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Abstract

A survey using line-transect techniques was conducted during
two winters providing the first estimates of common dolphin,
Delphinus delphis, abundance (number of dolphins) on winter
pelagic trawl fishing grounds in the English Channel. Independ-
ent teams of observers searched with binoculars or naked eye.
These methods were intended to allow for the calculation of a
correction factor for both animals missed on the trackline and
for responsive movement. Results indicated that the naked
eye observers missed 7% of the dolphins on the trackline, but
that there was a strong responsive movement towards the
vessel. Comparing initial locations of animals detected by the
two independent teams showed that just using naked eye ob-
servations would result in apparent densities that were 1.5
times larger than the dual platform analysis. Using these fac-
tors the mean corrected winter density of common dolphins in
the study area across both years was 0.74 dolphins/km? (CV =
0.39) giving a mean abundance of 3,055 dolphins (95% CI =
1,425-6,544). However, these estimates are most likely
positively biased due to responsive movement not being fully
accounted for. Nevertheless, the relative index for abundance
(number of schools per 100km effort, mean school size 5.1)
was the highest recorded from comparable surveys in the
North Atlantic and shows that the Channel is a very important
winter habitat for common dolphins. [JMATE. 2008;1(1):15-21]
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Introduction
The English Channel constitutes a relatively narrow link be-
tween the Atlantic Ocean and North Sea that appears to have
had variable use by common dolphins over time (15). Fish
stocks in the Channel are heavily exploited here with pelagic
fisheries operating during the winter months from October to
May. In recent years, several hundred corpses of short-beaked
common dolphins (Delphinus delphis) have washed ashore in
south west England each winter, many clearly diagnosed as
having died through capture in fishing nets. In the case of
many of the common dolphin corpses, the external damage is
consistent with death in small-meshed mobile gear (i.e. trawl
netting) (18). The conservation status of the common dolphin
has therefore become of great concern (20, 14, 17). In recent
years the UK has conducted monitoring of the winter sea bass
fishery, which has been found to be responsible for a high rate
of cetacean bycatch (6). However, there are still no estimates
of total annual bycatch for this species in all fisheries combined
(10).

Only a few studies to date have reported the abundance of
the short-beaked common dolphin in the NE Atlantic or sup-

plied an estimate or index of density and abundance (8, 5,
4,13). However, these surveys differ in distribution of effort,
vessel-type, survey methodology and the season in which they
were carried out.

This study utilised a commonly used method for estimating
animal abundance, distance sampling, and highlights the con-
sequences of responsive movement of dolphins towards the
survey vessel. Line-transect surveys were conducted in two
subsequent winters (2004 and 2005) to estimate the first win-
ter abundance of common dolphins in an area of the Western
Approaches of the English Channel.

Material and Methods

Survey design

The survey was conducted from the MV Esperanza, a 72.3m
research vessel which traveled at either a ‘fast’ average speed
of 8.6 knots or a ‘slow’ average speed of 5.3 knots. All data
used for density estimation were collected in ‘passing mode’,
where the vessel did not deviate from the track-line in re-
sponse to sightings of the target species.

The two surveys were conducted during the winter
months, between 21 January and 8 March 2004 and between
17 February and 26 March 2005 in the Western Approaches of
the English Channel. The study area was divided into different
survey strata and lay between 49°20°'N-50°20'N and 3°26'W-6°
10'W (Fig. 1). The western stratum (Stratum W) extended to
the west and covered 4,743km? and the eastern stratum
(Stratum E) covered 4,129km?. Both strata coincided with an
area where trawlers operate during winter.

The survey track followed a saw tooth (zig-zag) pattern
inside a rectangle (survey stratum). The zig-zags (transects)
were designed such that the offshore boundary of the stratum
was drawn parallel to the major axis of the coastline. Each
point within the specified survey stratum had an equal prob-
ability of being on a line. The overall orientation of the tran-
sect lines was also designed such that they were placed ap-
proximately across likely density contours.

