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Abstract 

 

During the spring and early summer of 2007, 19 springs located on the calcareous 

soils of south Bedfordshire were investigated. Key objectives of the study were to 

determine whether and to what extent these springs were similar to those found on 

chalk geology elsewhere in England, what kind of land management surrounded the 

springs, and what opportunities might exist to restore the springs to an ecologically 

favourable condition. This information is necessary to determine whether a habitat 

action plan for calcareous springs is appropriate for the local biodiversity action plan. 

Bedfordshire’s calcareous springs were found to have a lower pH and temperature 

than those found in other counties like Oxfordshire, Hampshire and Lincolnshire, and 

as such are not typical examples of the habitat. The underlying hydrogeology 

revealed that the spring water is more likely influenced by factors other than the 

chalk. Distance from the groundwater divide, proximity of Lower Greensand and 

Gault surficial geology all probably influence the 19 sites studied. However the 

macrophyte communities of Bedfordshire’s calcareous springs do bear similarities to 

those of typical chalk springs, the one major exception being the complete absence 

of pond water-crowfoot Ranunculus peltatus and brook water-crowfoot Ranunculus 

penicilliatus subsp. pseudofluitans. The best of the springs studied was the complex 

at Well Head, Eaton Bray. 
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Introduction 

 

In 1994 the UK ratified the Convention on Biological Diversity, committing the four 

countries to taking measures to conserve and restore national biodiversity. Many of 

these measures are being implemented at the local level through local biodiversity 

action plans (LBAP). Local and national action plans in the UK are now guiding the 

conservation and restoration of a range of habitats and species that have been 

declared national priorities. The Bedfordshire and Luton Biodiversity Action Plan was 

launched in 2001 and currently covers seven broad habitats and twenty-three 

species.  

 

Compared to other counties Bedfordshire has few national priority habitats and 

species. In the south of the county, however, around the town of Leighton Buzzard 

and the conurbation of Luton-Dunstable lies a discrete band of calcareous soils 

underlain by chalk. Much of this area is located within the Chiltern Hills Area of 

Outstanding Natural Beauty. Known locally as simply “the Chalk”, the area is home to 

a number of outstanding examples of lowland calcareous grassland, a national 

priority habitat. It also includes the sources of several chalk streams, another national 

priority habitat. This study examines the springs and seeps emerging from the Chalk. 

 

Bedfordshire’s chalk springs tend to occur in clusters, although a number of single 

springs are dotted around the Chalk. The main spring complexes are located at Well 

Head, Eaton Bray, Bluewater Plantation, Bidwell and Barton Hills SSSI. The current 

study is based on a simple but comprehensive survey undertaken by the Colorado 

Natural Heritage Program (sic) of springs in two of the state’s counties (Doyle 2003). 

The Colorado study utilised the Proper Functioning Condition rating (PFC) to assess 

the physical functioning of each spring. This process employs vegetation, 

landform/soils and hydrological information to arrive at a rating for a stream (Bureau 

of Land Management 1998). It was decided to attempt PFC in the current study, as it 

does not appear that it has been attempted before on UK chalk springs. Also 

investigated in this study are the spring water chemistry and macrophyte 

communities. 

 

Bedfordshire’s chalk habitats face several threats. Located within the Milton Keynes-

South Midlands Growth Area (Office of the Deputy Prime Minister 2003), the region 

faces heavy pressure from housing development. Most of the current rural land use 

is agricultural, presenting chalk grasslands and streams with pressures such as 
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nutrient inputs, under-grazing and poaching. In recent years drought has become a 

problem, with groundwater levels being recorded at all-time lows in some parts of the 

region (Beechey 2006).  

 

The Bedfordshire and Luton LBAP includes a Waterways and Wetlands Habitat 

Action Plan. This aggregated plan is currently being reviewed and in the process is 

being split into discrete plans for each priority habitat. Chalk streams have always 

been a national priority habitat, but in November 2006 headwaters were added to the 

list (Biodiversity Reporting and Information Group 2007). As lead agency of the 

aquatic sections of the Bedfordshire and Luton LBAP, the Environment Agency 

wishes to know more about local chalk springs. This will inform decisions about 

whether a specific local action plan is needed or justified. It has been suggested that 

Bedfordshire’s chalk springs may be atypical and therefore ought not to be held to 

the same diversity standards as typical chalk springs. Reasons for this are unclear; 

current sources simply indicate that it is so. However Dony (1953) states that floristic 

variation around Bedfordshire’s chalk region arises not because of local differences 

in soil texture or climatic conditions but rather because of extensive quarrying and 

other human uses of the chalk over many centuries. While he passed away a number 

of years ago, Dony is still revered in Bedfordshire, and his opinion may be the origins 

of the “atypical springs” theory. Therefore, this study aims to answer several 

questions: 

• What is the general ecological and physical condition of each of Bedfordshire’s 

chalk springs? 

• How “typical” are Bedfordshire’s chalk springs? 

• How are Bedfordshire’s chalk springs, and the land surrounding them, currently 

being managed? 

• What are the general pressures and impacts on Bedfordshire’s chalk springs, and 

what opportunities might exist to protect and restore them? 

• Which sites in particular should be targeted for specific management practices? 

Answers to these questions will be used to guide further ecological work, target areas 

for habitat restoration and inform local planning decisions. 

 

 
Literature Review 

 

Headwaters of five Bedfordshire chalk springs were recently surveyed for 

macroinvertebrate diversity as an indicator of stream quality (Dunckley 2005). 
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Invertebrate diversity was found to be significantly lower than that expected for UK 

chalk streams, in spite of good water quality. A similar study of in Lincolnshire – a 

more “typical” chalk stream environment – revealed a much higher level of 

invertebrate diversity (Environment Agency 2005). It had been suggested as early as 

the 1980s that Bedfordshire’s chalk streams might be unique in their biological 

characteristics (Nau, Boon and Knowles 1987). Dunckley (2005) supports this notion 

that the county’s chalk springs may in fact be atypical, but recommends further 

investigation. 

 

“Typicalness” of Bedfordshire’s Chalk Springs 

The first step in evaluating the ecological value of Bedfordshire’s chalk springs is to 

compare them to “typical” chalk springs found elsewhere in the UK. Studies to date 

have tended to focus on chalk streams, that is, away from the springhead. Therefore 

a degree of extrapolation is necessary, and some stream data will need to be 

employed in these comparisons.  

