CLEAN AND SAFE : EUTROPHICATION
Chlorophyll concentration

Key message

9 of 11 regions had low chlorophyll concentrations, with no signs of
eutrophication. Two regions (Clyde, and Forth & Tay) had chlorophyll
concentrations above OSPAR criteria that are likely a result of nutrient
inputs from Scotland’s two largest urban areas. Only the Forth and Tay had

an increasing trend.

Background

Eutrophication in the marine environment

is the excessive growth of phytoplankton

in response to enrichment by nutrients
(nitrogen (N) and phosphorus (P)) resulting

in an undesirable disturbance in the marine
ecosystem. In some instances this can result in
the formation of very high cell density algal
blooms, which can impact the marine ecosystem
by influencing the diversity and abundance

of flora and fauna in the water column,
increasing water turbidity, depleting oxygen
and altering the behaviour of large fauna.

Chlorophyll-a can be used as an indirect means
of measuring algal blooms and can be used as an

indicator of anthropogenic nutrient enrichment.
However this relationship is complicated by
other influencing variables such as turbidity,
phytoplankton community composition,
temperature, grazing and transport processes.

Climate change and ocean acidification can also
influence the development of phytoplankton
communities via a variety of different
mechanisms, e.g. changes to stratification,
miXing and ocean currents with effects on
availability of nutrients and other minerals,
the time of year in which phytoplankton can
start growing, the duration of the growing

Scottish Government
Riaghaltas na h-Alba
gov.scot

>
@ N
n

®©

Chlorophyll filter

season and interactions with grazers. In general,
chlorophyll-a concentrations tend to be greater
in coastal areas where levels of anthropogenic/
terrestrial nutrient enrichment are also greater.

Nitrogen and phosphorus can enter the sea
from a number of natural and anthropogenic
sources: direct discharges (e.g. sewage,
aguaculture etc.), inputs from rivers, land
runoff and atmospheric deposition.

This indicator assesses the levels and trends
of chlorophyll-a in each of the eleven
Scottish Marine Regions (SMRs) as an
indicator of direct eutrophication effects.

For further information on this topic go to: https://marine.gov.scot/sma/assessment/chlorophyll-concentration




Results

Chlorophyll-a concentrations measured

in samples from the 11 coastal Scottish
Marine Regions (SMRs), collected during

the phytoplankton growing season (March-
September) between 1990 and 2018, were
compared against OSPAR assessment criteria.
Trend analysis was carried out to determine if
concentrations were increasing or decreasing.

The 90t percentile chlorophyll-a
concentrations in the Clyde and Forth and
Tay exceeded the OSPAR criteria of 15

ug L for coastal regions or 10 pg L for
offshore regions, in some years (Figure 1).
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Median chlorophyll-a concentrations were

also the highest in these regions. There was a
statistically significant increasing trend of 0.21
ug Lt ytin the Forth and Tay, but no statistically
significant trend in the Clyde (Figures 1 and 2).

No other SMR had a 90" percentile chlorophyll
concentration above OSPAR criteria. No trend
could be detected for North East, Orkney Islands,
Shetland Isles or West Highlands. Data were
insufficient to attempt to detect a trend for
Argyll, Moray Firth, North Coast, Outer Hebrides
and Solway (Figure 1 and 2). There will also

be low confidence that the 90th percentile
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chlorophyll-a concentration in these data poor
regions are below the assessment criteria.

The SMRs with the highest chlorophyll-a
concentrations, the Clyde and Forth and Tay
SMRs, also had the highest inputs of nutrients
(see nutrient input assessment), and, in

the case of the Forth and Tay, some of the
highest observed nutrient concentrations
(see winter nutrient assessment). Although
available nutrients are not the only factor
that leads to elevated chlorophyll-a
concentrations, they are less limiting in these
SMRs than other regions around Scotland.

Figure 1: Time series of growing season (Mar-Sep)

90t percentile chlorophyll-a concentration split by
Scottish Marine Regions. Where data are sufficient and a
statistically significant median based linear model (Theil-
Sen estimated slope & intercept) has been modelled,
trend line (blue solid) has been fitted to data. White
indicates years with fewer than 5 records.




I LEVEL - GREEN [[] TREND - NO TREND DISCERNIELE Sampling effort for every area was variable
T e ooy I s i both spatially and temporally, which means
] TREND - INCREASING ) ) )
j confidence in status and trends varies, and that
a ‘Scotland wide’ assessment is not presented.

Knowledge gaps

No continuous dataset (from 1990 to 2018)
exists for any of the SMR regions in this
assessment and the sampling effort is
uneven across available data, both spatially
and temporally. Datasets contain both
chlorophyll-a concentrations corrected

for and uncorrected for pheophytin-a,

as agreed reporting of chlorophyll-a

data has changed (OSPAR, 2012).

