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Abstract

Biofouling on scientific equipment deployed in marine and estuarine environments can have implications for equip-
ment performance, and the type and amount of data collected. We examined the effects of biofouling on the perform-
ance of data logging acoustic receivers deployed in shallow coastal waters off Florida. Five treatment types of receivers
were examined including old and new versions of VR2 (Vemco Ltd) receivers with complete, partial, or no antifouling
paint. Receivers were deployed for 2 mo, and acoustic signal detection rates examined. All receivers had some extent of
biofouling during the course of the study, and performance was variable among treatment types. Old version receivers
did not perform as well as new version receivers in all cases, and significant differences were apparent in detection rate
and receiver performance metrics. Reductions in receiver performance over time occurred for most treatments and were
likely due to settlement of biofouling organisms including barnacles, annelids, tunicates, and ascidians. Biofouling
appeared to affect receiver performance over time and should be taken into account in acoustic telemetry studies.

Introduction

Acoustic telemetry has become increasingly popular
among scientists to study fish habitat use and movements.
The omnidirectional Vemco VR2 receiver has become widely
used because it is less expensive than more sophisticated sys-
tems that provide high resolution position accuracy (e.g.,
VRAP and MAP systems) and less time consuming than
actively tracking animals (Voegeli et al. 2001). The passive
tracking method provided by this technology also allows
multiple animals to be monitored or tracked simultaneously
(Voegeli et al. 2001, Heupel et al. 2006). Transmitters that
send out an acoustic signal are attached to animals, and sig-
nals are recorded by a receiver to monitor animal presence
and location. Because receivers detect an acoustic signal, it is
important to deploy receivers in low noise environments and
ensure they stay clean and clear of obstructions that could
deflect sound.
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In designing telemetry studies using fixed station receivers
such as the VR2 receiver, it is important that the path from the
transmitter to the receiver remains as unobstructed as possi-
ble. There are numerous factors that can lead to a receiver fail-
ing to detect signals including suspended matter in the water
column, rainfall, wave action, air bubbles, animal noise (e.g.,
snapping shrimp), water flow, and vessel noise (e.g., Voegeli
and Pincock 1996, Klimley et al. 1998, Voegeli et al. 1998,
Lacroix and Voegeli 2000, Thorstad et al. 2000, Finstad et al.
2005, Heupel et al. 2006). For example, rainfall can produce or
increase noise levels of 15 to 25 dB (re 1 uPa) in the water col-
umn (Voegeli and Pincock 1996). In addition to these sources,
there are other factors within the marine environment that
can alter sound patterns and affect acoustic receiver perform-
ance. For example, soft-bodied biofouling organisms and
decaying organic matter can absorb acoustic energy (Fitzgerald
et al. 1947). Composition of the water column can also cause
absorption because salinity has an effect on how much sound
energy water absorbs (e.g., Voegeli and Pincock 1996) and
stratification of the water column (e.g., thermocline, picono-
cline) can also affect sound travel and transmitter perform-
ance (Heupel et al. 2006).

Most published studies using acoustic telemetry technol-
ogy focus on the results from tracking studies and the mean-
ing of the results in relation to the study species. Few focus on
the acoustic equipment and its performance. Information on
equipment performance is integral to understanding telemetry
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results and should be a consideration in data analysis and
interpretation. The location of receivers and conditions
within the study site can also play a role in equipment per-
formance and effects of biofouling organisms (Heupel et al.
2006). Some studies have examined how to improve signal
detection of the receiver and/or how to design a study to max-
imize signal detection (e.g., Clements et al. 2005, Domeier
2005, Heupel et al. 2006). Research by Clements et al. (2005)
found that the way receivers are moored can decrease detec-
tion efficiency of a receiver. This suggests that multiple factors
are at play in understanding receiver performance. One non-
telemetry study, however, has directly examined the effects of
biofouling on acoustics. Fitzgerald et al. (1947) examined how
biofouling affected sound in the marine environment oft the
Florida coast. Panels with and without antifouling paint were
submerged in saltwater and allowed to foul. The percentages
of transmission, absorption, and reflection were calculated
revealing that biofouling does impact the way sound travels
and how much sound a hydrophone could detect through a
layer of biofouling organisms. The results of this study also
suggested antifouling paint was effective in preventing bio-
fouling and that panels treated with antifouling allowed more
sound transfer than those without.

