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Abstract 

Background One of the most important considerations for acoustic telemetry study designs is detection probability 
between the transmitter and the receiver. Variation in environmental (i.e., wind and flow) and abiotic (i.e., bathymetry) 
conditions among aquatic systems can lead to differences in detection probability temporally or between systems. In 
this study we evaluate the effect of distance, receiver mount design, transmitter depth, and wind speed on detection 
probabilities of two models of acoustic transmitters in a mid-sized river. InnovaSea V16-6H (hereafter V16) and V13-1L 
(hereafter V13) tags were deployed in the James River, SD at 0.36 m (deep) and 2.29 m (V16 tag) or 1.98 m (V13 tag; 
shallow) above the benthic surface downstream of InnovaSea VR2W stationary receivers at distances of 100, 200, or 
300 m. We used two receiver mount designs that included a fixed position within a PVC pipe on the downstream side 
of a bridge piling or a metal frame deployed in the middle of the river channel. Tags were deployed for 72 h at each 
location, and hourly detections were summarized. We evaluated downstream distance, receiver mount design, tag 
depth, and wind effects on tag detection using Bayesian logistic regression.

Results Detection probability decreased as distance increased for all combinations of tag types and mount designs 
and varied from nearly 100% at 100 m to less than 10% at 300 m. The V16 transmitter had greater detection prob-
ability by the receiver mounted in the pipe than in the midriver frame. For both mounts, the deep V16 transmitter had 
greater detection probability than the V16 shallow transmitter. Detection probability of the V13 transmitter was similar 
between receiver mounts or transmitter depths. Wind speed had a negative impact on detection probabilities of both 
transmitter types and depths, except the deep V16 transmitter.

Conclusions Deploying acoustic receivers in PVC pipes rather than midriver frames provided greater downstream 
detection probabilities for V16 transmitters under conditions evaluated in this study. In addition, V16 transmitters had 
greater detection probabilities when positioned deep within the water column rather than near the surface. We also 
demonstrated that wind speed can have a negative impact on detection probabilities.
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Background
Understanding spatial ecology and behavior of fishes in 
freshwater and marine environments has long been an 
area of focus for fisheries biologists. With the advance-
ment of acoustic telemetry technology, researchers are 
now able to answer a host of questions that would oth-
erwise have been unachievable [1]. There has been a 
recent increase in the number of acoustic telemetry 
studies largely due to the increased tag life, transmitting 
power, and reliability in acoustic equipment available to 
researchers [2]. Passive telemetry data can be collected 
continuously throughout the life of an acoustic tag and 
reduces the labor needed to identify fish locations [3, 4]. 
Acoustic telemetry has been used to collect a wide vari-
ety of ecological information on fish, such as home range 
size [5], spawning migrations [6, 7], annual survival [8], 
or interactions with man-made structures [9].

While acoustic telemetry has numerous applications 
for monitoring fish behavior, there are important consid-
erations when selecting and deploying specific acoustic 
telemetry equipment. One of the most important con-
siderations is the probability of the transmitter being 
detected by a receiver [10]. There are numerous factors 
that can influence tag detection probability including tag 
power, line of sight limitations between the transmit-
ter and receiver (e.g., bathymetry, sinuosity, bridge pil-
ings), temperature, signal rebounds, tag signal collisions, 
suspended particles in the water column, and interfer-
ence via wind and boat noise [11–13], and these factors 
can differ across waterbodies [14]. In addition, condi-
tions within the study system often dictate which mount 
design can be deployed at a specific site. Often, multiple 
receiver mount designs and deployment locations are 
required within the same study to account for different 
habitat and environmental conditions [15, 16]. Bridge-
mounted PVC pipe mount systems and metal frame 
mount designs are both commonly used for telemetry 
studies in riverine systems with soft substrates and high 
flows [17, 18]. Understanding the factors affecting detec-
tion probabilities in the study area is vital to selecting the 
best tag type and power, appropriately deploying receiver 
arrays, and interpreting detection data.

