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ABSTRACT 

 

Survey of water vole populations in two of the Fenland drainage boards showed an 

encouraging indication that water vole populations are widely distributed in the 

agriculture drainage systems. The habitat suitability analysis based on logistic regression 

models identified four habitat factors in association with habitat quality. The presence of 

soil substrates suitable for burrowing, steeper bank, deeper water and the abundance of 

common reed are all important but were site and ditch type dependent. Different ditch 

types have a profound role in determining the physical conditions such as channel width 

and bank slope, and water voles in different habitat adjust their preferences for individual 

variables in achieving their critical need for food and shelter.  

Compared to Curf Fen, an overall better habitat condition at Ransonmoor supported a 

wider and larger population, but the model cannot identify specific factors reflecting the 

habitat preference. On the contrary, the model generated habitat quality was especially 

consistence to the density distribution of field signs at the Curf Fen maintained ditches, 

suggesting that water voles are more habitat selective when the optimal habitat become 

rare.  

Further analysis on spatial distribution showed that water voles tend to choose sub-

optimal habitat geographically connected with other voles than optimal but isolated 

habitat. Thus the fragmented populations in Curf Fen are less stable and more susceptible 

to habitat degradation. Recent bank re-profiling showed a positive influence with 

increased vole activity, suggesting that the carefully operated bank re-profiling may 

increase habitat diversity. Future monitoring is needed to identify whether re-profiling 

could create potential habitat that benefit the persistence of local population. 

 

Keywords 
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Chapter 1 

Introduction 

 

1-1 Background 

The water vole (Arvicola terrestris), also known as ‘Ratty’ from Kenneth Grahame’s beloved 

book The Wind in the Willows, was once widespread in the banks of rivers, streams, ditches, 

lakes and ponds throughout mainland Britain. Yet the population of this small rodent has been 

declining at a staggering rate during the last fifty years mainly due to habitat loss and predation 

by American mink (Mustela vison) (Strachan & Jefferies, 1993, Strachan et al., 2000).  

In addition to previous legal protection and maintenance of their current habitat (Countryside 

and Rights of Way Act, amended 2000), water voles have received full legal protection under 

the Wildlife and Countryside Act 1981 (as amended) since 2008, which strictly restricts any 

intentional persecution, injury or interference of water voles. However, at artificial drainage 

systems where bank profiling and management operations taken place regularly, it relies 

hugely on accurate monitoring and understanding of their local distribution to generate 

practical action plans that ensures the persistence of water vole populations (Buisson et al., 

2008). 

Within the Middle Level area, where major watercourses stretch over 120 miles and had a 

catchment of 70,000 hectares, water vole populations were surveyed carefully in 2005 at two 

of the 35 drainage districts, Curf Fen and Ransonmoor, in Cambridgeshire by staff and 

volunteers of the local Wildlife Trust. Though both sites were reported to be widely occupied 

by water voles, their patchy distribution raises the doubt of long-term population persistence. 

There is also an urgent need to investigate the impact of current ditch management for the 

implementation of future conservation strategies. To ensure and improve the sustainability of 

water vole populations in farmland drainage systems, this study sets out to identify 

environmental variables that effect the habitat selection and water vole populations at a local 

scale.  



 

 2 

1-2   Water vole conservation 

1-2-1  Water Vole Biology 

The water vole (Arvicola terrestris) is the largest of the Britain voles and fastest declining 

native mammal in the UK. Before the plummeting population loss became evident in the 

late 1980s, it was a common species and formerly widespread along various ranges of 

natural and artificial waterways across the country (Woodroffe et al., 1990a; Strachan et al., 

2000).  

Water voles are herbivores that prefer to feed on lush vegetation out of a wide range of 

riparian, emergent, as well as terrestrial plants (Strachan & Moorhouse, 2006). Their 

habitats in the UK are exclusively associated with watercourses, forming linear home ranges 

and along the water bank (Strachan and Jefferies, 1993). Water voles are secretive mammals 

and prefer to move about dense vegetation within 2-5m of the water’s edge, where they 

connect burrow systems and food resources by runways (Strachan & Moorhouse, 2006).   

The water vole breeding season lasts from March to October. During this period, breeding 

females mark their territories using discrete latrines that do not overlap with each other. 

Thus latrine counting was regarded as the most solid field sign of water vole activity that 

indicating breeding potential of population (Strachan, 1997). It is not known whether the 

number of latrines a female maintains is dependent to environmental conditions or 

population density. Despite the effort of Woodroffe et al. (1990a) in estimating roughly 6 

latrines are maintained per adult female vole, the extrapolation was filled with uncertainty 

(Morris et al., 1998). Nevertheless, the latrine density is a reliable way in reflecting the 

breeding potential of the population (Morris et al., 1998). It was widely used in estimating 

the relative abundance of water vole population in non-trapping survey study (Woodroffe et 

al., 1990a). 

The average life expectancy of water voles are generally less than two winters due to high 

over-winter mortality and predation rates. Of all their natural predators, water voles are 

particularly vulnerable to the American mink. Their typical anti-predator strategies including 

diving under waterbed and kicking up a screen of mud or escaping into burrows fail to fend 

off mink (Woodroffe et al., 1990b).  
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1-2-2  Factors Detrimental To Water Vole Survival 

1-2-2-1  Habitat loss and degradation 

Survival of water vole populations, like the majority of most wildlife conservation, is 

argued to be at irreversible risk in large scale when the natural habitat continues to be lost 

and fragmented (Barreto et al., 1998a; Rushton et al., 2000). 

The agricultural intensification after the second World War has resulted in large-scale loss 

of floodplain habitat, removal of riparian shelters, as well as degraded ditch systems 

regulated by unsympathetic operations (Strachan & Moorhouse, 2006). These have 

caused the direct loss of vole habitats and the fragmentation of the vole colonies (Barreto 

et al., 1998b; Strachan, 2003). Habitat degradation and isolation act like an incubator to 

weaken the stability of the population and turns local threats into real impacts. Researches 

has found that in fragmented and/or degraded habitats, risks of native (Forman, 2005) and 

non-native (Woodroffe et al., 1990b; Telfer et al., 2001) predation, disease, water 

fluctuation and human disturbances were all increased on the persistence of the whole 

water vole populations (Barreto et al., 1998a). Detailed discussion of the influences on 

population dynamics see 1-3-3.   

