Interaction between boats and bottlenose dolphins
Data report for the 2006 & 2007 field seasons
Introduction

Data collected at six monitoring sites in Cardigan Bay are held by Ceredigion County Council's 'Dolphin & Boat Traffic Project'.  Here we compare results from 2006 and 2007 with previous years, particularly 2004 and 2005 when data collection was modified to directly address questions regarding boat-user compliance with publicised codes of conduct.

Definition: an encounter is a period in which a boat and bottlenose dolphins are within 300 m of each other. Details of no more than one encounter are recorded in each 15 min interval.  The data collected includes the type of the closest boat; the total number of boats within 300 m; whether the boat passed within 50 m of the animals; whether the boat operator complied with the code of conduct; and the behavioural response of the dolphins.
Results
· What was the level of boat traffic at the monitoring sites?
Definition: boat traffic is measured as tally counts of the numbers of different of boats, of various types, in 2 h watches.  A standard index of boat traffic level was used to make comparisons between sites and between years.  This was the average boat count (of all boat types) per hour during week-end watches in July and August.  

Higher levels of boat traffic were recorded at New Quay Harbour and at Aberystwyth than at other sites in 2006-07 (Fig. 1).  This was consistent with previous years.  Mwnt and Ynys Lochtyn were relatively quiet sites each year.  A reduction in boat traffic in 2007 was particularly evident at both New Quay sites, Ynys Lochtyn and Aberystwyth; this was probably due to poor weather during the peak tourist season.  No significant trend was detected at any site (Cuzick's Trend Test: two-sided p > 0.05).
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Fig. 1.
Annual indices of the level of boat traffic at each monitoring site: 1998-2007.

· How frequently did boat encounters with dolphins occur?
By far the most encounters were recorded at New Quay Harbour (Table 1).  The total number of encounters between dolphins and boats was however, a function of the level of observer effort and the relative abundance of both dolphins and boats, all of which were high at New Quay Harbour.  The number of records was also limited by the data collection protocol – observers were asked to record details of only one encounter each 15 min.  A better measure of the level of boat traffic at each site was the count of the number of different boats seen in each 2 h (Fig. 1).  
Table 2. gives a standardised rate at which boat encounters were recorded.  This is the frequency per hour of observation.  Boat encounters occurred most frequently at New Quay Harbour, but again these figures are a function of both the presence of dolphins and boats: eg 1.  Aberystwyth was busy for boats but very few dolphins were seen, the recorded encounter rate was therefore quite low.  E.g. 2.  The sighting rate for dolphins was highest at Mwnt; boat counts here were quite low as it is relatively far from popular launching points.  The encounter rate was quite high though because there were often dolphins nearby when boats did visit.
Table 1.
Total boat encounters with bottlenose dolphins recorded in 2004-07.
	SITE
	2004
	2005
	2006
	2007
	TOTAL

	New Quay Harbour
	396
	278
	367
	413
	1454

	Mwnt
	80
	45
	40
	30
	195

	New Quay Bird's Rk.
	60
	42
	18
	52
	172

	Ynys Lochtyn
	24
	36
	24
	18
	102

	Aberporth
	32
	25
	21
	23
	101

	Aberystwyth
	3
	6
	6
	3
	18


Table 2.
The standardised rate at which boat encounters were recorded: encounter records per hour of observation.
	SITE
	2004
	2005
	2006
	2007
	TOTAL

	New Quay Harbour
	0.74
	0.41
	0.46
	0.52
	0.53

	Ynys Lochtyn
	0.35
	0.57
	0.50
	0.20
	0.40

	Mwnt
	0.34
	0.23
	0.23
	0.23
	0.26

	New Quay Bird's Rk.
	0.31
	0.21
	0.11
	0.29
	0.23

	Aberporth
	0.22
	0.13
	0.21
	0.21
	0.19

	Aberystwyth
	0.05
	0.14
	0.16
	0.10
	0.10


· Which types of boat were most often involved?

Key to boat types: C = canoe; CF = commercial fishing boat; J = jet ski / personal water-craft; MB = recreational motor boat; O = other type (specified on forms); R = licensed dolphin research vessel; SB = speedboats, rigid-hulled inflatable, water-skier; SCY = sailing boat; VPB = visitor passenger trip boat.

