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Executive Summary 
 
This report aims to characterize the seasonal and diurnal patterns in harbor porpoise occurrence, as 
detected from the first 31 months of monitoring as part of the INTERREG VA COMPASS project. 
 
C-POD odontocete (toothed whale) click detectors were moored at ten sites across the cross-border 
region of the inner seas around western Scotland, Northern Ireland and County Donegal, Republic of 
Ireland, between November 2017 and June 2020. C-POD raw data were processed and summarized 
as harbor porpoise detection positive minutes per hour, and detection positive hours per day. 
 
Statistical models (generalized additive models) were used to describe the seasonal pattern, and 
seasonal-diel plots were produced to visualize patterns occurring within days and between seasons. 
There was a high degree of variability in detections of harbor porpoise between sites, with some 
sites recording very high (average ca. 15 - 17 hours per day) rates of detection. Some interesting 
seasonal patterns were observed, with especially more northern sites demonstrating a winter peak 
in detections, and sites closer to the coast demonstrating an autumn peak in detections. 
 
This report describes some of the patterns, and highlights some caveats in the data, which require 
further investigation. By including additional data (collection currently underway) and using more 
sophisticated analytical techniques in the next stages of analysis, it will be possible to examine the 
drivers of these patterns. 
 
This work highlights the utility of broad-scale networks of acoustic monitoring moorings for 
monitoring protected areas and species year-round.  

 



1. Introduction 
 
Harbour porpoises (Phocoena phocoena) are the most abundant cetacean species found in the 
eastern North Atlantic (Villadsgaard et al. 2007). They are frequently recorded around the coasts of 
Ireland and Northern Ireland (Rogan & Berrow, 1996), and the area to the west of Scotland has one 
of the highest abundances of harbour porpoises in Europe (Waggitt et al. 2019). Due to the small 
size (< 2m in length and ca. 75 kg in weight), shy nature (Read, 1999) and inconspicuous surfacing 
behaviour (Westgate et al. 1995), these animals are difficult to detect visually, even in moderate sea 
states of Beaufort 2 and above (Palka 1996). In addition, as is the case with all cetaceans, visual 
surveys for harbour porpoises are not effective or possible during poor weather and at night 
(Teilmann, 2003). 
 
Passive acoustic monitoring provides an alternative (and in some cases, complementary) approach 
to visual techniques. Acoustic data can provide long-term temporal data independent of weather, 
light, and visual observer bias (Mellinger & Barlow, 2003). One of the caveats of acoustic monitoring 
is that it requires the target species to actively vocalise in order to detect them. Harbour porpoises 
are highly vocal animals, producing echolocation click trains on average every 12.3 seconds 
(Akamatsu et al. 2007). They has evolved to produce narrow-band (< 15 kHz -3 dB bandwidth), high 
frequency (120-140 kHz) echolocation clicks for communication, foraging and navigation (Kyhn et al. 
2013; Madsen et al. 2005; Verfuß et al., 2009). When harbour porpoises are closing in on prey items, 
the length of time between individual clicks, i.e. the inter-click interval (ICI), will decrease to form a 
terminal buzz (DeRuiter et al., 2009), analogous to that observed in other echolocating species, such 
as bats (e.g. Simmons et al., 1979) and sperm whales (Physeter macrocephalus) (e.g. Goold and 
Jones, 1995; Watwood et al., 2006). The short ICIs of terminal buzzes have been used as a proxy of 
foraging behaviour in passive acoustic studies (Carlström, 2005). Although more work is needed to 
better understand different classes of vocal behaviour and click train types in porpoises, acoustic 
monitoring thus provides a means by which to monitor both harbour porpoise occurrence and 
habitat use, in terms of potential foraging behaviour. 
 
Harbour porpoises and their habitats are protected by numerous pieces of legislation from 
international to national level including the EU Habitats Directive (European Commission, 2016), the 
Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR, 2010), 
EU Marine Strategy Framework Directive (European Commission, 2016), Agreement on the 
Conservation of Small Cetaceans in the Baltic, North East Atlantic, Irish and North Seas (ASCOBANS, 
1991), Bonn Convention on Migratory Species (CMS, 2016), and the UK Biodiversity Action Plan (UK 
Biodiversity Group, 1999). In Northern Ireland, harbour porpoises are listed as a Priority Species 
(DAERA, 2010), and they are protected in Scottish waters as a Priority Marine Feature (under the 
Marine (Scotland) Act 2010). However, the most relevant legislative agreement for the harbour 
porpoise is the EU Habitats Directive which affords all cetacean species strict protection across 
European waters and requires populations to be maintained at Favourable Conservation Status. 
Harbour porpoises are specifically listed on Annex II of the directive which requires the designation 
of Special Areas of Conservation (SAC; European Commission, 2016). 
 
In 2016, the Scottish Government proposed the designation of the Inner Hebrides and the Minches 
SAC to the European Commission. The site was identified due to the high proportion of the West 
Scotland harbour porpoise management unit (IAMMWG, 2015) population using the inner seas west 
of the Scottish mainland, and the proportion of management unit habitat encompassed within the 
site. With an area of almost 14,000 km2, the SAC is one of the largest marine protected areas in 
Europe. 
 