Ever since the first legislation was passed to protect the water vole from extinction, 

various conservation projects and action plans have been implemented in various regions 

targeting habitat enhancement and restoration, and signs of water vole populations 

recovery were shown at a local scale (Buisson et al., 2008). This suggests that the 

reversion of habitat degradation is the key role of water vole conservation. However, 

efforts of habitat management cannot be apart from other aspects such as mink control 

and ensured corridors between adjacent populations (Telfer et al., 2001; Strachan, 2004). 

 

1-2-2-2  Mink Predation 

The dramatic decline of water vole populations in the past decades has called for 

numerous research projects. It was generally accepted that the population loss was a 

combined impact of many external factors including intensive agriculture driven habitat 

degradation, habitat fragmentation, population isolation, water pollution, as well as 
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human disturbance. The accumulated effects made the inception of an efficient invasive 

predator, the American mink, unbearable to the water voles (Woodroffe et al., 1990b; 

Ruston et al., 2000). 

Recent studies have shed some light on a brighter future for water vole populations to 

survive with the presence of minks. But this occurs only when the water vole populations 

are relatively strong and widespread (Berreto et al. 1998a). In addition, heterogeneous 

habitat has more potential in serving as natural refuge for voles, such as abundant reed 

bed in small tributaries indicated by Carter et al. (2003). Nevertheless, mink control is 

highly encouraged as the first priority and valued as the core strategy in water vole 

conservation project (Strachan and Moorhouse, 2006). An increasing trend of native otter 

in England was also reported in correlation with mink declining, suggesting a natural 

balance between the two competition species (Bonesi et al., 2006; MacDonald et al., 

2007). 

 

1-2-2-3  Water level fluctuation 

Water is an important element for water vole habitat in providing a means to escape from 

predators as well as accessing food (Strachan & Moorhouse, 2006). Strachan (1997) 

observed that water voles prefer to burrow near the water’s edge when the bank condition 

is optimal. Therefore the magnitude and frequency of water level fluctuation, a common 

variable in many artificial drainage channels, can have a profound impact on water vole 

populations (Buisson et al., 2008). When pro-longed flooding submerges their burrow 

systems, water voles are forced to retreat to unfamiliar habitat, and thus endangered the 

local population (Strachan, 1997). A sudden change to low water levels can also cause a 

serious impact on water vole population through increased predation and decreased food 

resources (Strachan & Moorhouse, 2006).  

 

1-2-3  Current Status And Distribution 

1-2-3-1  National status 
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It was not until the two repeated nationwide surveys done in 1989-90 and 1996-98 

(Strachan & Jefferies, 1993; Strachan et al., 2000) that a solid conclusion of large scale 

disappearing of water voles was recognized. Strachan & Jefferies’s 1989-90 survey 

concluded that three quarters of the previous colonies identified in 1939 was lost. 

Between short period when of the two national surveys were carried out, a further 88% of 

the remaining population was gone and have since continue to fall, raising an alarming 

possibility that the water vole will become extinct in the British Isles (Strachan, 2004).  

The water vole is listed as a Priority Species in the UK BAP due to its serious population 

decline. It is still widely distributed but scattered in restricted local populations and in 

many regions have gone extinct (Strachan et al, 2000). The south East of Britain, 

including East Anglia and Cambridgeshire, is the current water vole hot spot that supports 

the highest percentage of occupied sites (Strachan & Moorhouse, 2006). 

 

1-2-3-2  Regional Status 

Water voles are found in all the Anglian counties, with local occupancy in individual 

counties ranging from 50% to 94%. Large populations were reported by Cambridgeshire 

County Council (2003) along Suffolk coastal rivers in relation with continuous excellent 

riparian habitats, while the populations in River Nene and Great Ouse were very low, 

presumed to be the result of a large number of mink populations. 

 

1-2-3-3  Local Status in Cambridgeshire 

Water vole is listed in both the Cambridgeshire and Peterborough Biodiversity Action 

Plan (BAP). Previous surveys in selected watercourses, mainly in South Cambridgeshire 

and the Nene catchment, suggested that the remnant water voles were varied in abundance 

and isolated within a few confined sites supporting large and strong populations 

(Cambridgeshire County Council, 2003). A water vole recovery project during 2004 and 

2006 further mapped out important populations and reported that the population in 

Cambridgeshire fens, though fragmented, were of national importance (Ross, 2006). 
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Locally within the Middle Level of Cambridgeshire, Hillier and Baker (2001) conducted a 

preliminary survey and found that 80% of the ditches were occupied by water vole. A 

subsequent three-year survey project from 2003 to 2006 focusing on two of the boards 

highlighted previously as potential hot spots has confirmed positive signs of local 

distribution (Ross, 2006). 

 

1-3   Water vole - Habitat relationship 

1-3-1  Habitat Suitability 

Habitat suitability for water voles have been studied in different regions and at various 

scales. In places where minks do not exist and confound, two major habitat requirements for 

water voles were found as:  

1) Abundant riparian and emergent vegetation:  

Serving as resources of food and shelter (Lawton & Woodroffe, 1991). Their favorite diet 

consists of longleaf grasses, reeds, sedges and aquatic vegetation (Zejda & Zapletal, 1969), 

Woodall 1977, Barreto et al., 1998; Lambin et al. 1998).  

2) Steep banks consisting of incompact substrates:  

Important for them to build a burrowing system (Zejda & Zapletal, 1969, Lambin et al. 

1998).  

The two factors were applied inclusively to almost every habitat and was held as basic 

conditions in determining water vole colonisation (Strachan & Moorhouse, 2006). Other 

factors also mentioned in previous studies of habitat preference include fresh water, specific 

riparian vegetation, water depth, and length of riparian vegetation (Lawton & Woodroffe, 

1991, Bonesi, 2002). 

 

1-3-2  Neighbouring Effect 

Despite the widely held basic criteria summarized in the previous section, a recent study has 

further identified an inter-relationship between environmental factors and the existence of 

neighbouring water vole populations (Bonesi et al., 2002). Based on census survey data 
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from two separated river areas covering 222 km, Bonesi et al. (2002) constructed rule-based 

models to analyze the association between environmental factors that effect the presence or 

absence of water voles, and assigned optimal habitat and sub-optimal habitat predicted 

accordingly. Their result suggested a neighbouring contribution that water voles prefer less 

attractive habitat with nearby colonies than isolated optimal habitat. It is in accordance with 

the piling evident of previous researches that water voles are variously adaptable within a 

range of habitats and relatively tolerant to human activities (Strachan et al., 2000). 

