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ABSTRACT 23 

 24 

Small GPS trackers are now routinely used to study the movement and behaviour of birds at sea. If 25 

the birds rest on the water they become drifters of opportunity and can be used to give information 26 

about surface currents. In this paper, we use a small data set from satellite-tracked razorbills (Alca 27 

torda) in the Irish Sea to test the potential of this idea for measuring tidal streams. Razorbills 28 

regularly rest on the sea overnight and their tracks at this time are consistent with them drifting with 29 

the tidal flows and changing direction as the flood turns to ebb. Data from four years (2011-2014 30 

inclusive) have been binned in a geographical grid and analysed to give the variation of current 31 

speed over a mean tidal cycle in each grid element. A map of maximum current speed is consistent 32 

with a numerical model of the tidal currents in the region. The root-mean-square difference between 33 

observed maximum speed and that predicted by the model is 0.15 m.s
-1

, about 15% of typical 34 

current speeds in the area. The divergence between bird-track speed and model prediction increases 35 

in regions of fastest tidal streams. The method clearly has its limitations, but the results of this study 36 

show that tagged birds resting on the sea have great potential for providing relatively inexpensive 37 

quantitative information about surface tidal currents over an extended geographical area. 38 

 39 

   40 
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INTRODUCTION 41 

Passive surface drifters, tracked by shore radio or satellite, have been used to measure currents in 42 

the open sea for decades (Booth and Ritchie, 1983; Beardsley et al., 2004; Ohshima et al, 2002). 43 

Tracked drifters are particularly useful for following a coherent current over a long distance. For 44 

example, drifters attached to a sub-surface drogue have been used very successively to measure the 45 

geostrophic jet associated with tidal mixing fronts in shelf seas (Brown et al. 1999). Drifters also 46 

provide information on tidal currents as they pass through an area, but this information is not 47 

always used as much as it could be: it is often seen as incidental to the main purpose of the drifter 48 

deployment. There is, however renewed interest in measuring tidal currents – particularly fast tidal 49 

currents - to find the best sites to deploy tidal turbines (Lewis et al., 2015). In places where tidal 50 

currents are very fast, it is difficult and expensive to deploy traditional instrumented moorings. 51 

Additionally, a mooring can only provide data at one location, and tidal currents, especially in 52 

coastal waters, often vary greatly over short distances. A tracked drifter – or, better, a number of 53 

drifters - moving through an area of interest, has the potential to provide valuable information about 54 

the spatial and temporal distribution of tidal currents in the region. 55 

 56 

In recent decades, there have been great advances in using small electronic devices to monitor the 57 

behaviour and movement of seabirds (Burger & Shaffer, 2008). In the UK, the Royal Society for 58 

the Protection of Birds (RSPB) regularly uses GPS tags attached to pelagic seabirds to study bird 59 

movement and feeding behaviour (Wakefield et al., 2017). The chosen bird is fitted with a GPS 60 

recorder, small enough for it to carry on life much as usual. At the end of the experiment, the 61 

recorder is recovered, and data including time and position is downloaded. During one of these 62 

studies (Kuepfer, 2012), it was noticed that, interspersed with the bird’s flying routes, there were  63 

periods of several hours when the birds were moving in a regular pattern which was apparently 64 

related to the tide. The movement was in a straight line, or slight curve, at a speed which was too 65 

slow for flying. Crucially, the direction of movement changed at times when the currents in the area 66 

were expected to change from ebb to flood (or vice-versa). The implication was that the birds were 67 

sitting on the sea surface (usually at night when they stop feeding) and drifting with the tide. There 68 

is clearly a potential here to use these birds as novel ‘drifters of opportunity’, to measure the speed 69 

and direction of tidal currents when they are sitting on the water.  70 

 71 

Our aim in this study is to investigate this potential. We examine data from a colony of razorbills 72 