 
Collaborative Oceanography and Monitoring for Protected Areas and Species (COMPASS)  
Data used in this report are collected across a passive acoustic array deployed as part of the EU 
INTERREG VA Collaborative Oceanography and Monitoring for Protected Areas and Species 
(COMPASS) project. The array comprises a network of 10 acoustic moorings in Scottish, Irish and 
Northern Irish waters deployed with the aim of monitoring protected areas and species, to develop 
long-term strategies to protect mobile species, in particular, cetaceans, and to provide baseline 
information on ambient noise levels in the study area.  
 
The COMPASS acoustic array is located in the inner seas off the west coast of Scotland, Northern 
Ireland, and County Donegal in the Republic of Ireland (Figure 3). There are three SACs in this cross-
border region, for which harbour porpoise is a qualifying feature for selection of the site: the North 
Channel SAC, the Inner Hebrides and the Minches SAC and the Skerries & Causeway SAC (Figure 1). 
The acoustic moorings were first deployed in November 2017 and early 2018 (see Appendix 2 for 
metadata). This report takes into account all available C-POD data: November 2017 – June 2020 
from Scottish sites; January 2018 – January 2020 from Northern Irish/Irish sites. The most northerly 
mooring is located at Tolsta (58⁰ 31’ N, 006⁰ 02’ W) and the most southerly is located at the 
Copelands (54⁰ 40’ N 5⁰ 25’ W) with moorings being deployed in a range of depths from 50 – 110 m. 
Of the 10 mooring sites, six are situated within an MPA designated for the protection of harbour 
porpoise, including one in the Skerries and Causeway SAC, one in the North Channel SAC and four in 
the Inner Hebrides and the Minches SAC. 
 
The purpose of this report is to characterise and present patterns in harbour porpoise detections 
across the COMPASS monitoring array, using C-POD data collected between November 2017 and 
January 2020. 
 
 



  
Figure 1. The COMPASS array in relation to the (a) Inner Hebrides and the Minches SAC, (b) the 
Skerries and Causeway SAC, and (c) the North Channel SAC. 
 
 



 

2. Materials and methods 
 
Data collection 
Click detectors (C-POD; Chelonia Ltd, UK) were deployed at 10 sites (max. 100 m depth) throughout 
the cross-border region of Scotland, Northern Ireland and the Republic of Ireland (Figure 3) between 
November 2017 and June 2020. C-PODs were moored with a broadband acoustic recorder (sampling 
rate: 96 kHz) with integrated high-frequency click detector (Soundtrap ST300HF; Ocean Instruments, 
New Zealand) using an acoustic release mechanism comprised of an RS Aqua ARC (RS Aqua, UK) with 
a Vemco VR2AR (Vemco, Canada) approx. 5 m above the seabed for up to six months at a time 
(Figure 2). C-PODs actively collected data for a maximum of 173 days. As this report focuses on 
harbour porpoise presence, broadband acoustic data collected by Soundtraps were not considered 
here. However, it is planned in future to compare C-POD click detections with detections of the click 
detector integrated in the Soundtrap devices to assess suitability of both for long-term monitoring.  
 
Acoustic moorings were deployed and recovered from the research vessels (RV) Corystes (operated 
by the Agri-Food and Biosciences Institute (AFBI), Belfast, Northern Ireland), Alba na Mara and 
Scotia (both operated by Marine Scotland (MS), Edinburgh, Scotland). C-PODs detect, via on-board 
processing, the narrow-band, high-frequency (NBHF) clicks made by small odontocetes (toothed 
whales), such as porpoises, and store time information and several parameters of the detected clicks 
as raw data. Battery life is usually the limiting factor with regard to C-POD operating time, and 
devices typically record data autonomously for up to 150 days. 
 

  
Figure 2. Acoustic mooring prior to deployment (left) and The Agri-Food and Biosciences Institute’s 
RV Corystes. 
 
Upon recovery, raw C-POD data were processed using the KERNO classifier in the CPOD.exe software 
(version 2.044, Chelonia Ltd, UK) to classify likely harbour porpoise presence events based on the 
presence of NBHF click trains. The only species in inshore NW European waters producing NBHF 
clicks is the harbour porpoise, so detection of NBHF click trains can be considered indicative of 
harbour porpoise presence. Porpoise occurrence was summarised as Detection Positive Minutes per 
hour (DPM; i.e. the number of hours in an hour that ≥ 1 NBHF click train was detected) and  
Detection Positive Hours per day (DPH; i.e. the number of hours in a day that ≥ 1 NBHF click train 
was detected). To avoid inclusion of large numbers of false positive detections, only detections of 
high and moderate quality (categories ‘Hi’ and ‘Mod’ in CPOD.exe) were included in further analyses. 
Although this likely means that some true detections are not included, this was considered 
preferable to the inclusion of false positives. Additionally, analysing C-POD data at the resolution of 



 
 
 
Figure 3. Locations of COMPASS 
acoustic monitoring moorings in 
the cross-border region of 
Scotland, Northern Ireland and 
the Republic of Ireland. Note that 
moorings at the Tiree and Clyde 
locations have not been deployed 
successfully and hence no data 
has been available for these sites 
so far.  

 

DPH and DPM means that, at the given time resolution (i.e. hours and minutes), it is likely that if 
animals are present and vocalising, their click trains will be detected. 
 
