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SUMMARY

Static acoustic monitoring devices called CPODs were deployed in the Shannon Estuary at three Areas of
Opportunity for tidal turbines as presented in the Strategic Integrated Framework Plan for the Shannon
Estuary, to assess the use of these sites by bottlenose dolphins. The CPOD deployed at the primary site
of interest off Carrig Island could not be recovered as the surface marker on the mooring went missing
but data was collected at Tarbert, a secondary site of interest, over a 221 day deployment period
between July 2016 and March 2017. Dolphin detections were recorded on 63% of monitored days (with
mean of 12.5 Dolphin Positive Minutes (DPM) per day. Simultaneously, data was collected off
Moneypoint Power Station over 142 days producing 6.3 DPM/Day between July and November. More
detections were recorded on an ebb compared to flood tide and spring compared to neap tide,
suggesting tidal rate is important to dolphins. This short pilot study shows that bottlenose dolphins do
use high energy tidal sites, probably for foraging, and more information on why they select these sites
and their behaviour while at these sites is required to inform the appropriate development of
renewable energy from tidal energy in the estuary.

INTRODUCTION

Tidal energy is seen as a viable option in the production of renewable energy with large scale tidal
projects already established in the UK. A key objective of the Strategic Integrated Framework Plan for
the Shannon Estuary is & ¢ eXplore the potential of tidal energy, as a viable renewable energy resource
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locations including the identified Areas of Opportunity ensuring that any such developments or activities
are balanced with other planning, shipping and environmental considerations, ensuring in particular that
all such developments shall not compromise identified strategic shipping and navigation interests and
comply with the Habitats Directive Water Framework Directive and all other relevant EC Directives.€

The viable tidal energy potential in the Shannon Estuary has been estimated at 111 GWh yr-1 (SIFP
2013). Viable potential accounts for including development costs and market reward. It is also
recognised that the development of tidal energy has a number of issues including environmental issues
to address. One of the key issues in exploring this field of renewable energy and in particular tidal
energy will be the effects of underwater tidal turbines on aquatic species, especially those listed as
qualifying interests of the Lower River Shannon SAC. These include salmon, three species of lamprey and
bottlenose dolphin.

Under the Strategic Integrated Framework Plan (SIFP) for the Shannon Estuary a number of sites were
identified as having potential for generating energy through tidal power. These included the following
Areas of Opportunity at sites J = (Moneypoint), K = (Carrig Island), L = (Kilconly Point) and M = (Tarbert
Bay). A key objective of the SIFP in relation to renewable energy is objective SIFP RE 1.9 Exploring
Potential for Tidal Energy.

Objective SIFP ENV 1.1 Environmental Information included a desire to explore the potential for
cooperation between public and private sector agencies in identifying and addressing critical gaps in
baseline environmental information relation to the Shannon Estuary.

The Shannon Estuary is home to a unique population of bottlenose dolphins in Europe. The population is
small, with estimates ranging from 140£12 in 2007 to 107412 in 2010 but it is considered stable over the
past 20 years (Berrow et al. 2012). The Shannon population is genetically isolated from adjacent coastal
populations (Mirimin et al 2011) and the estuary was designated as a Special Area of Conservation with
bottlenose dolphins as a qualifying interest in 1999.
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critical habitats, especially when foraging. Recently Baker et al. (2017) has shown that there is a small
sub-group of dolphins numbering around 33 individuals from an estimated population of 142. These
foraging sites are characterised by having greatest benthic slope and depth, leading to high tidal flows.
These occur where the estuary is constricted such as between Kilcredaun and Kilconly Points in the
outer estuary and Tarbert and Killimer in the mid-estuary. Sites which may be important for other
activities such as socialising or resting have not been identified. Since 1993 standardised transects have
been carried out along a consistent route between Tarbert/Killimer and Kilcloher Head and Ballybunnion
in the outer estuary covering around one-third of the 684km” area of the designated SAC, with no
coverage in the inner estuary, east of Tarbert. There is also very little coverage outside the summer
period (June to September). Winter transects were carried out between November and March, including
into the inner estuary with dolphins recorded on 70% of transects which was similar to that during
summer transects but the encounter rate was lower (0.17 dolphins per km compared to 0.80 dolphins
per km) (Berrow 2009).

