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Background
This document is partly derived from the marine IBA workshops organized by SPEA in
Lisbon (March and April 2008) and by SEO/BirdLife in Barcelona (November 2008).
These workshops were aimed at addressing the final identification and delineation of
the respective Portuguese and Spanish marine IBA inventories (both funded by EU
LIFE projects), while seeking a consensus on the general methodological approaches
so that they may be used by the wider BirdLife International Partnership.
The general methodologies for treatment and analysis of data obtained from
tracking studies developed in Spain and Portugal were further discussed and refined
during consultation with BirdLife Partners. Some further testing using data from the
Global Procellariiform Database held by the BirdLife International Secretariat has
also contributed.
This progress was reviewed and amended at an expert workshop held at CNRS,
Chizé, France (July 2009). This workshop invited international experts with
experience of working with tracking data obtained from a variety of seabird families
and in a wide range of geographical areas (e.g. tropical, temperate, polar). They
discussed and tested the proposed methodologies and amended them where
necessary to ensure their applicability to as wide a range of datasets as possible.
This document summarises the finding from all the above process, and highlights
some key considerations when using tracking data to identify marine IBAs either
from an existing dataset, or when designing a new project. It presents summaries of
the available data-analysis methods and highlights their applicability for the
definition of marine IBAs. It also highlights how to test a dataset to determine if it is
robust enough to be used for marine IBA identification on its own. While the
identification of marine IBAs using tracking data is both feasible and worthwhile,
tracking seabirds in insufficient numbers for IBA identification can still generate
significant conservation benefits (e.g. through raising local awareness). The aim of
this document is to suggest the most useful and comparable approaches for IBA
identification, taking account of the variability in species tracked and the capacity of
BirdLife Partners to gather useful data. This document should also help determine
which analytical approaches are most suitable for a given dataset and should ensure
that a comparable standard is applied when identifying marine IBAs using only
tracking data.
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1. IBA criteria
BirdLife's Important Bird Areas (IBA) Programme aims to identify, monitor and
protect a global network of sites, critical for the long-term viability of naturally
occurring bird populations across the range of those bird species for which a sitebased approach is appropriate. The network is considered the minimum essential to
ensure the survival of these species.
Essential features of IBAs
 Are places of international significance for the conservation of birds at the
global, regional or subregional levels.
 Are practical tools for conservation.
 Are chosen using standardised, internationally agreed criteria applied with
common sense.
 Must, wherever possible, be large enough to support self-sustaining
populations of those species for which they are important.
 Must be amenable to conservation and, as far as possible stand out from
surrounding areas.
 Will preferentially include existing Protected Area Networks, where
appropriate.
 Should form part of a wider, integrated approach to conservation that
embraces sites, species and habitat protection.
Of the four global or A-level IBA criteria, two are currently applicable to seabirds in
the marine environment:
A1. Species of global conservation concern - The site regularly holds significant
numbers of a globally threatened species, or other species of global conservation
concern.
Thresholds are set depending on the threat status of a given species; Critical and
Endangered species can qualify for “regular presence” alone, while thresholds for
Vulnerable and Near Threatened species are set on a species by species basis or, for
taxa for which good quantitative data are lacking, a standard threshold (e.g. > 20
birds) may be applied.
A4. Congregations - The site is known or thought to hold congregations of >1% of the
global population of one or more species on a regular or predictable basis
Thresholds are set on a species by species basis, and use global population estimates
to determine the 1%, the issue of turnover of birds at a site needs to be considered
when determining if 1% thresholds have been met.
There are a number of issues that need to be considered when applying the IBA
criteria to data obtained from tracking devices, and this document outlines some key
considerations and steps to follow to ensure consistency of methodology and
application. The process can be far from straightforward and the BirdLife Secretariat
IBA team is available to provide advice and further guidance, if required, either for
analysis of existing datasets, or the design of new projects.
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2. Ecology of Species
Seabirds show a wide variety of ecological strategies, both between species and, in
many cases, also within species, at different stages of their life-cycles.
When searching for food at sea, some species adopt a bi-modal (or dual) strategy of
alternating long and short trips during the breeding season 1. Some species adopt
generalist strategies, and disperse over a wide area with no apparent key variables in
determining their likely location at any given time. Others are heavily dependent on
very specific habitat types, food sources, and/or environmental conditions and thus
have restricted hotspots of activity. Gathering information on the spatio-temporal
occurrence and abundance of the determining variables (particularly prey base2)
should be undertaken whenever possible. They can play a key role when designing
models predicting the spatial ecology of seabirds, and in defining dynamic IBAs.
Due to this variability, the ecology of the study species is relevant to any IBA analysis.
The basic ecology and foraging strategy of a species is likely to effect the scale at
which it is possible to identify and delineate IBAs. For example, in the case of a
species that has a dispersed range, without any obvious habitat preferences (e.g.
Laysan Albatross) it may only be possible to identify macro-scale IBAs. However, for
a species with specific habitat preferences (e.g. Short-tailed Albatross) it may be
possible to identify IBAs on a meso- or micro-scale.
For the purposes of IBA identification, we propose to classify seabird at-sea
distribution on the following scale:





Mega-scale (>3000 km2); approximates to a regional scale
Macro-scale (1000-3000 km2); relates to areas of higher or lower productivity
within them (e.g. frontal zones)
Meso-scales (100-1000 km2); relates to the interactions between larger scale
features (e.g. eddies)
Micro-scales (1-100 km2); relates to specific parts of large scale features, or
specific individual features (e.g. sea-mounts)

It is worth bearing in mind that there is no set maximum or minimum size for an
IBA— what is biologically sensible has to be balanced against practical considerations
of how best the site may be conserved, which is the main priority. Common sense
needs to be used in all cases: what is most likely to be effective in conserving the site
under prevailing conditions and circumstances?

1

Granadeiro et al (1998). Flexible foraging strategy of Cory's shearwater, Calonectris
diomedea, during the chick-rearing period. Animal Behaviour 56 (5): 1169-1176.
2
Grémillet D. & Boulinier T. (in press) Spatial ecology and conservation of seabirds facing
climate change and profoundly altered marine ecosystems. Marine Ecology Progress Series
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3. Tracking Devices
There are a variety of tracking devices available, while continuing technological
advancement is allowing their attachment to smaller species, giving greater accuracy
of localisations, and enabling longer durations of data collection. In Table 1 we
present a review of six types of device which have been used for tracking seabirds in
recent years. It is also important to consider the following when choosing the most
appropriate device for any given study:
Which devices are most suitable for the study species?
All types of tracking device may be suitable IF the species can carry them without
compromising their safety and/or behaviour. Before choosing a device it is therefore
important to study the bird’s behaviour and so minimise any impact. This can be
determined by comparing the behaviour (e.g. patterns of nest attendance) of a
sample of tracked birds with controls which lack the devices. Many studies have
monitored the effects of different tracking devices on the study species, so it is
important to build on this previous experience when choosing which device to
deploy on a given species3. Tracking studies targeting threatened species should be
carefully considered before deployment, and unnecessary disturbance of the
breeding colony must be avoided.
Consider the scale at which sites are to be identified
Some devices will allow for analysis and identification of hotspots at a very fine scale
(e.g. GPS), while others may only allow a course scale analysis (e.g. GLS). For some
species, particularly those for which options are limited, it may only be possible to
conduct analysis and identify hotspots at the macro and/or meso scales.
Planned length of deployment
Some tracking devices can only collect data over a short period of time (e.g. Compass
and GPS loggers), while others can be deployed over a much longer period (e.g. GLS,
PTT). This needs to be considered when choosing a device, and whether you want to
collect data from a fixed part of the breeding season, or follow an individual through
the entire year. The timing and duration of the study (part of breeding season only
or year round etc.), will therefore also affect choice.
Probability of recovery
Recovery of some devices (e.g. GLS, compass loggers) is often necessary to collect
the data, and this requires recapturing the bird (usually at its nest site). This may
limit the actual number of devices that can be used. For other devices (e.g. PTT, VHF
radio tags) it is not necessary to recover the device while it is attached to an
individual. In these cases data are transferred via radio signals and can then be
accessed via the internet.