  

 
 
Validation of click train classifications 
In order to conduct reliable statistical analysis and to assess the number of false positive detections 
after the classification step described above, the automated detection algorithm output provided by 
CPOD.exe must undergo quality control assessments by visual inspection of click trains. It is 
recommended that 10 % of each file is manually validated for false positives on a minute by minute 
basis (Chelonia CPOD user guide, version 2.044, 2014). Visual inspection of the click parameters 
allows users to inspect the maximum frequency, Inter Click Interval (ICI) and click rate of individual 
click trains and compare this to previous knowledge about the acoustic parameters of click trains 
from target species (see Appendix 1 for a detailed description of the validation protocol). C-PODs are 
generally very reliable and produce low numbers of false positive detections. (Clausen et al. 2017) 
The validation was carried out for one random deployment for each Northern Irish site initially. The 
validation process will be continued to assess data from the remaining locations, as false positive 
detections may be influenced by noise conditions which may differ between deployment sites. 
However, considering the very low percentage of false positive detections in the validated data 
examined to date (Table 1), we assume that most detections in the presented data are true positive 
detections. It is important to note that due to the on-board processing of click detections, it is not 
possible to assess the true number of false negative (i.e. click trains that were present but not 
detected by the device) detections, based on C-POD data. 
 
 
 
 



 
 
 
Table 1. Percentage of false positive minutes found in manually validated minutes. 
 

Site Deployment 

number 

Total number of 
minutes analysed 

Total number of 
false positive 

detections 

% of false 

positive 

detections 

Copelands D1 1060 24 2.3 

Middle Bank D2 100 3 3.0 

Malin D4 100 2 2.0 

Skerries D5 1050 28 2.7 

 
Data selection, presentation, and modelling of seasonal probability of porpoise occurrence 
Data from the day of deployment and day of recovery were excluded from the analysis, to avoid the 
presence of the deployment/recovery vessel influencing the presence of animals, and to include only 
complete days of data in the analysis. The data set was cleaned so that on occasions where two C-
PODs had been contemporaneously deployed at the same location (due to delayed recovery of 
moorings), only data from the C-POD deployed earliest were analysed in the overlapping period. 
 
DPM data were aggregated by hour and plotted by time of day, day, and year to evaluate seasonal 
and diel patterns of porpoise presence by site and their inter-annual variability.  
 
A model-fitting data frame was generated with Location Name, Date, Day of Year, Year, and 
DPH/Day. For this report, because differences between sites were not being statistically compared, 
data from each monitoring location were modelled independently. A Gaussian generalized additive 
model (GAM) was fitted to each location subset, using the ‘bam’ function in the mgcv package 
(Wood, 2004)  in R (R Core Project Team, 2020). GAMs were used as they utilise a smoothing 
function applied to explanatory covariates, to better fit data that are not well described by simple 
linear models. The general equation of a Gaussian GAM is, 
 

y = β0 + f(x1) + ε,    ε ∼ N(0,σ2) 
 

where β0 is the intercept, f represents the smooth function applied to predictor x1 and ε is normally 
distributed residual error. The ‘bam’ function was used to fit the models because it allows the 
inclusion of a correlation structure, unlike the more commonly used mgcv::gam function.  
 
DPH was included as the response variable (y), and Day of Year was the only explanatory covariate 
(x1), fitted using cubic cyclic splines (f) which inform the model that day 365 (December 31) is 
followed by day 1 (January 1). A first-order autoregressive (AR1) autocorrelation function was 
implemented, and the value of rho, the correlation parameter, was from examination of 
autocorrelation in the residual error (determined by inspection of autocorrelation function plots 
(using the stats::acf function in R) of a simple model with no autocorrelation function specified. The 
AR1 term accounts for serial autocorrelation within the data, i.e. where presence of porpoise on day 
d+1 is linked to porpoise presence on day d. The number of knots (i.e. the complexity of the 
smoother function) was selected automatically by  the ‘bam’ function. Model residuals were 
inspected visually using the ‘gam.check’ function to examine structure within the residuals, and a 
Gaussian probability distribution was considered appropriate in all cases. 



 
For this report, which focuses on presenting a first cut of the data, Year was excluded from the 
models presented, but future analyses will further investigate the influence of inter-annual 
variability, as well as a variety of environmental covariates on the probability of porpoise detections 
per site. 



 

3. Results 
 
Beginning in November 2017, 81 C-PODs were deployed, and data were available from 68 of these 
deployments. The deployments where data were not available for analysis were either lost moorings (n = 3), 
or the data loggers are currently deployed (n = 10). Data analysed in this report cover a 31-month period, 
totalling 6923 days with available data from across the ten monitoring locations. There was a difference in 
recording duration between the Scottish sites and the Northern Irish/Irish sites, largely owing to the mooring 
servicing cycle. 
 
Across the whole array and time series, porpoises were detected on 96 % of days. Between locations, 
detection positive days ranged from 46.3 % of days at Malin, to 100 % of days at Stoer Head, Copelands and 
Skerries (Table 1). 
 
The highest average rates of detection positive hours (DPH) occurred at Skerries, Copelands, Tolsta and Stoer 
Head, and the lowest rate of detection was at Malin. 
 
Table 2. Summary of data from each of the ten monitoring sites analysed in this report.  