Data collection

To facilitate systematic data collection, the data-logging pro-
gram Logger 2000 (developed by IFAW to promote benign,
non-invasive research) ran continuously throughout the survey
on a laptop computer which was linked to the ship’s Global
Position System (GPS, a Furuno GP-80 satellite navigation sys-
tem) through an NMEA (National Marine Electronics Associa-
tion) interface. This program automatically recorded the ship’s
location every 15 seconds and provided a continuous visual
display of the vessel’s track on a map of the area. Data con-
cerning sightings and the environment were entered manually.
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Figure 1. Map showing the transect layout (blue lines) with achieved effort (in red lines) and survey strata (green boxes). Sightings of

common dolphins are plotted as black dots.

The Primary platform

During both the 2004 and 2005 surveys, observations were
conducted from a Primary platform. This was located on the
outer bridge wings with an approximate eye height of 11.3m
and was visually and acoustically independent from the secon-
dary (tracking) platform. The two Primary observers scanned a
90 degrees sector (on port and starboard), forming an approxi-
mately 180 degrees combined survey area in front of the ship.
Scanning was done with the naked eye. A third person acted as
the data recorder, entering sighting information and environ-
mental details. The observers were rotated every hour to avoid
fatigue.

Once a sighting was made, Nikon 7X50 marine binoculars
with in-built reticule scales were used to measure the vertical
angle from the horizon to the sighting in order to estimate dis-
tance. The bearing to the sighted animals and the animal(s)
headings were determined by using ‘angle-boards’ which were
fixed to the ship’s railings. These were aligned parallel to the
ship’s bow and the alignment checked and corrected through-
out the survey.

Sightings data recorded from the Primary platform in-
cluded the time, GPS position, bearing, distance, species identi-
fication (and degree of certainty ranging from definite-100%,
probable-75% to possible-50%), presence of calf and/or juve-
niles, school size (maximum, minimum and best estimate),
animal’s heading, travel mode, group composition and behav-
iour.

The following environmental data were collected every
hour, and when conditions changed: ship’s position, heading
and speed; wind speed and direction (using an OBSERMET
Wind meter OMC 939); cloud coverage and glare conditions (in
degrees); visibility; swell height; and sea state. Water depths
were obtained using a Furuno Navigational Echosounder (FE-
700).

The secondary (Tracker) platform

During the 2005 survey, observations were also conducted
from a second platform. This Tracker platform was situated in
the ship’s crow’s-nest, with an approximate eye height of
19.5m, housing one observer (‘Tracker’). The crow’s nest con-

tained two window frames which interrupted the view but al-
lowed searching an uninterrupted combined area of at least 60
degrees (30 degrees on either side of the trackline with a free
view beyond both frames to 120 degrees on either side) using
Nikon 7X50 reticule marine binoculars mounted on a tripod. A
digital voice recorder with a built-in digital camera (Olympus W
-10) was attached to the binoculars and was used to record the
following sightings data: time, reticules, heading, species ID
and school size. The camera was facing down when photo-
graphing the bearing to the sighting to obtain images of refer-
ence lines on the deck. These lines were used to calculate the
bearing to the sighting relative to the ship’s heading using the
methods of Leaper and Gordon (12). The Tracker concentrated
on searching at ranges beyond 1,000m ahead of the vessel
(prioritising sightings >1,500m), trying to detect animals be-
fore they had responded to the approaching vessel, and re-
cording re-sightings (tracking) until the animals had passed
abeam.

The Tracker platform was not in operation throughout the
survey. However, it was used whenever possible and when the
ship was going at ‘fast’ speed and in a straight line.

Data analysis

Only data collected from both platforms during ‘fast’ speed
were used for conventional distance sampling analysis,
whereas the Primary platform data collected during slow and
fast speeds was used to study the effect of responsive move-
ment.

