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Abstract 

Development of former quarry pits has major potential in promoting biodiversity of an important 

habitat type - shallow lakes and ponds - as already shown in the Trent region (e.g. Attenborough Ponds 

SSSI, Nottingham, UK). Because relatively little is known of the development of newly created lakes, 

especially when part of an inter-connected system, a preliminary bio-survey was carried out on a series 

of former gravel pits at a HeidelbergCement extraction site (Barton-under-Needwood, Staffordshire, 

UK). This interconnected group of small lakes is also affected periodically by major flood events in the 

nearby River Trent. Water, invertebrate and zooplankton samples were collected and analysed to 

assess water quality and aquatic vegetation and mollusc samples surveys were made on site. A 30cm 

long sediment core was collected from one lake (Lake C), from which three samples were analysed to 

reconstruct aspects of the lake development history. Overall, it was found that the older sites exhibited 

greater diversity and a more mature edge vegetation. Elodea nuttallii was dominant in most sites, 

indicating nutrient enrichment and low light transparency as growth depth was limited to ~1.5-2m. The 

steepness of the littoral (shore) zone further restricted the development of benthic plants. Bottom 

sediment samples from below about 3.5 m depth were found to be anoxic and largely devoid of living 

plants and molluscs but the survey was carried out too late in the year to demonstrate summer 

stratification of the water column. All four sites have been colonised by the invasive zebra mussel, 

Dreissena polymorpha. The initial results suggest several recommendations. Any further restoration 

work should re-model shoreline areas  to extend shallow areas and promote more extensive growth of 

littoral macrophytes. These communities will provide important refugia for zooplankton and fish and 

will help stabilise littoral sediments. Dissolved nutrients need reducing, possibly by increasing ground 

water inflows and curbing river inundation, this together with increasing aquatic plant communities 

should reduce algal blooms and bottom water anoxia during summer months so improving biodiversity 

and resilience of the lake ecosystems. 

 

Introduction 

The underwater life supported by many freshwaters is often poorly recognised, yet lakes, ponds and 

wetlands are hotspots of biodiversity in the landscape (Williams et al. 2003). This biodiversity results 

from complex communities of fauna and flora including a huge amount of microscopic diversity that is 

largely unobservable by  naked eye. The aquatic communities not only add much to aesthetic and 

recreational values of local landscapes but also collectively provide important wetland ecosystem 

services including water purification, sediment stabilization and filtering, pollutant sinks, and nutrient 

biogeochemical cycling. Wetland lakes also provide resources and habitats beyond the aquatic 
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communities themselves that interact with their surrounding terrestrial area through food web 

interactions and habitat resources (Knight et al. 2005). Such sites are attractive to a wide range of other 

fauna including wading and migrating birds, amphibians, riparian mammals and insects (with aquatic 

larval stages). Interestingly, recent work on ponds shows that the biodiversity of artificial and natural 

sites can be equally high when good quality freshwater is available (Williams et al. 2010).    

Mineral extraction sites such as exhausted quarries can provide excellent opportunities for the creation 

of wetland and lake ecosystems (HeidelbergCement 2010). They can offset the dramatic disappearance 

of natural wetland habitats caused by agricultural drainage and urban development  lowland  Europe in 

the last c. 150 years. Irrespective of being natural or artificial, the biological characteristics of small, 

shallow lowland wetland lakes are principally determined by nutrient loading (See box- ‘Attenborough 

Ponds SSSI’). The most important plant nutrients (nitrogen and phosphorus) usually derive from 

agricultural land drainage, domestic and industrial waste, sewage treatment and/or polluted river 

overflow (See box – ‘Eutrophication’). 

In lake and ponds, nutrient pollution causes excessive algal growth resulting in dense algal blooms 

which can have serious consequences for aquatic biodiversity. Eutrophication and excessive algal 

blooms can produce an array of undesirable effects such as reduced water transparency, water 

deoxygenation and fish kills, loss of rooted aquatic vegetation. Some algae even produce deadly toxins. 

To promote good ecological conditions within a wetland lake, controlling nutrient loading is of primary 

importance. Much lake research indicates that high aquatic biodiversity is linked with clear water 

conditions (See box – ‘Attenborough Ponds SSSI’), healthy communities of submerged and emergent 

plants, and predatory fish populations. High aquatic diversity also promotes resilience, high functional 

values and can make such sites particularly attractive for people by supporting recreational and 

educational resources. High diversity lakes are therefore desirable systems that contribute to regional 

biodiversity inventories. Research on quarry lakes can therefore broaden our understanding of  aquatic 

ecology and so contribute to lake restoration projects elsewhere (Carpenter & Lathrop 1999). 

