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Executive summary  

¢ƘŜ CŜƴǎ ǿŜǊŜ ŦƻǊƳŀƭƭȅ 9ƴƎƭŀƴŘΩǎ ƭŀǊƎŜǎǘ ǿŜǘƭŀƴŘΣ ōǳǘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ м҈ ƻŦ ǿŜǘƭŀƴŘ Ƙŀōƛǘŀǘ 
is highly fragmented within an intensive managed agricultural landscape. A key goal of the 
Fens for the Future Partnership is to develop an enhanced and sustainable ecological 
network, linking fragmented habitat and increasing area. Within the arable landscape there 
are more than 20 million km of ditches and drains and, with the application enhanced 
management, this ditch network presents an excellent opportunity for both increasing 
habitat area and connectivity. However, ditch enhancement must be targeted to where it 
will be most effective and the aim of this study was to provide an evidence base for such 
strategic targeting. 
 
The approach of this study was to analyse the available biological data, and extrapolate 
patterns in the distribution of wetland indicator species using environmental and 
ƎŜƻƎǊŀǇƘƛŎ ƛƴŦƻǊƳŀǘƛƻƴΣ ƛƴ ƻǊŘŜǊ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ΨǘǊǳŜΩ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ŘƛǘŎƘ ƴŜǘǿƻǊƪ ŀŎǊƻǎǎ ǘƘŜ 
fen, having accounted for differences in recording effort. The maps of predicted wetland 
biodiversity richness were then compared to the ecological network proposed by the Fens 
for the Future project. 
 
The biodiversity value of the landscape was greater close to existing wetland SSSIs. This may 
be due to SSSIs acting as reservoirs of wetland species or because environmental conditions, 
such as water quality, are better closer to those sites. Wetland biodiversity value was low in 
areas dominated by silty soils, such as those around The Wash; the distribution of peat soils 
was not an important determinant. Main river channels were predicted to have high 
biodiversity richness 
 
Targeting conservation action towards connecting and managing areas of current high 
predicted biodiversity would increase resilience by allowing movement of species through 
areas of high biodiversity value and by increasing the overall size of such areas. The 
predicted distribution of biodiversity value suggests that the currently proposed network of 
corridors is generally well placed; this may be due to the focus on main rivers and drains. 
However, several secondary corridors pass through areas of low wetland biodiversity value 
and there is likely to be added biodiversity benefit from targeting other higher value areas 
for management. The maps of predicted biodiversity value can be used to strategically 
target areas of high biodiversity value for ditch enhancement and management. 
 

  



Introduction  

It is now well-recognised that there is a pressing need for a more evidence-based approach 
to strategic conservation delivery. The Lawton report (Lawton et al. 2010) sets out clear 
targets for conservation; these follow the simple idea of better, bigger, joined, recognising 
the importance of increasing landscape scale connectivity to enhance biodiversity resilience. 
hƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ Ǝƻŀƭǎ ƻŦ ǘƘŜ CŜƴǎ ŦƻǊ ǘƘŜ CǳǘǳǊŜ tŀǊǘƴŜǊǎƘƛǇ ƛǎ ǘƻ άdevelop and establish an 
enhanced and sustainable ecological networkέΦ ¢ƘŜ CŜƴǎ ǿŜǊŜ ŦƻǊƳŀƭƭȅ 9ƴƎƭŀƴŘΩǎ ƭŀǊƎŜǎǘ 
ǿŜǘƭŀƴŘΣ ōǳǘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ м҈ ƻŦ ǿŜǘƭŀƴŘ Ƙŀōƛǘŀǘ ƛǎ ƴƻǿ ŦǊŀƎƳŜƴǘŜŘ ǿƛǘƘƛƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 
most important agricultural landscape. However, criss-crossing the arable landscape are 
more than 20 million km of ditches and drains. With the application of more 
environmentally friendly farming practices and enhanced management, the ditch network 
presents an excellent opportunity for both increasing habitat area and connectivity for 
wetland species. The ditch network has the potential to be suitable for a range of wetland, 
littoral or aquatic species Audit (Mossman et al. 2012). However, such ditch enhancement 
should be targeted where it will be most effective, with preference given to those areas that 
have the greatest existing biodiversity value, and those areas whose location (in terms of 
geographic placement and underlying soils) give them higher potential biodiversity quality. 
The aim of this study was to provide an evidence base for such strategic targeting. 
 