Where extensive sampling cannot be

Figure 2:

Location of SMRs with chlorophyll-a and trend assessments overlaid. justified on a risk basis (such as offshore
areas), effort should be made to integrate

SMRs coloured green have sufficient data for a trend assessment. The map on the right shows if trends were observed, the red other sampling options, such as satellite

colour indicates an increasing trend, while SMRs coloured grey show no trend.

and proxy measures of chlorophyll-a.

Conclusion Status and trend assessment
Chlorophyll-a concentrations in SMRs are, in Marine planning should pay special attention to The status and trend assessment is for
general, meeting the OSPAR criteria. However, areas where there is a statistically significant eutrophication and includes, nutrient
there is an increasing trend in concentration trend identified, or where criteria breaches inputs, winter nutrient concentrations,
in the Forth and Tay, including two years have occurred. While most regions have no chlorophyll concentrations and

with concentrations above the OSPAR coastal concentrations greater than the criteria at the dissolved oxygen concentrations.
criteria. The Clyde has had six years with annual 90th percentile level of aggregation,

concentrations above the OSPAR coastal there are occasional exceedances of these

criteria, but there is no discernible trend. criteria in the Clyde and Forth and Tay.



Region Trend with
with N Comments
assessed confidence confidence
Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap
— in the current assessment of overall Eutrophication status.
Argyle il
vy iy
— The status green box with blue circle is due to a localised issue within the inner Clyde estuary where the dissolved oxygen is failing. Status and trends have been given a confidence
of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap in the current assessment of overall
I IIIII Eutrophication status.
Clyde
iy Wiy
Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap
— in the current assessment of overall Eutrophication status.
Forth and ““I
Ta
M Wi iy There is a localised issue with the trend assessment due to increasing chlorophyll concentrations, but trend not reflected in other eutrophication parameters.
— Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap
Moray I in the current assessment of overall Eutrophication status.
Firth ““
ik il
Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap
— in the current assessment of overall Eutrophication status.
North I II
Coast I I
Yo Wiy
=3 The status green box with blue circle is due to a localised issue within the Ythan Estuary which is categorised as being eutrophic. The rest of the SMR is not impacted and not
North considered to be Eutrophic. Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been
East IIII acknowledged as a knowledge gap in the current assessment of overall Eutrophication status.
iy iy
Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap
—h in the current assessment of overall Eutrophication status.
Orkney ““I
Islands
i P There is a localised issue of increasing nutrient inputs in the region associated with increasing aquaculture. This increasing input is not impacting nutrients across the SMR with no
statistically significant trend in winter DIN observed.
There is a localised issue of increasing nutrient inputs in the region associated with increasing aquaculture. This increasing input is not impacting nutrients across the SMR with no
— statistically significant trend in winter DIN observed.
Outer ““I
Hebrides
Ay iy Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap
in the current assessment of overall Eutrophication status.
—_— Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap
Shetland IIII in the current assessment of overall Eutrophication status.
Isles I
iy WY
= Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap
in the current assessment of overall Eutrophication status.
Solway l l
W vy iy
=4 Status and trends have been given a confidence of 2 stars because there is limited dissolved oxygen data available in the region and this has been acknowledged as a knowledge gap
Western I II in the current assessment of overall Eutrophication status.
Islands I I
ik




Status and trend assessment legend

Status assessment
(for Clean and safe, Healthy and biologically diverse assessments)

Trend assessment
(for Clean and safe, Healthy and biologically diverse and Productive assessments)
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Lack of evidence / robust assessment criteria Symbol Confidence rating

Lack of regional evidence / robust assessment criteria, but no or few
concerns for some local areas
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Lack of regional evidence / robust assessment criteria, but some concerns
for some local areas
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Assessment regions

The Scottish Marine Regions (SMRs; S1 - S11) and the Scottish Offshore
Marine Regions (OMRs, 01 - 010)

Key: S1, Forth and Tay; S2, North East; S3, Moray Firth; S4 Orkney Islands,
S5, Shetland Isles; S6, North Coast; S7, West Highlands; S8, Outer Hebrides;
S9, Argyll; S10, Clyde; S11, Solway; 01, Long Forties, 02, Fladen and Moray
Firth Offshore; 03, East Shetland Shelf; 04, North and West Shetland Shelf;
05, Faroe-Shetland Channel; 06, North Scotland Shelf; 07, Hebrides Shelf; 08,
Bailey; 09, Rockall; 010, Hatton.
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Biogeographic, Charting Progress 2 (CP2) Regions. These
have been used as the assessment areas for hazardous
substances.
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Scottish Sea Areas as used in Scotland's Marine Atlas 2011.
These are sub divisions of the biogeographic, or Charting
Progress 2 (CP2), Regions.
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