The line transect method is based on certain assumptions.
One of them is that all objects at zero perpendicular distance
from the trackline are detected, that is *g(0) equals one, where
‘g(y)’is the probability that an object at a perpendicular dis-
tance y from the line is detected. In practice, however, this is
likely to not be a valid assumption for cetaceans as they can be
missed for a number of reasons. This is the main reason why
during line-transect surveys two independent data sets are
often collected, because it allows for the calculation of a pa-
rameter, g(0), to account for animals missed on the trackline.
If no correction is made for g(0) then this is a source of nega-
tive bias (3). Another potential problem is that of a ‘responsive
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Figure 2. Histogram of perpendicular primary sighting distances and their fitted detection functions for common dolphins (7=108).

movement’ of the animals to the presence of the survey vessel,
since another assumption is that animals do not respond to the
surveyor before detection. Common dolphins are known to be
strongly attracted to vessels and frequently approach to inves-
tigate and ‘bow-ride’. If animals approach the vessel before
detection, this would positively bias the density estimate.

In the 2005 survey, the methodology followed the Mark
Recapture Distance Sampling method first described by Buck-
land and Turnock (2). This method uses two sets of observa-
tion from the independent platforms to estimate a combined
correction factor for g(0) and the effects of responsive move-
ment. The underlying assumptions are that animals are de-
tected by the Tracker platform before any responsive move-
ment has taken place. In addition, the Tracker needs to search
a sufficiently wide sector that animals should not be able to
approach to within the field of view of the Primary platform
without some chance of being detected by the Tracker.

Data from the Primary platform during double platform
effort (predetermined transects and straight lines) were used
to estimate the encounter rate (number of detections per km?),
while data from the secondary platform allowed the effective
width of search from the Primary platform to be estimated.

Duplicate sightings (sightings seen by both platforms)
were identified on the basis of time and sub-sequent re-
sightings, species ID, best school size and heading of the ani-
mal(s). The eye-height for each observer was measured in
order to convert radial distances calculated from the reticules
and bearing data to perpendicular distance (3).

Using the program Distance 4 (Research Unit for Wildlife
Population Assessment, University of St. Andrews, UK) the con-
ventional estimate of density (groups/km?) was obtained by
equating the number of detections from the primary platform
(n1,) with the number expected. When assuming g(0) equals 1,
the equation is:

5 - n, (0)
p
2L M

Where n, is the number of primary detections, is the

probability density of perpendicular distances x recorded from
the primary platform and £ is the length of transect (km).

The density estimate in (I) is biased if there is responsive
movement in response to the platform before detection from
the Primary platform or if the probability of detection on the
trackline is less than unity. The estimate in the presence of
both effects is then:

Ij — np p(O)
2L6p(0)
Wh fp(x) i ili i i i
ere is the probability density of perpendicular dis-

tances prior to responsive movement, of animals subsequently

detected by the Primary platform and where gp(y) is the
probability that an animal detected from the Tracker platform
at perpendicular distance y from the trackline of the Primary
platform is subsequently detected from the Primary platform
(i.e. the detection function for the Primary platform).

If the Tracker platform is not in continuous operation, the
above procedure is carried out on data collected while both
platforms were in operation and a correction factor is calcu-
lated as:

(wh

€=—°

O>
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The density for the entire survey area is then estimated by cD,
where D is estimated from the sightings data from the Primary
platform for the full survey, calculated assuming g(0) = 1
(using Distance 4). This estimate does not include any covari-
ates and thus the assumption is that the estimate of g(0) for
the two platform effort is the same as for Primary platform
only. The corrected abundance estimate is calculated by A, = ¢
D A and the CV of the corrected abundance estimate can be
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Figure 3. (a) The proportion of primary and secondary sightings by perpendicular distance category (m) at different survey speeds: ‘fast’ and ‘slow’ and (b) the propor-

tion of primary and secondary sightings by component of velocity away from the vessel (/.e. the cosine of the difference between bearing and heading). Where a value of

*1" indicates movement directly away from the survey vessel, ‘0" perpendicular and -1’ directly towards the vessel.
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calculated by equations outlined in Turnock et al. (21). The
upper and lower 95% confidence intervals for AN, can be calcu-
lated by using the Satterthwaite degrees of freedom procedure
outlined in Buckland et al. (3).