In 2012, the SIFP funded the acquisition of data on the use of deep water berths by bottlenose dolphins
to explore how they use these sites. This was carried out through the deployment of CPODs, self-
contained click detectors that log the echolocation clicks of vocalising dolphins. Dolphins were regularly
detected up river as far as Shannon Airport, but with decreasing frequency. Dolphins were detected on
80% of days off Moneypoint, 40% off Foynes, 31% off Aughinish and 21% off Shannon Airport, though
mean Detection Positive Minutes per day and feeding buzzes were higher off the Airport compared to
Aughinish, suggesting this area was used more for foraging. Season had a significant explanatory effect
off Moneypoint, Foynes and Aughinish with more detections during winter but not off Shannon Airport.
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the inner estuary is an important foraging area (Carmen 2016). The development of renewable energy
in the estuary is seen as a potential threat to the dolphins and their habitats (Berrow et al. 2017).

There are a number of constraints associated with visual monitoring which is influenced by variables
such as sea state (Evans and Hammond, 2004; Teilmann, 2003; Palka, 1996; Clarke, 1982), observer
variability (Young and Peace, 1999), optics and height above sea level. Evans and Hammond (2004)
recommend visual surveys should generally not be carried out in sea states above Beaufort Scale 2, as
the probability of detecting animals is markedly reduced. Static Acoustic Monitoring (SAM) is especially
useful for monitoring small vocal cetaceans since it can be carried out without the interference of the
variables mentioned above, and, most importantly, does not negatively impact upon the animals. SAM
involves the detection and recording of cetacean vocalisations or echolocation clicks and is a very
valuable tool for the exploration of fine scale habitat use by the various odontocete species.
Additionally, SAM can be used to effectively assess habitat use of cetacean species and is particularly
useful for the study of behaviour, such as feeding strategies, approach behaviour and communication.
Significant effects of diel pattern have been described in the foraging behaviour of harbour porpoise
(Carlstrom, 2005; Todd et al, 2009). SAM will not provide robust information on density and abundance
of cetaceans in an area, but gives valuable information on spatial and temporal patterns.

In order to meet the objectives of the SIFP and to fill key data gaps which were identified through the
associated Strategic Environmental Assessment process, the EPA funded IWDG Consulting to carry out
static acoustic monitoring at Areas of Opportunity for tidal turbines to assess the use of these sites by
bottlenose dolphins.



1. METHODS

STUDY AREA

One C-POD was deployed off Carrig Island and one from Tarbert jetty (Figure 1) on 27" July 2016. As
part of an ongoing long-term monitoring project, C-PODs were also deployed off Moneypoint which act
as a control site, which will enable us to compare patterns of use across sites and determine if dolphin
behaviour is consistent over long time periods.

The C-PODs deployed off Tarbert and Moneypoint jetties on a single point mooring attached to the jetty
itself at a depth of approximately 10m below the low water mark. At Carrig a single C-POD was deployed
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attached to 30m of polypropylene rope. On the surface were two buoys, one a hard orange benthos
buoy and one a dan buoy with reflective tape on the shaft. The CPOD is positively buoyant and has a
small fishing float attached to the top end to add extra buoyancy (to keep upright in strong tides).
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Figure 1. Map of deployment locations of C-PODs off Tarbert Island, Co. Kerry.