(Alca torda), a pursuit diving alcid, nesting on a small island off the coast of North Wales. Methods 73 

are developed for processing this data to give estimates of tidal current velocities. These are 74 
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analysed to give the amplitude and phase of the currents and these are tested against the expected 75 

tidal currents generated by a numerical model.   76 

 77 

METHODS 78 

The study site 79 

This study uses data from razorbills tagged on Puffin Island, North Wales during the breeding 80 

seasons (May to July) in the years 2011-2014 inclusive. Puffin Island (latitude 53.32
o
N, 4.03

o
W) 81 

lies at the south-east corner of the larger island of Anglesey (figure 1). The water depth shoals from 82 

about 60 metres in the west of the area in this figure to about 30 metres in the east. The tidal streams 83 

in this region are fast: more than 1 metre per second on an average tide. The fastest currents are 84 

observed along the north coast of Anglesey, particular in the north-west corner near the small island 85 

called the Skerries, an area which is currently of interest as a source of tidal stream energy (Lewis et 86 

al., 2015).  87 

The fast tidal streams create the large tidal range observed on the eastern shores of the Irish Sea, 88 

including those at Liverpool, 70km to the east of Puffin Island, where the tidal range can reach 9m 89 

on a large spring tide. The tide in this northern part of the Irish Sea behaves, on the whole, as a 90 

standing wave. The streams flood towards Liverpool during the 6 lunar hours before high water and 91 

ebb away from Liverpool during the next 6 lunar hours. The currents turn throughout the region at 92 

about the times of high and low tide at Liverpool, although there are departures from this rule in 93 

places where tidal friction is important (Bowers, 2009).    94 

Bird tracking 95 

Razorbills are colonial breeders which come ashore only during the breeding season. Nesting occurs 96 

on rocky ledges and crevices, parents taking turns to brood a single chick while the other parent is 97 

away foraging. Studies of other alcids have shown that the birds often stay out on the sea resting 98 

overnight (Harris et al., 2012; Wanless et al., 1990). It is thought to be part of a feeding regime in 99 

which the bird feeds to satisfy its own needs in the evening before resting and then foraging and 100 

returning to the nest with food in the early morning (Linnebjerg et al., 2015).   101 

The data used in this study was collected by attaching packaged ‘igotU’ GPS logger devices, 102 

manufactured by Mobile Action Technology Inc. (Thailand) to the back feathers of captured birds 103 

using ‘TESA’ tape. The loggers weigh approximately 16g, including attachment material, 104 

(approximately 3% of the body weight of a typical razorbill) and, because they are minimally 105 

invasive, are not thought to affect the behaviour of the birds (Phillips et al., 2003). Data loggers 106 

were set to record position, in decimal degrees, every 100 seconds. The loggers were retrieved after 107 
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a period of 2-5 days, with a recovery rate of approximately 50%.  The sample data set used in this 108 

study consisted of records from 49 birds.  109 

An example of the track of one of the birds, tagged from 17th to 20
th

 May in 2012 is shown in 110 

figure 1. The track takes two forms. There are periods when the bird is moving to and from its 111 

nesting site on Puffin Island when the positions are spaced relatively far apart. At these times the 112 

speed of the bird is greater than the speed of any water current in the area and it must be flying. The 113 

birds fly fast. The maximum speed attained by the bird whose record is shown in figure 1 is about 114 

20 metres per second or 40 knots. There is a second type of track shown in figure 1 in which the 115 

bird positions are much closer together and form straight or curved tracks. The speed at these times 116 

is less than 3 metres per second, which is well below the minimum flight speed of 10 metres per 117 

second recorded for these birds (Pennycuick, 1987). It is notable that the motion along these tracks 118 

reverses at times which coincide approximately with the times of high and low tide at Liverpool. 119 

This behaviour is consistent with the bird sitting on the water and being carried by the tidal currents.  120 

The birds will not be perfect, passive, drifters. They can paddle with their feet while sitting on the 121 

sea and they may ‘scoot’ across the water by flapping their wings. Additionally, a significant 122 

portion of the bird’s body will be above the water surface and the bird may be pushed along by the 123 

wind and the Stokes’ drift motion of waves. Nevertheless, the regular nature of the tracks and the 124 

changes in direction at high and low tides suggest that further investigation is warranted to see if it 125 

the motion is consistent with the tides in the area. 126 

Data processing 127 

The data recorded on the logger consists of a bird identification number and date and time, latitude 128 

and longitude at an interval of approximately100 seconds. Two consecutive positions can be used to 129 

calculate the velocity components u and v in east-west and north-south directions by dividing the 130 

distance travelled by the time interval. Velocities greater than 5 metres per second (faster than any 131 

current in the area) were removed from the data set as were observations close to the nesting site on 132 