 

Chalk is a pure form of limestone (Berrie 1992). This calcareous rock elevates the pH 

of percolating groundwater (Environment Agency 2005). In a study of factors 

governing macrophyte growth in Hampshire chalk streams, pH was found to be a 

significant factor in the growth of Ranunculus spp., Callitriche spp. and filamentous 

algae, although pH measurements are not reported (Wilby, Cranston and Darby 

1998). Berrie (1992) refers to a typical chalk stream pH range of 7.4-8.0. Casey 

(1981) found the mean pH values of two sites on a chalk stream leading into a 

commercial watercress bed were 7.70±0.14 and 7.78±0.12, respectively. Results of a 

study on the River Lambourn sat comfortably at the higher end of the range, with an 

eight-year mean of pH 8.0 and a standard deviation of 0.2 (Ham, Cooling, Hiley, 

McLeish, Scorgie and Berrie 1982). 

 

Other characteristics of typical chalk streams are stable temperature, ample nutrients 

and high flow rate. As much as 90% of chalk stream discharge comes from 

groundwater (Paolillo 1969). Westwood, Teeuw, Wade and Holmes (2006) report 

baseflow indices – which reflect the ratio of groundwater to total stream flow – 

between 0.85 and 0.95 for six chalk streams in southern England. The temperature 

underground is a stable 11 °C; this leads to a stable stream temperature that is 

relatively cool in the summer and warm in the winter (Giles, Phillips and Barnard 

1991). This is very much the case at the springheads where the water emerges from 
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the ground (Berrie 1992). The temperature of the springs is typically 10 ± 0.5 °C, a 

full degree colder than the temperature underground (Dawson 1976).  

 

Studies on the temperature regime of chalk springs are few, but more work has been 

done on the streams themselves. The River Lambourn was found to have a mean 

annual temperature of 10.6 °C±2.8, correlating closely with the predicted 

underground temperature of 11 °C (Ham et al 1982). A comprehensive temperature 

study of southern England chalk streams found an average annual mean ranging 

from 10.5-12 °C. However, the two eastern rivers sampled – the Frome and the 

Chess – were found to have more variable temperature regimes. Their annual 

average temperature ranged from 10.8-15.4 °C; this was attributed in part to the 

more extreme eastern climate and the Frome recording station’s distance from the 

spring, which might have allowed the water temperature to equilibrate with that of the 

air (Crisp, Matthew and Westlake 1982). These results contradict the notion that 

groundwater stabilizes the temperature regime of chalk streams. 

 

Rural Bedfordshire is largely agricultural, and so groundwater nutrient levels are 

expected to be high. Chalk streams generally have high nitrate and phosphate levels 

(Berrie 1992). In 1958 and 1959, nitrate levels on the River Ivel, one of 

Bedfordshire’s main watercourses averaged 7.1 and 7.8 ppm respectively (Edwards 

and Owens 1960, Owens and Edwards 1961). The Ivel was described then as an 

unpolluted river. Owens and Edwards (1961) do not indicate specifically from where 

on the Ivel their samples were taken, but judging from the map in their report, it may 

have been near the town of Sandy. Between 2003 and 2005, nitrate levels in the Ivel 

at Sandy averaged 49.13 ppm (s = 49.30, n = 34), a seven-fold increase over the last 

half-century (Environment Agency 2007). Between 1965 and 1976 nitrate levels on 

the River Frome ranged from 2.04 to 3.28 ppm, increasing more or less steadily over 

the study period (Casey and Clarke 1979). There is obviously much variation in 

nitrate levels throughout the UK: over a similar time period, the River Lambourn at 

Shaw experienced nitrate levels averaging 5.4 ppm (Ham et al 1982). Casey and 

Clarke performed a Standard Methods phenol disulphonic acid test for nitrates, with a 

detection limit of 1 µg/L, whereas Ham et al relied on data supplied by the Thames 

Water Authority. It is not known whether nitrate analysis methods used in the two 

studies were the same. 

 

Chalk stream flow rates are typically between 0.1 and 1.0 m/s (Dawson 1976, Berrie 

1982, Giles et al 1991). Discharge from springs is higher in winter when the aquifer 



“BEDSprings”: a survey of the extent, quality and management of Bedfordshire’s calcareous springs 

October 2007 
9 

rises (Berrie 1992). Flooding in the streams is rare as most of the base flow is 

derived from groundwater (Berrie 1992). Wilby, Cranston and Darby (1998) report 

average flow rates between 0.063 and 0.345 m/s on the Rivers Test and Itchen, 

however they do not indicate how or from where these figures were obtained. The 

figures do, however, fall within the expected range. Some studies report water 

velocity in terms of discharge (Casey and Clarke 1979, Ham et al 1982). As this is 

expressed in terms of volume of flow per second (i.e. m3/s), these figures cannot be 

compared to flow rates without knowing the cross-sectional area of the stream where 

the measurements were taken.  

 

The plant communities of chalk springs depend on where the springs are located. 

Well-defined springs usually occur in woodlands and tend to be dominated by 

mosses and liverworts, as shading limits macrophyte growth (Environment Agency 

2005). Seepage-type springs tend to occur in grasslands, where their plant 

communities vary depending on the grazing regime. Where grazing occurs, typical 

macrophyte species include water-cress Rorippa nasturtium-aquaticum, brooklime 

Veronica beccabunga and creeping bent Agrostis stolonifera (Environment Agency 

2005). Often springs have been piped and left ungrazed, yielding a less diverse 

stream community of tall herb species like great willowherb Epilobium hirsutum and 

yellow iris Iris pseudacorus. If grazed, seepage-type meadow plant communities can 

return (Environment Agency 2005). Chalk springs are particularly favourable for the 

development of several species of the lichen Verrucaria (Gilbert 1996). The clear 

water and gravely bed provide optimal habitat for lichens, however poaching, 

paddling and trampling often disturb the streambed, discouraging lichen growth 

(Gilbert 1996).  

 

Holmes (1996) has categorised chalk stream macrophyte communities into thirteen 

community types. The original study is not easy to use, and the communities are 

described much more clearly in Holmes (1999). They include five Perennial Types, 

which rarely or ever include non-aquatic grasses and plants and three Winterbourne 

Types, which exhibit both aquatic and non-aquatic macrophyte species. Two Ditch 

and three Intermittent community types are similar in that they primarily include dry 

land species. Perennial chalk spring indicator species include lesser water-parsnip 

Berula erecta, brook water-crowfoot Ranunculus penicilliatus subsp. pseudofluitans 

and blunt-fruited water-starwort Callitriche obtusangula (Holmes 1999). Taking 

Holmes’ categorisation a step further, Westwood et al (2006) have developed a 

model using stream discharge to predict chalk stream plant communities. Using flow 
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records on six English chalk streams, the authors established relationships to 

Holmes’ macrophyte community types and community groups (i.e. Perennial, 

Winterbourne etc.), with 72% and 90% accuracy, respectively. The methodology 

should also allow for reconstruction of past plant communities where flow records 

exist. This could be a useful tool for site managers and others seeking to restore 

degraded chalk spring habitats. The model cannot, however, account for long-term 

changes like tree growth and short-term changes like scrub encroachment. It also 

does not consider shading, nutrient status and other factors affecting macrophyte 

growth (Westwood et al 2006). 