Eutrophication- Eutrophication is defined as an excess of limiting nutrients (e.g. phosphorus, 

nitrogen) in aquatic ecosystems, to a level which often causes ecological damage. Excess nutrients 

cause an increase in phytoplankton or potentially toxic blooms of cyanobacteria. In shallow lakes, 

such conditions often result in the loss of submerged aquatic plants by shading, loosening of 

sediment or shallow root growth. Restoration in such instances is particularly difficult due to inertia 

in the system (see Jeppesen et al. 2007). In all lakes however, decomposition of excess organic 

matter on the lake bottom caused by a rise in nutrient levels increases anoxia and can create ‘dead 

zones’ such as those seen in Lake Erie during the 1960s and 70s (see Sweeney 1993). 

Attenborough Ponds SSSI- A series of former gravel pit lakes excavated during the 1930s, 

located to the south of Beeston. These lakes, being older than those at Barton, are shallower (<3m) 

and smaller with an average area of around 25ha. However, as these are former quarry lakes and as 

some sites are flooded by an adjacent river (R. Erewash), a comparison of these sites could indicate 

the impact of connectivity in a gravel pit system and impact of regular flooding of Barton lakes. 

Studies on the Attenborough ponds by Sayer and others (see Sayer 1996, Sayer & Roberts 2001) 

indicated that a number of the Attenborough Pond sites were highly eutrophic due to flooding by the 

nutrient rich R. Erewash and supported few macrophytes, despite their shallow water depths. This is a 

warning for similar sites such as the Barton ponds which, if left, could follow a similar trajectory.  
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Objectives of this bio-survey investigation 

To the authors’ knowledge, there is little information on these Barton lakes since the fauna or flora, 

water chemistry, hydrology, or indeed basic bathymetry have been investigated in any detail (David 

Southgate, pers. comm.). Hence, the main aim of this study is to provide baseline data by which to 

determine the ecological and environmental status of the lakes and ponds by assessing (i) the current 

aquatic biodiversity of  ‘redeveloped’ sites at Barton quarry, (ii)  the ‘health’ of these ecosystems. 

Results will help to develop management recommendations and will be achieved by: 

1. Assessing the water quality of the ‘restored’ lakes (pH, alkalinity, nutrients). 

2. Establishing current macrophytes, invertebrate and zooplankton diversity. 

3. Analysing microalgae (diatoms) in a fresh plankton sample and in  a sediment core. 

4. Assessing the ‘health’ of the lakes using basic OPAL techniques (see Davies et al. 2010). 

This project will help establish the current macrophyte and invertebrate biodiversity and water 

chemistry of the post-extraction quarry lakes/ponds at the Barton-under-Needwood site complex.  

Background information: Barton quarry includes around thirteen water bodies, four of which have 

been developed for wildlife and recreational activities including fishing and water skiing. These four 

connected lakes are the focus of this study (nominally labelled Lakes A-D in Figure 1) and have already 

developed significant biodiversity. The site is occasionally flooded by the River Trent when river water 

flows into the system at two points indicated on Fig. 1. During one such event in July 2012, fishermen 

reported that several lakes were inundated allowing fish to migrate between them. Flooding would also 

allow migration of many other aquatic organisms and their propagules. 

The lakes have been managed as wetland habitat for over 20 years (David Southgate pers. comm.). They 

range in size from ~20 hectares to ~4 ha, with several smaller satellite ponds (<0.1 ha); they vary in 

depth with the deepest parts being around 5-6 m (Figure 1). The work reported here is exploratory and 

could form the basis for further work to monitor and develop the lakes, to enhance their aquatic 

biodiversity and realise their potential as public or potentially private assets. 