Fig. 2 shows the proportion of encounters involving different types of boat in 2007 the most recent field season.  Totals and percentages of dolphin encounters with different types of boats for 2004-07 are given in Table 3.
The most common type of encounter overall was between dolphins and motor boats.  Encounters between dolphins and speed boats were most often recorded at New Quay Harbour and at Ynys Lochtyn where they have accounted for a quarter of all encounters since 2004.  At three sites (New Quay Harbour, New Quay Bird's Rk. and Ynys Lochtyn) visitor passenger boats accounted for a relatively high proportion of encounters.  These were the sites at which most research encounters were observed also.  Canoes were involved in a substantial proportion of encounters at Aberporth as were commercial fishing boats at Mwnt.
Table 3.
The total (3a) and percentage (3b) of boat encounters with bottlenose dolphin accounted for by different types of boat.  Boat types accounting for more than 20% of encounters are highlighted in 3b.
	3a
	AB
	M
	NQ BR
	TH
	YL
	NQ HAR
	ALL SITES

	C
	16
	21
	5
	1
	2
	64
	109

	CF
	9
	33
	4
	0
	1
	108
	155

	J
	4
	1
	0
	0
	0
	5
	10

	MB
	25
	62
	19
	11
	28
	331
	476

	O
	0
	6
	4
	0
	1
	3
	14

	R
	1
	0
	7
	0
	5
	26
	39

	SB
	4
	12
	12
	1
	21
	106
	156

	SCY
	5
	15
	8
	3
	3
	154
	188

	VPB
	6
	6
	71
	0
	24
	250
	357


	3b
	AB
	M
	NQ BR
	TH
	YL
	NQ HAR
	ALL SITES

	C
	23%
	13%
	4%
	6%
	2%
	6%
	7%

	CF
	13%
	21%
	3%
	0%
	1%
	10%
	10%

	J
	6%
	1%
	0%
	0%
	0%
	0%
	1%

	MB
	36%
	40%
	15%
	69%
	33%
	32%
	32%

	O
	0%
	4%
	3%
	0%
	1%
	0%
	1%

	R
	1%
	0%
	5%
	0%
	6%
	2%
	3%

	SB
	6%
	8%
	9%
	6%
	25%
	10%
	10%

	SCY
	7%
	10%
	6%
	19%
	4%
	15%
	13%

	VPB
	9%
	4%
	55%
	0%
	28%
	24%
	24%
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Fig. 2.
The total number of boat encounters with dolphins recorded at our six monitoring sites in 2007, showing the proportions involving the different types of boat.

· Did boat operators comply with the code of conduct?
· Has the rate of compliance improved in recent years?

We looked at 1469 boat encounter records from 2004-07 for which positive or negative compliance with the code of conduct was recorded.  Overall compliance was 89% and varied between 88-91% since 2004.  Compliance was highest for visitor passenger boats (VPB) with only 7 cases of non-compliance out of 351 encounters since 2004 (98% compliance).  Similarly high levels of compliance were recorded for commercial fishing boats and sailing boats.  
Perceived rates of non-compliance by propeller-driven, recreational boats have previously raised cause for concern.  We found that motor boats (MB) were more likely to comply with the code of conduct than speedboats (SB) (Table 4), perhaps indicating that speed was the root cause of most infringements.  Rates of compliance for motor boat operators varied from 81-89% and that of speedboat owners from 70-83%.  It was encouraging that the rate of compliance for speedboats was higher in 2006 and 2007 than in the two previous years.  There were relatively few encounters between dolphins and personal water-craft (n = 10).  Compliance was 50% overall, and particularly poor in 2006 when operators failed to comply with the code of conduct in each of the four encounters that were observed.
Table 4.
The proportion of boat encounters in which the boat operator complied with the code of conduct (data for all sites pooled).  4a shows the total complied / all records; 4b shows this as a percentage.  NB.  the totals for 'all boats' include vessels to which the code of conduct does not directly apply –boats conducting research on dolphin schools (R), and 'other types' (O); commercial fishing boats (CF) are included in the table for comparison.
	4a
	2004
	2005
	2006
	2007
	2004-07