Results

Survey effort

The line-transect survey covered 728.5km of transect and the
double platform survey covered 514km. A total of 129 sightings
of common dolphins of approximately 759 animals were made
during the line-transect survey. Other species that were also
identified during the survey were: harbour porpoise (Phocoena
phocoena), bottlenose dolphin (7ursiops truncatus), Risso’s
dolphin (Grampus griseus), striped dolphin (Stenella coe-
ruleoalba), fin whale (Balaenoptera physalus) and minke whale
(Balaenoptera acutorostrata).

Density and abundance

Common dolphin sightings first made aft of the beam were
excluded. To ensure that only high quality data were used
sightings made during Beaufort sea state >3 were removed
and sightings beyond 600m were eliminated before #(0) esti-
mation. Sightings made by the Primary platform were analysed
for 2004, 2005 and pooled across both years.

Using the program Distance 4, we fitted detection func-
tions to the perpendicular distance data to estimate the Effec-
tive half Strip Width (ESW) which is defined as 1//(0), for the
different survey years. To reduce bias in mean school size esti-
mates due to the potential of a positive relationship between
school size and perpendicular distance (x), a regression was
performed to investigate the relationship between the probabil-
ity detection function, g(x), and observed school size (3). From
this regression, an expected school size was estimated.
Akaike’s Information Criterion (AIC) was used to select among
models fitted to the data. Out of the models tested, the half-
normal key with cosine adjustment was found to be the best fit
for both surveys. The distribution of perpendicular distances
and fitted detection function for sightings data pooled across
both years is shown in Fig. 2.

Having selected a model, we reviewed the options for vari-
ance estimation. Bootstrapping was carried out which incorpo-
rates uncertainty in model fitting and model selection. Although
survey effort was achieved in both strata, some concerns are
given to the western stratum (covered only in 2004) where
there were large differences between the designed and the
realized cruise tracks as a result of heavy shipping traffic in the
area (Fig. 1).

For the eastern stratum (Stratum E; 4,129km?) the de-
signed survey coverage was achieved so the density estimate
should not be biased by non-uniform distribution of animals.
The combined density estimate for both strata is more sensi-
tive to non-uniform distribution of animals since only a rela-
tively small proportion of the designed survey coverage was
achieved in the western stratum due to heavy shipping traffic.
The estimate of the density of individuals per km? (D) for Stra-
tum E was calculated (Table 1) as outlined in Buckland et al.

3).

Measuring the effect of responsive movement and survey
speed

We pooled data for all initial Primary sightings of common dol-
phins in sea state <3 (to make sure that higher sea states
were not affecting the data) for both fast and slow speed

Winter abundance estimates for the common dolphin

Parameter Value/Estimate
Primary effort (L) in 2004+2005 (km) 573.9

Number of schools (n) 63

n/L 0.109

ESW (km) 0.253
Expected/mean school size (s) 5.063

Density (D) of individuals (ind/km?) 1.097

%CV(D) 35.94

Table 1: Line-transect primary effort and winter density results estimated by
Distance 4 (assuming g(0)=1 and no responsive movement) for common dolphins
for Stratum E by stratification, where £SW =Effective half Strip Width and
Cl/=coefficient of variation.

modes (transects/straight lines) for the different survey years.
The perpendicular distance plots (Fig. 3a) show substantial
peaks in the first bin (less than 100m) and this is consistent
with responsive movement towards the vessel. We assume
that there is no difference in observer behaviour between fast
and slow vessel speeds, however, the peak at small perpen-
dicular distances is considerably more pronounced at slow
speed than at fast speed suggesting an effect related to the
behaviour of the animals.