Methods 

The work plan comprised (1) bathymetric survey, (2) water chemistry analyses (3) plant, invertebrate 

and mollusc surveys of selected lakes during two days  (9-10th July 2012). Unprecedented rainfall on 

the 8th July caused the River Trent to flood the site area to an extent not witnessed in >20 years. The 

fieldwork was postponed but  re-grouping the field team was not possible until the 18th September 

when the work was carried out. Using two inflatable boats with eco-engines and a  hand-held echo 

sounder established the basic bathymetries of four wetland lakes (A-D). Water samples were taken for 

analysis - conductivity, pH, and major nutrients (total nitrogen and phosphorus - TN, TP); results for the 

latter will be available after report submission. Temperature-depth profiles were taken from Lake C at 

its deepest point (~5.6 m) to establish any stratification (in  eutrophic lakes this  is linked to summer 

deoxygenation of deeper water and, potentially, to fish kills during autumn overturn of the water body). 

Plant surveys of emergent and submerged vegetation were also carried out, with littoral and deeper 

water sampling for invertebrates and molluscs. Species were assigned a DAFOR score, rated in 

abundance from 1-5 (rare to dominant) in order to estimate diversity. Macrophyte samples were 

obtained from depth using a two-sided rake and the growth limitation depth measured. Secondary data 

about fish populations were obtained from fishermen from the local angling club (Burton upon Trent 
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Mutual AA). Regular users of the lakes were also asked about species occurrences and for other 

limnologically important observations (e.g. seasonal occurrence of deoxygenation, algal blooms).  

In addition, a measure of lake ‘health’ was determined using methods recommended by the OPAL 

project (http://www.opalexplorenature.org/). Common aquatic species are assigned a quality index 

score and totals of these scores acts as an indicator of lake ‘health’. The results of these surveys were 

also submitted to the OPAL database to be included in the results of the OPAL project, to be concluded 

in 2013.  Littoral invertebrate communities were collected using a standard 1 minute kick-net method, 

with 3 samples collected from different macrophytes types in both Lakes C and D. Samples were fixed in 

10% formaldehyde on returning to Loughborough University, and stored in a cold room. Preliminary 

investigation of samples from lake C and D were made (M. Greenwood). 

 

 

A 

B 

C 

D 

River Trent 

Settlement Lake 

Trout Lake 

Figure 1: Map of four studied sites (A-D) including  two lakes sampled for water chemistry 

(Settlement and Trout Lake). Arrows indicate locations of river inflow during periodic flood 

events. 
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Another ‘health check’ is through palaeolimnology (See box – ‘Palaeolimnology) and lake sediment core 

analyses.  A sediment core collected from Lake C  was separated into sections, with three samples (top, 

middle and base of the core) used for diatom analysis.  Diatoms are a diverse group of siliceous 

microalgae that preserve well in sediments and are excellent indicators of water quality; samples were 

prepared using standard methods (Battarbee et al. 2001). Diatom suspensions were dried onto glass 

microscope slides and counted under phase contrast light microscopy at x1000 magnification. 

Photographs of various species were taken using a Zeiss ER 5s microscope camera (displayed in 

Appendix 4). Sediment organic and carbonate contents were assessed by loss-on-ignition using 

standard methods (Dean, 1974) of heating weighed samples in a muffle furnace to 550 °C for 2 hours. 

Results 

Water chemistry and stratification: Water samples (initial chemistry data is shown in Table 1) from 

lakes A and B showed elevated conductivity values as compared to the other ‘restored’ lakes (D and D), 

and are comparable to the working lakes (Settlement and Trout) which are used as settling ponds. This 

would suggest that on-going extraction work near Lake A may be influencing water quality at these two 

sites. Alternatively, use of groundwater to clean extracted material which occurs close to Lake A could 

be affecting conductivity values. On the other hand, wide-spread use of  salt on UK roads in large 

quantities during hard winters is known to salinize small lakes affected by road run-off.   

The temperature profile of Lake C was constant (Fig. 2), indicating no thermal stratification at the time 

of sampling (late September). However, the organic rich, anoxic sediments collected by Ekman grab and 

core sampling indicates that a persistent and stable summer stratification occurs in Lake C causing 

anoxia of deeper water. Fishermen also reported that during summer fish appeared to be absent deeper 

than around 2-3 m and that live bait was returning dead if deployed below this depth. It is likely 

therefore that the September survey was carried out too late to observe stratification and anoxia 

directly; further work is required to identify the lake stratification regime. Given the above evidence, we 

hypothesise that this lake stratifies during summer causing anoxia of  deeper water (the hypolimnion).  