 
 

Location 
name 

Latitude Longitude 
Depth 

(metres) 
Total days 
monitored 

Monitoring 
period 

Sum of 
porpoise 
detection 
positive 

days 

Percentage 
of detection 

positive 
days 

(average 
hours day-1) 

Tolsta Head 58⁰ 24’ N 006⁰ 01’ W 100 849 
Nov 2017 – 
June 2020 

842 
99.2  

(15.0) 

Stoer Head 58⁰ 15’ N 005⁰ 32’ W 100 950 
Nov 2017 – 
June 2020 

950 
100 

(14.4) 

Shiant Isles 57⁰ 52’ N 006⁰ 17’ W 80 779 
Nov 2017 – 
June 2020 

777 
99.7 

(12.0) 

Hyskeir 57⁰ 02’ N 006⁰ 45’ W 49 913 
Nov 2017 – 
June 2020 

905 
99.1 
(9.0) 

Garvellachs 56⁰ 15’ N 005⁰ 46’ W 88 896 
Nov 2017 – 
June 2020 

890 
99.3 
(9.6) 

Stanton 
Bank 

56⁰ 04’ N 008⁰ 03’ W 49 648 
Nov 2017 – 
June 2020 

535 
82.6 
(6.4) 

Middle Bank 55⁰ 28’ N 006⁰ 27’ W 56 560 
Jan 2018 – 
Nov 2019 

542 
96.8 
(5.3) 

Malin 55⁰ 25’ N 007⁰ 45’ W 56 214 
Sep 2018 – 
Nov 2019 

99 
46.3 
(1.2) 

Skerries 55⁰ 12’ N 006⁰ 43’ W 25 528 
Jan 2018 – 
Jan 2020 

528 
100 

(17.8) 

Copelands 54⁰ 41’ N 005⁰ 25’ W 87 586 
Apr 2018 – 
Jan 2020 

586 
100 

(15.9) 

Total (days) 6923  6654 96.1 



 
Figure 4. Seasonal-diel patterns for Scottish sites. Plots showing Detection Positive Minutes (DPM) 
aggregated by hour (y-axis), plotted against day of year (x-axis) and facetted by year. Areas in white 
represent missing data and areas in grey represent data without porpoise detections.  
 
 
 
 
 
 
 
 
 
 



 
 
Figure 5. Seasonal-diel patterns for Northern Irish sites. Plots showing Detection Positive Minutes (DPM) 
aggregated by hour (y-axis), plotted against day of year (x-axis) and facetted by year. Areas in white 
represent missing data and areas in grey represent data without porpoise detections. 
 
 
Seasonal and Diel patterns 
Observed seasonal and diel patterns (Figures 3 and 4) varied greatly by site. Across the whole array, 
increased rates of harbour porpoise detection positive hours were recorded during winter. Several sites 
(e.g., Tolsta and Stoer Head, Shiant Isles and Stanton Bank) show higher detection positive minutes and 
hours at this time of year (Figure 4), while other sites such as the more coastal sites (Garvellachs, Copelands 
and Skerries) show higher detection rates in late summer and autumn (Figures 3 and 4). At the Skerries site 
in late summer and autumn, rates of detection positive minutes are very high, indicating high residency in 
the area (Figure 5). The sites with the lowest overall detection rates were Malin and Middle Bank, although 
data from Malin were scant due to more limited opportunities to recover the C-POD (Figure 5). 
 
Seasonal-diel plots of detection positive minutes also indicated higher detection rates at night compared to 
daytime, observed at many sites across the array. Most strikingly, a strong diel pattern was observed at 
Tolsta, Hyskeir and Middle Bank (Figures 3 and 4). In contrast, at the Skerries site, higher detection positive 
minutes per hour were recorded during the day than during the night. Shifts in detection peaks at this site 
and several other sites such as Hyskeir might also indicate a tidal cycle influence on detections (Figures 3 and 
4).  
 
 
 



 
 
Figure 6. Model results for Scottish sites. Plots showing Detection Positive Hours (DPH) per day based on the 
fitted GAM model for each site (solid blue line; 95 % confidence intervals dashed blue lines), plotted over the 
observed data (grey dots).   
 
 
 
 
 
           

 



                 
 

                 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Model results for Northern Irish sites. Detection Positive Hours (DPH) per day based on the fitted 
GAM model for each site (solid blue line; 95 % confidence intervals dashed blue lines), observed data (grey 
dots). 
 
 
Seasonal model results 
Day of year was the only predictor covariate included in each generalized additive model illustrated in 
Figures 6-7. At all monitoring locations, day of year appeared to be a strongly significant predictor of 
porpoise DPH. However, the relatively low rates of deviance explained (Table 3) suggest that there are other 
factors influencing porpoise occurrence which have not been accounted for in these models. 
 



 
Table 3. Summary statistics for the smooth term “day of year” for GAM models fit to data from each 
monitoring location. 