Most freshwater acoustic telemetry range testing 
studies conducted have been in open water lentic envi-
ronments, where receiver grids are used to constantly 
monitor fish locations in the waterbody [19–21]. Range 
testing studies in lotic systems are sparse, and most range 
tests were conducted to evaluate the effects of a single 
factor limiting detections, primarily maximum detec-
tion distance [22–24]. However, Abeln [25] indicated 
that maximum detection distance alone is not enough to 
understand detection probability and other environmen-
tal factors may be important to consider. Lotic systems 

present unique factors that can limit detections such as 
sinuosity, sediment load, current velocity, and moving 
debris such as woody structures [26–29]. In addition, 
habitat use by fish can influence tag detection probability, 
particularly within structure [15] and varying depths in 
the water column [30]. Developing a better understand-
ing of detection probability under varying conditions in 
lotic systems could inform species and project-specific 
study design.

Multiple studies monitoring fish movement have been 
implemented in lotic systems across North America [18, 
31, 32]. However, there is a lack of data on the detec-
tion probability of acoustic telemetry systems in lotic 
systems, such as the Missouri River and its tributaries. 
Acoustic telemetry range test studies in the Missouri 
River and its tributaries have been limited to evaluating 
the effect of distance on detection ranges of transmitters 
[18]. Given the collaborative nature of acoustic telemetry 
passive receiver arrays in large, connected systems [33, 
34], developing an understanding of factors influencing 
detection probabilities in these smaller tributary systems 
would likely provide insight into maximizing detection 
probabilities with optimal receiver deployment tech-
niques and transmitter types. Recently in South Dakota, 
several telemetry projects have been implemented by 
various universities and state and federal agencies to 
describe movement trends of various fish species as 
they move among the Missouri River and its three east-
ern South Dakota tributaries: Big Sioux, Vermillion, and 
James rivers. To better understand the performance of 
passive acoustic telemetry in a tributary system, our 
objectives were to evaluate the detection probabilities of 
two acoustic tag models: (1) at various downstream dis-
tances from the receiver, (2) for two different receiver 
mount designs, (3) at two different tag depths, (4) across 
varying wind speeds.

Methods
Study site
The James River is the largest tributary to the Mis-
souri River in eastern North Dakota and South Dakota. 
The river originates in central North Dakota and flows 
approximately 1202 river kilometers (rkm) through gla-
ciated drift prairie to its confluence with the Missouri 
River near Yankton, South Dakota.

Receiver and tag deployment
We deployed two VR2W (InnovaSea)  acoustic receivers 
on the downstream side of a bridge piling in the James 
River at 207 river kilometers upstream of its confluence 
with the Missouri River near Michell, South Dakota (SD) 
(43.643426, −  97.886842). One receiver was deployed 
within a 3.05-m long, 0.10-m diameter polyvinyl chloride 
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(PVC) pipe on the downstream side of the bridge piling 
to avoid potential damage from floating debris. The PVC 
pipe was deployed with the bottom of the pipe approxi-
mately 18 cm above the benthic surface of the river and 
was secured to the bridge using two metal bands and a 
ratchet strap (Fig. 1). The receiver was lowered into the 
PVC pipe using 3.2-mm galvanized steel cable until the 
acoustic receiver’s hydrophone was sticking approxi-
mately 4 cm out of the bottom of the PVC pipe, attached 
with cable to the bridge piling, and secured through a 
cap on top of the PVC pipe to hold it in place at the cor-
rect depth. The hydrophone was positioned at a depth of 
3.05  m from the surface of the water at the start of the 
study. The second receiver was deployed at the bottom of 
the river in a metal frame mount with the receiver bolted 
into a metal cylinder with the hydrophone facing up 
(hereafter referred to as frame mount). We secured the 
second receiver to the upstream bridge piling so it would 
be in line with the pipe mount using galvanized steel 
cable and anchored it with a concrete block attached to 
2 m of cable on the downstream side (Fig. 2). The receiv-
ers placed into the PVC pipe and metal frame are here-
after referred to as the pipe mount and frame mount, 
respectively.