Aquatic plants and edge vegetation: Elodea nuttallii (Western waterweed) was found to be growing in 

all of the lakes apart from Lake A, and in many sites was the only submerged vegetation present 

(Appendix 3). It was often present as dense mats extending to 1.5 – 2 m depth. Elodea nuttallii is known 

to prefer waters with a pH of  6.5-8 and it has a competitive advantage over many other submerged 

macrophytes in nutrient rich waters since they are shade tolerant. The dominance of this species in the 

‘edge’ zone is doubtless restricted by light availability but its presence indicates nutrient enrichment; it 

may also be limiting growth of other submerged vegetation. Species are indicated in Appendix 2. 

Palaeolimnology- Palaeolimnology is the science of inferring (or “reconstructing”) past 

environmental conditions of aquatic systems. Although rivers and wetlands are included by the term, it 

is very largely focussed on lakes, and principally uses lake sediment records, sometimes supplemented 

in recent decades by historical information (e.g. biological, physical and chemical surveys). Sediments 

are generally collected as  vertical cores, and subsampled horizontally to give a series of discrete time 

intervals. Analyses of these allows lake (and catchment) history to be inferred. Palaeolimnology has 

raidly matured as an environmental science as techniques have proliferated allowing many more 

components of sediments to be analysed and dated, in parallel with new statistical methods allowing 

quantification of biological remains and biogeochemical signals. Key parameters for management and 

restoration of lakes (e.g.  pH, salinity, TP) usually can be robustly inferred from the biological remains 

preserved in lake sediments (such as diatoms, chironomids and cladocera). 
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In most cases submerged plants were present to a depth of around 1.5 – 2 m, according to site. However, 

determining the precise depth was challenged by to the steep nature of the littoral zone, often with a 

depth-distance ratio of 1:1 (slope of 45°) in some areas. Consequently, in Lakes C and D especially, 

submerged plants were found to cover only a small area relative to lake size, reflecting the steep littoral 

zone and relatively low water transparency.  

Lake pH Alkalinity (ppm) Conductivity (μS L-1) 

A 7.61 162 1138 

B 7.92 

 

1069 

C 7.5 129 689 

D 7.84 

 

588 

Settlement 7.57 

 

816 

Trout 8.02 

 

791 

 

 

 

 

Phragmites australis and Phalaris spp were the dominant emergent vegetation in most of the lake 

system (Appendix 3). Large beds of P. australis were visible on many areas of the shoreline (Appendix 6: 

2), especially Lake B. This indicates, inter alia, a lack of grazing pressure, a high water table and fairly 

high nutrient availability. They offer a major resource for many birds notably reed nesting specialists. 

Molluscs: Dreissena polymorpha was observed at all sites including in Lake A, a site which receives no 

direct inflow except when connected to other lakes during flooding (Appendix 6: 3). Therefore, as well 

as restocking fish species and distributing propagules, periodic flooding has probably contributed to the 

dispersal of undesirable species such as the zebra mussel. This should be considered in future 

management plans as new invasive species are likley. The likelihood of this is expected to increase in 

the future due to climate change (Rahel & Olden 2008). Other species found at Lakes C and D include 
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Table 1: Water chemistry data for six lakes as labelled in Fig. 1. TP and TN data are pending. 

Figure 2: pH, temperature and conductivity values with water depth in Lake C. 
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two species of Lymnaea, several species of Planorbids and at least one species of Potamopergus. Swan 

mussels were found occasionally in grab samples from all four lakes but all were dead and it is very 

likely that D. polymorpha has now largely displaced these large native freshwater mussels from most 

sites.  

Zooplankton and benthic invertebrates: The most dominant species of zooplankton observed in the 

three zooplankton samples were Daphnia pulex, Daphnia magna, Bosmina longirostris and two genera of 

copepod; Cyclops and Diaptomus. The zooplankton samples exhibited high abundance and diversity as 

shown in Appendix 4.. Highest abundances were found in Lake A, especially of B. longirostris (Table, 

Appendix 4) which was especially dominant in this sample.

Significantly, shallow water invertebrate samples showed high diversity with a number of key species 

indicating ‘good’ ecological health. Kick samples from Lake C included the crustaceans Gammarus pulex 

and Asellus aquaticus (water hog louse), several aquatic insects, such as Corixids (water boatmen), 

chironomids, and caddis fly larvae (including  Phrygarium bipunctata), and beetles, including one 

specimen of the Great Diving Beetle (Dytiscus marginalis). Lake D was less diverse, typified by 

Gammarus pulex in very high abundance, but including several species of mollusc, beetle and Corixidae. 