3

Phillips R.A., Xavier J.C., and Croxall J.P. (2003). Effects of Satellite Transmitters on
Albatrosses and Petrels. The Auk 120(4):1082-1090
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Cost
Cost is often a key consideration in determining which device is most appropriate for
a given study; the price of devices varies widely, but generally works out cheaper
when bought in bulk. For devices that send data via satellite, there is often a
significant extra cost associated with renting satellite time.

Image 1: Grey-headed Albatross with satellite tracking device attached. Image
courtesy of BAS.
Some examples of where these devices can be obtained are given below:
VHF Radio-tags: http://www.biotrack.co.uk/
GPS loggers: http://www.technosmart.eu/
GPS, GLS, and compass loggers: Earth and Ocean Technologies, Kiel, Germany:
gerrit.peters@t-online.de

8

Table 1: Comparison of six devices currently available for tracking seabirds.
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4. Data Analysis
Analysis of the collected datasets is the next stage in defining IBAs. Ultimately, the
task is to use location data (points) to propose IBA boundaries (areas representative
at the population level). Seabirds conduct a number of different activities during
their time at sea, including feeding, travelling, roosting and courtship, some or all of
which may be suitable for inclusion in the IBA network. Marine IBA studies based on
tracking data have, to date, generally focused on seabird feeding areas, as this is
where highest concentrations of birds most frequently occur and because of their
role in maintaining overall populations (link to energy acquisition). Data have often
been treated or filtered to isolate individual feeding areas prior to defining IBAs at
the population level. However, this risks missing other significant areas which are not
associated with feeding. Therefore it is perhaps better to identify hotspots of activity
without filtering, and then try to determine what activity is occurring in each area.

Figure 1: map showing all tracking fixes for Laysan Albatross obtained from nonbreeding birds tagged in the Aleutians (n=18 tracks), breeders at tern Island, French
Frigate Shoals, Hawaii (n=174 tracks) and Guadalupe, mexico (n=101 tracks). Image
courtesy of www.seabirdtracking.org, data provided by Dave Anderson, Rob Suryan,
Scott Shaffer and Michelle Antalos.
Figure 1 shows an example of a raw PTT tracking dataset for the Laysan Albatross. A
number of processes can be performed to identify important areas and then test
against IBA criteria and thresholds.
Often the large peaks of activity occurring close to the capture site may mask
hotspots occurring at a distance, so it may be worth determining the main areas
around capture sites initially, and then filtering the data to remove these points so
that more distant hotspots can be identified more easily.
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There are a variety of techniques available to analyse data, and all may be
appropriate for marine IBA identification. These are summarized in Table 2. As with
the choice of tracking device, there are some additional things to consider before a
choice can be made. These include whether the analysis is planned for the entire
dataset (e.g. an entire species), a series of subsets (e.g. seasons/colonies/sex) or for
individual birds/tracks (see figure 2). If following an individual track approach, it will
be necessary to combine the data from each individual track to determine hotspots
at the (tracked) population level.

Figure 2: Flow chart showing possible steps to follow for using tracking datasets to
identify and delimit IBAs
All methods used to identify hotspots from tracking data discussed here assume that
changes in track behaviour (speed and/or sinuosity) or density of the fixes (locations)
indicate potential hotspots. Other methods are available for those devices which
measure diving/feeding activity but are not considered here, as these methods are
more intuitive.
To identify hotspots for individual birds or tracks, all of the methods discussed in
table 2 are suitable. Alternatively, it is possible to analyse the dataset as a whole (all
individual tracks/birds combined) to identify high concentrations of locations at the
population level, but this requires applying one of the two methods able to handle
dataset data; Kernel Analysis or Time Spent per Square.
The spatial distribution of hotpots may, additionally, be modelled as a function of
habitat, this is particularly useful in predicting hotspots of activity in unsampled
areas.

