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Outline of talk

• Overview of ‘urban’ lakes and their 

problems (Linda May)

• Introduction to Linlithgow Loch and its 

management (Bryan Spears)

• Introduction to NERC/National Trust 

internship on freshwater assets (Kate 

Waters)



What is an urban lake?

• A lake that is in, or has in its catchment, 

a large area of dense population (≥ 30 

people per km2)

• Within easy reach of an urban 

population for recreational use

• Has high amenity value for people, but 

likely to be adversely affected by people



Examples of ‘urban’ waterbodies

Rouken Glen Pond, Scotland Winam Gulf, Kenya

Lake Taihu, China Linlithgow Loch, Scotland 
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Restoring impacted lakes

• Activities need to focus on addressing the 

cause of the problem

• Recovery can be accelerated by using in-

lake approaches, eg:

• Sediment removal

• Biomanipulation

• Geo-engineering

• But, sustainable recovery requires the 

drivers of bad water quality to addressed



Example: Restoration of Rouken
Glen pond

Iain Gunn, Bryan Spears & Linda May



Background to the problem

• Perceived deterioration in 

water quality – possibly due 

to P pollution? 

• Restrictions on public 

access - due to 

cyanobacterial blooms

• Sources of nutrients and 

ecological deterioration not 

fully understood
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Determinand Target Standard

Total phosphorus 

(TP)
42 µg/L

Annual average –

Site Specific Target

Chlorophylla 20 µg/L
Annual average –

Site Specific Target

Cyanobacterial 

chlorophylla

•10 µg/L (low risk 

threshold)

• 50 µg/L (high risk 

threshold)

WHO

Aquatic plants

Relative frequency 

of less invasive, 

non-native species, 

e.g. Elodea nuttallii,

<25%.

JNCC

Proposed water quality targets

Aims

• To improve water quality

• To reduce public health 

risk

• To increase biodiversity 

(& aesthetic value) of 

pond

Proposed targets based 

on previous research and 

pond characteristics (e.g. 

mean depth & alkalinity)



Current status of pond

Determinand Target Fail/Pass

Total phosphorus 42 µg/L Fail

Total chlorophylla 20 µg/L Pass

Cyanobacterial chlorophylla
•10 µg/L (low risk threshold)

• 50 µg/L (high risk threshold)

Pass

Aquatic plants

Relative frequency of less 

invasive, non-native species, 

e.g. Elodea nuttallii, <25%.
Fail

Based on 2013 data



Management recommendations

1. Flush pond with water of low nutrient (P & N) 
content

2. Establish reed beds & other marginal vegetation to 
trap nutrients (and improve aesthetics & 
biodiversity value of pond)

3. Control Elodea (with removal of cut plants from 
pond)

4. Reduce in-lake P levels

5. Continue water quality monitoring to assess 
ecological response of pond



Action 1: Flush with low nutrient water



Actions 2 & 3: Plant macrophytes



Action 4: Reduce in-lake P levels



Action 5: Monitor to assess response

Month



Outcome
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Linlithgow Loch

Bryan Spears….on behalf of many others



Introduction to Linlithgow Loch and  
Management Groups



Importance of Linlithgow Loch: work, live, play, learn

Linlithgow Loch is the largest natural freshwater loch in the Lothian area. It 

is designated as a SSSI for a good representation of eutrophic aquatic 

and emergent plant communities (SNH, 2008). 



Importance of Linlithgow Loch: lake restoration platform 



Objectives of Catchment Management Group 
are to provide:

1. effective management advice in accordance 
with the responsibilities of the key 
stakeholders of Linlithgow Loch,

2. clean and safe water which is necessary to 
support tourism, recreation, education and 
local businesses, and, 

3. high quality freshwater habitat which is 
required to sustain the loch’s protected 
species and overall biodiversity.

Linlithgow Loch CMG

http://www.westlothian.gov.uk/article/5860/Linlithgow-Loch

http://www.westlothian.gov.uk/article/5860/Linlithgow-Loch






Progress with addressing causes of poor 
water quality in Linlithgow Loch 



Assessment of symptoms

Diagnosis

Treatment

Follow up

Linlithgow Loch – health check



“Humans are affected with a range of symptoms including skin 
irritation, stomach cramps, vomiting, nausea, diarrhoea, fever, sore 
throat, headache, muscle and joint pain, blisters of the mouth and 
liver damage. Animals, birds, and fish can also be poisoned by high 
levels of toxin-producing cyanobacteria.” World Health 
Organisation, 2001

Symptom – toxic cyanobacteria



Cyanobacteria species - Anabaena sp.



Symptom – Toxic cyanobacteria in Linlithgow Loch



Symptom – Toxic cyanobacteria in Linlithgow Loch



Diagnosis – N and P are main causes

Algae require a supply of 
nitrogen and phosphorus 
to grow well

Nitrogen in water

Phosphorus in water

A
lg

ae

A
lg

ae



Treatment – reduce pollution entering lakes

Even if we reduce catchment phosphorus sources 
our lakes can take decades to recover.



Treatment – reduce legacy pollution in lakes

It could cost between £0.5 to £2.5 million to 
treat the legacy phosphorus pollution 
contained within Linlithgow Loch’s bed 
sediments using geo-engineering materials



Water quality working group - MOU



- Catchment walks completed
- Plan for gauging inflows completed and in progress
- Plan for collection of samples prepared
- Training of staff conducted
- Modelling estimates of nutrient load in progress

Water quality working group – nutrient loading assessment



Assessing factors that may confound 
management measures in the long-term



Potentially complicating factors (temperature and salt)
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Linlithgow Loch is getting 
warmer, a condition known 
to increase algal yield in 
other lakes

Linlithgow Loch is getting 
saltier, a condition known 
to increase cyanobacteria 
dominance in other lakes



Potentially complicating factors – fish stocking

Balanced foodweb Degraded foodweb



Secondary symptom – suppressed aquatic plant diversity

Linlithgow Loch is the largest natural freshwater loch in the Lothian area. It 

is designated as a SSSI for a good representation of eutrophic aquatic 

and emergent plant communities (SNH, 2008). 



Complicating factor – non-native invasive species

In the late 1970s, native
pondweeds began to decrease 
in Linlithgow Loch and the first 
non-native species of pondweed 
(Canadian pondweed) took hold 
in 1980, with Nuttall’s 
pondweed being recorded for 
the first time in 2004.
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Don’t forget about us……..

COOT 

J. SQUIRE - SNH

MUTE SWAN 

D. CARSS CEH

Habitat quality – aquatic plants



Gandalf strikes again….





Aims to:
• Get a better understanding where National Trust owned waterbodies are
• Review and update existing National Trust management guidance
• Raise awareness and promote better lake/pond management

NERC Innovation Internship with The National Trust
NERC Innovation Internship with The National Trust



National Trust project

• 336 waterbodies in National Trust ownership in England and Wales
• 89 waterbodies next to or near National Trust owned land in England and Wales
• Nearly 2000 ha of freshwater in Trust ownership in England and Wales



National Trust project

• Few waterbodies under The National Trust’s 
ownership are classed as ‘urban’

• Large numbers are ornamental ponds and 
parkland lakes, but they still suffer from 
many of the issues that can blight urban 
lakes and ponds

• There is a need to balance ecology and 
amenity

• Next steps

• Gather National Trust economic data and 
link it to existing WQ and ecological data

• Provide lake management decision support 
tools to aid better management



Thank you

Any questions?