 

Proper Functioning Condition 

The ability to determine how well a riparian area is functioning can help inform 

management decisions. The United States Bureau of Land Management (BLM) has 

developed a process for assessing whether a wetland or riparian area is functioning 

properly. Function is regarded as a product of the interaction of vegetation, landform 

and hydrology (Bureau of Land Management 1998). The BLM process for identifying 

Proper Functioning Condition (PFC) of a site includes an assessment of these three 

factors, thereby arriving at a determination of the site’s physical functioning status 

(Bureau of Land Management 1998). PFC analysis does not appear to have been 

undertaken on UK chalk springs before. The process is designed to evaluate a site’s 

physical, rather than ecological functional status. Even highly modified watercourses 

can be deemed in Proper Functioning Condition (Bureau of Land Management 

1998). This is therefore an appropriate approach to evaluating the extensively 

modified watercourses of southern England. 

 

Pressures on Chalk Springs 

Like many habitats, chalk springs face a number of pressures that can compromise 

ecological quality and diversity. Three that are investigated here are shading, nitrates 

and low flows due to drought and/or groundwater abstraction. 

 

Most of Bedfordshire’s calcareous springs are at least partially shaded; only two are 

in the open. The effects of shading on chalk stream vegetation were being 

investigated in Bedfordshire as far back as the 1950s. Two studies on the River Ivel 

found solar radiation to be a good predictor of plant biomass but not on species 

distribution (Edwards and Owens 1960, Owens and Edwards 1961). A 1989 study 

concluded that solar radiation actually accounts for 69-86% of aquatic macrophyte 

growth rate (Sand-Jensen, Jeppesen, Nielsen, van der Bijl, Hjermind, Wiggers 
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Nielsen and Iversen 1989). The growth of Ranunculus spp. in particular has been 

positively correlated with the availability of sunlight (Flynn, Snook, Wade and Jarvie 

2002). In one study, 23 years of scrub and tree encroachment on a chalk stream 

were found to have restricted the instream macrophytes to a narrow band in the 

middle of the channel (Wright, Clarke, Gunn, Winder, Kneebone and Davy-Bowker 

2003). 

 

There may be exceptions to this rule. Lesser water-parsnip Berula erecta, water 

starworts Callitriche spp. and horned pondweed Zannichellia palustris have all been 

associated with shade (Wilby et al 1998). The authors report that these species 

favoured more shady sites, however tables in their paper state that no statistically 

significant correlation could be found between macrophyte percentage cover and 

amount of shading. In spite of this discrepancy, the authors maintain that increased 

shading could benefit these shade-tolerant species. It must be noted that shade 

levels encountered in this study were low, ranging from 2-15% (Wilby et al 1998). 

This is far lower than shade found in woodlands, where many of Bedfordshire’s 

calcareous springs are located. Results of the Wilby et al study may therefore have 

little if any relevance for Bedfordshire. Dawson (1976) goes so far as to recommend 

maintaining a degree of shading along chalk streams, both to reduce light available 

for plant growth and thereby reducing flooding, and to provide a source of nutrients to 

the stream through leaf fall. 

 

Chalk streams tend to be nutrient rich, providing ideal conditions for plant growth 

(Berrie 1992, Bowes, Leach and House 2005). However, excess nutrients from 

agricultural systems can cause eutrophication of aquatic habitats, including chalk 

streams (English Nature 1997). This will be of particular concern in rural agricultural 

areas like South Bedfordshire. Groundwater nitrate levels have already been 

identified by the Environment Agency as an issue of concern in the Luton-Dunstable 

area (Environment Agency 2001). Nitrate inputs to water courses are elevated in 

winter when there is more precipitation and little vegetation cover, and lower in 

summer low flow periods when nutrients are retained in the channel (Bowes et al 

2005). The seasonality of nitrate levels will be exacerbated where there is a higher 

proportion of tilled land, as there will be a flush of nutrients at the end of the harvest. 

Grassland and semi-natural meadow can offset this effect somewhat, as these 

habitats have a more consistent nutrient loss regime (Bowes et al 2005). It may be, 

then, that buffering calcareous springs and streams with meadow or grazing marsh 

can help mitigate the impact of acute nitrate inputs on aquatic macrophytes.  
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In recent years concerns have been raised about the impact of drought and 

abstraction on chalk springs and streams (Giles, Phillips and Barnard 1991, English 

Nature 1997). Projected climate change patterns are expected to lead to low flows, 

which will likely affect the macrophyte diversity of river systems in general (Flynn et al 

2002). A 41-month drought between 1989 and 1992 gave a hint of what could be the 

future for water supplies in east England. By the end of 1991, groundwater levels 

were at or near record lows. River levels in the western counties of Bedfordshire, 

Northamptonshire and Hertfordshire were hit especially hard by the drought (Wilkins 

1992). The main impacts of low flows on chalk river systems are: increased 

susceptibility to drought, changes in species composition and changes to the channel 

geomorphology (Wood-Gee 2001). These effects are expected to be felt strongly in 

the east of England, where groundwater abstraction is already causing low flows 

(Giles, Phillips and Barnard 1991).  

 

Public water supplies account for roughly half of all water abstraction in England and 

Wales. Irrigation and other agricultural operations account for only 1% of water use, 

although in the largely agricultural eastern region this figure can be much higher on 

hot summer days (Petts 1996). By 2021 the Anglian region is projected to have a 

public water supply deficit between 100 and 195 ML (Petts 1996).  

 

Removing – or abstracting – groundwater impacts streams and springs in two ways: 

interception and induced recharge (Owen 1991). Interception refers to the process in 

which groundwater traveling to a stream or river is diverted into a well. Induced 

recharge is the process in which water in a stream is induced by hydraulic pressure – 

effectively “sucked” – into an active well (Owen 1991). These effects increase the 

nearer the well is to the river. Typically in chalk valleys, wells are located close to 

springheads, which often dry up, especially when the water table is low (Owen 1991). 