Callow and Callow (2002) suggest that controlling biofoul-
ing is a large and continuing problem, one that costs the US
Navy up to $1 billion per annum. They explain that within
minutes of placing a surface into marine water, it will be cov-
ered in a molecular “conditioning film” consisting of dis-
solved organic material. Bacteria will colonize this film form-
ing a biofilm referred to as “microfouling” or “slime.” This
slime is then colonized by the macrofouling community,
which varies by location and season. These processes can
occur quickly and affect marine-based equipment. Stationary
receivers may remain in the ocean for months at a time. Over
time, if the receivers are not treated with antifouling com-
pounds and/or are not serviced and cleaned, biofouling organ-
isms will settle and grow on the receivers. It is possible that
the accumulation of biofouling organisms could block or
obscure acoustic signals from a transmitter. Interference from
the growth of organisms like barnacles on the receiver and/or
mooring equipment could directly affect transmitter detection
rates and therefore the data scientists are collecting. A recent
article by Simpfendorfer et al. (2008) reported that biofouling
may have caused declines in acoustic receiver performance in
an estuarine setting. This article specifically examined receiver
performance over time using several metrics. However, it is
unknown if biofouling has compromised the results of other
published research because this is typically not a considera-
tion in data analysis and has not been commented on in pub-
lished studies.

This study focused on the effects of biofouling on the per-
formance of moored VR2 receivers. We hypothesized that if
biofouling organisms were allowed to accumulate on
receivers, signals from transmitters would not be as reliably
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detected, affecting receiver performance, and collected data.
The study examined the performance of two versions of VR2
receivers as well as examining performance differences when
antifouling compounds were used in an attempt to decrease
fouling and improve receiver performance.

Materials and procedures

Study site—The study was conducted in Sarasota Bay, adja-
cent to the Mote Marine Laboratory (MML) campus in a depth
of approximately 3 m. Boats did not pass through the area fre-
quently, so the site had low anthropogenic noise disturbance.
Three replicate groups of receivers were deployed 40 m apart
from one another. Replicate groups included new and old ver-
sions of the VR2 receiver. The old version has been produced
since the late 1990s with a newer version available in 2004.
The new version has a robust plastic case covering the
hydrophone while the old version has a plastic body, but lacks
the plastic case covering the hydrophone. The new version
receiver is gradually replacing old versions as users replace
units or expand studies, but old versions are still currently in
use. Each replicate group of receivers included: (1) one old ver-
sion VR2 with no anti-fouling paint (ONP); (2) one old version
VR2 with anti-fouling paint (including painting the exposed
hydrophone) (OP); (3) one new version VR2 with anti-fouling
paint (NP); (4) one new version VR2 with no anti-fouling
paint (NNP); (5) one old version VR2 that was partially
painted with antifouling (hydrophone not painted) and the
hydrophone coated in lithium grease (to slow and deter bio-
fouling) (STD). This final receiver type was deployed in the
same manner as previous research conducted by MML scien-
tists. Once every 2 weeks, STD receivers were brought to the
surface and cleaned following previous study procedures.
Remaining receivers were not cleaned during the study but
were brought to the surface for downloading. Receivers with
antifouling were given three coats of Micron CSC ablative
paint prior to deployment.

Nonpainted receivers were covered in duct tape to prevent
damage to the receivers and ease of cleaning at the end of the
experimental period. Differences in plastic composition of
receivers (if any) were not considered because all unpainted
receivers were covered in duct tape. The remaining receivers
had duct tape around the data port to prevent biofouling in
the download port that could have affected data recovery.
Each STD receiver had a HOBO® Water Temp Pro data logger
attached which recorded water temperature every 30 min.
Two sets of two Vemco V16H RCODE transmitters that emit-
ted a signal approximately every 45-75 s were anchored within
the study site. These stationary transmitters were used to test
signal detection by each receiver through time. Transmitters
were deployed in mesh cases that were periodically cleaned of
fouling during the project. Transmitters were deployed paral-
lel to and offset from receiver groups (Fig. 1). This resulted in
transmitters being between 18 and 67 m from receiver groups.
This distance is well within the detection range of VR2
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Fig. 1. Schematic depicting the location of acoustic receivers (gray cir-
cles) and transmitters (black rectangles). Receivers were placed side by
side with the standard receiver slightly offset due to its different anchor-
ing configuration. Order of receivers in each replicate may vary to that
shown in the example: OP = old painted, ONP = old no paint, STD = stan-
dard, NP = new painted, and NNP = new no paint.

receivers (c. 500 m) given the high power of the transmitters
used. Receiver groups and transmitters were deployed for 63 d
from May 25 to July 26, 2006.