11

Table 2: Comparison of analysis techniques for treating tracking data to identify
hotspots of activity. White areas show those techniques applicable to individual
tracks, while grey areas can be applied to individual tracks or whole datasets.
The first four techniques listed in Table 2 are only suitable for analysis of individual
tracks and while they may be useful for determining which activities are occurring in
an area, they do not measure time spent in areas. TSPS and Kernel Analysis are
suitable for analysis of individual tracks or whole datasets, while habitat modelling
requires data analysis using one of the other techniques as a first step.
See Annex 1 for maps comparing the areas that would be identified for a variety of
species using a range of the above analysis techniques. See Table 3 for further
comparison between these techniques.
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A. Sinuosity Analysis
Sinuosity Analysis seeks to identify ‘important’ sections of a birds track based on its
rate of turning, The principal assumption is that when a bird is located over
preferential habitat features it will increase its search effort and therefore adopt a
more tortuous path. A number of methods have been proposed and employed to
calculate Sinuosity Index. Benhamou (2004) used complex approaches based on
actual turn angle and orientation, whereas Grimillet et al (2004) use a more
straightforward approach whereby sinuosity is calculated as the ratio of actual flight
speeds against the ‘straight line’ speed between every third fix.
Sinuosity values are indexed on a scale from 0 (highly tortuous) to 1 (straight path),
and a threshold may be defined with the assistance of a frequency distribution so
that significantly tortuous sections can be isolated and defined as hotspots.
Sinuosity Analysis has already proven a useful tool in identifying foraging areas
within animal tracking data, but it should be noted it is not without its limitations
and may underestimate areas of importance. Principally its focus on the spatial
variation overlooks the tracks temporal structure, consequently in circumstances
where a bird has slowed, perhaps even sat on the water’s surface and is moving in a
relatively straight line (such as one may expect from rafting occasions or where wind
speeds are low) the sinuosity index would indicate low importance and the area
would therefore be overlooked.
B. Fractal Analysis
Fractal Analysis again focuses exclusively on the spatial variation within an animals
track. However, rather than investigating rates of turning, Fractal Analysis
investigates the track’s ability to fill the space around it. If the track travels straight
through a plane then Fractal Dimensions are low, whereas if it turns and searches
the plain fully then fractal dimensions are high. Fractal Dimension (D) values are
measured on a continuous scale from 1 – 2; 1 representing straight line sections and
2 sections where birds are fully utilising the area around them.
The actual identification of hotspots of activity through Fractal Analysis again
involves some further interpretation. In fact, designation of hotspots depends on
two factors, the dimensions of the ‘search plane’ and the threshold ‘D’ value. With
(1994) notes that the ‘search plane’ dimensions should depend on the scale at which
organisms are interacting with the landscapes patch structure (i.e ARS scale).
However, it is not always possible to know this value prior to analysis. Therefore
Tremblay et al (2007) suggested a method whereby Fractal Analysis is conducted on
a number of scales, with the most appropriate chosen for application of thresholds.
Fractal, as with sinuosity, faces limitations based on its spatial emphasis; similar
issues of underestimation are likely to present themselves in Fractal outputs.
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C. First-Passage Time Analysis (FPT)
First Passage Time (FPT) analysis makes use of variation in both sinuosity and flight
speed to investigate an animal’s path. By assuming time spent within a particular
area indicates a decisive increase in search effort (as a result of higher sinuosity and
slower flight speeds), FPT identifies areas of importance based on an animal’s
residence time within specific sections of a track (Fauchald and Tavera, 2003).
It is simply calculated by placing radii of various scales at regular intervals along a
track and then determining the time spent within each radius based on the date and
time attributes of the track as it enters and departs from it. FPT is typically calculated
at a variety of scales (radii dimensions), so that the most appropriate radii may be
chosen, used later in the calculation and designated as the relevant scale of ARS
(Pinuad & Weimerskirch, 2005).
D. State-Space Models (SSM)
State-Space Models are used to understand the dynamics of an individual’s
movements by modelling separately both the movement of an individual and the
accuracy of the detection device to generate the most likely path of an individual
given the points detected.By recognising mathematically how an individual moves in
terms of speed and sinuosity, a state-space model can replicate an animal’s
movement and predict its activity in other tracks. Once the most likely path has been
generated, it can be further categorised into behaviours (e.g. high speed + low
turning rate = transit, low speed + high turning rate = foraging) to identify hotspot
areas. Since movement and detection are modelled separately, the error associated
with the unpredictability of the individual’s movement and the error associated with
the detection device can be accounted for separately, making this a powerful
method for analysing very noisy data (e.g. those created by GLS devices). Data need
to be interpolated regularly based on time (i.e. one point per hour), but this may be
done either within the model or externally.
Point Density Estimations
The above methods (A-D) explicitly investigate an animal’s behaviour to determine
high use areas; however, this is not the only way by which focal areas can be
identified. The below methods (E-F) instead interpolate data so that individual point
localities show a birds location each hour, they then use this hourly location to infer
hotspots based on areas of highest densities. These methods may find significant
areas such as aggregation and flyways that the other methods may have missed.
Both Time Spent per Square, and Kernel Analysis may be applied to both single
tracks and entire datasets, making them particularly useful approaches when dealing
with large datasets. They allow rapid calculations to determine the focal regions in
large tracking datasets, though are particularly sensitive to sample size bias. Should
the sample size be small or the dataset biased, for example toward one life-history
stage, a complete dataset analysis would overestimate the importance of the regions
14