In the River Ver catchment wells are located near the springheads. Groundwater 

abstraction has led to shifts in habitat types and loss of fisheries and watercress 

farming. However in the catchment of the River Chess, another chalk river, 

abstraction in the upper reaches is minimal and spring flows are sustained (Owen 

1991). Approaches to alleviating the effects of aquifer drawdown include engineering 

schemes to maintain flows artificially, revoking abstraction licences from those who 

breach licence conditions and abstraction charges aimed at reducing water use 

(Owen 1991). 
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Chalk streams exhibit an annual seasonality. Heavy rainfall and limited macrophyte 

growth in winter both help recharge chalk aquifers, resulting in a rising water table 

(Berrie 1992). In summer when precipitation levels fall and vegetation cover 

intercepts the rain, the water table falls (Berrie 1992). In the lower reaches of a chalk 

stream, the water table may be sufficiently high that springs flow year round. In the 

upper reaches however, springs only begin to flow in winter as the groundwater rises, 

drying out again in summer, between the annual flushes (Berrie 1992). These 

seasonal springs are known as winterbournes (Berrie 1992).  

 

The effects of low flows on chalk stream macrophytes can be seen by studying 

winterbournes. Winterbourne species must be able to survive drought or regrow from 

seed (Giles, Phillips and Barnard 1991). Fool’s watercress Apium nodiflorum and 

watercress Nasturtium officinale – seed-setting species – are common in 

winterbournes (Giles, Phillips and Barnard 1991). Perennial sections of chalk 

streams tend to be dominated by more delicate species that require fast-flowing 

water, for example water-crowfoot Ranunculus spp. As flows slow down, siltation 

occurs and filamentous algae – which would normally be washed away by the current 

– accumulate on plant stems and leaves. Eventually species like Ranunculus spp. 

are outcompeted by those favouring lower flows (Giles, Phillips and Barnard 1991). 

In fact the extent and seasonality of flooding has been found to be the most critical 

factor affecting the plant communities of chalk springs (Holmes 1996). Species like 

lesser water-parsnip Berula erecta and whorl-grass Catabrosa aquatica disappear if 

flows stop even briefly (Holmes 1996).  

 

Drought and abstraction both affect groundwater levels however where both occur it 

can be difficult to distinguish their effects (Holmes 1999). In 1975, a groundwater 

pumping test on the upper reaches of the River Lambourn happened to occur just 

before a major drought. This allowed for a comparison of the effects of the two. Three 

months of pumping resulted in a minor decrease in stream water depth and width. 

Ranunculus diminished at the expense of Calitriche spp., and total water area was 

reduced by 11% (Wright and Berrie 1987). In contrast, the summer 1976 drought 

reduced the total area a further 48% (Wright and Berrie 1987). This completely 

eliminated Callitriche spp., caused heavy siltation and reduced the availability of 

favourable habitat for many invertebrate species. It also dramatically reduced 

macrophyte growth (Wright and Berrie 1987). Effects were most pronounced in the 

river’s perennial reaches, which were very slow to recover. 
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In spite of these results, however, abstraction has the potential to eliminate stream 

flows completely, and turn perennial chalk streams into winterbournes (Holmes 

1999). In extreme cases springs may dry up completely (Owen 1991). Some plant 

communities can recover from low flows, while others may remain changed even 

after ecosystem “recovery”. Abstraction certainly exacerbates the effects of drought. 

Turning off the pumps helped restore flow, and allowed plant communities in the 

River Ver to return more or less to normal after the 1989-91 drought. At the same 

time, pumping was continued on the Chitterne Brook, which still retained drought-like 

plant community types over two years after the drought had ended (Holmes 1999). 

Pumping to maintain flow over the perennial reaches of chalk streams before siltation 

occurs would help to maintain habitat and macrophyte diversity (Wright and Berrie 

1987).  

 

 

Methodology 

 

This study was modelled after a 2002 survey of seeps and springs within the Bureau 

of Land Management’s Gunnison Field Office Management Area, Colorado (Doyle 

2003). The general survey structure follows that employed by the BLM. To tailor the 

survey to UK conditions, however, actual survey questions and answer options were 

taken from the UK River Habitat Survey (RHS) methodology (Raven, Holmes, 

Dawsom, Fox, Everard, Fozzard and Rouen 1998). Several survey elements (e.g., 

weather conditions) are not included in RHS. Where RHS did not include a field 

sampling method, that of the Ecological Land Classification for Southern Ontario was 

used instead (Lee, Bakowsky, Riley, Bowles, Puddister, Uhlig and McMurray 1998). 

This was done to maintain as much consistency as possible across site survey 

responses. 

 
Survey Site Selection 

The Bedfordshire and Luton Biodiversity Recording and Monitoring Centre (BRMC) 

provided a list of over 400 springs and issues within Bedfordshire County. Of these, 

55 were located on calcareous soils as identified by Cranfield University’s “NATMAP 

Soilscapes”. These two soil profiles were “freely draining lime-rich loamy soils” and 

“shallow lime-rich soils over chalk or limestone”. These soil profiles correspond to soil 

associations Upton 1, Wantage 1 and Wantage 2 (Soil Survey of England and Wales 

1983). The difference between a spring and an issue was unclear at the beginning of 

the study, and therefore it was decided to investigate all sites identified by the BRMC. 
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It quickly became apparent, however, that issues were simply sites where excess soil 

moisture seeped into agricultural field drains. They were therefore not associated 

with local hydrogeology, but rather local soil hydrology. As true springs – that is, 

hydrogeological features – were the focus of this study, the issues were not 

investigated further. The remaining sites comprised 19 springs located on 

Bedfordshire’s calcareous soils. These sites were sampled for this study. 

 

Site assessment  

Site visits took place between March 26 and July 4, 2007. Most sites were visited 

once, the exception being the springs at Well Head, Eaton Bray. These springs were 

first visited on March 26; two subsequent visits took place on April 23 and July 4, in 

order to record Well Head’s developing macrophyte communities. 

 

Site assessments included a physical characterization, a biological characterization, 

a land use characterization, and reference photographs. The following information 

was collected and is described below: 

 

General description: 

• Background map-based information: location and grid reference 

• Soilscape as determined by NATMAP Soilscapes 

• Current and historic land use (e.g., pasture, arable). Current land use was 

determined visually; historic land use was determined using the 1931 and 1968 

British land use survey maps 

• Land management type (e.g., abandoned land), per River Habitat Survey  

• Type, extent and intensity of site disturbance, if any, per River Habitat Survey and 

Ecological Land Classification for Southern Ontario 

• Weather conditions during the survey. Air temperature was measured using an 

ST-9269 Multi-Stem thermometer. Cloud cover and precipitation were estimated 

visually, and wind conditions were evaluated using the Beaufort Scale  

• Channel substrate, per River Habitat Survey 

• Other attributes: shading, stand description (where applicable) and wildlife 

sightings 

 

Plant species observed: plant species were recorded, along with a visual estimate of 

percent cover. 

