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Marine Bird Breeding Productivity

Key Message

Across Arctic Waters, Greater North Sea and Celtic Seas (OSPAR Regions I, Il and Ill), for most species marine
bird breeding productivity was so poor that future population size declines are likely. Breeding productivity
was above threshold for the two species assessed in Bay of Biscay and Iberian coast (Region IV).

Background (brief)

Breeding productivity is a measure of how successful reproduction of marine birds is in a given breeding
season. This assessment describes changes in breeding productivity of marine birds throughout the North-
East Atlantic. The assessment is based on how many chicks are fledged (having wing feathers that are large
enough for flight) annually, per pair, clutch or nest.

As long-lived species with delayed maturity, changes in the productivity of marine birds are expected to
reflect changes in environmental conditions long before these are evident as changes in population size.
Breeding productivity is one of the demographic determinants of population growth rate. Therefore, results
of this assessment should be viewed as an early warning of changes in population status, and thus
complement the assessment of marine bird abundance. At the same time, annual breeding productivity of
marine birds is a sensitive indicator of the ability of marine ecosystems to support higher trophic level
predators.

This Indicator Assessment has relevance to some of the seabird species included in the OSPAR List of
Threatened and/or Declining Species and Habitats.

" = ‘

Figure 1: Northern génnet © Volker Dierschke {filename: B3_Gﬂénnet_VDierschke}

Background (extended)

Justification for the Indicator

Breeding productivity is an indicator of marine bird population health in areas where commercial fisheries
and seabirds target the same prey. The indicator could also provide evidence of other impacts from climate
change, human disturbance, contaminants and predation by invasive species. Natural factors may also affect
this indicator, such as climate driven perturbations in prey-fish availability, and predation and disturbance
from native predators (e.g. peregrine falcon, white-tailed eagle and red fox). Further, extreme weather
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Marine Bird Breeding Productivity

events and flooding of nests can affect productivity, both expected to increase with climate change.
Distinguishing between natural and human-induced effects on breeding performance is challenging and not
always possible.

This breeding productivity indicator replaces the breeding success/failure indicator used for the Intermediate
Assessment in 2017 (IA 2017). By focusing on the extreme event of colony failure, the breeding
success/failure method failed to identify other years where poor breeding productivity could still have
significant negative impacts on the population in the longer term. The new approach predicts how observed
levels of breeding productivity may impact on the long-term population growth rate of a species.

Species Included in the Indicator Assessment

This assessment focuses mainly on seabird species, because there were insufficient data on other species of
marine bird (waterfowl and shorebirds) that also use the marine environment when breeding. However, data
were also available for a few species of wading birds. This assessment features species from the following
taxa: petrels and shearwaters (Procellariiformes); gannets and cormorants (Suliformes); ibises, spoonbills
(Pelecaniformes); shorebirds, skuas, gulls, terns and auks (Charadriiformes).

Most of these species spend the majority of their time at sea, feeding on prey living within the water column
(plankton, fish and squid) or detritus from the sea surface. Cormorants, gulls and terns tend to occur in
inshore waters, whereas petrels, shearwaters, gannets, skuas and auks venture much further offshore and
beyond the shelf break. Shorebirds and spoonbills feed along shorelines and in shallow, sheltered marine
waters.

This Common Indicator Assessment has relevance to four seabird species included in the OSPAR List of
Threatened and/or Declining Species and Habitats (OSPAR agreement 2008-6); black-legged kittiwake (Rissa
tridactyla), lesser black-backed gull (Larus fuscus fuscus), roseate tern (Sterna dougallii), Briinnich’s guillemot
(Uria lomvia). In principle the Iberian population of the common guillemot (Uria aalge) is also included, but
no relevant data are available for this population. Likewise, insufficient data are available for an assessment
of the ivory gull (Pagophila eburnea).