	C
	32 / 32
	9 / 11
	24 / 36
	22 / 24
	87 / 103

	CF
	42 / 47
	30 / 30
	57 / 58
	17 / 18
	146 / 153

	J
	3 / 4
	0 / 0
	0 / 4
	2 / 2
	5 / 10

	MB
	146 / 175
	80 / 90
	102 / 124
	59 / 73
	387 / 462

	SCY
	77 / 78
	25 / 28
	58 / 59
	20 / 22
	125 / 131

	VPB
	166 / 167
	64 / 67
	67 / 68
	47 / 49
	344 / 351

	SB
	23 / 33
	37 / 56
	38 / 46
	13 / 18
	111 / 153

	ALL BOATS
	504 / 554
	251 / 288
	366 / 415
	186 / 212
	1307 / 1469


	4b
	2004
	2005
	2006
	2007
	2004-07

	C
	100%
	82%
	67%
	92%
	84%

	CF
	89%
	100%
	98%
	94%
	95%

	J
	75%
	
	0%
	100%
	50%

	MB
	83%
	89%
	82%
	81%
	84%

	SCY
	99%
	89%
	98%
	91%
	95%

	VPB
	99%
	96%
	99%
	96%
	98%

	SB
	70%
	66%
	83%
	72%
	73%

	ALL BOATS
	91%
	87%
	88%
	88%
	89%


· For what reasons did boat operators fail to comply?
For all encounters in 2004-07, reasons for non-compliance were: 
N 1
 too fast: bow / wake speed, white-water visible = 96 (59%)

N 2
 erratic course to approach, avoid or follow cetaceans = 61 (38%)

N 3
 attempted to touch / feed or swim with cetaceans = 1 (1%)

N 4
 exceeded 8 kt inside yellow buoyed zones = 4 (2%)
One hundred of 162 cases therefore, involved excessive speed and the remainder were due to boat operators driving erratically around groups of dolphins.  Attempts to touch, feed or swim with the dolphins were rare.
· Were there differences in the rate of compliance between sites?

The frequency with which boat operators failed to comply with the code of conduct was lower at both New Quay sites: NQ Harbour (9%) and NQ Bird's Rk. (10%) than at Aberystwyth (25%), Ynys Lochtyn (19%), Aberporth (17%) and Mwnt (20%).  This probably reflects a greater level of pubic awareness at New Quay, largely due to efforts at the Boat Place, Cardigan Bay Marine Wildlife Centre and of Sea Watch Foundation volunteers.  The relatively high density of recreational boats and passenger trip boats in the area may also help to convey a spirit of compliance between boat users.
· How did dolphins behave during boat encounters?
· Did dolphins respond differently when boats follow the code of conduct?

We looked at the incidence with which dolphins either responded positively (A = approaching; bow or wake riding) or negatively (H = heading away either rapidly or steadily but directly) to boats during encounters.  We arranged these data in a 2 x 3 contingency table (Table 5), adding a third response category (O) for all remaining cases in which dolphins neither moved towards nor away from the boat.  The frequency of observations in these categories was compared for encounters in which the boat operator complied (Y) or failed to comply (N) with the code of conduct.  The null hypothesis was that there was no association between the boat's behaviour and the dolphins' response.
Table 5.
Contingency table and comparison of observed and expected frequencies of dolphin response (H, A, O) when boat operators complied and failed to comply with the code of conduct.
	
	Dolphin response
	

	Boat operator complied?
	H
	A
	O
	Total

	No
	observed
	40
	5
	73
	118

	
	expected
	13.8
	10.3
	93.9
	

	
	DChi²
	49.7
	2.7
	4.7
	

	Yes
	observed
	78
	83
	730
	891

	
	expected
	104.2
	77.7
	709.1
	

	
	DChi²
	6.6
	0.4
	0.6
	

	Chi² = 64.7     DF = 2     P < 0.0001


From the highly significant result of the Chi² test we concluded that dolphins responded differently when boat operators either complied or failed to comply with the code of conduct.  In particular there was a higher than expected incidence of dolphins heading away from boats that did not follow the code.  In these encounters there was also a lower incidence of dolphins approaching the boat.  When boat drivers did follow the code dolphins were less likely to avoid the boat.
· How was this affected by the density of boats in the area?