STATIC ACOUSTIC MONITORING (SAM)

C-PODS

Once deployed at sea, the C-POD operates in a passive mode and is constantly listening for tonal clicks
within a frequency range of 20 to 160 kHz (Figure 2). When a tonal click is detected, the C-POD records
the time of occurrence, centre frequency, intensity, duration, bandwidth and frequency of the click
(Chelonia Ltd). Internally, the C-POD is equipped with a Secure Digital (SD) flash card, and all data are
stored on this card. Dedicated software, CPOD.exe, provided by the manufacturer, is used to process the
data from the SD card when connected to a PC via a card-reader. This allows for the extraction of data
files under pre-determined parameters, as set by the user. Additionally, the C-POD also records
temperature over its deployment duration. It must be noted that the C-POD does not record actual
sound files, only information about the tonal clicks it detects. The C-POD detector is a sound pressure



level detector with a threshold of 1Pa peak to peak at 130 kHz, with the frequency response shown
below (Figure 3, www.chelonian.co.uk). An estimated detection distance of 797.6m +61m (75% of
groups recorded<400m) for C-PODs and bottlenose dolphins was generated in the Shannon Estuary
0 h Q. ekdh, S013).
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Figure 2. C-POD unit by Chelonia Ltd
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Figure 3. Threshold for detection across various frequency bands between 20 and 200 kHz for the C-POD (note
1Pa p-p is the Sl unit for pressure and correctly represents the threshold) © Chelonia Ltd.

Through the C-POD.exe software, data can be viewed, analysed and exported. Additionally, the software
can be used to change settings of individual SD cards. The software includes automatic click train
detection, which is continually evolving as Chelonia Ltd receives more feedback from their clients. C-
POD.exe can be run on any version of Windows and requires an external USB card reader, which reads
the SD card into the directory. Version 2.044 (October, 2014) was used for all analyses. C-POD.exe
software allows the user to extract click trains under five classification parameters but only the porpoise
like category was used for this analyses of the long-term dataset.
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Figure 4. Screen grab of C-POD.exe, showing a bottlenose dolphin click train

C-POD CALIBRATION

Calibration of C-PODs is important in order to facilitate a comparison of acoustic detection results
collected by different units across various locations. Chelonia Ltd calibrates all units to a standard prior
to dispatch. These calibrations are carried out in the lab under controlled conditions and thus Chelonia
highly recommends that further calibrations are carried out in the field prior to their employment in
monitoring programmes instead of further tank tests (Nick Tregenza, Chelonia Ltd., pers. comm.). All C-
PODs deployed during the present study were calibrated during field trials in the Shannon Estuary.

Field calibrations are important where projects employ several units aimed at comparing detections
across a number of sites. If units of differing sensitivities are used, then these data do not truly reflect
the activity at a site. For example, a low detection rate may be attributed to a less sensitive C-POD, with
a lower detection threshold, which in turn leads to a lower detection range, while the opposite holds for
a very sensitive unit. It is fundamental that differences between units are determined prior to their
deployment as part of any project, to allow for the generation of correction factors which can be applied
to the resulting data. Field trials should be carried out in high density areas in order to determine the
conjunction with a reference C-POD, where a single unit is used solely for calibrations and is deemed a
reference. This allows for the incidence where new units are acquired over the course of a project to be
calibrated with the reference.

All units used to carry out SAM during the present project we deployed in the Shannon Estuary prior to
commencement of monitoring at Tarbert. C-PODs 2022, and 953 were deployed as part of another
study to establish if sensitivity would be a confounding factor between units before been deployed as
part of the present study.

Upon recovery of the units, data were extracted under two categories, 1) NBHF (porpoise band) and 2)
Other (dolphin band) using the C-POD.exe software (Version 2.044, October, 2014). These data were in
the form of Excel.xlsx files using C.POD.exe software and analysed as Detection Positive Minutes (DPM)
across hourly segments. Statistical analyses were carried out using the program R (R Development Core
Team, 2011). All combinations of C-POD pairs were modelled using an orthogonal regression of DPM



across hourly segments. This was compared to a null model, assuming no variation in C-POD detections,
a=0and b =1, and used to assess C-POD performance. An error margin of +20% DPM per hour was
plotted along the null model to distinguish between an acceptable level of variation in C-POD
performance and problematic variation due to faulty or highly sensitive units (Tregenza pers comm.).
From these graphs it is possible to determine successful or unsuccessful C-POD combinations. The mean
intercept and gradient values of the orthogonal model for each C-POD pair were extracted and used to
create centipede plots where, deviation from 0 on the horizontal axis, of mean intercept values and
deviation from 1 on the horizontal axis, of mean gradient values indicated deviations from the null
model. This was also used to identify if only one or two POD combinations were unsuccessful and also
the extent of variability within the intercept and gradient values. Results were then used to highlight
poor performing units or very sensitive units, if they existed and a correction factor can be generated
and applied to the data.