We used two high-power range test tags (InnovaSea 
V16-6H (158 dB; hereafter referred to as V16)) to assess 
detection probability. We tied a 28-cm long, 13-cm diam-
eter buoy to a length of rope approximately 0.3-m longer 
than the depth of the river at each tag deployment loca-
tion and held in location by two 4.5-kg anchors at the 
end of the rope. To simulate fish oriented in the middle 
water column and benthic surface, two tag depths were 

evaluated for each tag type. We tied range test tags to 
the rope 0.36  m (deep) and 2.29  m (shallow) above the 
benthic surface with a 7-cm length of #18 twisted nylon 
twine, and two small disc floats were used to keep the tag 
floating upright (Fig.  3). Assessment of detection prob-
ability for acoustic transmitters commonly positions the 
transmitter at the end of a rope [15, 21], but internally 
implanted tags may have lower detection probabilities 
than external tags [35]. We deployed the tags for 72  h 
at downstream distances of 100, 200, and 300 m down-
stream of the receivers. After each 72  h period, range 

Fig. 1 Schematic of the stationary acoustic telemetry PVC pipe 
mount secured on the downstream side of a concrete bridge piling. 
An inverted acoustic receiver is depicted as the black shape at the 
bottom of the PVC pipe

Fig. 2 Schematic of the stationary acoustic telemetry frame mount, 
which was deployed in the middle of the river channel downstream 
of a bridge piling. An acoustic receiver is depicted as the black shape 
within the triangle-shaped protective cage

Fig. 3 Acoustic range test tag deployment system. Two V16 tags 
were deployed 0.36 m and 2.29 m up the rope from the river bottom. 
One V13 tag was deployed on a similar setup at 0.36 m or 1.98 m up 
the rope from the river bottom
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test tags were moved to a new distance and cleaned to 
remove any biofouling that may have occurred. Each V16 
tag emitted an acoustic signal every 180 s, and we offset 
the starting time for the second tag by 1 min to reduce 
the likelihood of tag collisions. We deployed the frame 
mount at a depth of 3.35 m during the V16 study. Range 
testing with the V16 tags occurred from July 11 to 21, 
2022, and mean daily water elevation and discharge at the 
Mitchell, SD U.S. Geological Survey (USGS) monitoring 
gage station (site number 06478000) ranged from 5.3 to 
5.5 m and 81.8 to 100.0  m3/s, respectively (Fig. 4).

We repeated the range testing process using one 
V13-1L (147 dB; hereafter referred to as V13) low-power 
tag. Range testing with the V13 tags occurred from 
August 11 to September 12, 2022. Trials initially began 
on July 21, but acoustic signals were disrupted during 
the subsequent 2 weeks of trials by a floating irrigation 
water pump, resulting in artificially low detection rates. 
Noise from human sources (such as boat motors or irri-
gation pumps) is a common cause of decreased detec-
tion probability [4]. We also had to repeat testing for the 
100 m shallow trial and both 200 m trials due to a large 
tree moving directly below the receivers and interfering 
with signal reception. Since we only had one V13 range 
test tag, we were only able to test one depth at a time. 
We accounted for lower water elevation when choosing 
our shallow tag depth by tying the tag 0.36 m (deep) and 
1.98 m (shallow) above the benthic surface. The V13 tag 
emitted an acoustic signal every 30  s. We deployed the 
frame mount at a depth of 2.78 m during the V13 study. 
All other test parameters remained the same as for the 
V16. Mean daily water elevation and discharge ranged 
from 4.5 to 5.0 m and 48.4 to 70.5  m3/s, respectively.

Data analysis
We summarized detection and wind data hourly to assess 
detection probability. We calculated the observed pro-
portion of hourly detections as the number of recorded 
signals in an hour divided by the maximum expected 
number of detections (20 for V16 tags and 108 for the 
V13 tag). We excluded a subset of V16 hourly detection 
counts (n = 15) during periods when perceived tag drift, 
incremental changes in timing of acoustic signal trans-
mission resulted in overlap of acoustic signals causing 
failure to correctly record the tag identification number. 
We excluded 27 h, where no detections were recorded for 
the V16 tag on the frame receiver at 100 m. We obtained 
wind data from the Iowa Environmental Mesonet and 
summarized mean hourly wind speed (kph) using data 
from the Mitchell, SD Automated Surface Observing Sys-
tem (ASOS). We excluded 4 h from the V16 trial and 9 h 
from the V13 trial when wind data were not recorded. 
For expected detection sample sizes across distance, 
receiver mount, and tag depth, see Table 1.