Due to the high numbers of detections, recorded data were
downloaded from the receivers every 2 weeks. Pictures were
taken of all the receivers to visually represent biofouling over
time. Data were analyzed to examine differences in receiver
performance through time and by receiver type. Analysis of
covariance (ANCOVA) was used to investigate the effects of
temperature on receiver performance and a heterogeneity of
slopes general linear model (HOS GLM) was used to examine
differences in declines in detection rate by type of receiver.
Variability in detection rate by individual receiver was exam-
ined via Chi-square analysis and the effect of salinity and tem-
perature was examined via regression analyses.

The number of expected detections per day was used to
examine the performance of receivers by comparing the total
number of detections recorded to the expected number. Num-
ber of expected detections per day was provided by the equip-
ment manufacturer and was based on the number of trans-
mitters used in the study and rate of signal transmission
(repeat rate of transmitter). Estimation accounts for signal
overlap/collision among transmitters that will result in no
code detected by a receiver, and thus is less than the actual
number of signals emitted by all transmitters. The estimated
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potential number of detections per day per transmitter pro-
vided by the manufacturer was 4138.

The speed of sound in water was calculated to examine
whether environmental conditions played a role in the number
of detections recorded by individual receivers. The calculation
was performed using a standard oceanographic relationship
(http://www.es.flinders.edu.au/~mattom/Utilities/index.html).

The performance of individual receivers was assessed using
three metrics developed for use with VR2 receivers
(Simpfendorfer et al. 2008) using four summary data values
stored by receivers. The summary data values used in calcula-
tions were number of valid synchronization codes (synchs),
the number of codes rejected because of invalid checksums
(checksums), the total number of pulses detected (pulses), and
the number of valid codes detected (detections). The three
metrics were code detection efficiency (detections/synchs),
rejection coefficient (checksums/synchs) and noise quotient
(pulses — [synchs x number of pulses in a code]). Since all tags
used in this study were Vemco R4K tags (4096 possible code
combinations), the number of pulses in a code was seven.
Summary data were obtained when receivers were down-
loaded, with three download periods when data were available
from all receivers. Performance metrics were calculated for
each receiver for each period and compared between receiver
types using analysis of variance (ANOVA). Duncan’s post-hoc
tests were used to identify groups of receivers that had signif-
icantly different (o = 0.05) performance.

Pictures were taken of all 15 receivers every 2 weeks to
examine biofouling over the study period. Biofouling organ-
isms were observed and recorded over the course of the study
based on this examination.

Assessment

There was a significant difference between the total
number of signals detected per day between the five types
of receivers (ANCOVA, F = 19.64, df = 4, 7 < 0.0001). The
total number of signals detected was also significantly dif-
ferent between replicate groups of receivers (ANCOVA, F =
80.30, df = 2, 7 < 0.0001). There was variability in results
across the three replicate groups, but ONP receivers per-
formed worst in all groups (Fig. 2). Group 3 receivers per-
formed more consistently than others, but typically fell
within a similar range to the other 2 groups except in the
case of the ONP receiver in Group 1. Temperature did not
have a significant effect on signal detection across receiver
type (ANCOVA, F = 1.9168, df = 4, 2 = 0.166). Analysis of
receiver performance by type over time revealed significant
differences in the rate of decline in the number of signals
received between receiver types (HOS GLM, F = 1.53, df = 4,
P < 0.001). Examination of rate of decline indicated ONP
and OP receivers had the highest rate of decline, followed
by STD and NP receivers. The only group to have a non-
significant slope was the NNP receivers, which also had the
lowest rate of decline (Table 1).
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Fig. 2. Daily detection rate of receivers in the five treatments by deploy-
ment group where OP = old painted, ONP = old no paint, STD = stan-
dard, NP = new painted, and NNP = new no paint.