Location 

Estimated 
degrees of 
freedom of 

smooth term 

F statistic P value 
Deviance 
explained 

(unadjusted R2) 

Tolsta Head 7.6 86.2 < 0.001 62.1 % 

Stoer Head 6.6 45.2 < 0.001 39.7 % 

Shiant Isles 7.2 47.6 < 0.001 39.8 % 

Hyskeir 6.5 17.1 < 0.001 27.6 % 

Garvellachs 6.4 18,2 < 0.001 22.5 % 

Stanton Bank 7.6 60.6 < 0.001 60.4 % 

Middle Bank 6.7 14.2 < 0.001 28.1 % 

Malin 2.0 86.5 < 0.001 54.7 % 

Skerries 6.1 51.5 < 0.001 53.9 % 

Copelands 4.1 5.4 < 0.001 14.1 % 

 
As already described based on the seasonal-diel plots (Figures 4-5), seasonal distribution of porpoise 
detections appeared to vary by deployment site with some interesting emerging regional groupings. 
Specifically, the modelled relationships for each site (Figures 6-7) appear to reveal an interesting seasonal 
pattern when comparing the relatively inshore sites (Garvellach Isles, Copelands, Skerries) and the more 
exposed, offshore sites (Stanton Bank and Middle Bank). While the former demonstrate an autumn peak in 
harbour porpoise detections, the latter show a winter peak and smaller summer peak in detections (with 
fewer DPH in spring and autumn). The two northernmost sites (Tolsta and Stoer Head) show a relatively high 
winter peak in detections and a smaller summer peak followed by the lowest rates of detection during the 
autumn. A winter peak in DPH was also found at the Shiant Isles, while at the Hyskeir site  a spring peak in 
detections was observed. Few data were available from Malin, preventing detailed interpretation of the 
seasonal patterns at this site. However, it was found that there were tentatively higher rates of detection in 
winter than in autumn, which mirrors the pattern found for Stanton Bank (Figures 6-7). 



 

4. Discussion 
 
Whilst there is considerable variability in data availability between sites, the C-POD data collected 
under the COMPASS project, presented in this report, represent the largest static acoustic 
monitoring data set on harbour porpoise occurrence in the inner seas of Scotland, Northern Ireland 
and off County Donegal. At some of the Scottish sites, data were available on over 900 monitoring 
days, representing over 2.5 year of continuous monitoring effort. 
 
As has been shown previously (Embling et al. 2010), rates of porpoise detections across the 
monitoring area, which encompasses Scottish and Northern Irish shelf waters, were generally high, 
with porpoises being detected on over 96 % of monitoring days, and at the Skerries site, porpoise 
detections occurred on average 17 hours per day across the entire monitoring period. 
 
The results presented in this report illustrate that seasonal and seasonally changing diel patterns can 
vary substantially between monitoring sites. Previous work using C-PODs to monitor harbour 
porpoises in Scottish waters has shown such variability, presumably due to habitat heterogeneity, 
even at much smaller spatial scales (Benjamins et al. 2017). 
 
The data from the COMPASS array appear to fall within several groups showing different patterns in 
acoustic detections. In general, northern (Tolsta and Stoer Head), inshore (Skerries, Copelands, 
Garvellachs) and offshore (Stanton Bank, Middle Bank) clusters could be identified, based on similar 
patterns in seasonal harbour porpoise occurrence (Fig. 6-7). Whilst there were few data available 
from the Malin site, and hence little inference can be drawn from these data, Hyskeir showed a 
spring peak in rates of detection which was not observed at any of the other sites (Figure 6). 
 
One of the most important initial results is the finding, that several of the COMPASS monitoring 
sites, particularly Tolsta, Stoer Head, the Shiant Isles and Stanton Bank, showed markedly increased 
detection rates during winter months. While such a change in detection rates might be related to 
behavioural shifts between seasons, they might also be explained by seasonal movements of 
porpoises from more inshore waters during summer to habitats further offshore and to the north of 
the study area during winter. Additional data exploration and analysis of potential environmental 
drivers is necessary to understand these seasonal patterns in acoustic detections more fully. 
Nonetheless, these results are especially important in the context of SAC monitoring and 
management, as spatially discrete threats to the west coast porpoise population might potentially 
differ seasonally. These initial results also highlight the importance of year round monitoring and the 
usefulness of passive acoustic data collection to fill existing data gaps which exist due to most 
monitoring effort to date having been concentrated on summer months (e.g., Booth et al. 2013, 
Embling et al. 2010).  
 
 
Interestingly, similarly to some of our results, a previous study based on visual and acoustic towed 
array data from the Inner Hebrides also found increased detection rates in spring and autumn 
compared to summer, whilst observing increased visual detections during August (Booth et al. 
2013). However, as the authors note, the seasonal patterns based on visual data might be influenced 
by higher visual detection probability due to generally calmer weather conditions in summer months 
(Booth et al. 2013). 
 
Inter-annual variability was not explored in detail using the modelling framework within this initial 
study. However, sites for which data from more than one year existed generally showed similar 



seasonal and diel patterns between years (see for example Tolsta, Stoer Head, Hyskeir and Skerries, 
Fig. 4-5) As COMPASS project data collection is still underway, and some data have been recovered 
too late to incorporate into this report, it is intended that future, more detailed modelling of the 
detection data will include additional C-POD data and various additional explanatory covariates, 
including, temporal, spatial, physical, noise and environmental parameters to help to further explain 
observed occurrence patterns and elucidate potential drivers. 
 