The approach of this study was to analyse existing biological data to model the current 
spatial distribution of biodiversity indicators in the arable ditch network. By relating 
indicators of ditch quality to environmental factors and the location within the fen basin this 
has potential to identify those parts of the ditch network of greatest conservation value, to 
support strategic spatial planning. The biodiversity indicators include Odonata species, 
wetland and aquatic plant species; species of conservation priority assigned to littoral, 
aquatic and wetland management guilds by the Fens Biodiversity Audit (Mossman et al. 
2012), and Fen Specialists (species for which the fens is particularly important in terms of 
their UK range extent). Recording effort across the Fens landscape is highly variable, with 
many areas receiving little recording. Therefore, the mapped distribution of recorded 
species richness would not allow reliable assessment of the potential benefits of enhanced 
ditch management. Our approach was to analyse the available biological data, and 
extrapolate patterns using environmental and geographic information, in order to predict 
ǘƘŜ ΨǘǊǳŜΩ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ŘƛǘŎƘ ƴŜǘǿƻǊƪ ŀŎǊƻǎǎ ǘƘŜ ŦŜƴΣ ƘŀǾƛƴƎ ŀŎŎƻǳƴted for differences in 
recording effort. 
  
This study will allow the evaluation of those elements of the ecological networks already 
proposed by the Fens for the Future project (core areas, corridors, restoration areas, and 
sustainable use areas), and will provide evidence to support planning of buffer zones and 
stepping stones, that were proposed but not yet identified by the Fens for the Future 
project. The key elements of the proposed network are mapped in Fig. 15.  



 

Methodology  

Biological data  

Biological records were collated from all 1 km squares wholly or partly within the Fens 
Natural Character Area boundary, plus an extension to include Chippenham Fen, following 
Mossman et al. (2012) ς totalling, 4147 1-km squares. The majority of records were derived 
from those collated in the Fens Biodiversity Audit database (Mossman et al. 2012), 
supplemented by 58,701 plant records (2006 to March 2013) from the on-going Fenland 
Flora survey (Mountford & Graham, unpublished). The resulting database comprised 
1,027,837 records. 
 
To ensure modelling reflected the current or recent distribution of biological quality, records 
made prior to 1987 were excluded, following the Fens Biodiversity Audit. This threshold 
represents a trade-off between restricting analysis to the most recent data, and retaining a 
sufficient volume of records to allow robust spatial analysis. 
 
Analysis was conducted at the scale of the 1 km square, aggregating all records within each 
square as an individual sample of replication. 
 
Recording effort was greatest in the key wetland SSSIs, such as Wicken and Chippenham 
Fens (Fig. 1). In the wider landscape, recording effort was higher in Norfolk and Suffolk, 
compared to Lincolnshire and Cambridgeshire, due to the recent compilation of local and 
county floras. There were 497 1-km squares with no records; these were spread across 
Lincolnshire and Cambridgeshire. 
 

Indicators of ditch network biological quality analysed as response variables  

After compiling biological records for each 1 km square, taxanomic and biological response 
variables were selected for modelling, according to the following criteria: good indicators of 
ditch quality, and relatively well and widely recorded groups.  
 
The following biological response variables were therefore selected for modelling:  

¶ Odonata (dragonflies and damselflies) species richness 

¶ Richness of Fens specialist species 

¶ Total richness of conservation priority species from all ΨwetΩ management guilds 

¶ Total richness of conservation priority species from aquatic management guilds 

¶ Total richness of conservation priority species from littoral management guilds 

¶ Total richness of all wetland plant species  

¶ Total richness of all aquatic plant species. 
 



 
Fig. мΦ 5ƛǎǘǊƛōǳǘƛƻƴ ƻŦ ōƛƻƭƻƎƛŎŀƭ ǊŜŎƻǊŘǎ ƳŀŘŜ җмфут ƛƴ ǘƘŜ CŜƴǎ b/!Φ 
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Odonata 
Twenty-ƴƛƴŜ ŘǊŀƎƻƴŦƭȅ ŀƴŘ ŘŀƳǎŜƭŦƭȅ ǎǇŜŎƛŜǎ ƘŀǾŜ ōŜŜƴ ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ ŀǊŜŀ җ мфут 
(Appendix 1); all species were included in the analysis. Odonata were selected because they 
are a particularly well-recorded group. Fig. 2a shows the richness of Odonata species in the 
Fens NCA. 

Fens specialist species 
Fens specialists include invertebrate and plant species identified by the Fens Biodiversity 
Audit as being entirely or largely restricted, or that have a primary or secondary stronghold 
in the Fens. A full list of Fen specialist species is given in Mossman et al. (2012). Fifty-eight of 
the 81 Fens Specialiǎǘǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ җ мфутΦ ¢ƘŜ ǊƛŎƘƴŜǎǎ ƻŦ CŜƴǎ ǎǇŜŎƛŀƭƛǎǘ ǎǇŜŎƛŜǎ ǿŀǎ 
selected as an appropriate measure because they were considered good indicators of 
quality fen-type habitats and as their conservation is essential in the region. Fig. 5 shows the 
recorded richness of Fen Specialist species in the Fens NCA. 