 

1-3-3  Distribution Patterns 

The major problem in investigating the association between environmental factors and the 

patchy distribution of water vole populations is that there is never a clear way in defining 

suitable habitat and non-suitable habitat (Telfer et al., 2001). Many published survey studies 

suggested that the inconsistency of vole distribution with ideally suitable habitat was the 

result of habitat isolation and/or mink predation (Lawton and Woodroffe, 1991). Two 

separately conducted over-year studies further concluded that mink predation, when it 

appeared, was the most significant factor that depressed water vole colonization (Aars et al., 

2001; Telfer et al., 2001).  

In places where mink is absent, two ecological theories, metapopulation and source-sink 

dynamics, were provided to tackle the spatial fragmentation of water vole population. A 

metapopulation approach is best applied where suitable habitat is patchy separated in 

unsuitable habitat, thus the increase in geographical isolation of optimal habitat would 

decrease the chance of occupation, resulting a fragmented population (Hanski, 1997). In 

reality, species live in landscapes with continuous heterogeneity that most of them select 

from a matrix of factor combinations (Amarasekare, 1994). However, the theory adequately 

explained the absence of water vole population from suitable habitat surveyed by Telfer et al. 

(2001) that they predicted that in places where mink is absent, the spatial patterns of water 

vole population is most likely to follow a metapopulation process.  

On the other hand, when target species can be found in a variety of habitat characteristics, 

source-sink dynamics was provided to solve the conflict that species not only choose the 

suitable habitat, but are sporadically distributed in some less suitable habitat (Bonesi et al., 
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2002). Source-sink theory assumes that the optimal habitat is restricted, so that when 

carrying capacity is reached, less competitive individuals are driven away and occupy 

marginal or sub-optimal habitat nearby, forming dependent source and sink populations 

(Pulliam, 1998). This theory is theoretically plausible and, if it is the case, very important to 

the persistence of the overall population. Unfortunately, it is often difficult to achieve since 

it relies significantly on detailed understanding of species biology such as dispersal ability, 

inter- and intra-population behavior, whilst detailed demographic data and clear requirement 

of habitat quality are also critical (Watkinson and Sutherland, 1995; Diffendorfer, 1998). 

For species that are tolerant to a range of habitat quality such as water vole, it is often 

difficult to conclude whether low density of colonization in a sub-optimal habitat is a 

reflection of source-sink process, i.e. immigrant from nearby source, or simply a survival 

mechanism in response of different habitat carrying capacity (Diffendorfer, 1998). The latter 

is a common situation for water vole since it shows a flexible and seasonal territory ranging 

from 30m to 150m depending on overall population density, food abundance and habitat 

quality (Strachan & Moorhouse, 2006). In a spatially explicit population dynamics model, 

Macdonald and Rushton (2003) demonstrated the possibility and potential in incorporating 

the biological variables to predict the population size and long-term patterns of distribution, 

and concluded that the carrying capacity of each habitat as a crucial factor determining 

water vole persistence. 

In short, the spatial distribution of water vole is a interplay of predator distribution, 

environmental condition, and community interaction (Telfer et al., 2001) that determines the 

pattern of long-term sustainability. Whether it is source-sink like or metapopulation like 

process, water vole populations respond to changes of environmental factors differently, and 

could become very sensitive when it dwindles (Rushton et al, 2003).  

 

1-3-4  Limitations of Cross-Sectional Study 

In addition to the complexity and uncertainty of spatial dynamics, the biggest restriction in 

addressing the concept of population dynamics is that it can only be demonstrated by 

manipulated experiments or long-term demographic assessments. However, well-conducted 

observational study can give a valuable sight into whether there might be a demographical 
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force that effect habitat selection for future verification of likely persistence of the current 

distribution. 

For example, the work by Bonesi et al. (2002) has shown not only that although sub-optimal 

habitat is tolerable and in some cases even favoured providing the presence of nearby 

population, but also a difference in relative population density. Among the sampling 

sections occupied by water voles, the mean latrine counts in optimal habitat was 

significantly higher than in sub-optimal habitat  (Bonesi et al., 2002). The finding could best 

be described as the result of a source-sink like dynamic, that water voles with limited 

dispersal ability are expected to occupy nearby sub-optimal habitat when the source optimal 

habitat reached its carrying capacity (Pulliam, 1988). 

Caution must be taken in applying source-sink dynamics theory, for the model requires the 

animals to be limited in dispersal ability but selective to habitat quality (Diffendorfer, 1998), 

which is further complicated when investigating a gradient of habitat quality, i.e. not 

discrete. It is also important to understand whether the individual is capable of assessing 

habitat quality (species dependent) (Diffendorfer, 1998), as well as whether the habitat 

quality is assessable (environmental dependent) (Watkinson and Sutherland, 1995). 

Nevertheless, Watkinson and Sutherland argued in their work (1995) that there is always a 

possibility where pseudo-sink exist and, if species failed to distinguish it from genuine sink, 

may overturn the persistence of source-sink population. 

 

1-4   Justification of the Study 

1-4-1  Background of The Study Site 

Whilst most researchers and monitoring techniques have focused attention on riparian 

systems, the wide spread farmland drainage systems, regardless of the many current or 

potential hot spots, was viewed as homogeneous landscape that is relatively easy to predict 

and to maintain (Harris, 2004).  

The Middle Level is the central and largest section of the Great Level of the Fens, reclaimed 

by drainage during the mid-17th Century. The majority of the area is a continuous farmland 
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landscape and many below the sea level. The river system consists of over 190 kilometres of 

watercourses and the majority of which are artificially designed and managed. A network of 

numerous ditches are inter-connected with the river system and sub-divided into 35 Internal 

Drainage Boards (IDBs) with separate pumping systems that regulate the water level 

independently. The target sites, Curf Fen and Ronsonmoor, are two medium sized drainage 

boards locating in the heart of the Fenland area (Fig. 1).  