Puffin Island, when the bird could be on land. Of a total of 78,817 records, 5,000 (6% of the total) 133 

were discarded because the velocity was too fast for a current and a further 26,148 (33% of the 134 

total) because the bird was less than 1 nautical mile from its nesting site.  135 

The data were averaged into 10-minute intervals by taking the mean of 6 consecutive records. At 136 

this stage, individual readings which lay more than one standard deviation from the 10-minute 137 

average were omitted from the averaging process. This was done in an attempt to cut out times 138 

when the bird might be scudding across the water. The processed data then consisted of 10 minute 139 

values of u and v velocity components. 140 
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To fix the times of the currents relative to the tide at Liverpool, the data were time-stamped with the 141 

time of high water at Liverpool on the day of the observation. On most days there are two high 142 

waters at Liverpool. The time closest to mid-day was taken. To allow for changes in current speed 143 

over the spring-neap cycle, the tidal range at Liverpool on the day of the observation was added to 144 

the data set. Velocities were then multiplied by a factor f, equal to the mean tidal range at Liverpool 145 

for the whole data set (6.42 metres) divided by the tidal range on the day. This scales the velocities 146 

to the value they would have when the tidal range at Liverpool has its mean value. The velocities 147 

can be considered to be equivalent to those of the principal lunar semi-diurnal tidal constituent, M2.  148 

The processed data consists of just under 7,500 observations of the two velocity components u and 149 

v on a mean tide. The speed of the flow at any time and position can be calculated as the vector sum 150 

of the instantaneous u and v components. The direction of the stream is given by taking the arc 151 

tangent of v/u. Directions are given in degrees relative to east, so +45 degrees is a flow to the north-152 

east and -45 degrees a flow to the south –east. 153 

The observations are concentrated on the east and north coasts of Anglesey as figure 1 suggests. 154 

Occasionally, however, the birds will travel up to 40 nautical miles from their nesting site. To allow 155 

for the spatial variations of tidal currents in the area, the data were averaged into a grid of 156 

rectangular boxes. There is a trade-off when doing this. Smaller boxes give a higher spatial 157 

resolution but have fewer observations to analyse the bird movement to extract tidal information. 158 

We compromised on using boxes 0.1 degree of latitude by 0.2 degrees of longitude (approximately 159 

10 nautical miles or 18km square). The minimum number of observations in these boxes was 27 160 

(for the box located at the extreme north east of the area, 53.7 to 53.8 degrees north and 3.6 to 3.8 161 

degrees west). The maximum number of observations was 1365 in the box located at 53.4 to 53.5 162 

degrees north, 4.0 to 4.2 degrees west).  163 

The observations of the orthogonal velocity components on a mean tide, u and v, in each box were 164 

processed by fitting a sine curve with a period 12.42 hours, equal to that of the main lunar semi-165 

diurnal constituent M2, by least-squares fitting. This procedure gives the amplitude and phase of the 166 

velocity components on a mean tide. The maximum speed of the current in each box can be 167 

calculated as the vector sum of the amplitudes of the u and v components. 168 

A convenient way to express the phase of the currents is to note the time of the nearest slack water 169 

to high water at Liverpool. It is common in the Irish Sea for the current to turn at about the time of 170 

high tide at Liverpool. In the case of currents in an open seaway, however, there may not be a time 171 

when the current goes completely slack. We therefore define the time of ‘slack water’ as follows. 172 

The time of maximum current before Liverpool high water is determined by adding the u and v 173 
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components of current velocity at one minute intervals over a tidal cycle. The time of slack water is 174 

then taken as one quarter of a tidal cycle (3 hours and 6 minutes) after the time of maximum 175 

current.  176 

Comparison with a numerical model 177 

To test the methods described above, the current speeds were compared to a numerical model of the 178 

depth mean tidal currents in the area. The output from the “fine” 1/240
th

 degree resolution grid 179 

(~270m spatial resolution) of the Regional Ocean Modelling System (ROMS) described in Lewis et 180 

al. (2015) was used for this purpose. The tidal constants determined from analysis of the ROMS 181 

simulated velocities were used to simulate tidal currents in the same grid used for the bird data and 182 

the amplitude of the principal lunar semi-diurnal tidal constituent (M2) was noted in grid element. 183 