Examination of the proportion of expected detections per
day showed a gradual decline in the proportion of detections
through time, except for NNP receivers (Fig. 3). Data from NP
and STD receivers showed these receivers performed well with
declines in detection only occurring a month or more after
deployment. Although the STD receiver was cleaned it is
important to note the mooring lines were not. Thus decreases
in performance over time by this unit could be the result of
fouling build-up on mooring structures. OP receivers started to
show decreased detections after 2 weeks, but worst perform-
ance didn’t occur until after more than 1 month of deploy-
ment. ONP receivers performed worst with detection decreases
occurring from 2 weeks post-deployment and continuing from
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that point. Although a group effect was present suggesting a
placement effect, receivers were deployed so close together
that this is unlikely. Variation in individual receiver perform-
ance was evident in the data and was presumably the result of
varied biofouling on individual receivers (Fig. 3). Increases and
decreases in performance may be the result of changes in the
biofouling community on receivers as some individuals drop
off and others recruit on.

Examination of detection rate of individual transmitters,
rather than total number of detections per receiver, also
showed variable patterns (Fig. 4). The pattern was similar to
that for total receiver detections since transmitter and receiver
performance were interdependent. Although significant dif-
ferences were apparent in individual transmitter detections by
receiver (Table 1), there was no evidence that an individual
transmitter performed better or worse than others. This sug-
gests that all transmitters performed equally over time and
that any changes in detection rate were due to receiver per-
formance, not transmitter performance.

Conditions within the study site revealed temperatures rang-
ing from 26.1-31.1°C and salinity ranging from 30.2 to 35.2
parts per thousand. Examination of the speed of sound in water
based on water column conditions (salinity, temperature, air
pressure) revealed no significant differences in sound travel dur-
ing the study period (slope = -0.076, 2= 0.120, 72 = 0.189). This
suggests that signals should have traveled similarly through the
region for the duration of the study and any environmental dis-
turbance was likely to have been short term (vessel noise, rain-
fall) and would not have affected the overall results.

The noise quotient was not significantly different between
receiver types (ANOVA, F =1.141, df = 4, 2= 0.356) or between
periods (ANOVA, F = 6.217, df = 2, 7= 0.006). The number of
potentially valid code signals that were rejected as being

Table 1. Results of receiver performance including Chi-square results of number of transmitter detections per day by individual receiver
with receiver treatment indicated and decline in detections over time in number of signals detected as shown by slope and standard

error for each group.

Receiver type Chi-square P slope Standard error P
OoP 457.28 <0.0001 -7.58 1.11 <0.0001
OoP 67.32 <0.0001
OoP 33.22 <0.0001

ONP 481.82 <0.0001 -18.27 1.79 <0.0001
ONP 6533.37 <0.0001
ONP 563.74 <0.0001
NP 334.01 <0.0001 -4.15 0.65 <0.0001
NP 126.20 <0.0001
NP 87.17 <0.0001
NNP 25.57 <0.0001 -0.84 0.45 0.062
NNP 3.70 0.30
NNP 91.12 <0.0001
STD 300.42 <0.0001 -6.81 0.80 <0.0001
STD 216.31 <0.0001
STD 2.57 0.46
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Fig. 3. Receiver detection histories based on the proportion of detections recorded by all units in each treatment in relation to the total proportion of
expected detections (indicated by horizontal line). Expected detection rate was provided by the manufacturer based on potential signal overlap given
transmitter type, ping repeat rate and number of transmitters present.
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incomplete (invalid checksum) was significant by type
(ANOVA, F = 3.213, df = 4, 2= 0.026) and period (ANOVA, F =
13.557, df = 2, P< 0.0001). Further examination revealed that
6.6% of code detections were rejected due to invalid check-
sums for all types except ONP, which had a higher rejection
rate of 7.5% (Duncan’s post-hoc test). Finally, code detection
efficiency was also significantly different between type
(ANOVA, F = 8.592, df = 4, < 0.0001) and period (ANOVA, F
= 6.428, df = 2, 2= 0.005). Further examination of efficiency
data revealed code detection efficiency of 77.8% for all
receiver types, with ONP receivers having lowest efficiency
and NNP receivers having highest efficiency.

Biofouling was present on receivers from early in the study.
After 2 weeks, all receivers were noted to feel slimy and have
a coating on the surface. Within 1 mo of deployment, soft-
and hard-bodied biofouling organisms were present on
receivers without antifouling. Beyond this point, receivers
continued to become increasingly fouled. Most of the organ-
isms that attached to receivers were soft biofouling organisms
(Fig. 5). There were numerous ascidians, tunicates, and
annelids present within 1 mo of the receivers being deployed.
Abundance of these organisms increased over time. Barnacles
(Balanus eburneus) were also found on unpainted receivers
within 1 mo and were attached to all hard surfaces including
mooring equipment. Numerous barnacles were found on
ropes, floats, and mooring equipment. Both soft biofouling
organisms and barnacles were found on floats used to mark
the location of receiver groups (Fig. 5). When the receivers
were brought to the surface and downloaded at the end of the
study noise from barnacles on the mooring equipment and
receivers was obvious. Barnacle noise was produced by the
movement of cirri in and out of the carapace plates. Receivers
coated with antifouling had little or no visible biofouling dur-
ing the study period aside from the slime coating.