 

1-4-2  Previous Survey Result 

Within the Middle Level, regular monitoring has shown that water vole activities are 

commonly sighted in many ditches. A thorough survey at Curf Fen & Ransonmoor drainage 

boards in 2005 have validated a high percentage of water vole distribution (64% of Curf Fen 

and 93% of Ransonmoor main ditches had recorded vole activity, Ross, 2006). Using latrine 

count as an indicator of relative population density, the previous survey also identified 

several environmental factors that may be potentially important to the persistence of water 

vole populations. Among all variables, water levels, ditch linkage with other watercourses, 

and means of management regime were suggested to be the most detrimental factors. The 

result was consistent with other studies in similar ditch habitats (Bonesi et al., 2002). 

 

1-4-3  Unanswered Questions 

No American mink was detected during the 2003-2005 survey period. However, there had 

been sporadic mink sightings since then, and the impact on the local population had not yet 

been identified. Thus another survey was especially in need. 

Although the two study sites were potentially suitable for water voles, previous survey data 

revealed that while some sections were actively in use, some near ditches with similar 

characteristics were left unoccupied. This may be a result of other undetermined habitat 

factors.  

During 2007 and 2008, five wind turbines were constructed at the heart of Ransonmoor 

(indicated on Fig. 1) and was operated frequently. They were included as an external 

variable of potential effect of vole distributions on the nearby ditch sections. 
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1-4-4  Small Scale Survey And Application 

If a local population is not stable enough to self-sustain, or is not spatially or geographically 

close enough to adjacent populations, each colony could become extremely vulnerable to 

environmental changes or mink predation (Lawton & Woodroffe 1991). It is thus 

hypothesized that for a population to persist in a local scale, successful dispersal to and 

immigration from surrounding habitats is essential (Stoddart, 1970; Rushton et al., 2000). 

While many researchers have approached the potential effects of population fragmentation 

and isolation in a regional scale (Lawton & Woodroffe 1991; Bonesi et al., 2002; Telfer et 

al., 2001), factors determining spatial distribution or fluctuation of water vole population 

within a seemingly homogeneous drainage system has not yet been empirically investigated. 

Two drainage boards, Curf Fen and Ransonmoor, typical of the environment of most 

drainage systems were chosen for the study. The test of factors influencing water vole 

distribution in a small scale would benefit future studies and work of conservation on the 

vast area of drainage biodiversity in the England. 

 

1-5   Aims and Objectives 

A relatively stronghold water vole population in ditches of Curf Fen and Ransonmoor was 

identified in a 2005 survey within the Middle Level IDBs, Cambridgeshire (Ross, 2006). 

Previous study has suggested that the local populations may be susceptible to a combination of 

environmental factors, including low water levels, less vegetation cover, and an intense ditch 

management regime. This study aims to identify the importance of each factor toward water 

vole populations by conducting a detailed survey for habitat suitability analysis.  

The specific objectives include: 

(i) To determine the current distribution and relative abundance of water vole populations 

within the two study sites. Water voles distribution was analyzed based on field signs 

recorded. 

(ii) To construct a habitat suitability analysis in identification of environmental factors 

that determine the local distribution 
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(iii) To identify hot zone areas (core populations) and the possible trend for population 

persistence. 

(iv) To evaluate the impacts of current waterway managements toward the health of water 

vole populations, serving as a reference for future conservation project. 
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Chapter 2 

Methodology 

 

2-1  Study site and survey strategy 

2-1-1  Study site 

Curf Fen and Ronsonmoor drainage broads are closely located in the heart of the Middle 

Level (52°30'N; 0°34'E) at either side of a small town, Doddington, at Cambridgeshire (Fig. 

1). Ditches of both boards are regularly managed by drainage boards, Ransonmoor District 

Drainage Commissioners (DDC), and Curf and Wimblington Internal Drainage Board (IDB), 

and administered by the Middle Level Commissioners (MLC). Although water levels 

fluctuated all year round, Curf Fen ditches are consistently lower than Ransonmoor due to 

different pumping regulation.  

Within each broad, the drainage system is a network of ditches maintained by the drainage 

board, intersected with side ditches that are maintained by the private owners of the adjacent 

land. In this study ditches and drains adopted and managed by the drainage boards was 

referred as “maintained ditched” and privately managed ditches was referred to as “side 

ditches”. Maintained ditches are 4-7m in width and bank re-profiling and/or de-silting are 

operated in a three-year period, whilst side ditches are connected openly or by culverts to the 

maintained ditches (Fig. 2). Side ditches belong to individual landowners and are designed 

carry water from field land drains to the board maintained ditches which is then pumped into 

the MLC main drainage channels. Bank condition varies a lot among side ditches, which are 

generally less than 2m wide and much shallower.  

Overall survey length was 37.1 km at Cur Fen and 46.5 km at Ransonmoor, length was 

calculated according to bank side surveyed rather than the watercourse (i.e. two sides of a 

ditch were taken separately). 
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Figure 1. Map of study site, Ransonmoor and Curf Fen drainage boards, indicating the distribution of 
maintained and side ditches and the borderland use. The maintained ditches are the major part of drainage 
systems that are under regular management, and are generally wider (3.5±1.9 for maintained ditches, 
1.2±0.7 for side ditches) and deeper (0.74±0.35m for maintained ditches, 0.27±0.27m for side ditches) 
than the privately owned side ditches. 
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Figure 2. Photo showing different habitats among study site and survey methods in use. The first layer 
indicate contrasting appearance of maintained ditch at (a) Curf Fen and (b) Ransonmoor. Canoe survey (c) 
is a useful tool for ditches with overgrown vegetation at Ransonmoor and some sections of Curf Fen. Foot 
survey was also used in maintained ditches at Curf Fen where a clear band of bare ground at the water’s 
edge is provided, bank substrates such as (d) clay, (e) peat, and (f) bog-oak/peat are common in this area. 
Bank conditions vary in side ditches: foot survey (g) was used when banksides were visible, whilst wader 
survey was applied where bank vegetation became too dense (h), (i). 

 



 

 16 

 
Figure 3.  Field signs of water vole activity: active burrow shown with a clear entrance and runways (a) 
and sometimes scattered with feeding remains (b) or droppings; foot prints (c) was only found in soft 
ground; latrine (d) is the most distinctive sign of water vole activity and was often found with feeding 
remains piling beside. Raft was sometimes used as an indicator, which attracted water voles to build 
latrine on it (e), one raft was found to become a site of territory competition between female voles (f). 
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2-1-2  Survey method 

Four different methods were used to adapt to various conditions due to ditch type, water 

level, as well as visibility and accessibility effected by riparian vegetation (Table 1). Foot 

surveys were carried out throughout all the maintained ditches at Curf Fen where the bank 

are not wider than 4m and the vegetation is not dense.  