We evaluated the impact of distance, tag depth, wind 
speed, and receiver deployment design on the probability 
of detection for each tag type (V13 or V16) using Bayes-
ian logistic regression. We modeled the probability of 
detection for each tag type using a binomial probability 
distribution with a logit link using the following equation:

where D is the number of detections, p is the probabil-
ity of success (i.e., number of observed detections out 
of the total number possible within 1 h), N is the total 
number of possible detections in 1 h, α is the intercept, 
β Depth[shallow] is the slope prior for the shallow tag depth, 
β Receiver[pipe] is the slope prior for the pipe receiver, and βx 
is the slope prior for all remaining beta coefficients. We 
included interaction terms between distance and depth 
and between wind speed and depth in our model. We 
assumed detection probability would be nearly 1.0 at the 
closest distances to the receiver, that detection probabil-
ity would be higher for the pipe than the frame mount 
based on preliminary observations, that tag depth would 

D ∼ Binomial(p, N)

Logit(p) = α + βDistance∗Depth + βWind∗Depth + βReceiver

α ∼ Normal(3, 0.5)

βDepth[shallow] ∼ Normal(0, 1)

βReceiver[pipe] ∼ Normal(1, 1)

βX ∼ Normal(−1, .5)

Fig. 4 Discharge of the James River at the U.S. Geological Survey 
Mitchell South Dakota streamgage (# 06478000) in cubic meters per 
second. The dark-shaded area represents the timeframe of the V16 
tag trial, and the light shaded area represents the timeframe of the 
V13 tag trial
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have no effect, and that distance and wind would have 
negative influences on detection probability. We ran each 
model using a Hamiltonian Monte Carlo algorithm with 
a No-U-Turn sampler, 4 Markov chains, a total of 2000 
iterations per chain, and a warm-up phase of 1000 itera-
tions. We evaluated model fits by running posterior prob-
ability checks and considered the model to have properly 
converged if Gelman–Rubin statistics were less than 
1.1 [36]. We fit the model using rstan [37] in Program R 
[38] with the brms package [39]. We then ran a sensitiv-
ity analysis to assess the impact of our prior selections by 
doubling the standard deviation values: normal(3, 1) for 
the intercept, Normal(0,2) for tag depth, Normal(1, 2) for 
the pipe mount and Normal(− 1, 1) for all remaining beta 
values.

Following successful model convergence, we sam-
pled from the posterior distribution to estimate the 
relationship between detection probability and dis-
tance, depth, wind speed, and receiver design. When 
estimating detection probabilities from the posterior, 
we used the same downstream distances (100, 200, 
and 300 m), tag depths (shallow or deep), and receiver 
mount designs (pipe or frame) as those used during 
the study. We selected three wind speeds (10, 25, and 
40 kph) within the range of observed values during our 
study period to model the impact of wind on detection 
probability. We summarized our posterior sampling as 
the mean values with 95% credible intervals for each 
combination of factors affecting detection.

Results
V16 trial
The probability of detecting V16 tags declined with 
increasing distance from 100 to 300 m (Fig. 5). At 100 m 
mean posterior estimated detection probabilities ranged 
from 60.5% to 96.9%. At 200 m mean posterior estimated 
detection probabilities ranged from 35.8% to 92.7%. At 
300  m mean posterior estimated detection probabili-
ties ranged from 16.8% to 83.9%. The variability in mean 
detection probability at different distances can be attrib-
uted to differences in receiver deployment method, trans-
mitter depth, and wind speed.

Overall, detection probability was greater for the pipe 
mount than the frame mount during the V16 trials. Mean 
posterior detection probability estimates across all wind 
speeds and tag depths ranged from at 60.5–89.3% on 
the frame mount and 85.1–96.9% on the pipe mount at 
100  m. At 200  m, mean posterior estimated detection 
probability across all wind speeds and tag depths ranged 
from 35.8% to 77.4% on the frame mount and 67.5–92.7% 
on the pipe mount (Fig.  5). The mean posterior detec-
tion probability estimates at 300 m across all wind speeds 
and tag depths ranged from 16.8% to 58.3% on the frame 
mount and from 43.0% to 83.9% on the pipe mount 
(Fig. 5).