Priority species from management guilds  
Multi-taxa management guilds, comprising species considered as priorities for conservation 
(specialist and designated species) that have shared requirements for conservation 
management actions, were identified by the Fens Biodiversity Audit. All priority species 
from aquatic (90 species, Fig. 3a) and littoral (109 species, Fig. 3b) guilds were used for 
modelling. Species from all management guilds associated with wetland habitats (372 
species) were also selected (Fig. 2b). A list of guilds defined as aquatic, littoral or associated 
with wetland habitats is given in Appendix 2. 

Wetland and aquatic plant species  
Plants are one of the most widely recorded groups, and are considered good indicators of 
habitat quality. The richness of all ΨwetlandΩ plant species was used as a response variable, 
including the more common as well as rare or priority species. Ψ²ŜǘƭŀƴŘΩ ǿŀǎ ǳǎŜŘ ŀǎ ŀ 
broad term indicating plants that are associated with any wet or permanently damp 
conditions. Wetland plants were selected from the full UK flora (Hill et al. 2004) and 
identified as those vascular plant species that have wet or damp (җ7) Ellenberg moisture 
values, indicating a preference for wet conditions, and are associated with freshwater 
(aquatic, wetland or seasonally wet) habitat types. Plants of wet saline habitats were 
excluded for the purpose of the strategic network to provide connectivity for fen biota. 
 
Ellenberg moisture value of 7 indicates that a species largely occurs on constantly moist or 
damp, but not wet soils (e.g. Carex ovalis, Dactylorhiza maculata), and the maximum value 
of 12 indicates a fully submerged species (e.g. Potamogeton crispus, Ranunculus circinatus). 
The additional criteria, that species must be associated with selected habitats, was used 
because species often have wider tolerances of soil moisture than denoted by Ellenberg 
moisture values. Furthermore, the second criteria allowed the filtering of species with 
9ƭƭŜƴōŜǊƎ ǾŀƭǳŜǎ җт ōǳǘ ǘƘŀǘ ŀǊŜ ƴƻǘ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŦǊŜǎƘǿŀǘŜǊ ǿŜǘƭŀƴŘ ƘŀōƛǘŀǘǎΣ ŜΦƎΦ ǘƘŀǘ 
are instead saltmarsh or dune species. Species were required to be associated with at least 
one of eight selected habitats: acid grassland, calcareous grassland, improved grassland, 
neutral grassland, fen, bog, standing water and running water. The grassland habitats were 
selected to allow the identification of species associated with damp, wet and seasonally 
inundated grasslands, including habitats disturbed by fluctuating water levels, livestock or 
vehicles, such as Fritillaria meleagris, Mentha pulegium, Juncus compressus. 



 
A total of 460 vascular plant species where identified as wetland plants, of which 271 
ǎǇŜŎƛŜǎ ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ CŜƴǎ җмфут (Appendix 3). In addition to the vascular plants, all 
stonewort species (15 species) and any species of Potamogeton (16 species) were included, 
following Palmer et al. (2010), JNCC (2005) and Mountford and Arnold (2006). 
 
To provide an alternative indicator, a sub-set of the wetland plants were selected that were 
considered to be fully aquatic. These included vascular plants, stoneworts and Potamogeton 
species ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŘƛǘŎƘŜǎΦ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ΨŀǉǳŀǘƛŎ ŘƛǘŎƘΩ ǎǇŜŎƛŜǎ ǿŀǎ ōŀǎŜŘ ƻƴ 
existing lists by Palmer et al. (2010), JNCC (2005) and the Fenland-focused arable ditch 
scoping study (Mountford and Arnold 2006). A total of 163 vascular plant species, of which 
133 were recorded in the FensҗмфутΣ ŀƭƭ ǎǘƻƴŜwort species (15) and all Potamogeton 
species (16), were selected (Appendix 3). 
 
Figs. 4a and b show the recorded richness of wetland and aquatic plant species in the Fens 
NCA, respectively. 
 
  



Fig. 2. Richness of a) dragonfly species and b) species from management guilds associated with wetland habitats, recorded in each 1 km 
square in the Fens NCA.  

a) b) 
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Fig. 3. Richness of species from a) aquatic management guilds and b) littoral management guilds, recorded in each 1 km square in the Fens 
NCA. 

a) b) 

© Copyright/database right 2013. An 
Ordnance Survey/EDINA supplied service. 

© Copyright/database right 2013. An 
Ordnance Survey/EDINA supplied service. 



Fig. 4. Richness of a) wetland plant species, and b) aquatic plant species, recorded in each 1 km square in the Fens NCA.  

a) b) 
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