The model has been validated for both elevation (>10 tide gauges) and currents (>130 tidal current 184 

observations), including sites of fast tidal currents that are potential tidal-energy sites (Lewis et al. 185 

2017; Togneri et al. 2017). The computational domain of the Irish Sea ROMS model is based on 186 

Digimap bathymetry (interpolated to 1/240°spatial resolution) with ten sigma depth layers and 187 

forced with FES2012 tidal data to simulate a 30 day period. The tidal constituents that produce the 188 

fortnightly spring-neap cycle (M2 and S2) were calculated using harmonic analysis of the ROMS 189 

simulated tidal dynamics of this 30day period (Jan 2014) – with the t-tide MATLAB toolbox 190 

(Pawlowicz et al. 2002).  191 

  192 

RESULTS 193 

Current speed and direction from all data 194 

Taking the data set as a whole, the observations, filtered to remove times when the birds are flying 195 

(and scudding along the surface), are consistent with the movement of a bird sitting on the water 196 

and moving with the tide. Figure 2(a) shows the direction of movement, plotted against the time of 197 

the observation relative to high tide at Liverpool on the day of the observation. Although there is a 198 

deal of scatter, there are predominantly two directions of motion, one at about 0 degrees (that is due 199 

east) which lasts from about 5 hours before high water at Liverpool to about 1 hour after high water 200 

at Liverpool, and another at 180 degrees (due west) which is observed for the remainder of the tidal 201 

cycle. Figure 2(b) shows the speed of movement – the vector sum of the velocity components. 202 

Again there is a regular pattern apparent amongst the scattered points. Slack water occurs shortly 203 

after the time of high tide at Liverpool. There is a suggestion in this plot that the speeds in the 6 204 

hours before high water are faster than those in the 6 hours after high water. We think that this 205 

difference is due to residual bird movement. The prevailing winds in the area are from the south 206 

west and these will tend to speed up the bird during the flood tide and slow it down during the ebb. 207 
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This effect can be removed when we carry out the analysis of the velocities: it will appear as a 208 

residual in that analysis. 209 

Fitting curves to velocity components in boxed areas 210 

Figure 3 shows an example of how the east-west (u) component of bird-velocity changes with time, 211 

in this case a rectangular box with limits 53.5 to 53.6 degrees north, 4.4 to 4.6 degrees west. The 212 

east-west velocity component of the different birds that visited this box is represented by different 213 

symbols and plotted against the time of the observation relative to high tide at Liverpool on the day 214 

of the visit. Each estimate of velocity has been scaled by the tidal range factor f to bring it in line 215 

with the velocity expected on a mean tide. The continuous curve is a sine curve with period 12.42 216 

hours that has the best fit (in a least square sense) to the data. The amplitude of the u-component of 217 

velocity for this box is 1.3 metres per second and R
2
 for the fit is 0.92. The data from individual 218 

birds is mostly consistent although there is one bird (coded by the solid black circles) that appears 219 

to have a timing error of an hour. This may be due to an incorrect setting of the logger clock. We 220 

haven’t tried to correct for such timing errors in this paper. In the case of figure 3, the discrepancy 221 

has little effect on the fitted curve. 222 

Maps of speed and phase 223 

Figure 4 shows the speed of the currents in the area. The maximum current sped in each rectangular 224 

box measuring 0.1 degree of latitude by 0.2 degrees longitude is calculated as the vector sum of the 225 

amplitudes of the east-west and north-south components of velocity. This figure shows that fastest 226 

currents in the area are found near the north-west corner of Anglesey; here current speeds on a 227 

mean tide reach nearly 1.5 metres per second. 228 

Figure 5 shows the phasing of the currents, expressed as the time of ‘slack’ water (as defined above) 229 

relative to high water at Liverpool. Generally these phases have positive values: the current is still 230 

flooding at the time of high water at Liverpool and continues to flood for an hour or so after that 231 

time. This is behaviour is consistent with the effect of tidal friction and an incomplete reflection of 232 

the tidal wave at the coast. In the case of no friction and a perfect reflection, the tide in the area will 233 

be a standing wave and slack water will occur at the same time as high water everywhere. Friction 234 

reduces the amplitude of the reflected wave and the resulting tide has some progressive wave 235 

characteristics; in particular the tide is still flooding weakly at the time of high water. 236 

Figure 6 shows the current ellipses drawn from the u and v velocity components derived from the 237 

bird tracks in each box. These show the path traced out by the tip of the current vector over a tidal 238 

cycle. Most of the ellipses are almost degenerate, that is the current flows back and forth along the 239 

same line, but in some areas a fatter ellipse is traced out by the current. In all cases but one, the 240 

Ocean Sci. Discuss., https://doi.org/10.5194/os-2018-99
Manuscript under review for journal Ocean Sci.
Discussion started: 29 August 2018
c© Author(s) 2018. CC BY 4.0 License.