We explored responsive movement further by examining
the estimated swimming directions of dolphins relative to the
vessel. Taking the vector component of the dolphin’s velocity
away from the vessel, the results for the Primary platform are
shown in Figure 3b. There is a distinct large peak close to *-1’,
i.e. the majority of sightings are of dolphins approaching the
vessel. When only sightings with a distance in the 25 percentile
furthest from the boat (>400m) are included in this analysis,
there remain significantly more animals with headings towards
the vessel than away (x°, p=0.001) although this effect is no
longer significant for primary sightings made during slow speed
mode (x°, p=0.8). Results from the Tracker platform also show
significantly more animals heading towards the vessel (7,
p=0.003). Although the effect is no longer significant for sight-
ings made at distances greater than 1,000m (y%, p=0.2), there
were nevertheless more than double (n=7) the number of
sightings with animals heading towards the vessel than away
(n=3). The observed distribution of headings will be affected
by the sightability of the animal at different presentation angles
(16). The peak we observed was with animals heading directly
towards the vessel which would be expected to show a smaller
visual target. Thus these observations cannot be explained by
presentation angle effects.

Estimating a correction for both g(0) and responsive movement
Using Distance 4, we used Tracker platform data to estimate £
(0); Primary data to estimate //0); and duplicates to estimate
fs(0). The error for the correction factor ¢ was estimated by
bootstrapping on sightings data from both platforms by tran-
sect and applying the estimation procedure to each of 199
bootstrap data sets (Table 2). The CV/s of corrected density and
abundance estimates and the Satterthwaite degrees of free-
dom (df) for the corrected density and abundance estimate
confidence intervals were calculated (Table 2).
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Parameter Value/Estimate
Double platform effort, DP (km) 514
Truncation distance, w (km) 0.6

Number of secondary detections, ng 12

Number of primary detections, n, 88

Number of primary detections after truncation at 86

0.600km

Number of duplicate detections, Ny 10

ESW of secondary platform, 1/f;(0) 1/3.16 = 0.316
ESW for duplicates (km), 1/f,s(0) 1/3.53 = 0.283
Apparent ESW for primary platform (km), 1/f(0) 1/5.15 = 0.194
Apparent density estimate, D, (groups/km?) 0.431
Corrected density estimate, D, (groups/km?) 0.291

Primary detection probability ‘near’ trackline, g,(0) 0.931

Correction factor, c 0.675
Standard error of c, s.e. (c) 0.113
Provisional density (ind/km?) for Stratum E in 1.097
2004+2005

Corrected density (ind/km?) for 2004+2005 survey
(Stratum E)

0.74 (CV=39%)

95% CI [0.34-1.59]

Table 2: Summary of variables required for the calculation of a correction for move-
ment and for animals missed on the trackline using the Double Platform Effort data,

where ESW =Effective half Strip Width and Cl/=coefficient of variation. The corrected

density estimate for Stratum E is calculated using the correction factor (c).

Distribution

Common dolphins were widely distributed throughout the study
area in both winters. It is worth noting that the relative index
for abundance (number of schools per 100km effort, mean
school size 5.1) of common dolphins sighted (following pre-
designed and not pre-designed transect/lines) was much lower
in the French part of the Channel (south of the study area,
1.23 schools per 100km) when compared to the study area
(14.23 schools per 100km). Areas of few or no sightings in-
cluded waters to the east of the study area although survey
effort was low. Waters to the west of the study area were not
systematically surveyed due to unfavourable weather condi-
tions.

Discussion

The obtained estimated corrected density was 0.74 individuals/
km? (95% CI 0.34-1.59; Table 2) and the corrected abundance
estimate for stratum E was 3,055 animals (95% CI=1,425-
6,544). There are no other abundance estimates that are di-
rectly comparable with these winter estimates for the study
area. Other estimates are from ship surveys that took place
some years ago and were conducted during the summer
months (7, 4, 9) and during autumn (5). The relative index for
abundance, number of schools per 100km effort (mean school
size 5.1), can be compared and was much higher during this
winter survey (10.9) than the SCANS 1994 summer survey in
the Celtic Sea (Block A: 0.94) (9) and to the NASS 1995 sum-
mer survey in the Faeroes and western British Isles (Block E:
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1.02) and in the offshore Atlantic (Block W: 7.5) (4). The au-
tumn relative index was also found to be much lower in the
western Approaches of the English Channel (2.9) (5).