Assessment Method

Indicators of breeding productivity were constructed using time series of annual mean breeding success
(number of chicks fledged per pair, clutch or nest) of marine bird species at sites throughout the North-East
Atlantic (total counts or survey plots). A separate assessment was conducted for each species in OSPAR
Regions I-IV (Arctic Waters, Greater North Sea, Celtic Seas, Bay of Biscay and Iberian Coast), depending on
data availability.
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l:l Arctic Waters

- Bay of Biscay and Iberian Coast

- Celtic Seas
- Greater North Sea

—— OSPAR Region Boundary

Figure a: Marine bird breeding productivity assessment units. {filename: B3_Fig_a_AU.png}

The breeding productivity assessments for each species were constructed from time series of annual
estimates of breeding success at a sample of sites. The time series used covered the periods 1986 to
2019/2020 for the Greater North Sea and Celtic Seas, 1986 to 2020 for the Arctic Waters, and 2006 to 2016
for the Bay of Biscay and Iberian Coast. Not all sites in the sample were observed every year in the time series.
The indicator method is based on the assumption that missing values are missing at random and calculates
each annual estimate using a mean weighted by sample size of the available colony estimates, to reduce the
effect of missing data.

Species-Specific Assessment of Breeding Productivity

Rationale for threshold Values

The threshold values applied for this indicator were developed and agreed to be technically appropriate by
the Joint OSPAR / HELCOM / ICES Working Group on Marine Birds (ICES 2020). The rationale and values are
described in the following sections. While the assessment of breeding success / failure used for IA 2017
provided a valuable insight into the breeding performance of marine birds and the factors that affect it (e.g.
food availability), the new approach provides an indication of how observed levels of breeding productivity
may affect the rate of future population growth (increase or decline), therefore addressing some limitations
of the method used for IA 2017.

Parameter / metric
The indicator consists of estimates of population growth rate calculated from each six-year running mean of
annual mean breeding productivity in each Region. A six-year running mean of breeding productivity is used
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to smooth the trend. These smoothed values are used to calculate the new indicator metric: population
growth rate (see below). Separate population models are constructed for each species in each OSPAR Region.

Population growth rate is defined as the factor by which the population grows per year (the ratio of
population size in one year to population size in the previous year t). This is also known as the finite growth
rate and often denoted using the Greek letter A (lambda). A stable population has a growth rate of 1, a
growing or increasing population has a growth rate of greater than 1 and a declining population has a growth
rate of less than 1.

Threshold Values

A threshold is set uniquely for each species in each Region to define the growth rate which, if sustained,
would lead to a decline in population size of > 30% over three generations, which is consistent with the IUCN
red-listing criteria for species that are ‘Vulnerable’ (IUCN 2012). Generation time is calculated for each
species using the population models used to calculate population growth rate. Generation time is then used
in a simple equation to calculate the threshold population growth rate equivalent to a 30% decline in
population size over 3 generations.

AT = 3*GT/(1 _ TIUCN)

where GT = generation time and Twev = [UCN threshold value for Vulnerable species (i.e. 0,3). The threshold
for population growth rate will vary between species and potentially between Regions because of differences
in generation time.

Trend analysis
Growth rates lower than the threshold described above are put into context of the likely prospects of the
population by comparison to the growth rates equivalent to the other IUCN red-list criteria (IUCN 2012):

e VU (vulnerable): 2 30% decline over three generations

o EN (endangered): 2 50% decline over three generations

e CR(critically endangered): = 80% decline over three generations

To minimise the impact of differences in sampling rate, and to ensure that breeding productivity was likely
to be representative of the colony as a whole, minimum criteria were set for inclusion of data within the
model. In each OSPAR Region, only those species that have data available for at least 2 sites and at least 10
years were considered. Two species fulfilling this criterion were nevertheless excluded: Mediterranean gull,
where the available estimates largely refer to ‘colonies’ of 1 or 2 pairs; and common eider, where numbers
of fledged young is recorded in some colonies, and numbers of hatched young in others. This species was
excluded as there is no simple way of combining these two types of data.

The final indicator value presented for each species, in each region, in each year is the expected long-term
growth rate of the population if breeding productivity was maintained at the mean level observed in the
most recent six-year period.

Detailed Assessment method
For the detailed assessment methodology, please refer to the B3 Indicator CEMP Guidelines.

Species Selection and Aggregation (functional groups)

There were sufficient time series data to conduct assessments of 12 species in the Arctic Waters, 23 in the
Greater North Sea, 17 in the Celtic Seas and 2 in the Bay of Biscay and Iberian Coast. Overall, 25 different
species were assessed in at least one Region. The spatial distribution of monitored breeding colonies and
sites is shown in Figure b.