C-PODs are by default programmed to record up to 4095 clicks per minute. If more clicks are 
detected, then the buffer memory is filled, and the remainder of the monitoring minute is lost. Some 
patterns in the data, e.g. the apparent diurnality (i.e., higher click detection rate during day as 
compared to night time) observed at the Skerries site during autumn (Figure 5) may well be a true 
biological pattern. However, as pseudo clicks can be generated by other ambient noise, such as 
sediment movement across the hydrophone due to strong currents, it is possible that this high 
background noise causes the C-POD to reach this buffer capacity and so the C-POD actually 
monitored less time during periods of high current speeds. The data appear to indeed show a tidally 
influenced occurrence at this site (Fig. 4), which warrants further investigation. Incorporating the 
‘%TimeLost’ metric into future analyses will attempt to quantify links between rates of C-POD 
porpoise detections in the presence of increased ambient noise (Booth, 2016). Future comparisons 
of the data collected by the concurrently deployed Soundtraps, which collect raw sound data of 
detected clicks and don’t limit the maximum number of clicks, with C-POD results will also help to 
investigate some of these questions.  
 
In addition to the data presented here, C-PODs have been deployed as part of INTERREG VA 
MarPAMM project monitoring, at seven complementary sites to the COMPASS array. In future 
analyses, these data will be shared with the COMPASS project, to extend the spatial coverage of the 
data. 
 
With the exception of the Stanton Bank monitoring location (> 80 km from the coast), all data 
analysed in this report were collected within 20 km of the shore. Nevertheless, some interesting 
variability is apparent between sites and on an annual cycle. With the maximum water depth across 
the ten sites of the existing array being ca. 100 m, these data will be useful in characterising the 
habitat preference of harbour porpoise in relatively shallow, coastal environments, but not beyond. 
Extending the array to incorporate monitoring further to the west, where the continental shelf 
slopes gradually to around 200 m depth, and including seamounts and offshore banks west of the 
shelf break (e.g. Rosemary Bank, Rockall Bank) would provide an opportunity to compare porpoise 
occurrence and habitat preference with the monitoring data collected in the inner seas. Future 
extensions to the COMPASS project, and complementary offshore work, intends to collect data to 
contribute to this comparison. 
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Appendix 1. C-POD click validation protocol. 
Catherine Gibson & Suzanne Beck 

 
Validating harbour porpoise clicks from CPOD devices In order to conduct reliable statistical analysis, 
the automated detection algorithm output provided by CPOD.exe must undergo quality control 
assessments by visually inspecting click trains; it is recommended that 10% of the file is manually 
validated (Chelonia CPOD user guide, 2014). Visual inspection of the clicks allows users to inspect the 
maximum frequency, Inter Click Interval (ICI) and click rate of individual click trains and compare this 
to previous knowledge about the acoustic parameters of click trains from target species.  
 
What is the concern and why does the data need validated?  
The CPOD records detailed information on acoustic cues when specific threshold values preset by 
the manufacturer are reached. As a result it is not possible to determine false negatives (target 
species present and vocalising but not recorded as a detection) using CPOD data. The main issue that 
can and should be assessed is the proportion of false positives (target species not present or not 
vocalising but recorded as a detection).  
For the harbour porpoise, classified as Narrow Band High Frequency (NBHF) in CPOD.exe, false 
positives mainly come from:  

 Other cetaceans including dolphins classified as NBHF or NBHF as dolphins (BBTs). 

 Fine sand in suspension over the sea bed. These are ‘chance’ trains from a random source. 

 Some Acoustic Doppler Current Profilers (ADCPs) make pulse trains at porpoise frequencies. 

 Boats sonars at porpoise frequencies. 

 Weak Unknown Train Sources (WUTS) are known from some sites that seem to be high-

nutrient sites. 

 Chain noise causing ‘Chink spikes’ are quite rare, even when close to a chain. These form 

another kind of ‘chance’ train. 

 Propellers and shrimp clicks can also form ‘chance’ trains. 

 Porpoise simulation tests. 

 
It is recommended that you manually validate 10% of the minutes recorded by the CPOD.  
Follow the steps below to complete the manual validation process. 
 

1. Upload the required CP1 and CP3 files onto the CPOD.exe software using the open file set 
button. 
 
2. Extract the click details to a text file using the Export tab and copy and paste to the CPOD 
Validation spreadsheet template.  
 
3. Click on the Menu icon at the top left corner.  
 
4. Determine the number of minutes captured in the CPOD deployment using the full time 
range displayed as DD HH MM.  
 
5. Calculate 10% of the total file in minutes, this will be the manual validation sample size.  
 
6. Using the Graph scales toolbar, set the time scale to 10ms.  
 
7. Using the Parameters displayed toolbar, set the parameter to Sound Pressure Level (SPL).  
 



8. Using the Train filters toolbar, set the filters as NBHF and High and Moderate Quality (Hi 
and Mod Q).  
 
9. Start at the beginning of the file by clicking show from start in the main toolbar. Use show 
next screen button to jump to next section until there is a detection classified by CPOD.exe 
as harbour porpoise. This will be shown in the upper panel.  
 
10. If no detections can be found within the minute move on to the next minute and repeat.  
 
11. Once a detection is found begin visual inspection by changing options in the Parameters 
displayed toolbar and referring to key questions listed on the following page.  
 
12. If the detection can be manually confirmed as a harbour porpoise click train then it is 
classed as a true detection. If the detection is determined not to be a harbour porpoise click 
train then it is classed as a false positive.  
 