 



“BEDSprings”: a survey of the extent, quality and management of Bedfordshire’s calcareous springs 

October 2007 
16 

Proper functioning condition: 

Each spring visited was assessed using the Bureau of Land Management’s process 

for assessing Proper Functioning Condition (Bureau of Land Management 1998). 

The complete methodology is presented in Appendix 1. This system is designed for 

evaluating a water body’s physical, rather than ecological, functioning in terms of its 

ability to dissipate stream flow energy and hence reduce flooding. Highly modified 

springs and streams can be rated as properly functioning if they meet this goal. 

Springs in this study were assigned one of the following ratings: 

1. Proper Functioning Condition – these springs are in functional condition 

2. Functional – At Risk – these springs are in functional condition but have 

attributes that make them susceptible to degradation 

3. Nonfunctional – these springs are not able to function physically.  

 

Characteristics that can lead a spring to be deemed Functional – At Risk or 

Nonfunctional include excessive bare ground (i.e. absence of vegetation) and 

insufficient rocks, branches or other large debris in the channel. 

 

Water chemistry and other attributes 

• Temperature, measured using an ST-9269 Multi-Stem thermometer 

• Flow rate, where possible measured using a Geopacks Flowmeter MFP51 

• pH, measured using Johnson Test Papers Universal Indicator Paper pH1-pH14 

• nitrate level, measured with WaterWorks™ Nitrate/Nitrite test strips 

 

Photographs were taken using a variety of digital cameras, depending on which was 

available on the day: Olympus Camedia C2040ZOOM, Sony Cyber-shot U DSC U10 

and Fuji FinePix S5600.  

 

Data storage 

Collected data were stored in an MSAccess database created for this study. 

Electronic data were stored on Bedfordshire County Council’s main server to 

safeguard against file loss or corruption. Survey forms and other hard copy files were 

stored in the Heritage and Environment Section at Bedfordshire County Hall. 
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Results 

 

Nineteen of the 55 sites identified by the BRMC were found to be springs; the rest 

were agricultural issues and therefore not studied. Of the 19 springs one could not be 

located, one had been piped and paved over, one had been enclosed within a 

garden and access permission could not be obtained, and one site was deemed 

unsafe. The remaining fifteen springs were investigated further. Full results for each 

spring are presented in Appendix 2. 

 

Water Chemistry 

The pH of the fifteen springs ranged between 5.5 and 7.0. Water temperature ranged 

from 9.3 to 10.1 °C. Flow rates were often not measurable, as springs were too 

shallow to use the flowmeter. Where flow rates could be obtained, they were 

between 0.1 and 1.39 m/s. Nitrate levels were found to be between 10 and 150 ppm. 

However, nitrate measurements are likely quite a bit lower than actual levels for 

many of the springs. This is because the test strip instructions were at first unclear to 

the surveyors, and readings were taken before the full waiting time had elapsed. 

Details of the water chemistry results are presented in Table 1.   

 

Table 1  Location, chemistry and flow rates of calcareous springs in 
Bedfordshire, England 

 

Site 

no. 
Location pH 

Temp 
°C 

Nitrates 
ppm

1
 

Flow 

m/s 

39
2
 The Vicarage, Totternhoe * * * * 

106 Disused railway, Sewell 6 9.3 150 0.1 

110 Harling Springs, Eaton Bray 6 9.8 * * 

111 Well Head, Eaton Bray Enclosed in a garden, could not access 

112 Well Head, Eaton Bray Could not locate this spring 

113 Well Head, Eaton Bray 5.5 9.8 * 0.25 

114 Well Head, Eaton Bray 6 9.8 75 * 

115 Well Head, Eaton Bray 7 9.8 75 0.13 

116 Long Meadow Farm, Chalton Site deemed unsafe to survey 

117 Dyer’s Hill Farm, Sundon 6 10.1 20 * 

118 Leet Wood, Barton Hills SSSI 6 9.5 50 1.39 

119 Leet Wood, Barton Hills SSSI 6.5 9.4 50 0.31 

121 Luton Piped, paved over, under a driveway 

A Bluewater Plantation, Bidwell 6 9.9 15 * 

B Bluewater Plantation, Bidwell 6 10.0 10 * 
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Site 

no. 
Location pH 

Temp 
°C 

Nitrates 
ppm

1
 

Flow 

m/s 

C Bluewater Plantation, Bidwell 6.5 9.9 20 * 

D Bluewater Plantation, Bidwell 6 9.9 20 * 

E Leet Wood, Barton Hills SSSI 6 9.3 100 0.59 

F Sharpenhoe Clappers  6.5 9.7 10 0.2 

1 Difficulties using the nitrate test strips have likely compromised the accuracy of these results 
2 This site appears to have been filled in, and is now a muddy marshy area. Test strips and other 

equipment could not be used on the site. 

 

 

Macrophytes 

Aquatic macrophytes were found at six of the sites. On the initial visits, these 

included the following species: 

Fool’s watercress Apium nodiflorum 
Lesser water parsnip Berula erecta 
Great willow-herb Epilobium hirsutum 
Mare’s-tail Hippurus vulgaris 
Common duckweed Lemna minor 
Watercress Nasturtium officinale 
Common reed Phragmites australis 
Celery-leaved buttercup Ranunculus scleratus 
Water dock Rumex hydrolapathum 
Brooklime Veronica beccabunga 

 

Percent cover of each species at the six springs is presented in Figure 1. 

 

Figure 1  Percent cover of aquatic macrophyte species at six of 
Bedfordshire’s calcareous springs, summer 2007 

 
On July 4 a second visit was made to Well Head, Eaton Bray, overall the best site for 

macrophytes. The three discreet streams had merged to form a large marshy area, 
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however the spring heads and channels were still easy to find. Macrophyte 

abundance and diversity increased between the initial and final site visits. Figure 2 

illustrates the changes in macrophyte composition and percent cover at Well Head’s 

two main springs, numbers 113 and 115. 

 
Figure 2  Changes in aquatic macrophyte community composition and 

percent cover at Well Head, Eaton Bray, Bedfordshire, between 
April and July 2007 

 
Proper Functioning Condition 

Only one of the springs - #115 at Well Head, Totternhoe – was found to be in Proper 

Functioning Condition (PFC). Almost half were rated non-functional, primarily 

because of a lack of riparian or channel vegetation, which absorbs stream flow 

energy and reduces erosion of the channel. Figure 3 presents the proportion of 

springs in each PFC category.  
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Figure 3  Proper Functioning Condition rating of Bedfordshire calcareous 
springs 

 

Land Use 

Over half (58%) of the 19 springs were located in broadleaved woodland. Over fifteen 

percent were located in rough pasture, with the rest in urban/suburban areas, tall 

herbs or improved grassland (Figure 4). 