SAM DATA ANALYSES

All C-POD data were analysed using only high probability clicks. Both dolphin and porpoise detections
were extracted as detection positive minutes per day (DPM), but only dolphin detections were
statistically analysed for trends as porpoises do not occur within the estuary. As recommended by the
manufacturers, a validation overview was carried out on the data, where 10% of all detected trains were
visually inspected on cpod.exe to verify they were in fact of bottlenose dolphin origin. Of this 10% very
few trains were classified as false positives, and therefore analysis of the dolphin detections proceeded
with the classification of hourly variables into the following categories; season (spring, summer, autumn
and winter), diel cycle (day and night-time), tidal state (ebb, flood, slack high, slack low) and tidal phase
(spring, neap). The term DPM represents the number of minutes in a day or an hour that dolphins were
acoustically detected. Seasonal categorisations were assigned according to the seasons; spring
(February, March, April), summer (May, June, July), autumn (August, September, October) and winter
(November, December, January). Data files in the format dolphin minutes per hour (DPM/h) were
classified into day and night-time categories using local times of sunrise and sunset times, obtained from
the U.S. Naval Observatory (www.aa.usno.navy.mil/data/docs/RS). Hourly data segments were further

categorised into each of the four tidal states, where three hours were assigned to each state (one hour
either side of the hour). Files were further split to correspond with tidal phase (spring and neap cycles)
using admiralty data (WXTide 32) where two days either side of the highest tidal height was deemed
spring, and two days either side of the least difference in tidal height between high and low tide was
deemed neap, all other days were classified as transitional.

All data were statistically analysed using the programme R. A GLMM was fitted to the binomial data
using the glmer function in the Ime4 package developed for R. C-POD ID number was included as a
random factor to further take into account variability between units. ! 1 I A { S Qtfon chitgridn ALY I
and a histogram of fitted residuals were used as diagnostic tools for model selection. Wald chi-squared
tests were computed for each variable and predicted proportions of dolphin positive hours (DPH) were
extracted across all levels and displayed as box plots using the HH package developed for R. R is a
language and environment for statistical computing and graphics. It is free software, available at
http://www.r-project.org/index.html. The software compiles and runs on a wide range of UNIX

platforms, Windows and MacOS. R provides a wide variety of linear and nonlinear modelling, classical
statistical tests, time-series analysis, classification, clustering and graphical techniques (R Development
Core Team, 2011). R is designed around a true computer language, similar to the S language (see
Appendix for full R scripts used). The effective programming language includes conditionals, loops, user-
defined recursive functions and input and output facilities.


http://www.aa.usno.navy.mil/data/docs/RS
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B. MOORINGS
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(2012). It is a secure mooring with chain adjacent to the pier to avoid chaffing and hanging freely to

avoid losing equipment in strong currents. Two lines east and west secure the mooring in position

during a flood and ebb tide (Figure 3).

Figure 3. Mooring site off Tarbert jetty
(note lines at 45° securing drop line during tidal streams)

At Carrig a single C-POD was deploySR Ay HAY 2F 4+ GSNJ G 29Hig20m6p PoTHQb I
The mooring was a 100kg bruce anchor with 10m of chain attached to 30m of polypropylene rope. On

the surface were two buoys, one a hard orange benthos buoy and one a dan buoy with reflective tape

on the shaft. The CPOD is positively buoyant and has a small fishing float attached to the top end to add

extra buoyancy (to keep upright in strong tides).