13. Record a 0 or 1 in the false positive column of the spreadsheet “CPOD Validation 
template” where a 0 is a true detection and 1 is a false positive. 
 
 

 
Figure A1. Screen shot of the C-POD validation template 

 
14. Move on to the next minute and repeat the process until 1% of the minutes within the 
file have been validated.  
 
15. Slide the bar at the stop of the screen along by roughly 10% and repeat the process until 
validation is complete. Find the corresponding minute in the spreadsheet, and delete the 
minutes that are NOT being manually validated. 
 
 



 
Figure A2. Screen shot from CPOD.exe v 2.044 showing a NBHF click train. 

 
16. Calculate the % of false positives in the file and report this. If less than 10% then further 
analysis can go ahead as this is the acceptable level. If greater than 10% then further manual 
validation must begin. 
 

 
How do I know if it is a true harbour porpoise detection?  
 

1. Decide if it is a real chain or a chance train  
 
2. Use known parameters of HP clicks and other species to ID as HP. 
 

 
Table A1. General characteristics of real and chance click trains. 
 

 REAL CHAIN CHANCE TRAIN 

SOUND PRESSURE LEVEL 
(SPL) 

Generally even profile Ragged profile 

DURATION  Usually less smooth 
FREQUENCY HP clicks mostly between 

127 - 140kHz 
 

QUIET BACKGROUND Generally if a few non train 
clicks before and after train 

 

TEMPORAL ASSOCIATION 
WITH OTHER CHAINS 

  

 
 
 
 



 
Figure A3. Screen shot from CPOD.exe v 2.044 showing comparison between a chance train (left) and 
a real NBHF click train (right). 
 
Chance trains are typically less uniform than trains from any of those train sources (see CPOD.exe 
user guide for further examples).  
 
How can you tell between harbour porpoise and dolphin clicks?  
 
Dolphin clicks are typically short and loud, while NBHF clicks are weaker and long. To exploit this 
difference view dolphin data as an SPL (sound pressure level) display and switch, using F11, between 
that and a click duration display.  
 
Dolphin clicks tend to “jump down” whereas porpoise clicks tend to “jump up”. 
 

 
 
Figure A4. Screen shot from CPOD.exe v 2.044 showing comparison between dolphin (left) and 
porpoise (right) click trains. 



 

 

A project supported by the European Union’s INTERREG VA Programme,  
managed by the Special EU Programmes Body (SEUPB). 

 

Appendix 2. Deployment metadata. 
 

