

to each ecosystem (e.g. differences due to climate,

substrate/habitat type, water depth). Where this is not

feasible, extrapolation from studies (such as this one)

enables some measure of uncertainty to be acknowl-

edged from similar systems, although care must be

taken to ensure irregularities between study systems

do not introduce biases. As routine assessments of

receiver performance increase in frequency, meta-

analyses may facilitate the development of correction

factors for detection range and efficiency based on

abiotic factors across generalised systems.

Adopting a fixed sentinel tag approach for moni-

toring DE can be costly or inappropriate, especially if

receivers are sparsely dispersed throughout a hetero-

geneous environment (Kessel et al., 2014; Brown-

scombe et al., 2020). However, this study

demonstrates the utility of exploiting data from

stationary tags that could otherwise be overlooked.

The unpredictable nature of animal death and/or tag

expulsion, along with a lack of knowledge regarding

the precise locations of tags, presents some obvious

limitations of incorporating this technique into study

designs. However, the results indicate that stationary

tag data, if available, can provide equally valuable

information on acoustic receiver performance, when

compared to active range testing.
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