It is noteworthy that Lake D had different species of both Lymnaea (L. peregra in Lake D, L. stagnalis in 

Lake C) and beetles (Dytiscidae) to those observed in Lake C, although this preliminary analysis is by no 

means exhaustive, despite these sites being separated by only a few metres of bank, and connected by a 

stream from Lake D to Lake C. Further samples will be collected from across the Barton site complex  

for invertebrates and diatom communities (as part of an undergraduate dissertation by David Bishop at 

Loughborough University, 2013). This work will investigate the communities further and provide a 

more complete picture of diatom and invertebrate biodiversity at the Barton ponds, particularly how 

these differ in species composition between different habitats within and between ponds and lakes. 

Given the caveat that the invertebrate analysis is preliminary, the invertebrate communities in  these 

samples suggest relatively clean, diverse shallow water conditions, especially at Lake C. The occurrence 

of the water hog louse at both sites, however, is suggestive of lower oxygen conditions (perhaps linked 

to accumulation of decaying matter in sheltered littoral areas and summer oxygen stress), as this 

species tolerates lower oxygen concentrations. See Appendix 2 for species. 

Algae: Diatom counts from a phytoplankton sample and a sediment core collected from Lake C are 

displayed as a stratigraphic plot in Figure 3. Very little cell breakage was found in these samples, 

indicating that the sediment has experienced little disturbance (resuspension or bioturbation).  

 In the plankton sample, S. medius is very dominant. Although such abundance of this species during 

October-November is not unusual (Sayer, 1996), overall abundances of small centric taxa of the genera 

Stephanodiscus, Cyclotella and Cyclostephanos indicate high nutrient levels. 

 In all sections of the core, planktonic species of the above and of Aulacoseira granulata are dominant 

(Appendix 5, 1-3). This indicates either a history of raised nutrient levels which has reduced relative 

abundances of  non-planktonic species, or a lack of non-planktonic habitats (small  littoral zone). The 

latter agrees with plant survey results where the narrow littoral zone limited macrophyte growth. Such 

limitations reduce the littoral to open water ratio contributing to the dominance of planktonic taxa. 

Some epiphytic species such as Cocconeis placentula and C. pediculus (Appendix 5, 6-7) were present 

through the core, indicating that macrophyte beds have been present around the lake for some time. 
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Figure 3: Diatom summary plot displaying species relative abundance (%) including one 

phytoplankton sample taken from open water and three samples from a sediment core (by 

depth in m), both from Lake C. 

Overall, diatom changes in the core probably reflect changes in lake water quality during the past c. 20 

years during which time A. granulata has increased as has organic content of the sediment. The changes 

are compatible with a hypothesis of increasing nutrient enrichment – from a high to very high level 

during the maturation of Lake C. Furthermore, A. granulata is often, but not exclusively, characteristic 

of river phytoplankton and could indicate linkage to River Trent water.  

Discussion 

The shallow water zone of standing waters is most species rich (HeilbergCement 2010). This is 

dependent on water transparency but for many UK lowland sites the most productive zone extends to 

around 2 m for most rooted vegetation (egg. Nuphar, Potamogeton, isoetids etc.). Lakes with large 

shallow areas colonised by macrophytes are always found to exhibit high biodiversity and stability, 

such as Clifton Pond, the only example from the Attenborough Ponds which supports submerged plants 

(Sayer, 1996, Sayer & Roberts 2001). Results of this study show this edge zone reaches to around 1.5-2 

m in the Barton Lakes. However, bathymetry of the lake edge in these examples is not conducive to 

colonisation by aquatic plants due to steep ‘drop-offs’. So, macrophytes are likely limited in area by the 

narrow extent of shallow areas near the lake shores. For example, the only areas which were found not 

to be dominated by E. nuttallii were in Lake A, which was also the only site to include desirable Nuphar 

spp, found in the outflow to Lake B. These examples were found in a large shallow area not observed in 

other sites but on the other hand desirable Chara species were found in Lake D. Diatom community 

composition throughout the core was found to be lacking in significant numbers of  both epiphytic and 

epipelic species, confirming the lack of suitable habitats for these species in the littoral zone. One clear 

finding is that remodelling of the edge bathymetry by reducing the gradient and extending the shallow 

water area (<2 m depth) would serve to increase the extent of macrophytes relative to lake size. This 

would also significantly increase diversity of both vegetation, algae and organisms such as zooplankton, 

invertebrates and young fish which use macrophytes for refugia, food and as breeding grounds. This 

would also help stabilise the lake system, increasing transparency, reduce nutrient release from shallow 

and wave-stressed littoral sediments, reduce planktonic algal blooms through increased grazing by 

zooplankton, and ultimately reduce deep water anoxia.  