Detection probability was greater for the deep tag 
than the shallow tag at all distances, between both 
mount designs, and over all wind speeds (Fig. 5). Mean 
posterior detection probability estimates across all 

Table 1 Total number of observed and expected detections for InnovaSea V16 and V13 acoustic transmitters deployed at three 
downstream distances of a bridge-mounted PVC pipe mounted receiver and a mid-river frame-mounted receiver and at either a deep 
depth of 0.36 m or shallow depths of 2.29 m (V16 transmitter) and 1.98 m (V13 transmitter) above the benthic surface in the James 
River, South Dakota

V16 V13

Distance Receiver Depth Detections Expected Detections Expected

100 Frame Deep 699 740 7575 7776

Shallow 636 740 7646 7776

Pipe Deep 1199 1280 7457 7776

Shallow 906 1280 7597 7776

200 Frame Deep 1008 1360 7401 7668

Shallow 734 1360 7421 7668

Pipe Deep 1283 1360 6750 7668

Shallow 1282 1360 5179 7668

300 Frame Deep 783 1300 19 7020

Shallow 159 1300 0 7776

Pipe Deep 1053 1300 0 7020

Shallow 834 1300 727 7776
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wind speeds and mount designs ranged from at 86.9–
96.9% on the deep tag and 60.5–92.1% on the shallow 
tag at 100  m, 73.1–92.7% on the deep tag and 35.8–
80.9% on the shallow tag at 200  m, and 52.6–83.9% 
on the deep tag and 16.8–60.6% on the shallow tag at 
300 m (Fig. 5).

Increasing wind speed resulted in reduced detection 
probability but had a greater effect on the shallow tag 
than the deep tag. At 100  m, the difference in poste-
rior estimated mean detection probability declined as 
wind speed increased from 10 to 40  kph for the deep 
tag by 0.8% and 2.4% on the pipe and frame mounts and 
for the shallow tag by 7.0% and 15.2% on the pipe and 
frame mounts (Fig. 5). At 200 m, the difference in pos-
terior estimated mean detection probability declined as 
wind speed increased from 10 to 40 kph for the deep 
tag by 1.7% and 4.3% on the pipe and frame mounts and 
for the shallow tag by 13.4% and 17.4% on the pipe and 
frame mounts (Fig. 5). At 300 m, the difference in pos-
terior estimated mean detection probability declined as 
wind speed increased from 10 to 40  kph for the deep 
tag by 3.4% and 5.6% on the pipe and frame mounts and 
for the shallow tag by 17.6% and 12.3% on the pipe and 
frame mounts (Fig. 5).

V13 trial
The probability of detecting V13 tags declined with 
increasing distance from nearly 100% at 100 m to nearly 
0% at 300 m (Fig. 6). Regardless of receiver mount design, 
wind speed, or tag depth, mean posterior estimated 
detection probability was > 98.9% and lower 95% credible 
limits exceeded 98.8% at 100 m. At 200 m, the mean pos-
terior estimated detection probabilities were more vari-
able but remained > 50% across all conditions. The mean 
posterior estimated detection probabilities at 300 m fell 
below 10% across all modeled receiver mount designs, 
wind speeds, and tag depths.

Overall detectability of the V13 tag was similar 
between the frame and pipe mounts at 100 and 300  m, 
but slightly higher for the frame mount at 200 m (Fig. 6). 
Mean posterior detection probability estimates of frame 
and pipe mounts were within 1% at 100  m. At 200  m, 
mean posterior estimated detection probability across all 
wind speeds and tag depths ranged from 70.1 − 90.4% on 
the frame mount and 50.7–80.5% on the pipe mount. The 
mean posterior detection probability estimates at 300 m 
across all wind speeds and tag depths ranged from 1.4% 
− 9.7% on the frame mount and from 0.6% − 4.5% on the 
pipe mount.