Mooring design at off Carrig Island

_—-—‘—.\__/—\

\ Hard benthos buoy connected to dan buoy with chain for ballast

CPOD with fishing buoy to maintain upright position

'//g/ 100kg Bruce anchor with chain

2. RESULTS

C-POD CALIBRATIONS

All units used over the duration of the present study were calibrated as part the long-term project.
Examples of results from these trials are presented below (Figures 6-8). From the calibration trials,
results showed that there were some discrepancies between units. Further exploration into individual
unit performance showed that C-POD performance was within the acceptable error margin of +20%
DPM per hour (Figures 6-8) and therefore no correction factor was required to be applied to the data to
make it comparable 6 h Q. &1J&l.S2¢13). During analysis of the long-term dataset, differences in
sensitivities between units is accounted for by inserting the C-POD number as a random factor when



running the generalized linear mixed-effect models and additionally all C-PODs were deployed randomly
between sites over the duration of the study.
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Figure 6. Orthogonal regression plot of C-POD comparisons in calibration trial, in blue, with a null model where
each unit performs exactly the same, in black and an acceptable error margin of £20%, in grey from Calibration
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Figure 7. Centipede plot of the intercept and slope values (tstd), of the orthogonal regression plots, for each pod
performance comparison during a calibration trail at Money Point. Deviation from the red dotted lines, 0 on the
intercept plot and 1 on the gradient plot, indicates deviation from the null model assuming no variation. Plot
indicates that a greater extent of variation is found within the gradient values.
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Figure 8. Centipede plot of the intercept and slope values (tstd), of the orthogonal regression plots, for each pod
performance comparison in calibration trail at Money Point. Deviation from the red dotted lines, 0 on the
intercept plot and 1 on the gradient plot, indicates deviation from the null model assuming no variation. Plot
indicates that a greater extent of variation is found within the gradient values.

OVERVIEW OF SAM RESULTS

Of the four CPODs used during this study only three CPODs were recovered for analysis. The CPOD on
the mooring at Carrig was not recovered due to the loss of the surface marker on this mooring. The data
from the control site was only available from July to December.

SAM data was collected at Tarbert between July 2016 and March 2017, for a duration of 221 days and at
the control site Moneypoint for 182 days. Detections were recorded on 63% of monitored days at
Tarbert and on 54% at the control site (Table 1). The number of Dolphin Positive Minutes (DPM) was
2,762 with mean of 12.5 DPM/day at Tarbert, while at Moneypoint the mean DPM/day was 6.3 (Table 1;
Figure 9; 10).

Table 1. Summary of all detections at Tarbert and Moneypoint during current study

Site CPOD | Date deployed | No days data Total DPM % DPDs Mean
DPM/Day
Carrig 953 27/07/2016 - - - R
Tarbert 2022 27/07/2016 221 2762 63 12.5
Moneypoint 547 31/07/2016 142 895 54 6.3

Bottlenose dolphins were detected at Tarbert throughout the monitoring period with a large
concentration of peaks during late November/early December. Small peaks in activity occurred in
August and mid to late October (Figure 9).

The pattern was different at Moneypoint only 3.2km across the estuary with peaks more consistent
throughout July, August, September and October (Figure 10) but no detections were recorded at
Moneypoint from mid-November to mid-December even though this is when detections peaked at
Tarbert.
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Figure 9. Dolphin detections per day (DPMs) recorded at Tarbert
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Figure 10. Dolphin detections per day (DPMs) recorded at Moneypoint

GENERALIZED LINEAR MIXED-EFFECT MODEL (GLMM) ANALYSES

As monitoring took place across 221 days at Tarbert and 142 days at Moneypoint, generalized linear
mixed-effect model (GLMM) analyses were carried out to assess differences in detections across a
number of temporal co-variates. Data from both years at Tarbert (2016 and 2017) were compiled to
allow for a robust analysis across temporal variables such as season. This analysis allowed for an
assessment of fine scale use of the area by bottlenose dolphins in relation to tide and other factors.



LONG-TERM PATTERNS AT TARBERT

Across the 221 days monitored, each of the four factors (season, diel, tidal cycle and tidal phase) were
found to be significant factors determining the presence of bottlenose dolphins off Tarbert (Table 2).