Despite the benefits of submerged plants, the key to promoting aquatic diversity is clean water 

(Williams et al. 2010) and that means reducing nutrients concentrations. Our results for the shallow 

water invertebrates indicate that the lake system is only slightly nutrient enriched but those for plants 

and diatoms indicate strong enrichment. For example, dominance of E. nuttallii is indicative of nutrient 

enrichment and low water transparency and the diatom communities also  indicate eutrophication. Also, 

0 

0.3 

PP 
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similar diatom species were found in abundance in those enriched Attenborough Ponds where aquatic 

vegetation was lacking (Sayer & Roberts 2001). In the Barton lakes, submerged plant growth is strongly 

light limited and this again indicates high phosphorus levels and eutrophication (see May & Carvalho 

2010). Collectively, our results serve as warnings that nutrient enrichment is a threat to aquatic 

diversity at these sites. Therefore, plans to increase biodiversity at the Barton lakes must include 

monitoring of nutrient levels and possibly increasing the supply of ground water over that from the 

Trent River. Results of TP and TN (on-going) are needed to validate our suggestions about nutrients and 

providing alternative sources of water. 

The presence of an invasive species -zebra mussels- in all the lakes could exacerbate the effects of 

nutrient enrichment. Although research is not conclusive, high filtering capacity but rejection of some 

cyanobacteria by these dreissenids is likely to increase occurrences of cyanobacterial blooms in lakes 

by placing them at a competitive advantage over other algae (Conroy & Culver 2005). During 

zooplankton counting for Lake C, cyanobacterial Anabaena and Microcystis spp were observed but 

abundances were not determined. In addition, in Lake A, a bloom of cyanobacteria (unknown species) 

was noted in shallow areas during the September sampling. This correlates with the high abundances of 

zebra mussel at this site (Appendix 6, 3), meaning that larger cyanobacterial blooms could become 

problematic and severely reduce diversity. Although not conclusive, continued growth of these invasive 

bivalves could act to severely threaten biodiversity and they have already largely eliminated swan 

mussels. Lake managers should therefore be aware of this issue and monitor carefully. 

Overall, this project provides valuable primary data for a largely neglected and yet important habitat 

that, ironically, is created as a by-product of an industrial process: shallow and open cast mineral 

extraction. In many respects, this short survey is limited in extent by a paucity of data in this regard 

making it difficult to relate these sites to regional factors and to other redeveloped gravel pit lake. 

However, this work could serve as a foundation for more in-depth studies. 

We identify seven key performance or ecological quality indicators (below) for assessing the success of 

biodiversity redevelopment of artificially created wetland lakes with special reference to the Barton 

sites. These indicators, calculation of some of which requires little expertise, can be used to assess the 

on-going restoration and development of the Barton lakes site. 

1. Invertebrates and OPAL scores 2. Basic water quality (transparency, oxygenation, pH,  conductivity) 

3. Nutrient concentrations 4. Characteristic microalgae 5. Aquatic plants and abundance of rooted 

vegetation 6. Water level variations (Trent effects) 7. Degree of infestation by invasive species 

8.  Naturalness: aesthetic and recreational values. 

 

Conclusions 

This study has demonstrated the value of these sites for biodiversity in the landscape, especially in 

ways not reported here (for example numerous invertebrate species). However, it has also revealed a 

number of concerns which managers should strive to monitor. The threat of eutrophication, evidenced 

by cyanobacteria, abundance of small centric diatoms and shallow macrophyte growing depth, is real 

and if left to continue unabated could severely threaten biodiversity at this site. In addition, remodelling 

of edge bathymetry at many of the sites could expand the colonisation area for macrophytes, which 

would in turn increase biodiversity by providing refugia for many fish, zooplankton and invertebrate 

species. In turn, protection of zooplankton would help to ensure clear water conditions, therefore 

stabilising the lake system. However, dominance of E. nuttallii is a cause for concern, although 
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expanding shallower areas could cause greater colonisation by species seen in other lakes, such as 

Nuphar observed in Lake A. 

