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SUMMARY

· The Ceredigion Coast Bottlenose Dolphin and Boat Traffic Survey provides a sixteen year run of data on cetacean occurrence, levels of boat traffic and interactions between bottlenose dolphins and boats in Cardigan Bay.
· Sighting rates of bottlenose dolphins were highest at Mwnt in 2008 and in 2009, when dolphins were present in 72% and 61% of two-hour observation periods. Sighting rates were higher at Mwnt and New Quay Harbour, than at New Quay Birds Rock.
· Dolphin aggregations at Mwnt were significantly larger at Mwnt than at New Quay Birds Rock in both years, and larger than Aberporth in 2009.  New Quay Harbour had significantly higher counts than Aberporth in 2009.   Double-figure numbers of dolphins were seen at Mwnt and New Quay Harbour.
· Dolphins occupied most sites for similar periods, but for significantly longer at both New Quay Harbour and Mwnt than at New Quay Birds Rock.

· As in previous reports, bottlenose dolphins with calves were recorded more frequently at Mwnt than elsewhere.

· Also as in previous years, clear differences in levels of boat traffic were evident between New Quay Harbour and other sites  Mwnt again had the least boat traffic. There was some evidence of a return of boat traffic to levels before the reduction in traffic in 2007, such as at New Quay, but little evidence of an increase over a longer period.
· The average count of boats and dolphins at New Quay harbour each year was compared and continued to clearly suggest a negative relationship between boat traffic level and dolphin counts, although it was not statistically significant in 2009.
· Encounter rates between boats and bottlenose dolphins were highest at New Quay Harbour, followed by Birds Rock. Visitor passenger boat trips accounted for the highest encounter rates at all sites, but were closely followed by recreational motorboats at New Quay Harbour and Mwnt.
· 494 boat encounters were examined for rates of compliance / non-compliance with codes of conduct for boat users. Compliance with the code of conduct was high, particularly at New Quay Birds Rock (95% of boat encounters), New Quay Harbour (86%) and Mwnt (86%). Rates of compliance were lower elsewhere. The public awareness programme works well at New Quay but more attention is required at some other sites.
· Most cases of non-compliance involved vessels travelling too fast when close to dolphins. Operators of speedboats and motor boats were most likely not to follow the code of conduct.

· As in previous years, compliance with the code of conduct significantly reduced the incidence of negative response behaviours by bottlenose dolphins (for example by heading directly away from the boat).
INTRODUCTION

This study has now completed 16 years of data gathering from five sites in southern Ceredigion.  This is our sixth survey report (Pierpoint & Allan 2000; 2001; 2002; 2004; 2006).  A paper ‘Monitoring important coastal sites for bottlenose dolphin in Cardigan Bay, UK’ (Pierpoint et al) was published in the Journal of the Marine Biological Association in 2009.

When the study started in 1994, the aim was to obtain further information on cetacean site use and boating traffic that would help guide future management of the then recently formed voluntary Marine Heritage Coast (MHC).  This community-led initiative was established because of concerns over perceived increases in powered craft activity and its potential adverse effect on the local bottlenose dolphin population.  The study was designed in such a way as to encourage local people to take part and it was hoped that in doing so, it would build support for the MHC and raise public awareness of the issue of boat disturbance.  The principle aims of the project have been: (a) to monitor the presence of bottlenose dolphins at a number of coastal sites; and (b) gather data on boat traffic to aid coastal zone management.

Several hundred people have taken part over the years, some of whom have participated in the survey since 1994.  The Wildlife Trust of South and West Wales, the Cardigan Bay Marine Wildlife Centre, Sea Watch Foundation and Friends of Cardigan Bay have also taken part.  Since that time, the area has been designated the Cardigan Bay Special Area of Conservation (SAC), and the potential for recreational vessels to have a significant impact on the dolphins has been identified within the management plan for the site.  It has therefore been considered important to continue with the study as long as it is practicable and where local support remains.