Table 2. Results from GLMM'’s on CPOD data off Tarbert Jetty

Location | Year Variable X df | P-value
Tarbert 2016/2017 Season 97.3 4 0.000
compiled Diel 1338 |4 | 0.000
T.P 182.7 |3 0.000
T.C 164.2 | 4 0.000

Using the results from box plots below, the influence of these factors at Tarbert can be explained more
easily. There were significantly more detections during the autumn, winter and spring months when
compared with summer (:’= 87.3, p<0.000). Significantly more detections were recorded during the
hours of darkness and the intermittent hours between dawn and dusk (12= 133.8, p<0.000), as well as
during the tidal phase spring (12= 182.7, p<0.000) and tidal cycle ebb (12= 164.2, p<0.000) (Figure 10).

Across the 142 days monitored at Moneypoint, each of the four factors (season, diel, tidal cycle and tidal
phase) were found to be significant factors in dolphin presence (Table 3).

Table 3. Results from GLMM'’s off Moneypoint Jetty.

Location Year Variable X df | P-value

Moneypoint | 2016 Season 2412 | 4 0.000
Diel 280.8 | 4 0.000
T.P 41.5 3 0.000
T.C 2535 | 4 0.000

Comparing the box plots below, results from Moneypoint, during the simultaneous deployment at
Tarbert (July-Dec), are similar. There were significantly more detections during the autumn, winter in
comparison with summer, and no data was collected during spring (A2= 241.2, p<0.000). Significantly
more detections were recorded during the hours of darkness and the intermittent hours between dawn
and dusk (;2= 280.8, p<0.000), as well as during the tidal phase spring and transitional (LZ= 41.5,
p<0.000) and during slack high tides (A2= 253.5, p<0.000), Figure 11).
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Figure 10. Predicted proportion of detection positive hours, in the dolphin channel at Tarbert (Co. Kerry) July
2016-March 2017 across four variables of season
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Figure 11. Predicted proportion of detection positive hours, in the dolphin channel at Moneypoint (Co. Clare)
July-December 2016 (during a simultaneous deployment off Tarbert Co. Kerry) across the four variables of
season; diel, where D =day, E= evening, M= morning and N = night; tidal phase, where Trans.=transitional phase,
NT= neap tide and ST=spring tide; and tidal cycle, where E =ebb, L = slack low, F= flood and H=slack high.



3. DISCUSSION AND RECOMMENDATIONS

Unfortunately the CPOD deployed off Carrig Island was not recovered and no data could be analysed.
This was the priority sampling site for this short study but data from a simultaneous deployment off
Tarbert allowed us to provide some insights into the use of one of the identified Areas of Opportunity
for tidal energy adjacent to Tarbert Bay.

The data supports the use of SAM as a survey technique as their presence was greater during night-time
compared to day-light which would not be possible to determine from visual methods. Cetaceans live in
an acoustic world and increasingly attempts have been made to develop acoustic monitoring techniques
rather than relying on visual methods, where efficacy is dependent on light, weather conditions and
especially sea-state. The reliance on sound by these animals is extremely important and therefore SAM
is a very valuable tool for determining presence and assessing fine scale habitat use by various
odontocete species. Although CPODs cannot distinguish between dolphin species, only bottlenose
dolphins are known from the Shannon as far upriver as Tarbert so we can be confident these detections
are of the resident bottlenose dolphins. In order to evaluate the importance of an area, it is
fundamental that presence is understood which requires a large dataset is collected over varying time
scales and at a fine resolution. Although SAM can provide a complex account of dolphin activity at a site
in comparison to visual monitoring, it cannot determine numbers present only provide an index of
activity.