At the maintained ditches of Ransonmoor, there was a scheduled rise of water level in late 

April of about 20-30cm from a lower level before we started. Thus we waited for another 

two weeks for the water voles to re-establish their field signs. Most of the maintained 

ditches were covered in overgrown vegetation by then, so canoe survey was used (Fig. 2).  

Side ditches across both sites, though narrower and shallower in general, were in most cases 

very difficult to survey properly due to 1) increased angle from the view point on the bank 

and 2) heavy cover of reed litters from the previous year. Wader survey provided a solution 

for the problem but were not always applicable (due to safety concerns).  

Where sections of overgrown vegetation were encountered (Fig. 2) during foot and canoe 

survey sections, they were marked by GPS and excluded from data analysis. At ditches 

overgrown that cannot be surveyed properly (i.e. none of the above three methods failed to 

function), I used raft check as an alternative indicator for possible presence/absence of water 

voles, and the data were only used in GIS distribution map. Rafts were small boards 

anchored by the bank of a potential habitat. Previous experience has shown that water voles 

will take every opportunity to climb on a floating board and claim it by leaving droppings or 

establishing a latrine on it if it is within their territory, providing a reliable way to confirm 

their presence. 

Raft checks were also used as a useful means of double check. Where foot or canoe surveys 

failed to give positive results at sites of seemingly prominent habitat, rafts were set to 

double-check the absence of water voles.  
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Table 1.  Summary of survey method in use of how they were applied and at what extant. 

Survey 
method 

Frequency of use* 

Description Curf Fen (km) Ransonmoor (km) 

Main 
(12.49) 

Side 
(14.74) 

Main 
(21.86) 

Side 
(25.24) 

Foot +++ ++ - ++ Survey was conducted by walking along one side 
of the bank at one time and checking for field 
signs on the other side of the ditch with a pair of 
binoculars. 

Canoe - - +++ + Survey was done by canoeing through the ditch 
to approach the water’s edge as close as possible.  

Wader - ++ - + In side ditches of water depth lower than 50cm, 
wader surveys were undertaken by walking in 
between the ditch to overcome the heavy cover 
of vegetation. 

Raft - + + ++ Rafts were small boards (about 7x10 inch) 
anchored with a string by the bank and left for at 
least 10 days to check for the presence/absence 
of water voles. 

*  frequency is shown in relative scales of the areas indicated: ‘-’, never used; ‘+’ used in less than 20%; 
‘++’ used in about 40-50%; ‘+++’ used in more than 80%. 
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2-1-3  Method validation 

Four methods were chosen in different sections (Fig. 4) aiming to give the best result of 

individual sections. In general, foot surveys were applied whenever there was clear visibility 

of the banksides. Wherever banks were covered by vegetation, canoe survey or wader 

surveys were used to facilitate a more accurate investigation.  

A repeated survey on foot was conducted in ten 200m sections done by canoe to test for 

differences in sensitivity and accuracy. Repeated surveys were done within 10 days. Among 

the ten sections (6 from Ransonmoor, 4 from Curf Fen) , the number of latrine/dropping and 

feeding remains counted on foot surveys were no more than 40% of the canoe result. Active 

burrows varied from 16% to 4 times that of the canoe result. The two-tail bias for active 

burrows was mainly caused by misclassification between active and non-active burrows. 

Canoe survey was regarded as more sensitive and accurate. 
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Figure 4.  Map showing the use of survey methods and the presence/absence of water vole activity 
detected in (a) Ransonmoor and (b) Curf Fen ditches. 
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2-2  Data collection 

The survey methodology was mainly based on the general survey method provided in the 

Water Vole Conservation Handbook (Strachan & Moorhouse, 2006), for a detailed description 

refer to Table 1. Previous surveys in this area have indicated that the complex networks of 

ditches within the Fenland landscape is heterogeneous at a small scale that normal sampling 

strategy may not represent the real condition (Russ, 2006). These mild or micro variances are 

difficult to analyze but is presumed to resulting the irrelevant distribution of vole colonization 

and sometimes cluster on only one side of the bank. In order to generate the most detailed 

information that reflected the genuine water vole distribution, as well as in consistent with 

previous data collection, a complete water vole census was conducted. Habitat characteristics 

and field signs were collected by searching thoroughly through the whole length of each ditch 

recruited and of both banksides, excluding inaccessible sections. This is different from 

common methods in which surveys are done in length standardized sections and of one side 

only (Strachan & Moorhouse, 2006). 

 

2-2-1  Time period and condition 

Survey was undertaken from early April to late May of 2010 (8th Apr to 1st May at Curf Fen, 

14th to 31st May at Ransonmoor), in accompany with a field assistant. Extreme weathers 

including strong winds and storms were avoided to minimize any visual bias of binocular 

using and for safety concerns. 

 

2-2-2  Field survey 

The pilot survey suggested that habitat conditions were in general conformity due to the 

same effort of management done within each ditch. Therefore, habitat survey was conducted 

using individual ditch as basic unit of estimation (Table 2), banksides were taken separately 

(i.e. as different survey unit). Within each side of bank sections, homogeneous sub-sections 

were recorded according to environmental variation as unit of my field survey. A total of 

518 sub-sections were included in subsequent data analysis. The sub-sections with un-
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standardized length were aimed to specify the magnitude and actual range of environmental 

variances. 

Field signs of water voles (Table 3) were recorded in numbers and located by GPS. Any 

possible field signs of other mammals were also recorded (e.g. droppings, burrows, foot 

prints, sightings etc., rats, minks, foxes, and badgers were particularly noted). 
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Table 2.  Habitat variables measured at each of the 282 ditches at Curf Fen and Ransonmoor for 
habitat suitability analysis (Fig. 1).  

Variable Description reference 
Waterway characteristics  
     Depth Depth of water in the middle of each ditch, measured by 

probing ditches with a pole marked in 10 centimetre 
intervals (estimated in cm). 

1 

     Width Width of ditch adopted from previous survey report 
(estimated in metre to first decimal). 