The results of this long-term monitoring have helped to guide a number of related education and interpretation initiatives.  The Code of Conduct information has been produced in various formats: in the Harbours, Beaches and Marine Conservation leaflet, in the Ceredigion tide tables booklet, and at information panels at launch sites.  A “Dolphin Watch” newsletter is produced annually.  Another development has been the restoration of the old coastguard hut at Birds Rock, New Quay with the financial help of The Crown Estate Marine Stewardship Fund.  This has meant that not only do the observers there have more comfortable conditions to undertake their watches, but also information is available at the Lookout all year round to visitors walking the coast-path.  These initiatives have not only generated additional interest in the study, but have helped to spread the word regarding the potential problems that recreational boating traffic can cause cetaceans if proper management is not in place.  Additional grant aid from T he Crown Estate has enabled us to develop the Cardigan Bay Boat Place in New Quay and purchase a patrol boat for the SAC officer to use.  A Recreational Boating Plan was produced in spring 2010.
METHODS
Bottlenose dolphin observations were examined at five study sites, in Cardigan Bay, Wales, from June to September in 2008 and 2009.  These data were collected by a team of volunteers, most of whom had already taken part in the project in previous years.  The study sites were located at Mwnt, Aberporth, Ynys Lochtyn, New Quay (Birds Rock look-out), and New Quay Harbour. Records at New Quay Harbour were collected and contributed to the database by the Cardigan Bay Marine Wildlife Centre.
Habitat use by bottlenose dolphins
Three watches of two hours each were scheduled daily at each site beginning at 11:00, 13:00 and 15:00.  At New Quay Harbour, volunteers from the Cardigan Bay Marine Wildlife Centre carried out additional watches during the day. The two-hour watches were divided into eight 15 minute intervals. At the beginning of each interval the start time and information on sighting conditions (general weather and visibility, wind direction and sea state) were recorded on a data sheet.  This information was later used to extract a subset of observations made in good conditions (visibility at least 2 km, sea state 3 or less) for which sighting rates of bottlenose dolphins were calculated and comparisons made between study sites.
When marine mammals were present at the site (or any other mega-fauna such as basking shark and ocean sunfish) their locations were marked on a map form. Locations were estimated by eye within a grid of guidelines to landmarks.  A school was considered to be animals of the same species in close proximity (within about 10 body lengths of another animal) and behaving in a similar manner.  Abbreviated codes were written against each school location giving species name, group size, number of small calves and activity state at the beginning of the 15 minute interval or when first seen.
From these systematic counts sighting rates for bottlenose dolphins were derived.  Two indices were used to make comparisons between sites and with previous field seasons.  The indices were a) the proportion of 2 hour watches in which dolphins were recorded; and b) the average count of dolphins in a 15 minute interval per 2 hour observation period. In a previous report, a preliminary look at these data showed that numbers of sightings increased at New Quay from June onwards. In site comparisons therefore, sighting rates were calculated from observations recorded between the beginning of June and the end of September. Sighting rates for each site in 2008 and 2009 were compared statistically, initially using Kruskal-Wallis tests; then if a significant difference was found between any sites (at P < 0.05) all pair-wise comparisons were made (Dwass-Steel-Chritchlow-Fligner).
For watches in which dolphins were recorded at least once a further three indices were calculated:

c) Group size.  As a measure of the average group size or number of dolphins aggregated at each site, the mean of the highest count recorded in each watch was used. By using these maximum counts the total number of dolphins seen in each two hours was not estimated, as we could not identify individual animals or account for those which may have moved through the site more than once in a watch.
d) Occurrence of bottlenose dolphin calves.  The proportion of watches in which small calves were seen was examined.  Young bottlenose dolphins were recorded as calves if they were distinctly paler than the accompanying adult and approximately two-thirds of the adult length or less. Foetal folds were often visible on a calf's flanks.
e) Site occupancy.  To examine the amount of time that dolphins tended to occupy habitats at each site, the average number of 15 minute intervals with bottlenose dolphins present per watch was calculated, for watches in which dolphins were recorded at least once.  Observers were asked to assign an activity code to each dolphin group at the beginning of every 15 minute interval. This allowed us to describe the relative frequency with which different dolphin behaviours occurred. Nine activity codes were used.  These were sub-divided into 'staying' behaviours, for activity centred around the same approximate location; and 'travelling' behaviours, which occurred as animals moved into or across the study sites.  To help observers choose the most appropriate code, dolphin behaviour was further grouped into fast-moving, energetic or 'high-key' activity and predominantly slow-moving or 'low-key' activity. Although some observers also recorded changes in activity during the 15 minute intervals, only the first activity has been used here and this was considered to be a systematic sample of dolphin activity state at each site.
Encounters between bottlenose dolphins and boats
Further information was recorded on the data sheet when boats came within 300 metres of a bottlenose dolphin school.  This event constituted a 'boat encounter'.  Only the first boat encounter in each 15 minute interval was recorded, as encounters with different types of boat were being examined.  This procedure reduced the likelihood of bias towards particular types of boat that observers may have considered to have a greater impact on dolphin behaviour.  For each boat encounter, the observer recorded the type of boat that was closest to a dolphin, the total number of boats within a 300 metre radius of the dolphin group; an assessment of whether this boat complied with the code of conduct for boat users; and listed the dolphin behaviours that were observed.  Boat operators were considered to have complied with the code of conduct if they either passed the animals at ‘no-wake’ speed and with no erratic alterations of course (code Y1), or slowed down gradually and stopped (Y2).  Four codes were used when the operators did not comply, these were either because they were travelling too fast within 300 metres of dolphins (N1), they followed an erratic course to approach, avoid or follow dolphins (N2); they attempted to touch, feed or swim with dolphins (N3), or they were clearly exceeding 8 knots within a buoyed, low speed zone at New Quay (N4).  Finally, a special code (R) was used when the boat involved was a vessel permitted, under licence from the Countryside Council for Wales, to approach bottlenose dolphins for research purposes.  These vessels carried a flag or banner with which to identify themselves when they were engaged in research.
We examined whether following the code of conduct affected how dolphins responded to encounters with boats.  Observers recorded different dolphin responses during encounters.  In the analyses reported here some behaviours were grouped together - for example 'heading away, fast swimming' and 'heading away steadily or in a series of long dives' were grouped as negative response (i.e. a change in dolphin behaviour to move away from a boat).  Similarly, 'approaching', 'bow-riding' and 'following boat' were grouped as positive response.

