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Introduction 
 
The conservation of natural and managed water resources is crucial to many of the 
sites along the Sefton Coast e.g. wet grasslands and reedbeds of Marshside and the 
Ribble, the dune slacks and wet woodlands of the Sefton Coast and the range of 
permanent water bodies.  Water quality, quantity and seasonal fluctuations are all 
important.  The major ditches also provide linear habitats.  
 
The Ribble and Alt Estuaries complex is notified as a wetland of international 
importance (Ramsar Convention) for its populations of breeding, passage and 
wintering birds. The dune slacks are also included in this designation for the 
significant population of the Natterjack Toad (Bufo calamita).  At the time of 
designation it was estimated that 40% of the UK breeding population occurred on the 
Sefton Coast. Whilst the coast probably remains the UK stronghold for the species 
this figure probably now needs to be checked following the national Species Recovery 
Project of the 1990s.  
 
The Sefton Coast is one of the best areas in the UK for dunes with Creeping Willow 
(Salix repens) and humid dune slacks, both predominantly wet habitats which form 
part of the Sefton Coast Special Area of Conservation.  There are over 125ha of 
these habitats within the SAC and a range of other wetland habitat types. 
 
The wetlands (grassland, ditches, pools and slacks) of the Sefton Coast support 
several species listed in the North Merseyside BAP; Lapwing, Water Vole, Natterjack 
Toad, Great-crested Newt, dragonflies, stoneworts, rare rushes, Petalwort and other 
rare bryophytes. Petalwort and Great-crested newt are EU Habitats Directive Annex 
II species (the presence of Petalwort is one of the primary reasons for the selection 
of the SAC and Great-crested Newt is noted as a ‘qualifying feature’).  Natterjack 
Toad is listed under Annex IV of the Directive.  
 
Dune water resources 
 
The length, width and depth of the sand of the Sefton Coast contains a rain-fed 
domed aquifer, the ridge of which is roughly along the line of the Liverpool-Southport 
railway (the highest dunes on the Southport and Ainsdale Golf Course are c. 25 m 
AOD1).The Environment Agency give a figure for average recharge of 383mm/a on 
open sand compared to 140mm/a in urban areas (grass covered areas and forested 
areas receive intermediate amounts). Over the whole area of the sand the recharge 
is estimated to average 200mm/a. From this high point water drains off both 
seawards through the dune system and landwards into the drainage system feeding 
the Alt and Crossens catchments (the underlying Sherwood Sandstone is a ‘major’ 
aquifer by virtue of its extent and ability to yield large volumes of generally high 
quality groundwater).  Natural drainage to the beach contributes to the extent of 
beach wetness (although not enough is known on the interplay between sea water 

                                                 
1 AOD=Above Ordnance Datum.  Airborne radar surveys (LIDAR) carried out by the Environment Agency 
show High Water at around 5 m AOD and Low Water at around -1 to -2 m AOD. 
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and freshwater run-off).  The domed nature of the aquifer is confirmed by measured 
groundwater levels of over 10 m AOD at Hillside and Birkdale Golf Clubs to less than 
6 m AOD near the sea on Formby Golf Club.  The best studied site is the Ainsdale 
Sand Dunes NNR with reliable records going back to 1970.  
 
Locally within the dunes groundwater discharges to a number of artificial drains that 
have been installed on the golf courses and elsewhere on the dunes.  These drains 
have a local impact.  The slacks may also provide a route for water discharge either 
by direct drainage or by enhanced evaporation.  Further information on the 
behaviour of dune slacks is due to be published by English Nature in 2006.  
 
The Environment Agency established a series of boreholes to complete a study into 
the characteristics of the dune aquifer. The report ‘Southport and Sefton Water 
Resources Evaluation’ was completed by Entec and published by the Environment 
Agency in 1999. The report was only able to make limited use of the information 
from the EA boreholes (one season) and for only one year (1998) of golf course 
monitoring.  Given the extension of the Sefton Coast SAC in 2002 there is probably 
now a need to update the report. 
 
Seasonal patterns 
 
‘Slacks’ are formed between beach ridges, as wind-scoured gaps in the mobile dune 
zone and blow-outs in the fixed dunes.  The wind moves dry sand but not wet sand 
thus forming level bottomed slacks where the under-lying water table is reached.  
 
There is a natural seasonal fluctuation of the dune water table from high levels in 
early spring to low levels by the end of the summer.  There are also longer cycles of 
7-10 years from runs of ‘dry years’ to runs of ‘wet years’.  Both sets of fluctuation 
are vital in a natural dune system.  Periods of low water levels allow the wind to cut 
deeper into the mobile dunes to create the new slacks of future years: wet years will 
ensure the successful breeding of Natterjack Toad, a species well adapted to long 
periods of drought.  
 