Site Lat Long Depth Depl_date Rec_date Depl_days 

Copelands 54.66710 -5.40965 87 12/01/2018 11/04/2018 89 

Copelands 54.66717 -5.40980 87 11/04/2018 29/11/2018 232 

Copelands 54.66777 -5.41015 88 20/09/2018 29/11/2018 70 

Copelands 54.66712 -5.40968 87 11/01/2019 10/05/2019 119 

Copelands 54.66710 -5.40968 87 10/05/2019 19/07/2019 70 

Copelands 54.66713 -5.40967 87 19/07/2019 24/09/2019 67 

Copelands 54.66783 -5.40900 87 24/09/2019 08/01/2020 106 

Copelands 54.66787 -5.40903 87 08/01/2020 19/07/2020 193 

Copelands 54 40.009 05 24.528 87 19/07/2020 Currently deployed 

Garvellachs 56.23487 -5.75668 95 07/11/2017 12/04/2018 156 

Garvellachs 56.23428 -5.75538 95 03/03/2018 18/06/2018 107 

Garvellachs 56.23398 -5.75675 87 18/06/2018 23/11/2018 158 

Garvellachs 56.23407 -5.75740 90 23/11/2018 05/03/2019 102 

Garvellachs 56.23433 -5.90733 92 05/03/2019 11/06/2019 98 

Garvellachs 56.23425 -5.75738 85 11/06/2019 24/10/2019 135 

Garvellachs 56.23473 -5.75680 80 24/10/2019 23/06/2020 243 

Garvellachs 56.23468 -5.75783 80 23/06/2020 Currently deployed 

Hyskeir 57.03633 -6.75458 54 08/11/2017 04/03/2018 116 

Hyskeir 57.03600 -6.75450 48.5 04/03/2018 10/06/2018 98 

Hyskeir 57.03640 -6.75430 48.7 10/06/2018 01/12/2018 174 

Hyskeir 57.03530 -6.75280 51 01/12/2018 08/03/2019 97 

Hyskeir 57.03533 -6.75283 50 08/03/2019 17/06/2019 101 

Hyskeir 57.03542 -6.75287 53 17/06/2019 26/10/2019 131 

Hyskeir 57.07095 -6.75287 53 26/10/2019 26/06/2020 244 

Hyskeir 57.03543 -6.75283 44 26/06/2020 Currently deployed 

Malin 55.42005 -7.74982 58 12/04/2018 05/01/2019 268 

Malin 55.41992 -7.74999 58 18/09/2018 05/01/2019 109 

Malin 55.41952 -7.74987 58 05/01/2019 11/05/2019 126 

Malin 55.41948 -7.74993 56 11/05/2019 17/07/2019 67 

Malin 55.42103 -7.74733 56 17/07/2019 23/09/2019 68 

Malin 55.42105 -7.74682 56 23/09/2019 02/11/2019 40 

Malin 55.42078 -7.74818 56 02/11/2019 Not recovered   

Malin 55 25.263 07 44.791 56 21/07/2020 Currently deployed 

Middle Bank 55.47175 -6.44683 59 10/01/2018 12/04/2018 92 

Middle Bank 55.47177 -6.44632 59 12/04/2018 17/09/2018 158 

Middle Bank 55.46777 -6.44827 56 17/09/2018 06/01/2019 111 

Middle Bank 55.46748 -6.44807 55 06/01/2019 11/05/2019 125 

Middle Bank 55.46750 -6.44805 56 11/05/2019 17/07/2019 67 

Middle Bank 55.46733 -6.44667 56 17/07/2019 23/09/2019 68 

Middle Bank 55.46733 -6.44667 56 23/09/2019 03/11/2019 41 

Middle Bank 55.46763 -6.44812 56 03/11/2019 20/07/2020 260 

Middle Bank 55.46245 -6.45008 56 11/01/2020 20/07/2020 191 

Middle Bank 55.46245 -6.45008 56 21/07/2020 Currently deployed 

Shiants 57.87612 -6.27268 84 09/11/2017 05/03/2018 116 

Shiants 57.87610 -6.27260 84 05/03/2018 08/06/2018 95 

Shiants 57.87615 -6.27288 85.3 10/06/2018 Not recovered   

Shiants 57.86963 -6.26968 83 14/11/2018 09/03/2019 115 

Shiants 57.86950 -6.26950 85 09/03/2019 09/06/2019 92 

Shiants 57.86950 -6.26977 76.4 19/06/2019 26/10/2019 129 



  
 

28 
 

Shiants 57.86952 -6.27052 88 26/10/2019 20/02/2020 117 

Shiants 57.86935 -6.27052 61 20/02/2020 21/06/2020 122 

Shiants 57.86927 -6.27052 54 21/06/2020 Currently deployed 

Skerries 55.19667 -6.72683 27 10/01/2018 12/04/2018 92 

Skerries 55.19678 -6.72655 23.4 12/04/2018 14/08/2018 124 

Skerries 55.19677 -6.72713 23.3 05/09/2018 29/11/2018 85 

Skerries 55.19732 -6.72570 26 18/09/2018 27/11/2018 70 

Skerries 55.19667 -6.72517 26 27/11/2018 05/01/2019 39 

Skerries 55.19672 -6.72498 26 05/01/2019 11/05/2019 126 

Skerries 55.19670 -6.72500 25 11/05/2019 17/07/2019 67 

Skerries 55.19670 -6.72500 25 17/07/2019 23/09/2019 68 

Skerries 55.19600 -6.72567 25 23/09/2019 03/11/2019 41 

Skerries 55.19608 -6.72630 25 03/11/2019 11/01/2020 69 

Skerries 55.19672 -6.72675 25 08/01/2020 18/07/2020 192 

Skerries 55 11.850 06 43.010 25 20/07/2020 Currently deployed 

Stanton 56.09678 -8.02278 110 25/11/2017 12/06/2018 199 

Stanton 56.09600 -8.01926 110 25/02/2018 12/06/2018 107 

Stanton 56.09690 -8.02210 110 12/06/2018 08/03/2019 269 

Stanton 56.07082 -8.05408 66 22/11/2018 08/03/2019 106 

Stanton 56.07083 -8.05400 66 08/03/2019 10/06/2019 94 

Stanton 56.07082 -8.05417 71 10/06/2019 22/11/2019 165 

Stanton 56.07095 -8.05522 74 22/11/2019 Not recovered   

Stanton 56.06900 -8.06403 66 22/07/2020 Currently deployed 

Stanton 56.07095 -8.05522 74 04/03/2020 22/07/2020 140 

Stoer 58.25750 -5.53861 106 10/11/2017 05/03/2018 115 

Stoer 58.25420 -5.53900 100 05/03/2018 20/06/2018 107 

Stoer 58.25760 -5.53893 100.7 20/06/2018 14/11/2018 147 

Stoer 58.25748 -5.53693 99.6 14/11/2018 09/03/2019 115 

Stoer 58.25733 -5.53683 100 09/03/2019 19/06/2019 102 

Stoer 58.25755 -5.53857 104 09/06/2019 27/10/2019 140 

Stoer 58.25755 -5.53895 100 27/10/2019 05/03/2020 130 

Stoer 58.25755 -5.53895 100 06/03/2020 27/06/2020 113 

Stoer 58.25752 -5.53893 95 27/06/2020 Currently deployed 

Tolsta 58.39470 -6.01246 102 10/11/2017 06/03/2018 116 

Tolsta 58.39470 -6.01230 98 06/03/2018 10/06/2018 96 

Tolsta 58.39500 -6.01236 99 10/06/2018 14/11/2018 157 

Tolsta 58.39218 -6.00868 99.8 14/11/2018 09/03/2019 115 

Tolsta 58.39200 -6.00867 100 09/03/2019 08/06/2019 91 

Tolsta 58.39218 -6.00925 103 08/06/2019 27/10/2019 141 

Tolsta 58.39202 -6.00872 100 27/10/2019 20/02/2020 116 

Tolsta 58.39227 -6.00805 100 20/02/2020 20/06/2020 121 

Tolsta 58.39248 -6.00805 93 20/06/2020 Currently deployed   

 
 