We found that at the busiest site, New Quay Harbour, sighting rates of bottlenose dolphin were lower during periods when the level of boat traffic was particularly high.  At Mwnt, which was far quieter but attracted an even higher numbers of dolphins, boat traffic levels never appeared to reach a level high enough to suppress dolphin occurrence (Pierpoint, Allan & Arnold, Journal of the Marine Biological Association, in prep.).  Here we look at the behavioural response of dolphins during encounters with more than one boat present and with boats within 50 m of the dolphins.  For this analysis we used the following boat density classes:


A
at least 1 boat within 50 m & 5 or more boats within 300 m (n = 68)
B
at least 1 boat within 50 m & 2 or more boats within 300 m (n = 397)
C
at least 1 boat within 50 m (only boat within 300 m) (n = 613)
D
no boat within 50 m, but 5 or more within 300 m (n = 13)
E
no boat within 50 m, but 2 or more within 300 m (n = 102)
F
no boat within 50 m, and only 1 within 300 m (n = 276)
It was necessary to pool density classes A with B and D with E to improve sample sizes.  
Initially the proportion of encounters with a negative response (dolphins heading away from the boat) were compared across boat density categories.  Observers recording 'heading away' and recording all behaviours except 'heading away', were considered binomial, mutually exclusive outcomes.  The relative frequencies of heading away when boats followed the code of conduct and when boats failed to follow the code of conduct were analysed as two independent proportions.  These proportions are shown in Table 6 below.  In each case there was a statistically significant difference in the frequency of heading away when the code was followed.
There was however, no association between the frequency with which a negative response was recorded and boat density at the time (Code followed: Chi² = 3.74, 3 df, P = 0.290; Code not complied with: Chi² = 1.42, 3 df, P = 0.701).  Neither was there any significant trend for the frequency of heading away to increase or decrease in relation to boat density (Code followed: r = 0.04, Chi² for linear trend = 1.54, 1 df, P = 0.214; Code not complied with: r = -0.10, Chi² for linear trend = 1.08, 1 df, P = 0.298).  The frequencies of this response were similar at different boat densities.
Table 6. 
The relative frequencies at which dolphins headed away from boats during encounters when the code of conduct was, and was not followed.  A two-sided p value is given for the comparison of these frequencies in each boat density category.
	Boat density
	Code of conduct followed?
	Two-sided P

	
	YES
	NO
	

	
	Headed away
	Did not head away
	Headed away
	Did not head away
	

	A + B
	27 %
	73 %
	9 %
	91 %
	0.001

	C
	36 %
	64 %
	10 %
	90 %
	< 0.0001

	D + E
	33 %
	67 %
	4 %
	96 %
	0.002

	F
	43 %
	57 %
	7 %
	93 %
	< 0.0001


Conclusions
· Of the six monitoring sites and as in previous years, the level of boat traffic in 2006 and 2007 was highest at New Quay Harbour and Aberystwyth.  There was a drop in the level of boat traffic in 2007 from 2006 which was probably related to poor weather during the main tourist season.

· Most boat encounters with bottlenose dolphins were recorded at New Quay Harbour.  The rate at which boat encounters were recorded per hour of observer effort was highest at this site and at Ynys Lochtyn.  Recording rates were higher at Mwnt than at New Quay Bird's Rock, Aberporth and Aberystwyth because of the remarkably regular occurrence and high level of site use by dolphins at Mwnt.
· Most encounters were between dolphins and recreational motor boats.  Speedboats accounted for a high proportion of encounters at New Quay Harbour and Ynys Lochtyn than elsewhere.  Encounters with passenger trip boats were only common at the New Quay sites and Ynys Lochtyn.
· Overall compliance with the code of conduct has been good; the code was adhered to in between 88% and 91% of encounters annually since 2004.  Compliance was highest for visitor trip boats (98% compliance).  Motor boats were more likely to follow the code than speedboats (81-89% cf. 70-83% annually).
· Compliance by speedboat drivers was higher in 2006 and 2007 than in 2004 and 2005.

· Excessive speed accounted for 62% of encounters that failed to follow the code of conduct; erratic driving around dolphin schools accounted for the remaining 38%.
· The frequency with which boat operators failed to comply with the code of conduct was lower at both New Quay sites: NQ Harbour (9%) and NQ Bird's Rk. (10%) than at the other sites (17-25%).
· Bottlenose dolphins are less likely to head away from boats and more likely to approach boats when boat operators follow the code of conduct.  This was the case regardless of whether more than one boat was within 300 m of the dolphins, and whether or not boats approached within 50 m of the school – the incidence of dolphins responding negatively to the boat was always higher when the boat operator failed to comply with the code of conduct.
· We conclude that following the boat operators' code of conduct does reduce the risk of disturbance to bottlenose dolphins.  A concerted effort to raise public awareness at New Quay appears to be working; greater effort may be required at other launching points.  Speedboat owners are most likely to infringe the code and excessive speed is implicated in most cases of non-compliance with the code.  There was a small but encouraging improvement in compliance by speedboat owners in the summers of 2006 and 2007. 
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