To investigate whether the overall density of boats affected dolphin responses during boat encounters, six categories of boat density were also recorded.  Categories A and B, and D and E were combined, in some cases, to improve sample sizes.  Goodness-of-fit tests were used to compare the frequencies of responses recorded, in different circumstances.  General levels of boat traffic in 2008 and 2009 were compared to previous years using standard 2 hour boat counts.  These were tally counts of different types of boat in each watch.  Boat use at each site was described by comparing the relative frequency with which different types of boat were recorded at each site.
Table 1: Boat density categories used within this report.

	Boat density category
	Boats within 50 m
	Total boats within 300 m

	A
	At least 1
	At least 5

	B
	At least 1
	2 to 4

	C
	At least 1
	1

	D
	none
	At least 5

	E
	none
	2 to 4

	F
	none
	1


RESULTS
Observer effort
In 2008 and 2009, 223 and 557 observation periods (watches) were carried out respectively.  Since the first season's field work in 1994, a total of 6184 watches have been completed.  Originally observations were carried out at three sites: Aberporth, New Quay Head and Ynys Lochtyn. Mwnt was included from 1998.  The Sea Watch Foundation and the Cardigan Bay Marine Wildlife Centre, also began collecting data at New Quay Harbour using the same protocol from 2004.  However, data collected by volunteers from Sea Watch in 2008 was not available for analysis at the time of report writing. Between 2004 and 2007 watches were also carried out in Aberystwyth by Friends of Cardigan Bay.
Table 2:  Observation period totals

	
	All sites (June to Sept)
	Mwnt (M)
	Aberporth (AB)
	Ynys Lochtyn (YL)
	New Quay Birds Rock  (NQ BR)
	New Quay Harbour (NQ HAR)

	No of watches

June - Sept both years
	780
	180
	34
	25
	242
	299

	No of watches in 2008
	223
	75
	13
	16
	119
	0

	No of watches in 2009
	557
	105
	21
	9
	123
	299

	Hours of effort

June - Sept both years
	1541.25
	350.5
	60.5
	50
	482.25
	598

	Hours of effort 2008
	437
	144.75
	22.25
	32
	238
	0

	Hours of effort 2009
	1104.25
	205.75
	38.25
	18
	244.25
	598


An extra 161 observation periods (321.5 hours) were carried out, outside the June to September season, at New Quay Harbour.
Figure 1: Watches at different sites
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Sighting conditions
In 2008 and 2009, 71% and 79% of 2 hour watches were completed in relatively good conditions for observing marine mammals.  During these watches there was always at least 2 km visibility and sea state did not exceed Beaufort 3 sea surface criteria (HMSO 1983) in each of eight successive 15 minute intervals. Sighting rates for bottlenose dolphin on the Cardigan Bay coast from June to September, were calculated from 600 observation periods: 158 in 2008 and 442 in 2009.  In both years and at all sites, the median sea state value recorded was 2 (small wavelets and no white-caps).  This was also true of individual years, and for all sites individually, and in each year that watches were made.

Wind direction was most frequently recorded as south-westerly overall, and also at each site, except Mwnt where westerly was most frequently recorded.  Overall, wind directions between south-west and north-west made up 61% of records, over the two years.

Table 3:  Prevailing wind direction
	
	Mwnt
	Aberporth
	Ynys Lochtyn
	New Quay Birds Rock
	New Quay Harbour
	All sites

	% of records with wind direction between SW and NW
	70%
	71%
	42%
	75%
	49%
	61%


Figure 2:  Wind directions
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Sighting rates of bottlenose dolphins
Sightings rates for bottlenose dolphins were significantly higher in 2009 at both Mwnt and New Quay Harbour than New Quay Birds Rock.  (P<0.0001; Kruskal-Wallis and all pairwise comparisons; Dwass-Steel-Critchlow-Fligner).