There is a concern, however, that whilst the current period (mid-2000s) is ‘dry’ there 
has been very little slack creation by blowouts.  In highly dynamic dune systems 
(now a rare feature at the EU level) ‘waves’ of mobile dune ridges will bury older 
slacks but leave new slacks as they move inland.  Partly through active stabilisation 
(e.g. Lifeboat Road dunes) and a general natural stabilisation (e.g. Ainsdale Dunes) 
there are now few opportunities for the creation of natural wind-formed slacks.   
 
Monitoring of water levels had, up to 1999, been limited to a series of shallow dip-
wells at the Ainsdale Sand Dunes and Cabin Hill NNRs and around some golf course 
abstraction points. The Environment Agency boreholes can use automatic equipment 
to collect more detailed information. Monitoring schemes providing a higher degree 
of detail and including biotic features were to be established as appropriate for each 
abstraction point, especially on golf courses.  
 
 
Changes in vegetation communities of the dune slacks 
 
Surveys of vegetation communities of the dune system carried out in 1989 and 2004 
have revealed significant changes in the vegetation of slacks. There has been a 
marked reduction in the vegetation associated with young and semi-mature slacks 
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matched by an increase in the older slacks dominated by Creeping Willow and 
grasses.  The succession of slack habitats from bare sand to mature scrub is a 
natural process: what the survey appears to show is that new slacks are not forming 
naturally at a sufficient rate to replace older slacks.   
 
There is a balance, however: the rapid accretion of new dune and wetland 
communities at Birkdale in recent years (mapped in the saltmarsh survey) is 
providing a large area of new habitat.  Since 1985 the ‘green beach’ habitats at 
Birkdale have grown to 62 ha and the area continues to expand and increase in 
species-richness.  Similarly the area of saltmarsh habitat in the Ribble Estuary is 
increasing. 
 
 
Description 1989 (hectares) 2004 (hectares) Change 
Edge vegetation of young 
slacks-good for Petalwort 
(SD13) 

7.6 0.1 -98% 

Semi-mature slacks (SD15) 54.8 34.6 -37% 
Grassy slacks with Creeping 
Willow (SD16) 

46.8 59.0 +26%* figure 
also includes 
dunes with 
Creeping Willow 

 
 
 
Climate change 
 
Will the balance be affected by climate change predictions?  In the north-west of 
England the average summer rainfall may decrease by 10-15% by the 2020s and by 
20-40% by the 2080s. Average winter rainfall may increase by 10% by the 2020s 
and by 15-26% by the 2080s. The pattern of rainfall may also change with more 
intense rainfall in winter and the contrast between summer and winter conditions 
becoming more pronounced.   
 

 
 
The above graph, provided by Dr Derek Clarke of Southampton University, is a 
simulation based on a UKCIP data set of daily rainfall and climate from 2010-2100, 
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compared to a calibrated model of the 1972-2001 measurements for Well no 11 in 
the open dune northern part of Ainsdale NNR. The simulation shows a gradual 
decrease in groundwater levels due to drier summers, but occasional sharp rises due 
to wetter than average winters. The groundwater system effectively behaves like a 
car tyre with a slow puncture. The water leaks out of the system by slow continuous 
groundwater flow and then it is topped up by wetter than average months 
(equivalent to pumping up the tyre again). 
 
However this simulation is only one possible scenario. Much depends on the timing of 
the rain i.e. whether it falls in winter or summer. Derek Clarke has processed 
thousands of runs of the models with differing combinations of predicted water table 
levels to get the wettest and driest scenarios. Statistical analysis, however, shows 
that this graph illustrates the most likely pattern of groundwater behaviour, if the 
climate change scenarios are as stated by UKCIP.  This information has been used in 
the recently published ‘Climate change and the visitor economy’ study.  
 
 
Water quality 
 
Rainfall is polluted with nitrous oxides and sulphur compounds.  Although the UK 
Government is tackling problems at source and levels have reduced in recent years 
UK totals still exceed EU 2010 thresholds. Total emissions of Sulphur dioxide have 
reduced from 4,852 thousand tonnes in 1980 to 1,002 thousand tonnes in 2002, and 
those of Nitrogen oxides from 2,580 thousand tonnes to 1,582 thousand tonnes 
(DEFRA 2004). 
 
The clear waters of dune pools support sensitive species such as stoneworts. These, 
and other species, would be at risk from the acidification (by sulphur compounds) 
and eutrophication (mainly by nitrogen compounds) of waters.   
 