being used by those stages. In these circumstances it may be more appropriate to
analyse the tracks individually.
E. Time Spent per Square (TSPS)
With the use of interpolated data, Time Spent per Square Analysis (TSPS) calculates
residence times within each cell of a defined grid. The method attributes the
residence time to the cell as either an actual time (i.e. number of hours) or as a
percentage of the total and is therefore very easily and intuitively interpreted. A
threshold is required to identify specific hotspots, but with actual tenable values it is
possible for the user to define this based on a reasonable understanding of a birds
distribution.
TSPS Analysis faces limitations based on its focus on temporal-only variation. By
identifying areas of high density TSPS does manage to isolate sections of a dataset of
slow transit and hence likely aggregation. However, identifying all these areas as
important may be an overestimation.
It should also be noted that TSPS Analysis is particularly sensitive to the dimensions
of the grid for which it is calculated, a very small grid will mean that cells do not fully
cover aggregations and therefore limit density values, a large grid, however, may be
too general and not at fine enough resolution to define the boundaries of a hotspot.
Ideally the grid would be tailored to the specific ecology of the bird as well as the
accuracy of the tracking device.
F. Kernel Analysis
Kernel Analysis relies on regularly interpolated points to define high use areas. It
generates a density estimate with the use of a kernel smoothing function whereby a
track point indicates a likelihood of presence for not only its own location, but for a
set radius about itself. The process is additive so in areas where multiple points are
in close proximity, the likelihood (probability) value is inflated in relation to the
number and proximity of points.
Tracking studies using kernel analysis have typically identified core areas and ‘home
ranges’ by calculating Utilisation Distributions (UDs), which represent the probability
of occurrence as a percentage, radiating out from the maximum probability core.
The “smoothing factor” (or search radius) which sets the radius around each point is
integral to the results of a kernel analysis. Typically in seabird studies the smoothing
factors have been 0.1 degrees for PTT and GPS and 0.2 for GLS data (following
Birdlife International, 2004), but other values and methods for deciding values have
been proposed.
Thresholds may be applied to define high use areas by selecting an appropriate
kernel. Ideally, the appropriate kernel threshold should be chosen on a species by
species (and, potentially, a site by site) basis to account for variations in ecology and
scale of environmental interaction.
15

It is recommended that the following steps be used to determine choice of kernel:


Plot a graph showing incremental increases in kernel percentage (UDs)
against the increase in the size of the total area identified



This will show a linear relationship to begin with and will then reach a point
where the relationship becomes a curve.



The kernel percentage at which the relationship changes from linear to
exponential should then be used to define core areas of activity (see Fig.3)

A.

B.