Figure 3:  Sightings rates
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Table 4: Percentage of two hour watches with dolphin sightings 
	
	Mwnt
	Aberporth
	Ynys Lochtyn
	New Quay Birds Rock
	New Quay Harbour

	2008
	72%
	50%
	55%
	52%
	

	2009
	61%
	13%
	14%
	40%
	59%


In 2008, Mwnt had significantly higher average counts of dolphins per 15 minute interval per two-hour watch than at New Quay Birds Rock (P<0.05).  In 2009, Mwnt and New Quay Harbour average counts were significantly higher than both Aberporth and New Quay Birds Rock.  These were the only significant differences. (Kruskal-Wallis and all pairwise comparisons)

Table 5:  Mean number of dolphins per 15 minute interval
	
	Mwnt
	Aberporth
	Ynys Lochtyn
	New Quay Birds Rock
	New Quay Harbour

	2008
	1.20
	0.58
	1.05
	0.60
	

	2009
	1.06
	0.13
	0.07
	0.37
	0.82


Figure 4:  Average counts of dolphins
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Sighting rates and number of dolphins recorded in 2008 and 2009 are summarised below for each site. 
Mwnt
As in previous years, the highest sighting rates of bottlenose dolphins were recorded at Mwnt in both years. Dolphins were present in 72% and 61% of 54 and 76 observation periods carried out in 2008 and 2009 respectively.  The number of dolphins recorded per 15 minute effort was higher than elsewhere and very similar in 2008 (1.2) and 2009 (1.06).
Aberporth
In 2008, bottlenose dolphins were recorded in 50% of 8 observation periods carried out at Aberporth in favourable sighting conditions, and in .  In 2009, dolphins were present in 2 of 16 two-hour watches (12.5%).  The average number of dolphins present per 15 minute was 0.58 in 2008 and in 2009 it was 0.13 dolphins per 15 minute observation.
Ynys Lochtyn
Bottlenose dolphins were recorded in 55% and 14% of 11 and 7 observation periods at Ynys Lochtyn in 2008 and 2009.  A wide confidence interval associated with this was due to relatively few observation periods having been carried out at Ynys Lochtyn.  The average number of dolphins at this site in 2008 was 1.05 and in 2009 was 0.07.
New Quay Birds Rock
At New Quay Birds Rock dolphins were recorded in 52% of 85 observation periods in 2008 and 40% of 87 in 2009. The average dolphin count was 0.6 in 2008 and 0.37 in 2009.

New Quay Harbour 
High rates of dolphin occurrence were recorded in New Quay Harbour. Dolphins were present in 59% of 256 watches between June and September in 2009.  The average count at New Quay Harbour was 0.82 dolphins per 15 minute interval per 2 hour watch.
Figure 5:  Average dolphin sightings over the years
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Figure 6:  Average dolphin counts over the years
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Group Size
The highest counts of dolphins present in observation periods, when sightings occurred, were used as a measure of group size.  The counts may have included groups of dolphins that habitually travelled together, but also may have been temporary aggregations of animals.
The average maximum count at Mwnt was over 3 in 2008 and over 2 in 2009, and at Ynys Lochtyn it was also over 2 in 2009.  Average group size at New Quay Harbour was over 1.5, and at New Quay Birds Rock it was just over 1.5 in 2008 and just under 1.5 in 2009. At Aberporth relatively small aggregations of animals were seen in both years.

The average group size at Mwnt was significantly larger than at New Quay Birds Rock in both years.  In 2009, dolphin group size at Mwnt and New Quay Harbour was also significantly larger than at Aberporth.  (Kruskal-Wallis and all pairwise comparisons; Dwass-Steel-Critchlow-Fligner).

Figure 7:  Average dolphin group size
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Table 6:  Mean highest count of dolphins
	