IMPORTANCE OF TIDE TO BOTTLENOSE DOLPHINS

This study confirms the frequent use of tidal sites by bottlenose dolphins, most likely for foraging.
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summer, dolphins were recorded on 55% of days. This totalled 614 click trains, which had an average
number of 24 clicks/s and an average frequency of 103 kHz. The pattern recorded with more detections
on an ebb compared to flood tide and spring compared to neap tide, suggests the tidal rate is important
to dolphins. These results are consistent with previous monitoring at tidal sites in the Shannon Estuary.
Long-term monitoring at Moneypoint between 2008 and 2015 showed dolphins were present on 71% of
days monitored (1,720 days; Carmen et al. In prep). Results from Moneypoint were similar to Tarbert,
where spring and winter had greater detections compared to summer and autumn and slack high and
ebbing tides were important, which is similar to Tarbert. Also consistent with Tarbert, significantly more
detections occurred at night. The reasons for increased nocturnal activity are uncertain but could be
linked to an increase in prey abundance or activity in the absence of light, as suggested by Todd et al.
(2009). Use of tidal sites by bottlenose dolphins in the Moray Firth, Scotland has been associated with
foraging on salmon (Hastie et al. 2004) but salmon are unlikely to be abundant in the Shannon Estuary
during winter. The abundance and behaviour of potential prey species at these high energy tidal sites
requires further study. h Q. NA Sy 16Falso rdcdrdéd thee AIF1and noise data at Tarbert, to explore
the effects of both co-variates on each click train detected in the presence or absence of vessel activity.
¢ KS& &K2 g &y higherdinteBgfick-ldterval in the presence of vessel activity at the Tarbert
site, suggesting a negative effect on dolphins as higher ICls are associated with foraging behaviour.

MOORING DESIGN

When deploying equipment at sea there are two broad categories for mooring design. Moorings with
surface buoys make recovery easier as moorings can be accessed from the surface however this also
facilitates interference and increases chances of entanglement and collision. Small surface buoys which
provide little resistance to winds and waves are useful in areas with strong tides but they may cause a
hazard to boats through entanglement. During strong tides small buoys may be pulled under the water
and are not visible at the surface but could still be hit or cause entanglement. A large mooring and



surface buoy which is more visible and less likely to be dragged under or ripped off can be used but
these are expensive requiring specialist equipment to deploy and recover and may require foreshore
license or marine notice depending on the size and duration of monitoring. We chose a small, discrete
mooring to facilitate quick deployment from a small vessel and providing minimum resistance to the
tidal current. Although the mooring was still in place up to three months after deployment including
through periods of strong spring tides, it was not visible when it was to be recovered in November, four
months after deployment. An alternative method of deploying bottom deployed equipment is via an
acoustic release. We have had considerable experience with this technique which works best in deep-
water (>50m) and at low tidal energy sites as the device can drift significantly underwater during
recovery and be missed when at the surface. However, if a large expensive mooring is not an option in
the Shannon estuary, using acoustic releases can certainly be considered. Due to the challenging
conditions at these high energy tidal sites consideration must be given to appropriate moorings for
future monitoring.

Potential environmental effects from renewable energy installations and operations on small coastal
cetaceans are, to date, poorly documented. Since this emerging industry is still in its infancy, pilot-scale
projects such as that presented here should be carried out to test the feasibility of monitoring
techniques and to provide a baseline to assess responses of cetaceans to marine renewables in the
future. The aim of the present study was gain a better understanding of how resident bottlenose
dolphins in the estuary use Areas of Opportunity for tidal energy as identified in the SIFP. From the data
presented here, it is clear that Tarbert is an important area for dolphins with detections on 63% of days
monitored. Their presence was significantly greater during winter and autumn but since monitoring
started in July and finished in early February, we missed a large proportion of the critical spring and
summer periods. An important finding was that dolphins are more often present at the site during the
hours of darkness, something that would not have been apparent without the use of acoustics.

This study confirms the importance of these tidal areas to dolphins within the Lower River Shannon SAC
and further work should try and understand what attracts dolphins to these sites and how their
behaviour changes with tidal flow. The use of SAM at Tarbert has given an insight into the use of this
habitat across high resolution temporal trends which will inform the appropriate development of tidal
energy resource in the Shannon Estuary. .
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