Discussion

The performance of acoustic receivers in marine environ-
ments can be variable. Results from this study reveal that the
condition of the receiver and the amount of maintenance
conducted could affect receiver performance. The use of
antifoul paint decreased the amount of biofouling and proba-
bly resulted in the higher performance seen in old version
painted receivers. However, receiver design also appeared to
play a role in detection performance with new version
receivers outperforming all old version receivers regardless of
treatment. It is unclear why differences in the receiver design
or cases caused differences in equipment performance.

The effects of biofouling in acoustic oceanographic studies
have been apparent for decades. Fitzgerald et al. (1947) exam-
ined the acoustic properties of marine fouling and provide a
robust description of this process. They noted that within 3-5
mo, oceanographic equipment could be rendered inoperative
due to heavy fouling by various types of organism including
barnacles, annelids, tunicates, bryozoa, hydroids, mollusks,

Effects of biofouling on acoustic receivers

Fig. 5. Photographs of receivers in various stages of fouling. (A) receivers
prior to deployment from left to right: new painted, standard, old
painted, old no paint, and new no paint; (B-D) fouling evident on
receivers from groups one to three, note presence of barnacles, ascidians,
and tunicates are evident; (E) close-up photo of old no paint receiver
showing biofouling on the hydrophone; (F) example of the biofouling
community evident on mooring lines and floats.

and algae. More recent studies have also recognized the
importance of deterring biofouling on marine-based equip-
ment (e.g., Clare 1998, Afsar et al. 2003), and this is an ongo-
ing problem for marine scientists (e.g., fouling of anchored
ocean observatory equipment, remote water quality meters,
etc). Similar to the results of Fitzgerald et al. (1947), the pres-
ent study revealed heavy biofouling on nontreated equip-
ment. The older version receiver with no antifouling paint was
the most affected by biofouling. This group of receivers had
the heaviest coverage of biofouling and worst performance of
any of the five treatments.

All receivers were covered with a variety of organisms
including hard- and soft-bodied forms. These organisms can
create noise that may affect the ability of an acoustic receiver
to “hear” detections. In addition, sound waves can be reflected
off hard surfaces like the shells of barnacles (Fitzgerald et al.
1947), deflecting signals emitted by transmitters, and decreas-
ing the likelihood of detection by a receiver. Soft-bodied
organisms present on the receivers also could have absorbed
incoming sound waves. The presence of biofouling organisms
on receivers appeared to affect detection rate and performance
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over time. All receiver types performed equally at the begin-
ning of the experiment, but within 2 weeks of deployment,
performance differences were evident. Receivers in the ONP
group performed worst with detection rates declining after
approximately 2 weeks, while NNP receivers performed best
showing only slight declines in performance over time. These
results are somewhat contradictory. As expected, the old ver-
sion receiver with no antifouling paint performed worst. How-
ever, the new version receiver with no antifouling paint per-
formed best. Differences in old versus new receiver version
may be explained by improvements to the technology and
case design of the receiver. New units have a more robust case
and an enclosed hydrophone, making it less directly exposed
to fouling. This change to the technology means that new ver-
sion receivers may be less susceptible to biofouling, at least in
the short-term. Differences in detection rates between NNP
and NP receivers are difficult to explain. Although differences
were small, new version receivers without antifouling paint
performed better than receivers with antifouling. There is no
obvious reason for this discrepancy aside from a potential
paint effect. This was not tested. No paint effect was observed
in old version receivers so it is unclear whether paint was a fac-
tor in receiver performance. In addition to overall trends
across receiver treatments, there was also variability in detec-
tion rate among receivers within treatments. This is most
likely due to variability in fouling on various receivers.