1 

     Current flow Speed of water flow. Scale: 1 – static; 2 – sluggish; 3 – 
slow; 4 – steady. 

2 

   
Bank characteristics   
     Bank slope Gradient of bank estimating specifically between the 

water’s edge up to 20 cm of bank. 
1 

     Bank height Width of bank as potential range of habitat. (estimated in 
metre to first decimal) 

1 

     Bank substrate Composition of bank substrate, in text.  1 
        

Upbank width Width of unmanaged ground vegetation on the margin of 
upland (estimated in metre to first decimal). 

2 

   
Vegetation characteristics (see Fig. 5) 
     Terrestrial plants Percentage cover of plant species in DAFORN* scale. 3 
     Emergent plants Percentage cover of plant species in DAFORN* scale. 3 
     Water plants Percentage cover of plant species in DAFORN* scale. 3 
   
Other characteristics    
     Human disturbance Note and locate any disturbance at the site from human 

activities (e.g. domestic animals) as well as recent ditch 
management (e.g. year of bank re-profiling) and ditches 
being often dry. 

1, 3 

    Bordering land-use Land-use class within 50 m of waterway. Both sites are 
farmland in general. Class: 1 – green crops; 2 – vegetable; 
3 – oilseed rape; 4 – ranch. 

2, 3 

        

*  DAFORN scale: Dominant (D), 81-100% cover; Abundant (A), 61-80%; Frequent (F), 41-60%; Occasional (O), 
21-41%; Rare (R), 1-20%; None (N), 0%. 

1 (Strachan & Moorhouse, 2006) 
2 (Telfer et al,. 2001) 
3 (Bonesi et al., 2002) 
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Table 3.  Field signs of water vole activity. 
Field sign Activity* Description 

Droppings  ++ Droppings are the most distinctive field sign from any other small 
mammals. They are about 8-12mm long and 4-5mm wide, cylindrical 
with blunt ends and symmetrical. Less than 4 dropping is recorded as 
droppings. 

Latrines ++ More than 5 droppings forming as discrete piles at one site is recorded 
as a latrine, new droppings often shown topped with a flattened mass of 
old ones.  

Active 
burrows 

+ The entrance are usually 4-8cm in diameter, best with positive confirm 
of a cropped lawn, tracking marks, or bits of feeding remains around the 
entrance to distinguish from rat burrows. 

Old burrows - Similar shape and size, but without any sign of activity. 

Feeding 
remains 

+ Neat piles of chopped length of vegetation, normally with the chewed 
end in a typical 45 degrees angle. 

Runways ? Low tunnels pushing through the vegetation, forming a 5-9cm broad 
pathway near the water’s edge (difficult to show in photo). 

Foot prints ? Only occur along the soft margin of water’s edge, but often partial and 
murky. 

Sightings + Sightings of water voles or sounds of ‘plop’ when they escape into the 
water. 

*  ‘++’: core activity, ‘+’: other activity (‘++ and +’: overall activity) , ‘-’: not positive sign, ‘?’: activity 
uncertain when presented alone and only recorded as sign of activity when accompanied by other positive 
signs.  
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2-3  Data analysis 

2-3-1  Measure of presence/absence and relative abundance 

Latrine was the targeted core sign as it indicated the presence/absence of water vole 

colonization. Curf Fen was surveyed a month earlier than Ransonmoor with much less signs 

of latrine than droppings (Table 3), presumed to be a result of the prolonged cold weather 

that delayed the activity of water voles. Thus dropping signs were counted together with 

latrines in data analysis and termed as “core activity” to reduce potential seasonal bias.  

Additionally, a broader definition of water vole distribution was termed as ‘all activity’ that 

further include positive signs of active burrows and/or feeding remains.  

 

2-3-2  Measure of water vole activity 

Throughout the study, water vole distribution was described in three terms (Table 4):  

(a) core: presence of latrine and/or dropping, with or without active burrows and feeding 

remains; 

(b) peripheral: absence of latrine or dropping, but in presence of active burrows and/or 

feeding remains; 

(c) unused: absence of any of the mentioned four signs. 

Relative water vole distribution were defined using two levels of activity. The first level was 

the presence/absence of core signs, which considered core activity only (core/other). The 

second level was the presence/absence of all activity, which considered both core and 

peripheral (all activity/unused). 

Core activity was expected to indicate a direct relation with breeding vole territories, thus 

would minimize the type I error in model prediction. All activity was aimed to include any 

confirmed signs of current presence, thus would reduce the type II error.  
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Table 4.  Definition of signs of different level of activity used in separate logistic regression 
models for core areas and used areas.  

Different level of activity* Core Peripheral Unused 

presence/absence of core signs 1 1 0 0 

presence/absence of all signs 2 1 1 0 

* Signs of activity were classified in three groups: “core” was the presence of latrine and/or dropping, 
“peripheral” was the presence of active burrows and/or feeding remains but without latrine/dropping, “unused” 
was absence of any of the four signs.  
1 considers the presence of latrine/dropping only 
2 includes any positive signs of latrines, droppings, active burrows, and/or feeding remains 
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2-3-3  Measure of habitat variables 

Bank variables 

The bank substrates were further grouped to generate two categorical variables called 

“Substrate” and “Burrowing”, referring to suitability for vole burrowing. 

- “Substrate”: soils (coded 0), peat/clay/bog-oak mixture (coded 1), rocks (coded 2), and 

NA (bank covered in very dense vegetation or brambles without any bare grounds and 

burrowing space, coded 3). 

- “Burrowing”: further grouped the substrate variable as suitable (included coding 0, 1) or 

not suitable (included coding 2, 3) for water vole burrowing. 

 

Vegetation variables 

Due to a large amount of riparian species recorded, plant species considered to be of food 

importance to the water voles were further grouped together and created variables 

concerning the abundance of “emergent plants” and “aquatic plants” (Strachan and 

Moorhouse, 2006). All the grass species growing around the banksides were grouped as 

“terrestrial grasses” in total amount. 

The vegetation were estimated as follows (Fig. 5):  

(a) Abundance of terrestrial grasses: considering the percentage of bank covered by grasses,  

(b) Abundance of emergent plants: considering the percentage of bank length fringed by 

emergent plant species of potential food importance to water voles, 

(c) Abundance of aquatic plants: considering the percentage of water bed covered by 

submerged aquatic plants which are edible to water voles. 