8 

 

 

vector moves around the ellipse in a clockwise sense. The exception is the most south-westerly 241 

ellipse, located at 53.45 degrees north, 4.7 degrees west, in which the vector moves ant-clockwise. 242 

Comparison with numerical model 243 

The estimates of current speed obtained from the bird tracks can be compared with those predicted 244 

by a numerical model. The model produces depth-averaged currents and to compare these to the 245 

surface currents followed by the birds, the current amplitudes from the bird data were multiplied by 246 

a factor of 0.85 (Pugh, 1987, p243).   247 

Figure 7 shows a comparison between the bird-estimated current amplitudes and the output of the 248 

model. The agreement is generally good although the observations are lower than the model-249 

predicted amplitudes in the areas of the fastest currents. We return to this point in the discussion. 250 

The root-mean-square (RMS) difference between observed and model speed is 0.15 metres per 251 

second. In an area where currents are typically 1 metre per second, this error is about 15% of the 252 

observed current.  There is one point, marked with an arrow on figure 7 which is particularly 253 

anomalous. This is from a grid element centred on 4.7
o
 west, 53.45

o
N in which the data coverage is 254 

poor. There are just 35 observations of bird speed in this box and the observations are bunched in 255 

time, rather than evenly spread over a tidal cycle. This makes it difficult to fit a curve accurately to 256 

this data (and lowers the statistical significance of the fit). If this point is omitted, the RMS 257 

difference between observations and model reduces to 0.12 m.s
-1

. 258 

DISCUSSION 259 

As far as we are aware, this paper is the first to describe the use of tagged seabirds for measuring 260 

currents of any kind. It is an example of using data opportunistically. The reason for tagging the 261 

birds is to study their behaviour, but as an unexpected by-product, we obtain information about 262 

surface currents when the birds rest at sea.  263 

The method certainly has weaknesses. The birds and loggers used in this study provide information 264 

only about surface currents (although, excitingly, it should be noted that diving birds could be used 265 

to measure sub-surface currents). We have no control about where the birds go and so the data will 266 

be sparse in some areas and at some times. The birds will be subject to wind-drift while sitting in 267 

the water and they may also paddle, so they are not truly following the water flow. Some of these 268 

problems can be fixed as the data set grows. The gaps in the data will be filled as more information 269 

is gathered (bearing in mind that studies involving wild birds are licensed procedures and will also 270 

always need to be rigorously justified on welfare grounds). Anomalous behaviour can be identified 271 

and corrected, especially in the case of tidal currents which follow a repeating pattern. Moreover, 272 

the method has definite strengths. It is relatively inexpensive and there are very few methods of 273 
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gathering data about surface tidal currents over a wide geographical area (HF radar and ship surveys 274 

will provide this information, but at a much greater cost). 275 

 276 

We made the point in the introduction that seabirds might be particularly useful for providing 277 

information about tides in places where tidal streams are fastest and there is a potential for using the 278 

currents to generate electricity. There is, however, a possible conflict of interest here. Birds may be 279 

visiting areas with fast currents because they are important feeding grounds for them (Benjamins et 280 

al., 2015). Many of these birds come from protected colonies on land and this protection extends to 281 

their activity at sea.  It is also possible, however, that better understanding of the birds’ interaction 282 

with tides may mean we can anticipate their use of the tidal cycle better and mitigate any potential 283 

negative impacts. For example, some wind farms are switched off during peak times in the day 284 

when migrating birds pass through an area.  285 

The comparison between the speed amplitudes from bird tracks and model output (figure 7) is best 286 

in areas where the currents are less than about 1 m.s
-1

 (figure 7). At higher speeds, the bird data 287 

consistently underestimates the current predicted by the model. It is possible that the model is 288 

wrong at these higher speeds, although this seems unlikely as it has been tested against observations 289 

from current meters. The other possibility is that there is a fault in estimating the amplitude of the 290 

current from the bird track which manifests itself in areas of very fast currents. In figure 3, for 291 

example, the fitted curve doesn’t capture the very highest speeds at about 2 hours before high tide. 292 