	Mwnt
	Aberporth
	Ynys Lochtyn
	New Quay Birds Rock
	New Quay Harbour

	2008
	3.09
	1.25
	2.27
	1.54
	

	2009
	2.34
	0.19
	0.57
	1.33
	1.74

	95% CI (2008)
	0.85
	1.03
	1.50
	0.40
	

	95% CI (2009)
	0.57
	0.27
	1.12
	0.42
	0.23


The highest counts recorded at each site, in 2008 and 2009 respectively, were as follows: Mwnt: 18 and 10 dolphins; Aberporth: 4 and 2 dolphins; Ynys Lochtyn: 7 and 4 dolphins; New Quay Birds Rock: 7 and 8 dolphins; New Quay Harbour (2009): 11 dolphins.
Site occupancy.
Occupancy, in this case, refers to the amount of time that bottlenose dolphins were present at each study site.  It has been measured as the average number of 15 minute intervals with dolphins recorded, per 2 hour watch in which dolphins were seen. In general there was little difference in the amount of time that bottlenose dolphins tended to occupy each of the study sites and that the average values were similar from 2008 to 2009.  Also, Aberporth and Ynys Lochtyn had too few samples and too much variation to compare statistically.  However, in 2009, dolphins spent significantly longer periods at New Quay Harbour and Mwnt than at New Quay Birds Rock.  (Dwass-Steel-Critchlow-Fligner, P < 0.05).
Figure 8:  Site occupancy (number of intervals per watch when dolphins were present)
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Sightings of bottlenose dolphin calves
Bottlenose dolphin calves were more often seen at Mwnt than at other sites (18 - 39% of watches with dolphins also recorded calves). No calves were recorded at Ynys Lochtyn in 2008 and 2009, although this was from relatively few watches. Elsewhere calves were recorded in 6 - 28% of observation periods. Most sites recorded relatively fewer calf sightings in 2009 than in 2008. 
Table 7:  Calf sightings
	Calf sightings
	Mwnt
	Aberporth
	Ynys Lochtyn
	New Quay Birds Rock
	New Quay Harbour

	2008
	38.9
	12.5
	0.0
	17.6
	

	2009
	18.4
	6.3
	0.0
	13.8
	27.7


Figure 9:  Percentage of watches with calf sightings
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Levels of boat traffic
Boat traffic was monitored as in previous years, by tally counts of vessels over each 2 hour observation period. Average boat counts are compared between sites and between years.  New Quay Harbour was the busiest site for boat traffic, Birds Rock and Aberporth experienced similar levels of boat traffic, and the lowest counts were made at Mwnt and Ynys Lochtyn.
Figure 10:  Average boat counts
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Average recording rates for different types of boat are shown in the graph. Higher levels of boat traffic at New Quay Harbour were accounted for mainly by recreational motor boats and sailing boats. Numbers of speedboats and canoes/kayaks were also highest at this site, although the latter was also more frequent at Aberporth. Visitor passenger boats (VPB) were most evident at New Quay Harbour and New Quay Birds Rock.  Most jet-skis ('personal water craft') were reported from Aberporth.
The graph indicating levels of boat traffic over the last decade shows that 2008 and 2009 were similar to previous years.  There were some signs of a return to previous levels of boat traffic at New Quay Harbour and Birds Rock, since a reduction in 2007, although Ynys Lochtyn was still at a slightly lower level.
Figure 11:  Average boat counts over the years
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Boat traffic compared with dolphin counts

Boat traffic levels and average dolphin counts were compared at New Quay Harbour, which is the busiest site for boat traffic.   Previously, (Pierpoint et al. 2009) average boat counts were pooled for New Quay Harbour and it was found that there were significantly lower dolphin counts on watches with a higher boat density.   Although this particular measure did not show a significant difference when repeated for 2009 data (Kruskal-Wallis test), a graph of boat traffic levels over the years still clearly suggests a negative relationship between the average count of boats per watch and the average counts of dolphins, as can be seen in Figure 12.
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Figure 12: Average boat count at New Quay harbour compared with dolphin counts : 2004 to 2009
Figures 13 and 14:  Average count of each different boat type on each site in 2008 / 09
(Two graphs to show the five sites; both at the same scale for clarity.)
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Figure 13 (see above)
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Encounters between dolphins and boat users

A total of 739 bottlenose dolphin encounters with boats were recorded during 2008 and 2009, with the highest observed encounter rate per hour at New Quay Harbour, followed by New Quay Birds Rock.
Figure 14:  Rates of encounter of boats with dolphins
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Visitor passenger boats were the most frequently recorded encounter per hour amongst propeller-driven boats, followed by recreational motor boats, with the highest rates at New Quay Harbour.  This was also where most speedboat and water-skier encounters were recorded.
Figure 15:  Rates of dolphin encounter for different types of boat.
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Compliance with codes of conduct
Percentage of compliance by boat operators in all encounters

There were 494 boat encounters for which the observer had assigned a code to denote compliance or non-compliance with the relevant code of conduct.  These codes of conduct were the guidelines for either recreational boat users or for vehicle passenger boats.  Boat operators complied with the code of conduct in 87% of encounters with bottlenose dolphins.  There were 65 cases in which boat operators did not follow the code of conduct.