Figure 3: Graphs showing the relationship between kernel increment and increase in
size of total area identified. These graphs can be used to determine which kernel
best represents core activity. Graphs and data courtesy of David Pinaud, CNRS (A)
and Francis Taylor and Klemens Pütz, Sea and Sky Project (B).
A. Shows that the 50% kernel would be the most suitable for defining the core
area of activity for Black-browed Albatross tracked from the French Southern
Territories.
B. Shows that for King Penguin tracked from Falklands/Malvinas the 75% kernel
would be the most appropriate for defining the core area of activity.
Experience in Spain and Portugal found that the 50% kernel was the most
appropriate for identifying core areas of activity for Cory’s Shearwater. The 50%
kernel has also been used a standard measure for identifying core areas in other
studies.
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Table 3: Comparison of data analysis techniques for determining hotspots of activity from tracking data. Scores range from 1 = hard to 5 = easy.
White areas show those techniques applicable to individual tracks, while grey areas can be applied to whole datasets.
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5. Stability of sites
The stability of a site plays a key role in determining if a hotspot of activity may
qualify as an IBA. The IBA selection criteria explicitly state that demonstration of a
site’s “regular use” is a necessary qualification requirement.
Quantifying the stability of a site will help prove its regular use (or at least regular
availability) and will thus provide justification of whether one or more IBA selection
criteria have been met (see Figure 4). Whenever possible, data from multiple years
should be used to prove both the stability of a site and its regular use. It has been
suggested that a regularly used hotspot identified solely on tracking data should be
confined to the following conditions:
“Areas visited by birds from more than one site or during different season or years”
The stability of a hotspot may be caused by a relationship to fixed bathymetric
features (e.g. canyons, seamounts, shelf-break); or to specific environmental
conditions where birds repeatedly occur (e.g. bands of Sea Surface Temperature SST). In either case it is important to determine if the hotspot identified as stable is a
habitat (dynamic variable) or a space (static variable), as this is likely to affect the
boundaries of any potential IBA.
Important Considerations:
 to be clear what is meant by the site (e.g. colony, island, capture area)
 to define what is meant by the season (e.g. incubation period, brooding
period, the breeding season, the 3rd quarter of the year)
 to be sure that the colonies from which the data come are representative of
the wider population, if the results are used to make inferences about other
colonies located nearby
 Seabirds at sea primarily spend their time looking for food, and efforts should
be made to collect information about the prey base (fish in most cases). In
the absence of such data, surrogate variables (e.g. seamounts, SST) may be
used, but investigators should be wary of potential spatio-temporal
mismatches between abiotic variables and seabird feeding hotspots.
 If identifying sites used in multiple seasons or years it is desirable, where
possible, to be able to link the site to a static variable (e.g. shelf break,
seamount).
 If the site is found to be used in multiple seasons and it is linked to a dynamic
variable (e.g. sea surface temperature, SST), then data from multiple years
are required to confirm its stability, and a habitat modelling approach may
also be needed to prove which dynamic variables best explain occurrence
patterns.
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Figure 4: Flow chart showing steps to assess stability of a site.

Figure 5: Example of method for determining areas of regular use for the
Antipodean Albatross as defined by areas being used in different seasons and years.
Image courtesy of the www.seabirdtracking.org, data provided by Kath Walker and
David Nicholls.
In the example shown in Figure 5 the breeding season was split by colony and by
year for the incubation, brood-guard and post-guard stages and each of these was
treated as a separate season. Areas identified as being used in multiple years for
each season were highlighted. These layers were then combined to show regularity
of use by season and year.
19

In this example Area A ties closely to the continental shelf and slops so sites here are
likely to be determined by static variables (bathymetry). Area B is not linked to the
continental shelf and patterns of occurrence may be explained by dynamic variables
(e.g. frontal probability and upwellings). Further statistical analysis or habitat
modelling would be required to further examine which dynamic variables are having
most influence.
6. Sample Size
When attempting any analysis, it is important to consider the issue of sample size.
Tracking studies have proved to be highly valuable in understanding seabird
population’s distributions at sea. However, when the sample size is small, it may not
be the populations distributions being shown, rather that of a few birds within it.
Unrepresentative samples like this ultimately place false emphasis on areas and
identify regions specific to the tracked birds but not necessarily important to the
species or population as a whole. To fully understand a species’ ecology it is
necessary to have representative sample sizes for all seasons and age classes for
which the geographic distribution is expected to be different.
For this reason, before using only tracking data to identify marine IBAs it is necessary
to test if the sample size is adequate. Two methods have been outlined and used in
the past for this purpose, a simple subsampling method and ‘bootstrapping’. They
are both based on the idea that by randomly selecting subsets of a tracking dataset it
is possible to know at which sample size the maximum coverage has been met (i.e.
the point at which adding more track samples does not increase the distribution) and
therefore the point at which the sample size is representative. Examples of the
process for both these calculations are illustrated below.
A. Simple method (see Figure 6 for an example)
1.
2.
3.
4.