6 of 17

OSPAR Commission


https://www.ospar.org/documents?d=38979

Country
e BE
> DE
s ES
¢ FR
e UK
e NL
¢ NO

Marine Bird Breeding Productivity

Marine Bird Breeding Productivity - Data Coverage

Figure b: Spatial distribution of marine bird breeding colonies and sites, from which productivity data were
used for this assessment. {File name: B3_Fig_b_productivity_data_coverage_20220602}

The breeding productivity indicator values obtained for each species were then aggregated according to five
marine bird functional groups (Table a).
Some species were omitted from the regional assessments because they were not present in the Region or
because of limited data available on breeding productivity or abundance (see Table c).

The species assessed in each Region belonged to three of the five functional groups: surface feeders, water

column feeders and wading feeders.

Table a: Marine Bird Functional Groups {filename: B3_Table-a_functional-groups_20220901.xIsx}

Functional Typical feeding . - .
group behaviour Typical food types Additional guidance

Feed within the ) “Surface layer” defined in relation to normal
Surface . Small fish, zooplankton L .

surface layer (within . diving depth of plunge-divers (except
feeders and other invertebrates

1-2 m of the surface) gannets)
Water Feed at a broad depth  Pelagic and demersal fish Inc!ude only sp|:'>. that usually dive by

. - actively swimming underwater; but
column range in the water and invertebrates (e.g. . . . .
feeders column squid, zooplankton) including gannets. Includes species feeding
quid, zoop on benthic fish (e.g. flatfish).
Benthic Feed on the seafloor Invertebrates_(e.g.
feeders molluscs, echinoderms)
Wading Walk/wade in shallow Invertebrates (e.g.
molluscs, polychaetes,

feeders waters

etc.)
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Grazin Grazing in intertidal Plants (e.g. eelgrass
& areas and in shallow ‘8. €€Igrass,

feeders saltmarsh plants), algae
waters

Geese and dabbling ducks

Results (brief)

For the six-year period (2014 to 2019 inclusive, except 2011 to 2016 in the Bay of Biscay and Iberian coast),
the percentage of species assessed which had a sufficiently high breeding productivity to avoid long-term
declines was 39% in the Greater North Sea, 59% in the Celtic Seas, 58% in the Arctic Waters and 100% in the
Bay of Biscay and Iberian coast (Table 1).

In the Greater North Sea, nearly all water column feeders (5 of 6 species) showed sufficient breeding
productivity during this period (Table 1). This percentage was lower in the Arctic Waters (3 of 7 species) and
the Celtic Seas (3 of 5 species).

In contrast, about half (7 of 12 species) of surface feeders in the Celtic Seas and very few surface feeders in
the Greater North Sea (3 of 14 species) showed sufficient breeding productivity during the six-year study
period. The situation was better in the Arctic Waters (4 of 5 species showed sufficient breeding productivity)
(Table 1).

The proportion of surface feeders experiencing sufficient breeding productivity was lower than the 75%
threshold in every year since 1991 in the Greater North Sea and in the Celtic Seas, and in most years since
2010 in the Arctic Waters (Figure 2).

There is moderate confidence in the methodology used and moderate confidence in the data coverage.

Percentage of species above assessmentvalue for breeding productivity

Bay of Biscay and
Arctic Waters Greater North Sea |CelticSeas Ibedan coast

Functional group
Wading feeders
Surface feeders
Water column feeders
All

Table 1: The proportion of all marine bird species for which breeding productivity is sufficient to avoid
population declines, per region and species group. {filename: B3_Table-b_results_all_20220902} The
assessment refers to the period 2014-2019, except for the Bay of Biscay and Iberian Coast, where it refers to
the period 2011-2016.
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Figure 2: Change over time in the proportion of marine bird species achieving the threshold value (2 30%
expected decline over 3 generations) (for those species assessed each year), in each OSPAR Region.
{filename: B3_Fig_c_temporal_trends_20220902.jpg}. The number of species assessed in the Bay of Biscay
and Iberian coast was too low to include here. The maximum number of species included per year in each
group shown in brackets in the figure legend. The number of species varied each year depending on data
availability. The assessment is based on the 2019 values shown in these graphs, but 2020 values are also
displayed when data are available.