Fig. 5 Posterior-estimated detection probability of V16 tags for two receiver mount designs at 100–300 m distance downstream, deep (0.36 m up 
from the river bottom) and shallow (2.29 m up from the river bottom) depths, and three wind speeds (kph) in the James River, South Dakota
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Detection probability was similar between tag depths at 
moderate wind speeds, but detection probability varied 
more for the deep tag (Fig. 6). Wind effect was limited at 
100 and 300 m distances resulting in a lack of overall var-
iability in detection probability. However, at 200 m, mean 
posterior estimated detection probability for the deep 
tag was slightly higher at 10  kph wind speed but lower 
at 40  kph compared to the shallow tag. Mean posterior 
estimated detection probability of the deep tag was 2.2% 
higher on the frame mount and 4.0% higher on the pipe 
mount than the shallow tag at 10 kph but was 6.4% lower 
on the frame mount and 8.0% lower on the pipe receiver 
than the shallow tag at 40 kph (Fig. 6).

Model performance
Both the V16 and V13 models performed well, and the 
posterior estimates predicted the observed data well. 
Examination of trace plots indicated good mixing of 
the Markov chains, all R̂ values were < 1.004, and effec-
tive sample sizes were large for all parameter estimates. 
Mean Bayesian R2 values (95% credible interval (CrI)) 
for the V16 and V13 models were 0.539 (0.522–0.555) 
and 0.944 (0.942–0.945). Posterior predictive checks, 
which are used to detect departures between the data 
and posterior estimates [40], generally replicated the 

shape of the data used in both models (Fig.  7). Model 
parameter estimates from the sensitivity analysis 
were all within 3.3% of the parameter estimates of the 
original model, and model fits were not substantially 
changed during the sensitivity analysis.

Fig. 6 Posterior estimated detection probability of a V13 tag for two receiver mount designs at 100–300 m distance downstream, deep (0.36 m up 
from the river bottom) and shallow (1.98 m up from the river bottom) depths, and three wind speeds (kph) in the James River, South Dakota

Fig. 7 Posterior predictive checks (n = 50; light blue) for range test 
data from V16 and V13 model posteriors, where density of observed 
data is represented by the black line and posterior estimates are 
represented by the light blue lines
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Discussion
An important aspect of telemetry studies in aquatic sys-
tems is to understand factors affecting tag detectabil-
ity in the study system [11–13], including tag detection 
distance [10]. Often, detection distance is the primary 
metric assessed prior to the implementation of acoustic 
telemetry studies in river systems, specifically to deter-
mine whether detection distance is greater than or equal 
to the width of the river [18, 22, 41, 42]. We found that 
for both V16 and V13 tags, detectability decreased as dis-
tance downstream increased. Detection probabilities of 
V16 tags at 300 m was similar between our study and a 
recent study conducted in the Missouri River and select 
Missouri tributaries to the Missouri River [18]. In our 
study, the detection probability of V13 tags was near 0% 
at 300 m downstream. Similarly, the maximum detection 
distance of V13 tags in the Fitzroy River in Western Aus-
tralia was 350 m [42]. In similar river systems with widths 
less than 100  m, detection probabilities are likely to 
remain above 60% across the width of the river channel 
for V13 or larger tags. If swimming speeds of the study 
species are considered when setting tag ping rates, detec-
tion of tags should remain greater than 60% across the 
river channel when width is less than 100 m [43].

The type of receiver mount design impacted tag detec-
tion probability. During the V16 trial, detection probabil-
ity was higher for the receiver in the pipe mount than in 
the frame mount, but detection probabilities were similar 
for both mount designs in the V13 trial. A possible expla-
nation for the observed difference in detection probabil-
ities between mount types for the V16 trial but not the 
V13 trial is the impact of discharge. Discharge during the 
V16 trial was nearly double the discharge in the V13 trial. 
Increasing river discharge has been linked to reduced 
detection probability of acoustic tags [26] as a result of 
increased noise via turbulence and debris [14, 44]. The 
effect was likely higher on the frame mount, because it 
was deployed in the middle of the river channel, whereas 
the pipe mount was protected by the bridge piling. How-
ever, because we did not evaluate discharge in this study, 
the impact of discharge on detectability for multiple 
receiver mounts remains unstudied.