Select an interval (x) at which to test the sample size
For every interval randomly select ‘n’ number of tracks from the dataset
For each random sample calculate the area of its coverage4.
Plot number of tracks against coverage area on a line graph to illustrate the
number of tracks needed for the area to reach a plateau.
5. Identify the point on the graph at which the coverage area reaches its maximum
value, i.e. where adding more tracked birds does not affect its size or location
6. If this point is never reached and the graph does not plateau then the sample
size in your study is likely to be too small to identify IBAs using ONLY tracking
data, and other datasets (e.g. transect surveys) are likely to be necessary to
identify or confirm hotspots.

4

Coverage may be defined in different ways; both the 50% kernel of entire datasets and the
50% overlaps have been illustrated here.
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A.

B.

Figure 6: Example of a simple method for determining if the sample size of tracking
data collected on Cory’s Shearwater from Berlengas, Portugal is representative of
the wider population. Graph A shows that the line graph reaches maximum coverage
at 20 birds, while graph B shows this occurring at 30 birds. This suggesting that these
sample sizes are adequate for IBA identification. Images and Data courtesy of SPEA,
BirdLife in Portugal.
B. Bootstrapping method (see Figure 7 for an example)
1. Select an interval (x) at which to test the sample size.
2. For every interval randomly select (with replacement) ‘n’ number of tracks from
the dataset. It may be necessary to exclude areas close to capture sites to
remove any biases they may produce.
3. For each random sample calculate the area of coverage.
4. Use a bootstrapping algorithm to repeat steps 2-3 a large number of times (e.g
500).
5. Plot number of tracks against probability of overlapping (number of tracks
overlapping / number of tracks in total) to illustrate the number of tracks (n)
necessary for the coverage to reach a plateau. At this stage, a logistic model can
be used to determine the probability of overlapping as a function of the number
of tracks.
6. Identify the number of tracks where coverage area reaches its maximum and
does not increase further regardless of adding more tracks. This will show up as a
plateau.
7. If the graph does not reach this point then the sample size is likely to be too
small to identify IBAs using ONLY tracking data, and other datasets (e.g. transect
surveys) are likely to be necessary to identify or confirm hotspots.
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Figure 7: Example of a bootstrapping method for determining if the sample size of
tracking data collected on Cory’s Shearwater is representative of the wider
population. Coverage was considered as the 50% kernel, fixes close to the colony
were excluded from the analysis. Notice the plateau at around 17 tracks at 95%
probability as marked with an arrow, which suggest that sample sizes above 17
would be suitable for an IBA analysis. Images and Data courtesy of SPEA, BirdLife in
Portugal.
The bootstrapping method is, because of its multiple sampling process, a better
indicator of sample size. However, it is a computationally intensive process and
requires a good knowledge of statistics to interpret, so in many cases it may be more
efficient to use the simple method.
N.B. Pseudo-replication may be an issue when determining whether a sample size
based on the number of tracks is large enough. Good project design can help to
minimise the effects of pseudo-replication by ensuring that an adequate number of
different individuals are tracked. Pseudo-replication can become a particular
problem when extrapolating results from tracked individuals to the entire colony.
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Using the simple methodology outlined above, SPEA concluded that for Cory’s
Shearwater in Portugal a hotspot of activity identified using tracking data should be
based on the following sample sizes:


≥ 20 different birds tracked at a single site



≥ 30 bird trips recored at a single site (all individuals combined)



≥ 2 differetn tracking years of a reproductive period (e.g. incubation and/or
chick rearing) for more than 10 different birds from the same site

If these conditions were met then sites identified would fulfil the proposed definition
of regular use, and have sample sizes large enough to be deemed representative of
the wider population and hence qualify as an IBA. See Figure 8 for an illustration of
the sites that result.