Results (extended)

Species-Specific Assessments

Separate assessments were undertaken for Arctic Waters, the Greater North Sea, the Celtic Seas and Bay of
Biscay and Iberian Coast. No data were provided by OSPAR Contracting Parties for the Wider Atlantic,
including Macaronesia sub-regions. The future conservation status based on the expected growth rate
observed in the last year of the time series is shown for all species assessed in Table c. This value for the last
year is visualised in the example Figure d, where a line shows the expected growth rates as a time series in
relation to IUCN red-list categories. The graphs for all species can be downloaded here. Details of the time
series of breeding productivity are available here for all species.
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Bay of Biscay
Arctic Greater & lberian
Species (common name) Waters North Sea  Celtic Seas Coast
Northern fulmar

Great skua
Arctic skua
Herring gull
Common gull
Lesser black-backed gull
Great black-backed gull
Black-headed gull
Black-legged kittiwake
Roseate tern

Common tern
Arctictern

Little tern

Sandwich tern

Eurasian spoonbill
Eurasian oystercatcher
Pied avocet

Great cormorant
European shag
Northern gannet
Razorbill

Black guillemot
Atlantic puffin
Common guillemot
Briinnich's guillemot

Assessment status of each species in each region in 2019 (except 2016 for Bay of Biscay
and Iberian coast). Species are listed by feeding guild: surface feeders, wading feeders
and water column feeders. When breeding productivity was too low to sustain the
population, the two-letter codes show the corresponding IUCN threat status: VU
(Vulnerable), EN, (endangered), CR (Critically Endangered). Arrows indicate change in
IUCN threat status since a retrospective assessment of the status in 2014, using the
same method. An arrow pointing up thus indicates an improvement in status since the
previous assessment period.

Table c: Predicted future conservation status for marine bird species in the North-East Atlantic area based
on the expected growth rate observed in the last year of the time series within each OSPAR Region.
{filename: B3_Table-c_results_species 20220902.xIsx}
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Black-legged kittiwake, Region Il

I Evccted growth rate [ cR I EN w
B ~bove threshold

1.02

1.01

1.00

0.99

0.98

097

0.96

0.95

0.94

093
* iy £ A & ] s sl A & M e ] A &
=) s, o =) o o o o %] = \ » m '\
S . N Y . . . . . . I

Figure d. Expected annual population growth rate of black-legged kittiwake in OSPAR region Il, the Greater
North Sea, 1991 to 2020 (black line). {Filename: B3_Fig_d_kittiwake_20230210}. The colour-coded
background shows the threshold values; values in the green zone indicate the threshold is achieved, whereas
values in the other zones are below and indicate the threshold has been failed. For illustration, the figure
also shows a breakdown for the corresponding IUCN red list categories of Vulnerable (VU), Endangered (EN)
and Critically Endangered (CR). In this case, the indicator value (the value for 2019 on the black line) is 0,963,
which is well below the threshold value of 0,988. This corresponds to an expected population size decline of
3,7% per year, or 67% over three generations (29,5 years for black-legged kittiwake). Current levels (six-year
retrospective mean) of breeding productivity in black-legged kittiwakes in OSPAR Region Il are thus too low
to prevent the population from declining towards extinction. Model output indicates that with the mean
levels of survival inferred for the study period, a breeding productivity of 1,15 fledged chicks/pair would be
required to stabilise the population.

Confidence Assessment

The methodology used has been developed specifically for this assessment and has not been used in a
previously published assessment. However, there is a strong consensus within the scientific community
regarding this assessment approach which was developed through three consecutive JWGBIRD meetings
(ICES 2017, 2018, 2020). Therefore, the confidence in the methodology is moderate. The assessment is
undertaken using data with a mostly sufficient spatial coverage for the area assessed, but gaps are apparent
in certain areas. Therefore, the confidence in data coverage is moderate.

Conclusion (brief)
In 26 out of 54 species assessments, the observed breeding productivity was so poor that the respective

populations are likely to decline by more than 30% over the next three species-specific generations. In no
less than 9 populations, the breeding productivity could lead to declines of more than 80%, which is
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equivalent to the IUCN red list category “critically endangered”, meaning that the population is facing
extinction within the next decades if breeding productivity is not improved.