We tested to see if adding a diurnal tidal constituent to the fit would improve matters, but the 293 

diurnal currents here are small (of order a few centimetres per second) and there was no noticeable 294 

improvement in the fit.  295 

Another possibility is that the factor for converting surface currents to depth-mean currents 296 

becomes higher at higher current speeds. As the current speed increases, the velocity profile will 297 

change as the higher turbulence becomes more effective at transferring the effect of bottom friction 298 

upwards. We have multiplied the surface currents from the bird data by a constant conversion factor 299 

of 0.85 to convert it to a depth-mean current. The correct conversion factor may be higher than this 300 

in the regions of fastest currents. However, it is hard to imagine that it would be much higher. The 301 

absolute maximum is 1.0 and realistically it is unlikely to be greater than 0.9. Variability in the 302 

conversion factor does not seem to be enough to bring the observations in line with the model at the 303 

higher speeds in figure 7. The difference between the bird data and the model at the higher speeds 304 

remains something for future research. 305 
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The work in this paper can be regarded as a pilot study, aimed at testing the potential of a novel 306 

method. There are obvious improvements that could be made. Using a single semi-diurnal harmonic 307 

(adjusted for the springs-neaps cycle) is a first step in the analysis. As the data set grows more exact 308 

methods of analysis using several tidal constituents can be developed. Data quality can be improved 309 

by referring to wind speed records and excluding bird track data during periods of high wind speed.   310 

In summary, the results of this pilot study have shown that tagged seabirds have the potential to 311 

providing relatively inexpensive quantitative information about surface tidal currents over limited 312 

geographical areas.    313 

  314 
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 371 

 372 

 373 

Figure 1 The study site and the track of one of the tagged birds over the period 17
th

 to 21
st
 May 374 

2012. When the bird is flying from its base on Puffin Island the points are relatively widely spaced. 375 

When it is sitting on the water, they are closely spaced and the movement is consistent with that of 376 

travelling with the tide. Labels on axes show latitude in degrees North and longitude in degrees 377 

West. The inset map shows the position of the study area within the Irish Sea and relative to 378 

Liverpool, which lies 70km east of Puffin Island. 379 
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a) 390 

 391 

b) 392 

 393 

 394 

Figure 2 Direction (a, top) and speed (b, bottom) of bird movement relative to the time of high 395 

water at Liverpool. Directions are in degrees relative to east, such that 0 degrees is due east and 396 

180 degrees due west. Speeds have been normalised by the tidal range on the day so that the speed 397 

shown is that on an average tide – equivalent to M2 speeds. 398 
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 400 

 401 

Figure 3 An example of curve fitting to bird velocity observations. The points show the east-west-402 

component of bird velocity in a box 53.5 to 53.6 degrees north, 4.4 to 4.6 degrees west (a different 403 

symbol is used for each bird). The continuous curve is sin curve of period 12.42 hours fitted to the 404 

data.  405 
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 407 

Figure 4 Amplitude of the current speed (cm/second) in the study area on a mean tide. The 408 

amplitude shown is the vector sum of the east-west and north-south amplitudes. The points show the 409 

centres of the boxes used for drawing the contours. 410 
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 412 

Figure 5 Current phase, expressed as the time in minutes of the turn of the tide after high water at 413 

Liverpool. For a definition of the turn of the tide, see text. 414 
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 416 

Figure 6 Tidal current ellipses derived from bird tracks. Each ellipse shows the path traced out by 417 

the current vector, at mean tide, about a point at the centre of each of the boxes used in the 418 

analysis. The scale is shown by the arrow. In most cases the current turns within the ellipse in a 419 

clockwise sense. 420 
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 424 

 425 

Figure 7 Plot of maximum bird speed in grid elements against maximum speed from the model of 426 

Lewis et al., (2015), both at mean tidal range. The dashed line represents a perfect fit. The point 427 

marked with an arrow is discussed in the text. The bird speeds have been adjusted to an average 428 

over the water depth by multiplying by a factor of 0.85 in order to match the model. 429 
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