 



 

 28 

 
Figure 5.  Three classes of bank vegetation recorded was illustrated in (a) lateral view and the unit of 
percentage indicated in (b) top view. Abundance of terrestrial grasses was recorded as % of bank (grey 
area) covered by terrestrial grasses, abundance of emergent plants was recorded as % bank length (along 
the banksides) fringed by emergent plants, abundance of aquatic plants was recorded as % waterbed (area 
in dashed line) covered by water plants. 
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External factors 

Impact of human disturbance and effect of previous vole occupation were also taken 

considered. Factors concerning human disturbance included bank re-profiling and bordering 

land-use within 50m (Table 2).  

Year of previous re-profiling was only applicable for the maintained ditches. “Re-profiling” 

was created as a categorical variable indicating the year of re-profiling, coded as 0 (no re-

profiling within four years), 1 (last re-profiling don on 2006 or 2007), 2 (last re-profiling 

don on 2008 or 2009). A second variable was also created concerning whether bank re-

profiling on the opposite side of the bank was also done at the same time (coded as 0 an 1 

for “Neighbour_reprofiling”). Data for private re-profiling of side ditches were not available 

and the possible impact was uncertain. 

A binary variable was generated to indicate the previous presence/absence of water voles in 

the 2005 survey data.  

In order to compare the potential influence of water level fluctuation, I adopted the previous 

water depth variable from the 2005 survey and created a new categorical variable of water 

level differences recorded between the two surveys (termed as “water fluctuation”). 
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2-3-4  Logistic regression for habitat suitability models 

Patterns of water vole distribution and habitat factors indicative of vole presence/absence 

were determined using stepwise logistic regression (SPSS 17.0). Habitat variables (Table 2) 

were chosen for retention in models to achieve the best maximum partial likelihood 

estimates. The stepwise selection method was conducted in two parts, with entry testing 

based on the significance of the Wald score statistic, and removal testing based on the 

probability of the maximum partial likelihood estimates. Only factors with a significant 

result (p<0.05) of Wald Chi-square test were left in the model. Model quality and the 

goodness of fit of each model was assessed using the Nagelkerke’s R2 and Hosmer and 

Lemeshow test (p>0.05).  

 

Site differences and ditch type differences 

Before the logistic regression approaches, all habitat variables were tested for differences 

between the two sites (Curf Fen and Ransonmoor) divided by ditch types (maintained and 

side ditches). 

 

Habitat suitability 

In the first stage, models were generated using two levels of activity (core/others and 

all/unused) as dependent variables in relation to habitat factors. Potential habitat features 

(see Table 2) were tested using all sub-section data from maintained and side ditches across 

both sites. Best model was chosen from the core activity and all activity models by 

comparing the robustness of models (specificity, sensitivity and overall correctness, as well 

as equal distribution of prediction). And the level of activity that generated best model was 

used in the second stage analysis. 

After selected the best model, the threshold value π that generated the lowest 

misclassification rate was then used to delineate a new variable for habitat quality as optimal 

(probability rate >π) and sub-optimal (probability rate <π) habitat. 

The second stage of logistic regression considered local conditions. Data collected from 

Curf Fen and Ransonmoor were separated, and further divided by maintained and side 
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ditches into four sub-groups. Each model was tested separately with potential habitat 

variables. 

 

Analysis of density variables 

Density of active field signs (number of latrines/droppings, active burrows, feeding remains 

divided by sub-section length) were calculated as variables of relative population abundance. 

In order to test for population abundance and habitat quality, sub-sections with vole activity 

were compared using mean density values for differences between the model generated 

optimal and sub-optimal habitat. 
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2-3-5  GIS mapping and spatial analysis 

Analysis of spatial distribution 

GPS locations of field signs and habitat factors of each survey section were loaded into 

ArcGIS 9.2 software to generate the spatial distribution of water vole activity. Next, a hot 

zone distribution map was created using ditch section as the estimating unit. By pooling 

together the spatially connected sub-sections, it reflected the real distribution of populations 

within a continuous matrix of habitat. The population abundance was calculated using 

density estimates.  

 

Isolation and connectivity 

The generated hot zone map of latrine/dropping density was used to analyze the spatial 

distribution of false classifications of model prediction. Either false negatives near hot zones 

(connection with neighbouring populations) or false positives away from hot zones 

(isolation from other populations) was suggested to be a possible result of neighboring effect.  

I used the latrine/dropping density of 0.05 and 0.01 unit/metre as the cut points in 

determining the hot zones and cold zones. Sections with densities equal or higher than 0.05 

unit/metre were termed as hot zones, whereas cold zones were densities lower than 0.01 

unit/metre. False classified sub-sections fell within 50 metres of hot zones are regarded as 

connected with hot zones. False classifications located within cold zones and more than 50 

metres away from any hot zones were regarded as isolated from hot zones.  
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Chapter 3 

Results 

 

3-1  Local distribution of Water vole 

3-1-1  Survey of field signs 

Dry ditches were only found in the side ditches (51% of 61 side ditches at Curf Fen and 41% 

of 107 side ditches at Ransonmoor listed under the Middle Level Commissioners’ IDBs map, 

Fig. 1). 10% of these dry ditches were randomly checked by rafts and were never used by 

water voles.  

A total of 83.6 km of bank side was thoroughly surveyed covering 205 ditches. Four of the 

ditches (250±25m) were dry, and no active vole signs ever found (X2=8.22, p=0.04, 

presence of all activity significantly lower than wet ditches). Thus dry ditches were excluded 

from further analysis. 

Water voles were recorded in 66.9% of sub-section length (excluding dry ditches) with signs 

including latrines, droppings, active burrows or feeding remains (Fig. 6). When considering 

only the presence of latrine/dropping as core activity, the percentage fell slightly to 54.9%. 

Percentage of the presence/absence of vole activity at Ransonmoor side ditches was 

especially low, whereas the relative abundance of vole activity at Curf Fen was lower than at 

Curf Fen (Fig. 13). Some sections at Ransonmoor showed positive signs using raft check but 

was not included in the thorough survey due to overgrown vegetation. 

The overall good distribution across the two study sites suggested a healthy status of water 

vole populations. One dead vole remain was found at one of the western maintained ditches 

at Ransonmoor, but without solid evident to identify the possible presence of the mink. 