There are other factors influencing detection prob-
abilities between receiver mount types to consider when 
deciding which type to deploy. Mounting the PVC pipe 
on the downstream side of a bridge piling likely reduced 
the impact of river conditions (i.e., discharge, debris, and 
turbulence) on tag detectability when compared to the 
frame mount. Using the PVC mount may protect the 
receiver from floating debris. The major drawbacks of the 
PVC mount design are that deployment is restricted to 
suitable bridge pilings (i.e., downstream detection dis-
tance and bathymetry, piling shape, water depth) and 

that the bridge piling blocks upstream line of sight and 
prevents upstream detection. The frame mount pro-
vides greater deployment flexibility than the pipe mount, 
because deployment is not limited to bridge pilings. 
However, large debris moving down river can damage 
or move mid-channel receiver mounts or disrupt line of 
sight between the transmitter and receiver resulting in 
decreased detections [45, 46]. It is important to note that 
we only assessed downstream detection probabilities for 
the frame mount, but detectability would likely be greater 
for the frame mount when not fastened to a bridge piling 
due to its ability to detect upstream. Other factors that 
could influence detection probabilities of receiver mount 
designs and need further evaluation include bathymetry 
within the detection area, sediment deposition and ero-
sion around the receiver mount, or biofouling on the 
receiver [47].

The combination of wind speed and water depth 
affected the V16 and V13 tags differently. Surface tur-
bulence and wind-induced surface scattering of sound 
waves has been known to impact acoustic tag detectabil-
ity [48]. Wind effect appeared to only impact the shallow 
V16 tag but impacted both the shallow and deep V13 tag. 
Wind induced noise may have had a greater influence 
on V13 tags than V16 tags due to lower power output in 
the V13 tags and shallower water depths. Wind-induced 
noise impacts a larger portion of the water column at 
shallower depths [30], and because the river was up to 
1 m shallower during the V13 trial, the shallower depth 
may explain the similar effect of wind on detection prob-
ability of the deep and shallow tags. Wind-induced sound 
reflection from moderate winds (< 15kph) were able to 
reach depths of 4–5  m in Lake Skrukkebukta, Norway 
[49]. Due to wind-induced sound reflection impacting 
the water column, tag detection probabilities for pelagic 
fish may be more negatively impacted by wind turbulence 
than benthic fish. In deeper water, benthic-oriented fish 
may be less impacted by the effect of wind. Similarly, 
receivers deployed deeper in the water column are likely 
to be less affected by wind. However, the impact of wind 
on detection probability at various depths in lotic sys-
tems is not well understood. 

Because V16 and V13 tags were deployed at different 
times under different river conditions, we did not make 
direct comparisons between tag types. However, detec-
tion probabilities for the V13 tag were equal or greater 
than the V16s at 100 and 200  m on the frame mount, 
which was an unexpected result. Higher tag power may 
result in increased detection distances [50, 51]. Higher 
discharge can increase static noise in the system [14] and 
may have caused the lower detection probabilities during 
the V16 trial.
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Conclusions
This study provides novel information on factors that 
influence detection probabilities of two types of acous-
tic transmitters in a mid-sized river. Our results show 
that detection probability remained greater than 60% 
at 100  m for both tag types. This study also provides 
novel information on the differences in receiver mount 
design on detection probabilities of two types of acous-
tic transmitters. We found that detection probability 
was higher for the PVC pipe mount design during a 
period of high discharge (V16 trial) and offered more 
protection from debris floating downstream than the 
frame mount design. Therefore, when possible, we sug-
gest using the pipe mount design over the frame mount 
design if there is concern about the impact of discharge 
or debris negatively impacting the receiver. In addition, 
there appeared to be a strong interaction between tag 
depth and wind speed when water levels were higher 
(V16 trial). However, wind effect was similar between 
the deep and shallow tags when water levels were lower 
(V13 trial). This study highlights the issues for further 
studies including the impacts of discharge, depth, and 
wind on detection probabilities of acoustic tags and 
receiver mount designs in lotic systems. Results from 
this study can help inform others conducting acous-
tic telemetry studies about factors affecting detection 
probability in similar mid-sized rivers.

Abbreviations
PVC  Polyvinyl chloride
rkm  River kilometer
V16  V16-6H
V13  V13-1L
ASOS  Automated surface observing system
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