Conditions seem to have improved slightly since 2014, with 11 species showing an improvement in
breeding productivity status and 8 showing a deterioration. As poor breeding productivity occurred across
three of the four OSPAR Regions studied in this assessment and all three functional groups covered in this
assessment, the problem is widespread and alarming. This calls for urgent action to conserve marine birds
in the North-East Atlantic.

Conclusion (extended)

In the Arctic Waters, productivity was sufficient for sustainable populations in almost all surface feeders
examined, with the exception of the black-legged kittiwake. In contrast, a large number of water column
feeders in this Region have poor breeding productivity levels. In the Greater North Sea, nearly all seabird
species that did not produce enough young to maintain the population size feed on small fish in surface
waters. In the Celtic Seas, the level of productivity was generally higher, but still some surface feeders (and
two water column feeders) failed the threshold. In the Bay of Biscay and the Iberian coast, too few species
were assessed to draw conclusions.

The different levels of productivity seen in surface and water column feeders, particularly in the Greater
North Sea, could be linked to the availability of small forage fish species at the surface (e.g. sandeel, sprat,
herring and capelin) that are typical prey for various surface feeding species (e.g. black-legged kittiwake).
However, prey fish availability may be low also throughout the water column in some areas (from the surface
to the seabed). Prey availability is likely to be driven by ecosystem-specific changes, possibly initiated by
commercial fisheries (past and present) in combination with climate change. Some changes in the status of
productivity occurred in this assessment period compared to a retrospective assessment for 2014, with 11
species showing an improvement in breeding productivity and 8 showing a deterioration. Considering the
deterioration in status observed for many species it appears that feeding conditions for seabirds have not
improved much.

In all OSPAR Regions, breeding productivity (especially in ground-nesting terns and gulls and cliff-nesting
guillemots on open ledges) will also reflect the combined result of factors such as predation and disturbance
by native and non-native mammalian predators and by other birds. Likewise, disturbance by humans may
also have an impact, mainly for ground-nesting species. Direct impacts on breeding productivity related to
inclement weather (e.g. flooding due to heavy rain, or overheating during heatwaves) may also be important
for certain species, and the frequency of such events may be increasing due to climate change.

Knowledge Gaps (brief)

This Common Indicator Assessment does not include the Wider Atlantic, because data were not available for
Portugal. For the Bay of Biscay and Iberian Coast, the coverage was poor (only 2 species with sufficient data).
The assessment for Arctic Waters was largely confined to Norwegian coasts (including High-Arctic islands)
owing to a wider lack of data; other OSPAR countries in the Arctic are encouraged to make data available for
future assessments. In the Greater North Sea, data were lacking for Denmark which does not monitor
breeding productivity. For the German Wadden Sea, breeding productivity data were not supplied. In the
Celtic Seas widespread seabird productivity data were available for the United Kingdom, added to by data
from Brittany (France).

The data delivered for this assessment concerns almost exclusively colonial seabirds, both surface and water
column feeders.

The Netherlands was the only country to supply productivity data for three species of wading feeders.
Information about breeding productivity of benthic and grazing feeders is lacking completely.

Knowledge Gaps (extended)
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Table d presents an overview of the data deliveries for this assessment, but also points to parts of the OSPAR
Regions where no data were available. In some cases, submitted breeding productivity data could not be
used for this assessment, because no abundance trend data were available to feed into the population
models.

OSPAR Contracting Parties should strive to implement monitoring of breeding productivity or extend existing
schemes to species and species groups not yet covered in order to allow more comprehensive, region-wide
assessments.

Table d: Data supplied by each OSPAR Contracting Party and used in the assessment of Marine Bird
Productivity for QSR 2023. 'Y’ indicates that data were supplied, ‘N’ indicates that no data were supplied,
blank cells reflect that data were not applicable. {filename: B3_Table-d_data_supplied 20220901.xIsx}

OSPAR Contracting
Party

Arctic
Waters

Greater
North Sea

Celtic Seas

Bay of
Biscay and
Iberian
coast

Wider
Atlantic

Denmark
(Greenland)

Denmark (Faroer)

Iceland

Russia

Norway

Sweden

Denmark

Germany

The Netherlands

Belgium

United Kingdom

<|<|=<|=<|zZ|z|<

Ireland

2

France

Y

Spain

Y

Portugal

N

N

* |celand provided breeding productivity data for Atlantic puffin but these could not be used in the current assessment
due to insufficient breeding abundance data available to construct breeding productivity models.