It is also recommended that for further development of the site, a number of degraded small ponds 

(Appendix 6: 1) could be managed to significantly increase biodiversity. Ponds are known to create 

disproportionate levels of diversity relative to their size (Oertili et al. 2009), and creation of these new 

ponds could also contribute to schemes which are aiming to increase numbers of ponds nationally 

(such as www.pondconservation.org.uk/millionponds ; Pond Conservation, 2008). However, information 

provided by  Pond Conservation  (ibid) suggests that  the Barton sites might already classify as a Priority Pond 

complex (see Box 4) satisfying condition (3) – on the grounds of possessing exceptional assemblages of key 

biotic groups ( having at least 30 wetland macrophyte or 50+ macroinvertebrate species). Until systematic 

surveys are carried out  to establish these status criteria  we will not know but evidence so far suggests that  

these could be met. Pond creation has begun but until nutrient sources, including any in water inflows from 

quarry workings (especially at Lake A) are quantified and inundation by unclean river water is curbed, it is 

unlikely biodiversity will improve at the sites. Furthermore, species invasions can have  negative and positive 

effects, Trent inflows and replenish fish stocks abut will also contribute excess nutrients and invasive species 

such as the Zebra mussel. Removing or controlling zebra mussels should be considered. 

Artificial lowland lakes and wetlands are especially valuable not least to replenish the many examples of 

natural wetland sites have been removed through agricultural drainage and in-fill as well as urban and 

industrial development across valley floodplains. This project has established that the ecological and 

environmental quality of these redeveloped habitats can be significant and, by establishing a baseline, this 

study can pave the way for future work on the Barton lake complex to explore ways of enhancing their value 

as wildlife reserves and hotpots of biodiversity. Wetlands and lakes generally provide habitat and resources 

for non-aquatic fauna too; they are particularly important for migratory birds and a range of ecosystem 

services to the surrounding landscape, such as hydrological control, pollutant and sediment sink, and 

regulation of  biogeochemical cycling (especially for nitrogen, phosphorus and carbon).  

Society can benefit by the creation of species-rich wetland and lake landscapes in otherwise often low 

biodiversity areas in developed landscapes, They can therefore have recreational, amenity and aesthetic 

value that are directly related to the habitat (e.g. sailing, boating and fishing) or indirectly related to 

other activities  (e.g. walking, cycling, orienteering and running). High diversity sites provide many 

possibilities for added value in terms of conservation, education and public outreach, and can be helped 

by involving  relevant stakeholder groups. Redeveloped lake and wetland habitats may even have a 

financial value for other users, and potentially generate income for the company if sold off as assets in 

their own right.  
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Appendix 2 – Species lists 

Macrophytes Algae (diatoms) Gyrosigma acuminatum 
Chara globularis? Achnanthes lanceolata Gyrosigma spencerii 
Elodea nutalii Achnanthes minutissima Navicula cryptocephala 
Enteromorpha spp Amphora libyca Navicula gregaria 
Epilobium hersutum Amphora pediculus Navicula rhynocephala 
Epilobium presentum Amphora pediculus Navicula trivialis 
Gammarus spp Antinocyclus normanii Navicula veneta 
Glyceria fluitans? Asterionella Formosa Navicula sp 1 
Glyceria maxima Aulacoseira ambigua Nitzschia amphibian 
Juncus effuses Aulacoseira distans Nitzschia dissipata 
Lemna minor Aulacoseira granulate Nitzschia frustulum 
Lythrum salicaria Aulacoseira moniliformis Nitzschia gracilis 
Nuphar spp Cocconeis pediculus Nitzschia linearis 
Perspicerua anphibia Cocconeis placentula Nitzschia palea 
Phalaris spp Craticula cuspidate Nitzschia recta 
Phragmites australis Ctenophora pulchella Rhoicosphenia abbreviata 
Planorbis spp Cyclotella atomus Rhoicosphenia curvata 
Potemogeton pusilis Cyclostephanos dubius Staurosirella pinnata 
Salix aldercar? Cyclostephanos invisitatus Stephanodiscus hantzschii 
Salix rhea Cyclotella meneghiniana Stephanodiscus medius 
Typha spp Cyclotella pseudostelligera Stephanodiscus parvus 
Zanichelia illustris Cyclostephanos tholiformis Surirella bifrons 
 Cymatopleura solea Surirella brebissonii 
 Cymbella minuta Surirella linearis 
Molluscs Cymbella ventricosa Tabellaria ulna 
Bithynia tentaculta Diatoma tenius  
Dreissena polymorpha Diatoma vulgaris Invertebrates 
Lymnaea peregra Fragilaria capucina Anisoptera sp.1 
Lymnaea stagnalis Fragilaria fasciculata Asellus aquaticus 
Planorbis carinatus Fragilaria parisitica Chironomus sp. 
Planorbis sp.1 Gomphonema olivaceum Coleoptera indet. 
Potamopergus jenkinsii Gomphonema parvulum Corixidae spp. (cf. Corixa 

