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• A large proportion of Scottish lochs may not conform to the TP:Chl restoration  
approach

• Complexity of management increases from multi-lake to lake-specific scale

• Water quality is governed by multiple interacting drivers that are difficult to 
control 

Take home messages 



Schindler, D. (1977) Science. 195, 260-262 Vollenweider R.A. (1968) OECD (updated)
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Translating theory into practice – target setting for WFD

H/G         G/M
Loch type     TP   Chl    TP   Chl

HAVS           23    8.6    32   16.5
HAS             17    4.6    23    7.5

LAVS            9      4.1   14    7.9
LAS              7      3.2   10    5.5
LAD              5      3.2    9     4.8

MAVS           16    8.3   23   15.3
MAS             11    4.7   16    7.2
MAD             8      4.4   13    6.7

Phillips et al., (2009) Aquatic Ecology



High Alkalinity – V Shallow

England 91% at risk

Wales 61% at risk

Scotland 29% at risk

High Alkalinity – Deeper

England 72% at risk

Wales 34% at risk

Scotland 23% at risk

WFD TP risk assessment - 2004 

Carvalho L., et al. (2005) NUPHAR Report.



“Cascading trophic interactions and nutrient loading models
are complimentary, not contradictory.”
Stephen Carpenter et al., 1985, BioScience
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• At the national scale, what proportion of lochs failed TP 
but passed chlorophyll WFD standards (i.e. low Chl:TP 
ratio lochs) in 2008?

• Does the ratio of Chl:TP vary across WFD lake type?

• Can we explain variations in Chl:TP ratio at the lake 
specific scale?

• What are the implications for the restoration of eutrophic 
lochs?

The big questions….
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Pass TP & Chl

Fail Chl pass TP

Fail TP pass Chl
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• At the national scale, what proportion of lochs failed TP 
but passed chlorophyll WFD standards (i.e. low Chl:TP
ratio lochs) in 2008?

• Does the ratio of Chl:TP vary across WFD lake type?

• Can we explain variations in Chl:TP ratio at the lake 
specific scale?

• What are the implications for the restoration of eutrophic
lochs?

The big questions….



WFD Lake type
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• At the national scale, what proportion of lochs failed TP 
but passed chlorophyll WFD standards (i.e. low Chl:TP
ratio lochs) in 2008?

• Does the ratio of chl:TP vary across WFD lake type?

• Can we explain variations in Chl:TP ratio at the lake 
specific scale?

• What are the implications for the restoration of eutrophic
lochs?

The big questions….



Loch Leven – a P limited loch?

County – P&K
Altitude – 106 m
Surface area – 1371 ha
Mean depth – 3.9 m
WFD type - HAS



Mean annual TP (µg/L)
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Linlithgow Loch – an N limited loch?

County – West Lothian
Altitude – 48 m
Surface area – 40.6 ha
Mean depth – 2.3 m
WFD type - HAVS



Mean annual TP (µg/L)
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Evidence of N limitation at Linlithgow Loch
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County – Fife
Altitude – 67 m
Surface area – 11.3 ha
Mean depth – 4.7 m
WFD type - HAS

Kinghorn Loch – limnologists dream, managers nightmare!  



Mean annual TP (µg/L)
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http://kinghorncommunity.org.uk/klug.html
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Clear water and establishment of macrophytes

Increased occurrence of algal blooms [spring-
autumn]  
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shallows to control algae
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Kinghorn Chl:TP
Chl:TP  for Kinghorn Loch – A restoration conundrum

Fish stocking???
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• At the national scale, what proportion of lochs failed TP 
but passed chlorophyll WFD standards (i.e. low Chl:TP
ratio lochs) in 2008?

• Does the ratio of chl:TP vary across WFD lake type?

• Can we explain variations in Chl:TP ratio at the lake 
specific scale?

• What are the implications for the restoration of eutrophic
lochs?

The big questions….



• The Chl:TP ratio varies with WFD lake type 

• All lakes may not respond as expected to reductions in 
external P load and N load should also be considered

• Climate change may strengthen the likelihood of N 
limitation in shallow lakes

• Have to consider biological, physical and chemical 
interactions when designing lake restoration 
programmes

Implications for management
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