 

Figure 4  Current (2007) land use within 5m of Bedfordshire’s calcareous 
springs 

 

Site Disturbance and Pressures 

Overdeepening and litter were by far the greatest disturbances occurring at the study 

sites (Figure 5). Most disturbances were local in extent and light in intensity, however 

some were more substantial in nature. Figures 6 and 7 illustrate the extent and 

intensity, respectively, of disturbances at the nineteen springs. 
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Figure 5  Types of site disturbance occurring at Bedfordshire’s calcareous 
springs during spring and summer 2007 

 

 

Figure 6  Extent of site disturbances occurring at Bedfordshire’s 
calcareous springs during spring and summer 2007  

 
 
 
 
 
 
 
 
 

pollution

5%

road

5%

tipping

11%
housing

5%

litter

37%

overdeepening

21%

none

16%

0

1

2

3

4

5

6

7

N
u
m
b
e
r 
o
f 
s
it
e
s

ho
us
in
g

lit
te
r

ov
er
de
ep
en
in
g

po
llu
tio
n

ro
ad

tip
pi
ng

Disturbance type

widespread

extensive

local



“BEDSprings”: a survey of the extent, quality and management of Bedfordshire’s calcareous springs 

October 2007 
22 

Figure 7  Intensity of site disturbances occurring at Bedfordshire’s 
calcareous springs during spring and summer 2007 

 

 

Analysis and Discussion 

 

Water Chemistry 

The pH values of Bedfordshire’s calcareous springs were very much lower than the 

predicted value of 7.4, the lower end of the range reported by Berrie (1992). A one-

sample t-test confirmed this result. The mean pH of the springs was 6.1 ± 0.2, with a 

t value of –12.95, corresponding to a P value of almost zero. 

 

This result was unexpected. It has generally been assumed that because 

Bedfordshire’s calcareous springs are located on chalk (in particular those emerging 

from the chalk face at Barton Hills SSSI), the water must therefore naturally be basic. 

However a look at the local hydrogeology map reveals that the principal groundwater 

divide in chalk runs right through and to the southwest of Luton, more or less along 

Dunstable Downs (British Geological Survey 1984). The springs at Well Head 

emerge within one or two miles of this divide, so the spring water presumably has not 

spent much time in the chalk aquifer. Percolation rates of water through chalk can be 

as slow as 0.5-2.0 m/year, or as quick as 20 m/day in fissured, karstic chalk (Berrie 

1992). In south Bedfordshire the chalk is right at the surface and the water table is 

high, so groundwater likely does not have to travel far before reaching the Well Head 

complex at Eaton Bray (British Geological Survey 1984).  
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Perhaps more interesting is the situation at Barton Hills SSSI, where the springs are 

located in the chalk scarp a few feet above the ground. Water emerges right out of 

chalk rock, and the site is considerably farther from the chalk groundwater divide. 

Any groundwater emerging from the scarp would have likely been in the chalk for 

longer, having a chance to acquire the expected calcareous properties. However 

Barton Hills is located right on another groundwater divide, this one in Lower 

Greensand (British Geological Survey 1984). Therefore while the superficial geology 

is chalk, the groundwater chemistry may be more influenced by the Lower 

Greensand instead.  

 

The spring complex at Bluewater Plantation, Bidwell, is located over the chalk, 

almost exactly between the two groundwater divides. It is therefore not clear what 

part the hydrogeology might play in the neutral pH of the spring water. The surficial 

geology is Gault (as it is in fact at Well Head), a dark grey clay of Cretaceous origin 

(Chatwin 1961). This may have more effect on the chemistry of the spring water than 

does the chalk lying underneath. 

 

Water temperatures found during this study were also lower than the predicted value 

of 10 °C. The average water temperature at the springs was 9.7 ± 0.15 °C. A one-

sample t-test yielded a t value of –3.98, corresponding to a P value of 0.02 and 

rejection of H0 (9.7 = µ). The reasons for this discrepancy are unclear. Crisp, 

Matthews and Westlake (1982) found that the temperature of eastern chalk streams 

tended to fluctuate more than that of western streams. In particular, the River Chess 

– the most eastern stream in their study – was found in winter to be as cold as 5°C. 

The authors attributed this variability to the more extreme climate of eastern England, 

and noted that the Chess had had a very cold winter during the observation period. 

Up to 90% or more of the flow of a chalk stream is derived from groundwater; this is 

said to regulate a stream’s temperature. This effect should be most pronounced at 

the springhead (Berrie 1992). Therefore, water temperatures at the springs should be 

more consistent than suggested by Crisp et al.  

 

If ambient temperature affects chalk spring temperatures, then water temperatures 

should rise as the climate warms between spring and summer. A regression analysis 

of water temperature versus sample date revealed no significant increase in spring 

temperature between March and July at the sites studied (Temp = 13 – 

0.00008*Date, P = 0.982, R2 = 0.0). Shading is another factor affecting ambient 

temperature. Most of the springs studied were shaded to some degree, being located 
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in broadleaved woodland. However several were located out in the open. Regression 

analysis of temperature versus percent shading revealed a very slight inverse 

relationship between the two. However, with a P value of 0.797, the relationship is 

not significant.  

 
Nutrient levels fluctuate in an annual cycle, reaching a peak in February and dipping 

in mid to late summer (Casey and Clarke 1979). That this current survey of 

Bedfordshire’s springs occurred from late spring to early summer could mean that 

nitrate levels obtained do not accurately reflect average values.  

 

Of the seven study sites where flow rate could be measured, mean flow rate was 

0.42 m/s, with a 95% confidence interval of 0.00 - 0.85. This result sits within the 

expected range of 0.1 - 1.0 m/s. Casey and Clarke (1979) found in their study of 

nitrate concentration in the River Frome, a positive correlation between nitrate 

concentration and discharge. R values ranged from 0.017 to 0.650 over the 11 years 

of analysis. Discharge rates could not be obtained in the current study, however if 

flow rates are substituted a similar trend can be seen, supporting Casey and Clarke’s 

findings (Figure 8). It must be noted, however, that Casey and Clarke (1979) used a 

small sample size and found generally low R values compared to those found in 

previous studies. They caution against reading too much into results derived from a 

small sample size, as used in the current study (Casey and Clarke 1979).  

 

Figure 8 Linear regression of nitrate level versus flow rate in seven 
Bedfordshire calcareous springs (y = 3.78 + 26.1x) 
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Macrophytes 

Six of the springs surveyed contained aquatic macrophytes. For three of these, 

historic data are available that permit evaluation of floristic changes over recent 

decades.  