The number of boat encounters with dolphins and the rate of compliance varied to some degree with location. The highest compliance was by boat operators in the New Quay Birds Rock area, at 95%, followed by Mwnt and New Quay Harbour (both 86%).  There was low compliance at Aberporth and Ynys Lochtyn, although these were measured from a small number of encounters (nine in total).
Table 8:  Percentage of compliance with Code of Conduct during dolphin encounters
	Site
	Compliance (%) both years
	Non-compliance with code of conduct (numbers)

	
	
	2008
	2009
	Both years

	Mwnt
	86% of 59
	6
	2
	8

	Aberporth
	14% of 7
	3
	3
	6

	Ynys Lochtyn
	50% of 2
	1
	0
	1

	New Quay Birds Rock
	95% of 87
	3
	1
	4

	New Quay Harbour
	86% of 339
	
	46
	46

	Totals
	87% of 494
	13
	52
	65


Relative proportions of different types of non-compliance

Most cases of  non-compliance involved boats travelling too fast within 300 metres of dolphins, including one within the buoyed 8 knot zone at New Quay.  A further 28 cases involved boat operators following an erratic course to remain close to dolphins. 
Table 9:  Relative proportions of types of non-compliance 
	Reason for non-compliance
	Number of encounters recorded
	% of total non-compliance

	N1:  too fast, wake speed within 300m of dolphins
	36
	55%

	N2:  erratic course to follow dolphins
	28
	43%

	N3:  attempted to touch, feed or swim with dolphins
	0
	0%

	N4:  speed over 8 knots within New Quay zoned area
	1
	2%


The incidence of non-compliance for operators of different types of boat

Speedboats and motor boats had the highest levels of non-compliance with the code of conduct, as a proportion of all speedboats and motor boats that complied.  They also accounted for the largest proportion of all non-compliance measured.  A consistently high percentage of visitor passenger boats complied with the code of conduct.

Table 10:  Non-compliance of different types of boat

	Boat Type
	Non-compliance with code of conduct
	 

Proportion of all non-compliance accounted for

	
	Number in 2008
	Number in 2009
	% non-compliance in this boat type 2008
	% non-compliance in this boat type 2009
	

	Motor Boat
	6
	 18
	26%
	20% 
	 0.37

	Speedboat
	4
	 11
	 80%
	25%
	 0.23

	Commercial Fishing Boat
	0
	4
	0%
	17% 
	 0.06

	Sailing Boat
	0
	2
	0%
	3%
	 0.03

	Water-skier
	0
	1
	0%
	 100%
	 0.02

	Visitor Passenger Boat
	1
	8
	2%
	6%
	 0.14

	Canoe
	0
	7
	0%
	 25%
	 0.11

	Jet-ski
	2
	0
	 67%
	0%
	 0.03

	Other
	0
	1 
	0%
	17%
	 0.02

	All Boats
	13
	52
	12%
	13%
	1.00


Compliance over the years

Table 11:  Compliance of different boat types with the code of conduct over the years
	Boat Type
	2004
	2005
	2006
	2007
	2008
	2009
	2004 - 09

	Motor Boat
	83%
	89%
	82%
	81%
	74%
	80%
	83%

	Speedboat / Water-skier
	70%
	66%
	83%
	72%
	33%
	73%
	72%

	Fishing Boat
	89%
	100%
	98%
	94%
	100%
	83%
	94%

	Sailing Boat
	99%
	89%
	98%
	91%
	100%
	97%
	96%

	Visitor Passenger Boat
	99%
	96%
	99%
	96%
	98%
	94%
	97%

	Canoe
	100%
	82%
	67%
	92%
	100%
	75%
	83%

	Jet-ski
	75%
	0%
	0%
	100%
	33%
	0%
	46%

	All Boats
	91%
	87%
	88%
	88%
	88%
	87%
	88%


Numbers of boat encounters in which the boat operator complied with the code of conduct

The totals for all boats include those which the code of conduct does not directly apply to - i.e. boats conducting research on dolphin schools (R), and 'other types' (O); commercial fishing boats (CF) are included in the table for comparison.

Table 12:  Number of boat operators complying with the code of conduct
(Total number of boats that complied / all encounters)

	Boat Type
	2004
	2005
	2006
	2007
	2008
	2009
	2004 - 09

	Motor Boat
	146 / 175
	80 / 90
	102 / 124
	59 / 73
	17 / 23
	71 / 89
	475 / 574

	Speedboat / Water-skier
	23 / 33
	37 / 56
	38 / 46
	13 / 18
	2 / 6
	33 / 45
	146 / 204

	Fishing Boat
	42 / 47
	30 / 30
	57 / 58
	17 / 18
	8 / 8
	19 / 23
	173 / 184

	Sailing Boat
	77 / 78
	25 / 28
	58 / 59
	20 / 22
	5 / 5
	58 / 60
	188 / 196

	Visitor Passenger Boat
	166 / 167
	64 / 67
	67 / 68
	47 / 49
	48 / 49
	123 / 131
	515 / 531

	Canoe
	32 / 32
	9 / 11
	24 / 36
	22 / 24
	1 / 1
	21 / 28
	109 / 132

	Jet-ski
	3 / 4
	0 / 0
	0 / 4
	2 / 2
	1 / 3
	0 / 0
	6 / 13

	All Boats
	504 / 554
	251 / 288
	366 / 415
	186 / 212
	92 / 105
	337 / 389
	1736 / 1963