Problem and invasive species 
 
A significant threat to wetland habitats also comes from a number of invasive alien 
species such as the New Zealand Water Stonecrop Crassula helmsii which can be 
transported from slack to slack by animals.  The plant is present on the coast and in 
several incidents slacks have been filled in to eradicate the plant at a local level.  
This is a rather drastic response –but perhaps necessary. 
 
 
Abstraction from the dune aquifer 
 
Abstraction licences on the golf courses are carefully assessed by both the 
Environment Agency and English Nature to ensure that impacts are minimal. 
 
The Environment Agency has duties to further, and have regard for, the conservation 
of SSSIs (Environment Act 1995) and to review consents and licences affecting 
priority habitats in SACs (Habitats Regulations 1994). The Agency has now reviewed 
all Agency consents affecting SPAs and SACs.  
 
English Nature has assessed the sensitivity of the Sefton Coast SSSI to water 
abstraction as a guide to sustaining the nature conservation interests. The table 
below gives a summary of the position in 1996. 
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Sefton Coast SSSI and the risk  
from present and future water abstractions (Source - English Nature 1996) 
SSSI former 
component 

No. of 
abstraction 
licences and 
type 

Licence 
proximity to 
SSSI 

Impact of 
abstractions 

Southport Sand Dunes 
and Foreshore 

4 ground All <1km for golf 
club spray 
irrigation 

High risk to sensitive 
environment 
High future risk 

Formby Sand Dunes 
and Foreshore 

2 ground Both <1km for 
golf club spray 
irrigation 

Medium present risk to 
this large site 
High future risk from 
any other water usage 

Altcar Sand Dunes 
and Foreshore 

8 surface 2 spray irrigation 
<1km 

Low present risk 
Medium future risk 

Ainsdale Sand Dunes 
NNR 

2 ground Both >1km Low present risk 
High future risk from 
nearby abstraction in 
this sensitive 
environment 

 
This table needs to be updated to check the total number and risks associated with 
abstraction licences. Golf courses are developing alternative to boreholes, such as 
more use of water storage and linear abstraction which has less impact on water 
levels).  
 
 
Abstraction licences studied in the EA/ Entec report were those for Formby Golf Club, 
Formby Ladies Golf Club, Southport and Ainsdale Golf Club, Southport and Birkdale 
Cricket Club, Royal Birkdale Golf Club and Hillside Golf Club. Although the licensed 
amounts are more than 60,000 m3 a year this represents less than 1% of aquifer 
recharge. However, there are localised impacts from abstraction and there will be 
greater pressure on usage at different times of the year.  
 
The Environment Agency study (1999) was designed to develop a ‘robust and 
scientifically justified management strategy for the water resources in this area’.  
Part of the strategy included the development of a groundwater model that can be 
used to quantitatively assess the impact of abstraction.  
 
The impact of golf course irrigation over the period 1970-1997 was assessed in the 
model. The model suggests that abstraction produced relatively small changes in 
groundwater level, but local effects can be about 300mm.  Within the Sefton Coast 
SAC (N.B. original boundary), however, the decline due to abstraction was rarely 
more than 20mm.  The maximum impact was on the inland edge of the Birkdale 
Sandhills LNR close to the abstractions by Hillside and Royal Birkdale golf courses. A 
narrow strip along the boundary may have groundwater levels reduced by at least 
100mm. 
 
The effect of future abstractions at varying rates was also estimated.  The effect is 
rather greater than that for the period 1970-1997 but the effect in the SAC (1999 
boundary) is considered small, although a significant area of the Birkdale Sandhills 
LNR experiences groundwater decline of more than 50mm in some runs. 
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The biggest difference between the estimates of ‘future’ change compared to the 
estimates of ‘historic’ change result from the abstraction at Southport & Ainsdale golf 
course which, in 1999, used only a small proportion of its licensed quantity. 
 
The study concluded that the observed changes were well within currently observed 
natural annual fluctuations, but could not report on the potential ecological 
implications on e.g. breeding success of Natterjack Toad.  
 
Monitoring at Ainsdale Sand Dunes NNR, golf courses and EA boreholes (not all) 
continues and it should be possible to refine the model as more data is provided.  
The EA intends to review model performance. 
 
The EA position is that “the model may be used by the Agency as a management tool 
to permit more detailed and scientifically defensible assessments of future requests 
for groundwater abstraction license changes in the Sefton area”. 
 
This work pre-dates the extension of the Sefton Coast SAC and the introduction of 
the EU Water Framework Directive.  
 