Figure 8: Map of PTT tracking data obtained from Cory’s Shearwater in Portugal that
met the sample size conditions set out, and where the 50% kernel shows areas
visited by birds from more than one site and/or are visited by birds during different
seasons/years. The areas with red circles are the resulting IBAs. Images and Data
courtesy of SPEA, BirdLife in Portugal.
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7. Quantifying the Number of Birds using a site
Application of the IBA criteria requires counts or estimates to be made to determine
if “a site is known or thought to hold” more than threshold numbers of birds. In the
marine environment this can pose some difficultly, particularly if using tracking data
alone. In the marine IBA inventories of Portugal and Spain, boat surveys and/or
modelling techniques were used to quantify the number of birds likely to be using a
given site. In many parts of the ocean such additional quantitative information is not
available, thus making estimates of numbers from tracked birds is essential if the IBA
criteria are to be applied successfully. To date, there have been few attempts to
determine population sizes using tracking data, but potentially several options are
available:
A. Turnover
In dynamic landscapes such as the sea, and with up to half the breeding population
tied to the colony for at least part of the year, the actual number of birds present at
an at-sea site at any given moment is likely to be much lower than the total number
of birds using the same site over the breeding season as a whole. It is therefore often
necessary to consider turnover rates at sites when assessing whether IBA thresholds
have been met. BirdLife has proposed a definition of turnover as follows:
“The throughput of birds using a site seasonally, at particular phases of their annual
cycle, such that the cumulative total using the site is greater than the peak count at
any one time.”
In an attempt to accommodate turnover, the African-Eurasian Waterbirds
Agreement (AEWA) adopts the following approach for waterbirds at staging areas on
migration routes:
“The 1% criterion has been fulfilled when 75% of the requisite numbers of birds have
been recorded at one time, because of the turnover of birds at these sites. Where
evidence from other sources (e.g. ringing studies) shows higher turnover rates, a site
might still qualify even though the number of birds present at any one time is much
lower than 75% of the 1% criterion (in some cases as low as 10-15%).”
The considerable differences between the behaviour and distribution of foraging
seabirds and of waterbirds on migration mean that the 0.75% threshold may not be
appropriate for seabirds. Further work is therefore needed to develop more
satisfactory guidance on this topic.
B. Extrapolation
Estimating population size using extrapolation makes the assumption that the
tracked birds are representative of the wider population. This may not be valid,
particularly when the tracked samples represent a very small percentage of the total
population at a site. Having an adequate sample size of tracked individuals (as
determined through the steps outlined in section 6 above) is important, and
extrapolations from tracked individuals to the wider population should not be made
unless the sample size has been proved to be representative.
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Comparisons between ‘tracking hotspots’ and ‘boat survey hotspots’ suggest that
extrapolations are likely to overestimate the number of birds using a site at any
given time. This relates back to the issue of turnover and therefore to what
proportion of the total number of birds using a site are likely to be present
simultaneously.
C. Abundance Estimate
Provided representative and complete data is available it is possible to estimate the
distribution and relative abundance of a species based on tracking data. When
sample sizes are shown to be representative, and population estimates are available,
we may fit a population estimate underneath a kernel probability to calculate the
number of birds within specific areas (see Figure 9). If this is done for each life stage,
in each season, the life stages can be summed and an estimate of the entire
population can be produced. The method makes some large assumptions such as the
idea that all birds follow the same spatial preference as the tracked birds, that
population estimates, and the activities of those population subgroups are known,
and that there are no additional colonies being overlooked. However, in studies
where representative data is available it is evident that bird dispersal is often similar
within a species, and this method offers at least an estimate of relative abundance
which may be then further investigated by at sea surveys.

Figure 9: Example of applying population estimates to the at-sea distribution of
Tristan Albatross tracked from Gough Island. The 25% kernel has been used to
identify hotspots, and using weighted population classes it is possible to determine
the percentage of the total population within a given area. In this example three
areas are shown to hold > 1% of the global population and thus could qualify as an
IBA. Image courtesy of www.seabirdtracking.org, data provided by Richard Cuthbert
(RSPB) and Ross Wanless (Percy FitzPatrick Institute).
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Annex 1

A.

C.

B.

D.

E.

Figure 10: Results of tracking analyses for a Wandering Albatross Track from South
Georgia in the Post Brood Breeding Stage. Images show the high use areas that
would be identified within the track using different analysis techniques a) 50%
Kernel UD, b) TSPS (>5hours per 1 degree cell), c) Fractal Analysis (r75) ,d) FPT (r75),
e) Sinuosity analysis. . Image courtesy of www.seabirdtracking.org, data provided by
British Antarctic Survey.
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