Effects of non-compliance on bottlenose dolphin behaviour during boat encounters
Whether dolphins responded differently to boats when boat operators followed a code of conduct was investigated.  Of particular concern was the incidence of 'negative' responses, i.e. dolphins that changed their activity and headed away from the boat. Changes in group structure - dolphins that either grouped closely together or split up, were examined separately. 'Positive' responses were also looked at, where dolphins swam towards, bow-rode or followed a boat; and finally the incidence of dolphins leaping or beginning aerial behaviours during boat encounters was examined. 
The relative incidence of these behaviours was investigated, during different encounters; when boat operators complied or did not comply with the code of conduct, and with different numbers of boats in the vicinity.
The number of positive and negative responses to boat encounters were fairly small compared to responses as a whole, but positive responses of dolphins to boat operators that complied with the code of conduct were consistently higher, but differences in negative responses to compliance or non-compliance were difficult to distinguish in this way.

However, results are much clearer when compared with each other, rather than the dataset as a whole.  The chart shows the contribution of responses to compliance and non-compliance, relative to each other, without considering the dataset as a whole.  The proportion of each response to the total for compliance was calculated, and the same done for non-compliance (see tables).
Most significantly, from the contingency table, it can be seen that a Chi-squared test result is highly significant, so it is concluded that the response of the dolphins to the boats was different when the boat operator did not comply with the code of conduct.  In particular, dolphins were significantly more likely to head away from the boat than expected.
Figure 16:  Frequency of positive and leaping responses during boat encounters
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Figure 17:  Frequency of negative and grouping responses during boat encounters
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Table 13:  Comparison of the number of positive and negative responses to boat encounters

	
	Positive response
	Leaping response
	Negative response
	Grouping response
	Totals

	Number of responses to 

compliance
	24
	15
	27
	5
	71

	Number of responses to 

non-compliance
	1
	2
	16
	8
	27


Table 13:  Comparison of the number of positive and negative responses to boat encounters

	Responses (proportion of each total)
	Positive response
	Leaping response
	Negative response
	Grouping response
	Total

	Totals for compliance
	0.338
	0.211
	0.380
	0.070
	1.000

	Totals for non-compliance
	0.037
	0.074
	0.593
	0.296
	1.000


Figure 18:  Relative contribution of compliance / non-compliance to dolphins responses
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The graph shows stacked columns, with each response given as a proportion of 100%.

Table 13:  Significance test of all boat densities pooled for dolphin responses to compliance
	
	
	Negative response (H/HF/HS)
	Positive Response (A/B)
	No response (All others)
	Total



	Boat operator complied?
	
	
	
	
	

	
	Observed
	16
	1
	48
	65

	No
	Expected
	5.657895
	3.289474
	56.052632
	

	
	DChi2
	18.904406
	1.593474
	1.156857
	

	
	
	
	
	
	

	
	Observed
	27
	24
	378
	429

	Yes
	Expected
	37.342105
	21.710526
	369.947368
	

	
	Dchi2
	2.864304
	0.241435
	0.175281
	

	Chi2 = 24.935758     DF = 2    P < 0.0001


DISCUSSION

The Marine Heritage Coast Cetacean and Boat Traffic Survey has been carried out annually for sixteen years.  This is a substantial run of data on bottlenose dolphin occurrence over time along the Cardigan Bay coast, and the associated levels of boat traffic in the area.  It monitors dolphins at a number of coastal sites, the levels of boat traffic, and how boats and dolphins interact.   This aids management of Ceredigion’s coastal zone, with the aim of reducing the risk of disturbance or injury to bottlenose dolphins and other coastal wildlife.
Since 2004 the survey has included New Quay Harbour, bringing the number of regular study sites to five.  This is the sixth survey report (Pierpoint & Allan 2000; 2001; 2002; 2004; 2006).
When the study sites were ranked by the rate at which bottlenose dolphins were recorded, the ranking remained similar to previous years with dolphins seen most often at Mwnt and the average number per interval higher at this site than elsewhere.  Bottlenose dolphins were recorded in 72% of observation periods at Mwnt in 2008.
Sighting rates at New Quay Harbour continued to be significantly higher than New Quay Birds Rock, although rates at Birds Rock have recovered somewhat since a drop around the year 2000, being seen in 40-52% of observation periods.  Reasons for these fluctuations on individual sites may be worth investigating.  It was previously thought that the decline in sightings at Birds Rock might be due to local factors such as a reduction in the quantity of organic shell waste released into the sea from a shellfish-processing factory (Pierpoint & Allan 2004).