 

Site 39: Totternhoe Mead  

This site is a marshy area located beside a large pond in a buffer strip of an arable 

field. It is noted as a spring on the Ordinance Survey maps, however its origin could 

not be found during the site visit. As recently as 1984 the site was wet pasture, and 

grazed by cattle (Dony 1984). It is shown as a meadow in the 1931 British land use 

survey (London School of Economics 1934) so presumably it has only recently 

become cultivated. The water is actually thin silty mud with a consistency like cream, 

giving the impression that the site has been filled in with earth at some time in the 

past. This is in fact the case: in the late 1980s the owner applied to the local council 

to convert the marsh into a pond (Halton and Sandell 2003). By 2003 the pond was 

well established, and no further digging has taken place on the site (Halton and 

Sandell 2003). 

 

Totternhoe Mead was discovered in May 1984 by John Dony, a local field naturalist, 

expert botanist and author of the Bedfordshire Plant Atlas and Flora of Bedfordshire. 

He described the site as “although small to be of considerable importance in being 

the only site of its kind in association with the chalk in the county” (Dony 1984). Plant 

species found then included carnation sedge Carex panicea, the rare distant sedge 

C. distans, water whorl-grass Catabrosa aquatica, bog bedstraw Galium uliginosum, 

lesser water-parsnip Berula erecta, marsh marigold Caltha palustris, marsh horsetail 

Equisetum palustre, marsh arrow-grass Triglochin palustris and ragged Robin 

Lychnis flos-cuculi (Dony 1984). A total of 88 species, 28 of which are mire species, 

were identified (Dony 1984). The site is currently dominated by aquatic marginal 

species like great willowherb Epilobium hirsutum and celery-leaved buttercup 

Ranunculus scleratus. Recognising that the surveyors in the current study have 

nowhere near Dony’s level of field expertise, it would yet appear that at least a 

degree of the macrophyte diversity that existed in 1984 has been lost. Even the 

easily identified species like marsh horsetail, marsh marigold, lesser water-parsnip 

and ragged Robin could not be found.  

 

While Dony’s 1984 field notes mention only a few of the species found at the site, the 

presence of both Berula erecta and Catabrosa aquatica indicate that the community 



“BEDSprings”: a survey of the extent, quality and management of Bedfordshire’s calcareous springs 

October 2007 
26 

may have been – or had affinities to – Perennial Type 1 or 2 (Holmes 1996, 1999). 

Now dominated by non-aquatic or marginal taxa, with no evidence of Apium 

nodiflorum or Nasturtium officinale, the site most closely fits Intermittent Type 12. The 

substrate appears now to be silty mud, common to these impoverished Intermittent 

community types. Perennial Types 1 and 2 are associated with gravel or pebble 

substrates (Holmes 1996). These communities were lost when the site was dug to 

create the pond. While the pond provides local structural and community diversity, a 

unique and ecologically important habitat has been lost. It is not known whether the 

marsh could be restored to its former status, although given its prior importance it is 

likely well worth considering. 

 

Sites 113 and 115: Well Head, Eaton Bray 

Well Head is well known to local residents. It is a complex of five spring heads whose 

channels merge into three streams, which in turn merge into one. The site has been 

used as a grazing marsh for at least 150 years (Griffin 1840, London School of 

Economics 1934) and is occasionally grazed still. Its recorded history and 

macrophyte abundance make it the best of the springs for analysing macrophyte 

diversity. 

 

The site was surveyed three times between June 1949 and September 1950 (Dony 

1953). Some of the species found then can still be found today: Apium nodiflorum, 

Mysotis scorpioides, and Epilobium hirsutum. Some time during the next thirty years 

the site became progressively more degraded by tipping and was finally cleaned up 

in 1980 by the local Scout group. By 1982 it had started to improve but nevertheless 

had lost most of its vegetation interest (Dony 1982). This is when the presence of 

Berula erecta and Nasturtium officinale are first recorded by Dony.  

 

Dony’s 1953 account of the site includes a measure of relative abundance of 

significant species. Glyceria plicata was rated as abundant, and Mysotis scorpioides 

and Nasturtium officinale as frequent. The only community reflecting this 

proportionality is Winterbourne Type 6 (Holmes 1999). This community should 

include at most 10% or so non-aquatic species, and indeed all of the dry land species 

mentioned in Dony’s account are described as “rare” (Holmes 1999, Dony 1953).  

 

By 1982 Well Head’s macrophyte communities appear to have changed, and 

featured Berula erecta, Mysotis scorpioides and Nasturtium officinalis. The presence 

of B. erecta indicates that at this time the community may have been or been similar 
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to Perennial Type 1. This shift from a winterbourne to perennial vegetation indicates 

increased flooding of the site.  

 

There are currently over 260,000 verified botanical records housed at the 

Bedfordshire and Luton Biodiversity Recording and Monitoring Centre (Balmer 2007). 

Most of these date from the early 1980s onward so it has been possible to obtain a 

list of species recorded at Well Head, to supplement the list compiled during the site 

visits for the current study. Most of the key chalk spring macrophytes have been 

recorded at Well Head within the last three years. The exception is the speedwell 

Veronica catenata, which has not been recorded there since 1987. As was found in 

the current study, commonly recorded species include Glyceria spp., Mysotis 

scorpioides, Mentha aquatica, Berula erecta and Apium nodiflorum. Again the 

persistence of B. erecta along with Glyceria spp., A. nodiflorum and Nasturtium 

officinale align the community most closely with Perennial Type 1 (Holmes 1999). 

 

The gaping hole in Bedfordshire’s chalk stream macrophyte communities are the 

water-crowfoots Ranunculus peltatus (pond water-crowfoot) and R. penicilliatus 

subsp. pseudofluitans (brook water-crowfoot). Though both species have been 

recorded in Bedfordshire, neither has been so at Well Head. The only record for any 

of the current study sites is from 1889, when a specimen of brook water-crowfoot 

was recorded and a specimen taken from Barton Springs (Dony 1953). 

Bedfordshire’s calcareous springs and their channels are much smaller than those of 

the Kennet, Test and the other more typical chalk rivers. While the flow rates of the 

nineteen springs studied have been found to be within the normal range for chalk 

streams, the timing and seasonality of flow may not be adequate for these 

Ranunculus species, which have been shown to prefer faster-flowing currents 

(Hatton-Ellis and Grieve 2003). Ranunculus is also sensitive to nutrient pollution, a 

concern in an area as agricultural as Bedfordshire (Hatton-Ellis and Grieve 2003). 

However, since there are almost no historic records of Ranunculus in the county’s 

calcareous springs, nutrients are probably not a factor in this case. In the absence of 

any Ranunculus spp., assignment of Bedfordshire’s calcareous spring communities 

to any of Holmes’ community types is only speculative.  