Arctic Waters

The Arctic sub-region contains the highest concentrations of breeding seabirds in the North-East Atlantic.
This Common Indicator assessment includes data from monitoring of marine bird productivity along the
Norwegian coasts (including Svalbard and Jan Mayen) of the Norwegian and Barents Seas. In future it would
be beneficial if other Contracting Parties in the Region could make their monitoring data available in a similar
way and / or submit additional data on abundance in order to make it possible to conduct the assessment.
Iceland only provided national total counts of breeding birds (Atlantic puffin), which are by their nature rare
and thus too sparse to create abundance trends required to tune the breeding productivity models used for
the assessment. If logistical constraints prevent whole colony/area counts, then representative plot samples
can be used. Therefore, this type of more frequent monitoring data, if available, should be provided for future
assessments.

Greater North Sea

Most Contracting Parties in the Greater North Sea collect seabird productivity data and undertake some
monitoring of a few breeding waterbird species (Table d). The main gap in data is in the Skagerrak and
Kattegat where breeding success is measured along the Norwegian and Swedish coasts, but not along the
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Danish coast. There is a coordinated scheme of annual monitoring of breeding success within the Wadden
Sea (the Netherlands and Germany) that was initiated in 2009 (monitoring in the Netherlands part of the
Wadden Sea started in 2005), but data for the German Wadden Sea were not made available for this
assessment. Continued monitoring in these areas should mean they will be included in future assessments
of this indicator.

Celtic Seas
In the Celtic Seas the assessment was mainly based on extensive monitoring effort in the United Kingdom,
with additional data from Brittany (France). No data were supplied by Ireland.

Bay of Biscay and Iberian Coast

In the Bay of Biscay and Iberian Coast, monitoring of productivity in France and Spain has created time series
of data included in this indicator assessment, although only for a few species. No data were supplied by
Portugal, although some populations are being monitored.

Wider Atlantic

The Azores, in partnership with the other Macaronesian archipelagos outside the OSPAR Maritime Area
(Madeira and the Canary Islands) have established a common monitoring plan for breeding seabirds within
the framework of an EU co-financed project, MISTIC Seas (with follow-ups MISTIC Seas Il and Ill). Breeding
productivity data from these projects (Saavedra et al. 2018) were not submitted for the QSR 2023 breeding
productivity assessment.

Assessment Methods: progress from OSPAR 1A2017 approach

The new Marine Bird Breeding Productivity approach adopted for this indicator assessment addresses some
limitations of the previous method “Marine Bird Breeding Success/Failure” acknowledged during the IA 2017.
The assessment methods for the marine bird breeding success/failure indicator focused on the extreme
events of almost no chicks being produced by a colony, on average, per year. In doing so, they failed to
identify other years where poor but above-zero breeding success could still have significant negative impacts
on the population in the longer term.

However, it is not straightforward to categorise annual breeding success as ‘good’ or ‘poor’, because the
number of chicks that need to be produced each year to sustain a population or cause it to grow, varies
substantially as other demographic parameters (e.g. survival rates) also vary in space and time. Information
on demographics such as survival rate, age at first breeding and immature survival rates, are more resource-
demanding to measure owing to the need to monitor individual birds from year to year. For well-studied
species and at a few intensively studied sites these data do exist. The Marine Bird Breeding Productivity
approach used for the current assessment develops a population model that is not totally reliant on empirical
demographic data and predicts how observed levels of breeding productivity may impact on the long-term
population growth rate of a species. Thresholds are set to indicate when breeding productivity is low enough
to lead to population declines, using IUCN red list criteria to provide context to the extent of the predicted
declines.

Assessment Methods: Knowledge Gaps

The indicator assumes constant values for age-specific survival. When available, annual estimates could be
included. In principle, an integrated population model approach would be ideal — this could then replace B1
(Marine Bird Abundance) and B3 (Marine Bird Breeding Productivity) indicators and possibly assessments
related to mortality such as the bycatch of marine birds in fishing gear (B5 Marine Bird Bycatch).
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