The site with the most boat traffic, New Quay harbour, had significantly lower dolphin counts when more boats were present, between 2004 and 2007 (Pierpoint et al. 2009).   Although this measure was not statistically significant in 2009, a comparison of overall boat traffic each year, with the average dolphin count, still clearly suggests a negative relationship between boat traffic and dolphin counts between 2004 and 2009.   This should be taken into account when considering coastal management, and should continue to be monitored.
Sighting rates were lower in 2009 than in 2008, overall, although the reason for this is not clear.   Sightings at Mwnt and Birds Rock were higher in 2008 than 2009, as they were to a greater extent at Aberporth and Ynys Lochtyn.  However, the last two sites had fewer observations relative to the first two.  The average numbers of dolphins recorded per unit observer effort was also lower in 2009 than in 2008.
The average number of dolphins seen has declined in recent years at Mwnt and Ynys Lochtyn, whilst remaining steady or increasing slightly at New Quay Harbour and New Quay Birds Rock, which is somewhat of a reversal of the trend four years ago.  This indicates the importance of this study in distinguishing long-term trends from shorter-term fluctuations in site fidelity.  The programme of photo-id in Cardigan Bay has found that some seasonal residents appear to have preferred home ranges within the bay that persist for several years (Lott 2004).  Future work may clarify this.
When the size of dolphin groups was investigated, the highest numbers of dolphins on average were at Mwnt, as they were in 2004 and 2005.  As in previous years, average counts at Aberporth were lowest.  Group size was slightly lower generally than in previous years.  Double-figure counts were made at Mwnt in both years, and at New Quay Harbour.

Another measure of how dolphins used the different sites was ‘occupancy’, i.e. how long dolphins stayed at a site after they were first seen.  This was measured as the average number of fifteen minute intervals in which dolphins were seen in each two hour watch.  There was a similar rate of occupancy to previous years, with sightings overall continuing through about half of the watch, when they were recorded.  Differences between sites were only significant in 2009, when dolphins occupied Mwnt and New Quay Harbour for longer periods than Birds Rock.  As in previous years this suggests dolphins remain longer in the harbour and at Mwnt, for feeding or other opportunities, whereas those at Birds Rock were more likely to be moving through, to other coastal areas.
Bottlenose dolphin calves were seen at every site, and in both years when observations were made except, unusually, at Ynys Lochtyn.  However, there were relatively few watches at this last site, which may have influenced calf sightings.
Calves were recorded most often at Mwnt, as in previous years, although generally the sightings rate was lower than in previous years, particularly in 2009.   This might suggest poor years for calves, or a change in distribution away from these sites during 2008 and 2009.   The continued highest frequency of sightings at Mwnt than at other sites suggests it is the most suitable of the study sites for reasons that could be investigated further e.g. feeding or coastal conditions in the area, or perhaps a lack of disturbance in some way.
The codes of conduct for boat operators were again studied, in terms of whether they were followed by the majority of boat users, and whether boats following the code affected how bottlenose dolphins responded.  Their responses to boat encounters when the boat user followed the code of conduct were compared with those when boat users did not follow it. As in previous years, when boat users followed the code of conduct, a significantly lower proportion of negative responses were recorded in the dolphins (e.g. moving quickly away from the boat).  Also, a lower proportion of dolphin groups changed their behaviour, either by moving together or separating during the encounter.  Boat users following the code of conduct reduced these negative behaviours and also increased the proportion of dolphins approaching the boat, or leaping.
Again, the boat users code of conduct seems to effectively reduce the risk of injury or disturbance to dolphins when they are encountered.  The overall rate of compliance was high (87% of nearly 500 encounters recorded between bottlenose dolphins and boats).  Compliance was highest at New Quay Birds Rock, followed by the harbour at New Quay and Mwnt.  The relative number following the code of conduct was similar to previous years, giving support to the value of continuing to ensure boat users are aware of the code of conduct, and its positive effect on dolphins.

The commonest reason for non-compliance with the code was speed (55% of recorded incidents) and the types of boat contributing the highest proportion of incidences of non-compliance were motor boats, followed by speed boats.  The percentage of boats taking an erratic course to follow dolphins accounted for 43% of those breaking the code of conduct.  Visitor passenger boats, running boat trips were often recorded encountering dolphins and as previously recorded a very high proportion (96%) followed the code of conduct.
Additional effort at awareness of dolphins should be targeted at motor boat and speed boat users.   Other options for reducing the effect of boats on dolphins include additional low speed areas, boat users employed to increase awareness and advise boat users of the code of conduct and the national importance of Cardigan Bay for bottlenose dolphins.

Funding from The Crown Estate Marine Stewardship Fund has enabled provision of a patrol boat for the SAC officer, and the establishment of the Cardigan Bay Boat Place on New Quay harbour; an information and education centre for skippers, boat users and visitors, which will continue to emphasise the importance of the behaviour of boat users and provide a base from which future developments are possible.
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