 

Pressures and Impacts 

Over half of Bedfordshire’s calcareous springs are located in woodland. The complex 

at Bluewater Plantation, Bidwell is located in relatively new woodland, while the 

woodland at the Barton Springs complex is in somewhat older. Both complexes are 
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shaded by the tree canopy. Only three sites are completely open: number 39 at 

Totternhoe, number 115 at Well Head and site F at Sharpenhoe Clappers. In all 

cases where shading exists, aquatic macrophytes were absent. Well Head’s 

macrophyte communities begin a few metres from the two shaded spring heads, at 

the scrub edge. 

 

Shading reduces the growth of chalk stream macrophytes (Edwards and Owens 

1960, Owens and Edwards 1961, Sand-Jensen et al 1989, Flynn et al 2002, Wright 

et al 2003). This might tempt site managers to open up springs to let the light in. This 

would likely result in increased macrophyte diversity, especially at sites like 

Bluewater Plantation where the canopy diversity itself is low.  

 

However canopy clearing might not always be the most appropriate treatment. The 

Barton Hills complex, for example, has been under woodland since at least the early 

1920s, when it was used as a watercress bed (Director General at the Ordinance 

Survey Office 1924).  It could be argued that to open it up would go against recent 

ecological trends for the site. There might not be any ecological reason for clearing 

the canopy as the woodland has arisen through natural processes. On the other 

hand, the site was open grazed land from the 1880s as far back as at least 1778 

(Bedfordshire County Council date unknown a, date unknown b). All of the Barton 

Springs are suffering enormous pressures. The rock faces have been and continue 

to be carved out and the stream banks are completely bare from trampling by visitors 

and their dogs. These two factors are largely responsible for the PFC site ratings of 

non-functional. A robust vegetation community might not only add species, structural 

and habitat diversity to the sites, but might flood the site as well. This could restrict 

access to the springs and deter some of the destructive visitor behaviours. Certainly 

the springs at Barton Hills are located on the very edge of the woodland, making 

clearance more logistically feasible than if they were in the centre of the wood. 

 

In contrast, the springheads at Well Head and Bluewater Plantation were open in 

recent decades. Dony (1982) noted that the bank rising up from Well Head was 

covered in a rich chalk downland vegetation. Historical maps dating as far back as 

1840 show the area to be pasture. Today the bank is covered by scrub that shades 

springheads 113 and 114. In the first and second land use surveys of Britain, 

Bluewater Plantation was rough marsh pasture and grassland (London School of 

Economics 1934, Coleman 1969). Clearly, opening up these two complexes would 

help return them to a more diverse habitat better representative of their respective 
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histories. This would also help restore their PFC status from functional – at risk to 

proper functioning condition. 

 

Unlike the influence of shading, those of drought and abstraction are more difficult to 

predict. Bedfordshire’s calcareous springs are located within the Milton Keynes-

South Midlands Growth Area, where intensive development will put more pressure on 

the area’s groundwater resources. Of the main spring complexes studied, Barton 

Hills and Well Head are known to be perennial in nature. Well Head might not always 

have been so, as indicated by a possible shift from Winterbourne to Perennial Type 

plant communities between 1950 and 1985. The upper perennial reaches of chalk 

streams are those that suffer most from drought, as the plant species are not used to 

periodic drying that occurs in winterbourne sections (Wright and Berrie 1987). 

Compounding drought issues by pumping can cause long-term damage to chalk 

stream communities, which may not be able to recover fully (Holmes 1999). Climate 

change-induced drought could place serious stress on Bedfordshire’s calcareous 

springs. Added abstraction pressure from thousands of new homes could damage 

them irreparably or eliminate them completely.  

 

 

Conclusions 

 

Bedfordshire’s calcareous springs have a lower pH and temperature than those 

found in other counties like Oxfordshire, Hampshire and Lincolnshire, and as such 

are not typical examples of the habitat. It had always been assumed that these sites 

should be more typical in nature, especially those arising out of the chalk scarp at 

Barton Hills SSSI. The underlying hydrogeology, however, has revealed that the 

spring water is more likely influenced by factors other than the chalk. Distance from 

the groundwater divide, proximity of Lower Greensand and Gault surficial geology all 

probably influence the nineteen sites studied. 

 

However the macrophyte communities of Bedfordshire’s calcareous springs do bear 

similarities to those of typical chalk springs, the one major exception being the 

complete absence of pond water-crowfoot Ranunculus peltatus and brook water-

crowfoot Ranunculus penicilliatus subsp. pseudofluitans. The best of the springs 

studied was the complex at Well Head, Eaton Bray. The three springs studied here 

were the only ones in the study deemed to be in Proper Functioning Condition, and 

they had the most robust, diverse and typical chalk stream plant communities. 
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Historic records have indicated that the flow at Well Head might have at one time 

been more intermittent in nature. Now, though, flows are more regular and a 

perennial vegetation community has developed. 

 

The Bureau of Land Management’s process for evaluating Proper Functioning 

Condition has been useful for identifying physical and structural issues at each of the 

nineteen springs. The general aim of the process is to determine whether the 

features of a watercourse are adequate to dissipate high flow stream energy and 

avoid erosion. With the exception of Well Head, all of the springs were either non-

functional or at risk of becoming so. Bare ground, lack of rocks and woody debris and 

absence of robust riparian or channel vegetation were the main issues. Even at Well 

Head, evidence of erosion can be seen early in spring before the site greens up. 

Typical chalk streams derive up to 90% of their flow from groundwater, and as such 

display stable flow regimes (Berrie 1992). Aspects of PFC analysis relating to high 

stream flow events might not be relevant to these watercourses. However, 

Bedfordshire’s chalk springs – and their streams – are not typical of the type, and 

therefore PFC analysis may very well be more useful here.  

 

The effects of drought and groundwater abstraction remain to be seen. Climate 

change may result in reduced precipitation and groundwater recharge. Such effects 

would only be made worse by increased abstraction from the intensive housing 

development projected for south Bedfordshire. If groundwater levels become too low, 

the few perennial chalk spring plant communities could shift to winterbourne types or 

at worst be lost altogether. These sites might be able to recover, depending on the 

abstraction pressure, or they could be permanently altered. It is recommended that 

pumping be managed to maintain flow in the perennial springs. 

 

While Bedfordshire’s calcareous springs are not “typical” chalk springs, they are 

nevertheless ecologically important in a county that is not endowed with a great deal 

of nationally important habitat. Rather, they reflect an ecology more transitional in 

nature, between the chalk grasslands to the south and the more acidic Greensand to 

the north. It is worth considering managing some of these sites to increase or restore 

their diversity. To do this effectively will require balancing the needs of the 

environment and development while accommodating the potential effects of climate 

change. 
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