Drainage 
 
An outline of the drainage systems influencing the Sefton Coast is given in the 1999 
Entec report. The area inland of the coast is maintained by pump-drainage through 
the Rivers Alt and Crossens (there are current discussions in the Alt catchment to 
reduce the reliance of pumped drainage during flood periods). In the northern part of 
the dune system the Sandy Brook runs along the eastern edge of the sands. In the 
south the Downholland Brook and tributaries drain into the River Alt. The water level 
in this system is approximately 1.7 m AOD (i.e. below the level of High Water).  
There are no reliable records of natural flows in these drainage systems.  Locally 
other drains have been established: Massams Ditch, Dale Slack Gutter etc.  The 
detail of all surface drainage is not known, and there are no reliable flow 
measurements on any drains.  
 
The effect of sea level in determining the ‘base level’ of drainage is not known.  
Water flowing from the dune system towards the beaches is likely to set a base level 
of around Mean Sea Level (i.e. 0.5 m AOD).  
 
River catchments and marshes 
 
RSPB carefully controls its drainage regime at Marshside to maximise the value of 
the site for wintering and breeding birds.  As the beach levels rise compared to the 
impounded marshland a potential problem is ‘reverse drainage’ where the flow from 
upper saltmarshes is inland.  Drainage issues need to be assessed at Marshside and 
Hesketh Golf Clubs. 
 
Dune system 
 
Compared to abstraction, there is much less control on drainage from the dune 
system.  The drains are not well understood and there is no an overall plan.  
Drainage is required at times of the year by golf courses, the highways and railway 
to prevent flooding, whilst some land managers may want to hold water back for 
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conservation purposes.  Drainage outfalls have helped to develop a series of linear 
‘slacks’ between the beach and the main dunes at Birkdale.  
 
 
Pollution 
 
Localised pollution problems can occur from a number of sources.  At Sands Lake, 
Ainsdale incorrect domestic connections combined with a regularly blocked discharge 
point result in poor quality nutrient rich water flooding dune slacks. These slacks are 
the main concentrations for Petalwort.   
 
Detailed studies on the nutrient pools in Welsh dune systems have shown that point 
source pollution issues must be considered and may be more significant than 
atmospheric inputs. 
 
 
Impact of vegetation –scrub and woodlands 
 
All vegetation, but especially the pinewoods and scrub, draws down the water table. 
This effect may increase with warmer summers.  It is considered that pine 
plantations can draw down water levels by 30cm within a 100m radius of the 
woodland (figues need to be checked). 
 
The EA /Entec report refers to studies from the Netherlands  which studied the 
impact of vegetation on recharge over a 40 year period. Experiments were set up to 
compare bare sand (almost no vegetation, dune scrub, oak forest and pine forest.  
The differences were considerable. The long term results were; 
 
Vegetation type Recharge as % of rainfall Notes 
Bare Sand (almost no 
vegetation) 

76% Can be considered as a 
‘baseline’ 

Dune ‘scrub’ 43% Comparable to the ‘open 
sand’ category in Sefton -
48% recharge.  

Oak Forest 38% Forested areas of Sefton 
have a calculated recharge 
of 31% -somewhere 
between oak and pine in 
the Dutch study. 

Pine Forest 18% Conifers reduced recharge 
to 62% in first year to 
25% after seven years. 

 
The information above has implications for Sefton: it is clear that groundwater 
recharge will be enhanced by replacing forest with scrub or open dune. There is 
some evidence from Ainsdale Sand Dunes NNR that the water levels in some areas 
have risen by around 0.3 m possibly in response to forest-clearing operations. 
Further work is suggested. 
 
In wet and damp slacks the amount of evapotranspiration (the loss of water from 
plants) is known to be greater in scrub than in herbaceous vegetation: so scrub 
removal does not result in a lowering of the water table.  For wet slack habitats a 
draw down of even a few centimetres can make the difference between a successful 
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breeding season and failure for the Natterjack Toad. Rare plants, such as the 
Petalwort may also be affected.   
 
There is a need to increase our understanding of the natural situation, identify the 
constraints to that ideal and take steps, as necessary to manage the situation to as 
close to natural as possible.  An English Nature Research Report on eco-hydrological 
guidelines for dune habitats is to be published in 2006.  The aim of this work was; 
 
• To review relevant information on the water resource and nutrient requirements 

of dune-slack habitats and species 
• To critically evaluate this information in order to identify significant gaps in 

knowledge and requirements for further work, and 
• To provide interim recommendations for ecological target setting 
 
The findings of this study will be relevant to the development of a nature 
conservation strategy for the Sefton Coast. 
 
Open water bodies 
 
There are a number of water bodies on the Sefton Coast, important for waterbirds: 
Crosby Marine Lake, Seaforth Pools, Southport Marine Lake and Sands Lake.  At each 
of these water-bodies there are water quality issues concerning, e.g. algal problems 
at Crosby.  
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