punctata) 
Sphaerium corneum Gomphonema parvulum Dytiscus sp.1 
 Gyrosigma acuminatum Dytiscus marginalis 
 

 
Gammarus pulex 

 
 

Phrygarium bipunctata 
 

 
Zygoptera sp.1 
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Lake A B C D 

Site 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 

Chara globularis 

                     
    

      Elodea nuttallii 

    
          

  
              

 
                    

Enteromorpha spp 

    
      

     
    

     
  

       
  

 Epilobium hersutum 

                 
  

           Epilobium presentum 

                
  

            Gammarus spp 

          
  

                  Glyceria fluitans 

                 
  

           Glyceria maxima 

  
      

    
  

     
  

      
  

      Juncus effuses 

           
    

   
  

         
    

 Lemna minor 

     
  

   
  

                   Lythrum salicaria 

   
          

    
    

 
    

  
    

        Nuphar spp 

  
  

 
  

                        Perspicerua anphibia 

             
  

               Phalaris spp 

           
                        

    
  

 Phragmites australis 

 
  

 
  

  
  

 
  

     
  

  
  

   
  

 
    

   
  

Planorbis spp 

                
  

            Potemogeton pusilis 

                    
  

        Salix aldercar 

                         
  

   Salix rhea 

     
  

 
  

    
  

             
  

 
  

Typha spp 

    
  

 
    

                     Zannichellia illustris 

            
  

                Max Depth (m) 5 U 1 U U 1 2 1 1 U 2 2 U 1 U 2 U 2 0 2 1 2 2 2 1 1 U U U 

                              

 
D A F O R 

                         

Appendix 3: DAFOR scores of submerged and emergent vegetation at randomly sampled sites at each lake, including maximum 

growth depth (U signified as unknown depth) 
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Appendix 4 - Dominant zooplankton species photographs and DAFOR scores 

  

  
 

1)  Daphnia pulex with filtering arms, eye and tail clearly visible. 2) An abundance of Bosmina longirostris 

was found in samples taken from Lake A. Prominent features include a visible intestinal tract and 

protruding mouth piece. 3) Daphnia magna 4) Two Diaptomus sp, identifiable from the single red eye and 

long antennae. Note: Daphnia 1-2 mm long, Bosmina 1 mm and copepods 1-2mm. 

 

 

     
Lake D. Pulex D. magna B. longirostris Dioptomus spp Cyclops spp larvae 

A 3 2 5 2 4 1 

B 2 1 4 4 5 1 

C 4 3 3 3 5 0 

  

1 2 

3 4 

Table of  DAFOR scores (1-5 from rare to dominant) of zooplankton samples 

taken from three lakes. 
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Appendix 5 – Photographs of dominant or notable diatom species. 

   

   

   
 

Diatom microalgae in the plankton and sediments of Lake C. Specimens 1-3 typically are found as 

phytoplankton while 4-9 are normally benthic living on the surface of shallow mud or stones or on 

submerged vegetation.  

1) Stephanodiscus medius 2) Stephanodiscus hantzschii 3) Aulacoseira granulata (i) and A. cf distans (ii) 4) 

Amphora pediculus 5) Ctenophora pulchella 6) Cocconeis pediculus 7) Cocconeis placentula with 

Cyclostephanos dubius (lower left) 8) Navicula  lanceolata 9) Cymatopleura solea (at 400x magnification)  

  

1 2

 

3 

i 

4 

i 

5 6 

7 8 9 
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Appendix 6 – Site photographs and field working. 

(1) A satellite pond near Lake A showing algal (Cladophora) mats (right) (2) eastern shore of Lake C (3) 

high abundance of D. polymorpha found in Lake A Ekman grabs (4) field work and sediment coring. 

  

 

 
 

1 2 