The double platform survey indicated that Primary observ-
ers only missed 7% of the dolphins on the trackline, g(@)
=0.93, but that a strong responsive movement towards the
boat resulted in apparent densities 1.5 times greater than
based on the double platform data. Sample sizes for animals
first detected at radial distances of greater than 1000m were
small (n=10). Although, the number of animals heading to-
wards the vessel was not significantly different from the num-
ber heading away, it is possible that some animals were re-
sponding to the vessel at greater distances than they were
detected. Thus the true correction factor could be much
greater than 1.5. In addition, we observed that the £SWW/ of the
Tracker platform appeared to be rather narrow (316m). It is
very likely that animals could approach the vessel from outside
the Tracker’s view and still be detected by the Primary observ-
ers. This means that the strip width for duplicates (£SW,s) will
be underestimated and is possibly the reason why the obtained
ratio of ¢ (1.5) is small. By comparison, Cafiadas et al. (4)
estimated a correction factor of around six for a similar double
platform survey using naked eye and 7x50 binoculars.

This study found that survey speed affected cetacean re-
sponsiveness to the survey vessel. In fact, it appeared that
there were two effects when comparing the two survey speeds
(fast versus slow). One is a ‘movement’ effect and the other is
a ‘sightability’ effect. The perpendicular distance data show a
more pronounced effect at slow speed which contrasts with a
more pronounced effect at fast speed indicated by the heading
data. The heading data for the fast speed mode indicated that
there was still significant evidence of responsive movement
even for the further 25 percentile of naked eye radial detection
distances. For the slow speed data, however, the further 25
percentile of radial distances show no significant responsive
movement. We conclude that this is probably due to an avail-
ability/detectability effect (e.g. surfacing behaviour changes
the observer’s ability to sight an animal). Indeed, it could well
be that dolphins that are approaching a fast moving vessel are
more likely to surface in the ‘middle class’ of distances (around
200-300m).

Conclusion

The winter diversity of the cetacean community in the Western
Approaches of the English Channel, with a total of 7 different
species seen during both surveys, highlights that the area is an
important winter cetacean habitat. The dual platform data sug-
gest that estimates for the winter population of the short-
beaked common dolphins in the survey area from the same
vessel may have been positively biased by at least a factor of
1.5 as a result of responsive movement. Uncertainties in the
level of bias due to responsive movement are a problem for all
current estimates of common dolphin abundance. Neverthe-
less, the observed relative index for abundance is among the
highest recorded for common dolphins in the NE Atlantic indi-
cating the importance of the western Channel as a winter habi-
tat for this species.

A bycatch level for small cetaceans of more than 1.7% of
the best available estimate of abundance has been deemed in
the relevant international forum to be unacceptable (1). Based
on our corrected estimate for Stratum E (the area overlapping
with the current main fishing grounds) this would equal some
52 (24-111) animals. During the 2003/2004 fishing season, a
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bycatch of 169 common dolphins was recorded in the area in
the UK bass fishery alone, producing an extrapolated total esti-
mated mortality for the UK fishery of 439 animals (19).

Little is known about the overall winter distribution of
common dolphins in the NE Atlantic or their seasonal move-
ments. The dolphin abundance estimate for the relatively
small survey area in this study is small compared to overall
abundance estimates for the NE Atlantic (10). Nevertheless,
the high levels of bycatch reported in the Channel area raise
both conservation and animal welfare concerns. If this area is
only used by a subset of the total Northeast Atlantic population
of common dolphins, or if the Northeast Atlantic hosts several
different common dolphin populations, there is a risk of deple-
tion within the Channel area. If local depletion were to occur, it
is not clear whether common dolphins from further away would
then start to exploit and re-populate the Channel area. There is
some evidence of population structure within the common dol-
phins of the NE Atlantic (11, 15).

A more comprehensive and wide-ranging assessment of
bycatch, including statistically robust observer programs in
both pelagic trawl and also gillnet fisheries is urgently needed.
The data from this survey show that the winter population of
common dolphins in the English Channel could well become
depleted as a result of bycatch.
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