Although STD receivers performed similarly to NP
receivers, the observed decline in performance by STD
receivers was not expected. These receivers were routinely
cleaned, and therefore, it was assumed that detection rate
would not decline. The decline observed was similar to one
where minor fouling occurred. This decline is likely due to the
presence of biofouling organisms on mooring lines and
anchoring equipment. Mooring lines are in close proximity to
the hydrophone and therefore could have affected signal
detection. This decline does not appear to be related to envi-
ronmental conditions since similar declines were not observed
in NNP receivers. Based on these results, future research
should consider whether mooring lines or structures near the
receiver hydrophone should also be cleaned or antifoul
painted to reduce biofouling interference.

Environmental conditions within the study site were stable
during the study period and did not have any effect on
receiver performance. Examination of salinity and tempera-
ture revealed that transmission of sound through the water
column did not vary significantly during the study period and
could not have affected detection rate. Therefore declines in
detection over time do not appear to be the result of water col-
umn conditions. This study was conducted in the peak of
summer in Florida waters and would have produced lowest
environmental variability and highest biofouling rates.

All transmitters appeared to have performed equally sug-
gesting any differences recorded were due to receiver perform-
ance. Declines in detections of individual transmitters were
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inconsistent across receivers with different receivers missing
detections from different transmitters. It was important to rule
out transmitter failure or performance declines, if present, to
ensure results did reflect receiver performance rather than
transmitter problems. Examination of receiver performance
metrics, measures of the signals being processed by receivers,
revealed significant differences among treatments. The num-
ber of potential signals rejected due to invalid checksums was
different among receiver type and over time. This suggests
that through time as receivers became more fouled acoustic
signals from tags contained more errors and hence were more
likely to be rejected by the internal error-checking algorithm.
Errors in signals may have been caused by extraneous acoustic
noise or disturbance of signals (Simpfendorfer et al. 2008).
This also affected code detection efficiency and thus overall
receiver performance. However, noise coefficients were not
different among receiver type suggesting that external noise
did not cause the differences in detection rates between
receivers. This suggests the observed results were a reflection
of the ability of signals to get through to the receiver (i.e.,
through layers of biofouling).

Overall, antifouling paint effectively kept receivers free from
most biofouling organisms during the study period. Fitzgerald et
al. (1947) also found that antifouling paint helped decrease the
amount of sound energy absorbed. For example, an acoustic
panel allowed to foul absorbed 65% of transmitted sound energy
while a panel with antifouling paint only absorbed 8% of sound
energy. The presence of antifouling paint on the panel increased
the transmission of sound energy from 29% to 79% suggesting
that treatment with antifouling compounds can increase
acoustic equipment performance. This study also demonstrated
this result when examining the old version receivers, suggesting
antifouling paint is probably highly effective for use with this
version of the equipment. Variable results from new version
receivers suggest that antifouling paint may not be as necessary
over the time period tested. Differences in performance between
the two new version treatments were small enough that users
may expect similar results regardless of antifouling treatment.
Replacement of older units with new versions that appear to be
less susceptible to biofouling will help alleviate this problem for
telemetry users, but field testing of receiver performance should
be conducted. It is worth noting that this was a short-term proj-
ect and that longer deployments (months to years) would result
in greater amounts of biofouling and may eventually cause
decreases in detection rates of non-painted units. With many
studies deploying receivers for periods of months to years before
recovery, biofouling may be a serious issue and should be taken
into consideration when using both old and new receiver ver-
sions. In addition, biofouling organisms can be difficult to
remove and may cause damage to the equipment upon removal.
Based on these observations users may consider using antifoul-
ing compounds. Acoustic receiver users should be aware of the
pitfalls of biofouling and how detrimental these organisms
can be to receiver performance.
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Comments and recommendations

The use of acoustic receivers for monitoring fish movement
patterns is becoming increasingly popular. Deployment of this
equipment comes with numerous potential problems includ-
ing biofouling. Here we examined the performance of acoustic
data logging receivers that were allowed to accumulate bio-
fouling organisms to determine their effect on receiver per-
formance. Receiver performance varied and was at least in part
due to the presence of biofouling organisms, with perform-
ance typically declining in response to increased biofouling.
New version receivers performed best in this study regardless
of treatment type and users with old version receivers may
consider upgrading to the new version which performed bet-
ter. Equipment users should be aware of the potential effects
of biofouling and realize that longer term deployments may
result in greater rates of fouling and declines in receiver per-
formance. Antifoul paint and/or regular cleaning and mainte-
nance may be required to maintain receiver performance and
should be a consideration in study design.
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