There were also many active burrows of badgers and foxes throughout the area, while rat 

droppings were relatively rare. 
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Figure 6.  Percentage of water vole activity in length of bank side surveyed at (a) Curf Fen and 
(b) Ransonmoor, shown separately for maintained and side ditches, with length in km surveyed 
shown in brackets. “Core” indicates sub-section length with presence of latrine and/or dropping 
(with or without active burrows and/or feeding remains); “Peripheral” indicates sub-section 
length without latrine or dropping but with positive signs of active burrows and/or feeding 
remains; “Unused” indicates sub-section length where no water vole active signs were found.  
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3-1-2  Overview and excluding of habitat variables 

Common reed (Phagmites australis) was the most common items frequently found in the 

feeding remains and was taken as a separate variable (based on field observations, number 

and species found in feeding remains not recorded), distinct from all other emergent plants 

in the logistic analysis (coded as “Reed”). Many species of grass, sedges, rushes were also 

found in feeding remains and recorded along banksides (coded as “emergent plants’, Table 

5). Oilseed stems, sticky weeds, nettles and thistles that were not considered as major 

providing food (Strachan & Moorhouse, 2006) were also sometimes found amongst feeding 

remains. 

Current flow was recorded as either static or very sluggish across all ditches surveyed. It 

was often difficult to tell a sluggish flow from wind effect, thus I excluded current flow 

from the environmental variables in further analysis. 

 

3-1-3  Data integration 

Surveyed bank sections were sub-divided according to habitat charactistics, resulting in 604 

environmentally homogeneous sub-sections (mean length=160m, SD=74) for statistical 

analysis, with 258 from Curf Fen and 346 from Ransonmoor. 
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Table 5.  List of riparian vegetation recorded in the field survey that was distributed in roughly 
more than 10% of either site. Emergent plants include species growing along the fringe of the 
banks, whilst aquatic plants are species growing in the watercourse. Food plants are species 
considered as important food source for water voles by Strachan & Moorhouse (2006). 

 Food plants Other species 

Emergent 
plants 

-Common reed (Phragmites australis) -Reed mace (Typha spp.) 

-Reed sweet (Glyceria maxima) -Teasel (Dipsacus spp.) 

-Greater pond-sedge (Carex riparia) -Cleavers (Galium aparine) 

-Greater tussock sedge (Carex paniculata)  

-Soft rush (Juncus effuses)*  

-Cow parsley (Anthriscus sylvestris)  

-Greater willowherb (Epilobium hirsutum)  

-Bulrush (Typha latifolia)  

Aquatic 
plants 

-Watercress (Nasturtium officinale) -Algae 

-Water crowfoot (Ranunculus peltatus, R. 
aquatilis, R. penicillatus, R. fluitans) 

-Fennel pondweed (Potamogeton 
pectinatus) 

-Hornwort (Ceratophyllum demersum) -Duckweed (Lemnoideae spp.) 

-Water milfoil (Myriophyllum spicatum) -Water starwort (Callitriche spp.) 

 -Common water-plantain (Alisma plantago-
aquatica) 

 

 

 



 

 37 

3-2  Habitat suitability analysis 

3-2-1  Habitat comparison between sites and ditch types 

 

Comparison of ditch characteristics between Curf Fen and Ransonmoor 

Among the maintained ditches, Ransonmoor showed a generally better environmental 

condition than Curf Fen. Water depth at Ransonmoor was significantly deeper than at 

Curf Fen especially at the maintained ditches, accompanied with overall better condition 

of riparian vegetation (Table 6).  

Water depth and bank slope are potentially important factors in relating the water vole 

activity, but the comparison of mean differences suggested that they were very site-

dependent in my study (Table 6). Water depth at the side ditches across both sites were 

lower than that at the maintained ditches. Ditches with lower water depth were significant 

correlated with lower abundance of common reed, aquatic plants and emergent plants 

(Table 7). Mean bank slope at Ransonmoor maintained ditches was significantly steeper 

than for ditches at Curf Fen, whilst slopes in side ditches were similar across both sites. 

 

Comparison of ditch type difference between maintained and side ditches 

The considerable difference of water depth between maintained and side ditches showed a 

nonlinear effect on the distribution of water vole activity (Fig. 7). Among the side ditches, 

the influence of water depth to water vole activity differed by site, the distribution was 

less relevant at Curf Fen. Moreover, the distribution among the maintained ditches 

showed that the preference for deeper water was not proportional. 
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Table 6.  Summary of mean value of habitat variables between Ransonmoor and Curf Fen, data 
divided in maintained and side ditches. The star at the first column indicates variables with 
significant differences between Curf Fen and Ransonmoor.  

 Environmental variables 
Curf Fen 

Mean ± SD 

Ransonmoor 

Mean ± SD 

t value 

(P value) 

Maintained ditches (n=151) (n=278)  

* Abundance of edible water plants1 1.5 ± 1.7 3.2 ± 1.1 -10.9 (<0.001) 

* Abundance of  emergent plants1 0.7 ± 1.1 1.4 ± 1.5 -5.0 (<0.001) 

* Abundance of common reed1 0.9 ± 1.3 3.4 ± 1.7 -15.1 (<0.001) 

* Abundance of terrestrial grasses1 3.8 ± 1.1 4.6 ± 1.0 -7.3 (<0.001) 

* Water depth (cm) 40.70 ± 26.35 91.04 ± 24.54 -19.8 (<0.001) 

* Ditch width (m) 2 3.0 ± 1.5 4.0 ± 1.7 -6.1 (<0.001) 

* Bank slope2 50 ± 14 62 ± 20 -7.0 (<0.001) 

* Bank height (m) 2 2.2 ± 0.6 2.0 ± 0.5 34.7 (0.004) 

Side ditches (n=107) (n=68)  

 Abundance of edible water plants1 1.2 ± 1.5 1.0 ± 1.3 1.3 (0.19) 

 Abundance of  emergent plants1 1.1 ± 1.0 1.1 ± 1.3 -0.5 (0.64) 

* Abundance of common reed1 3.7 ± 1.5 3.2 ± 1.7 2.0 (0.042) 

* Abundance of terrestrial grasses1 4.0 ± 0.8 4.6 ± 0.7 -5.3 (<0.001) 

* Water depth (cm) 21.16 ± 24.66 36.03 ± 25.24 -3.9 (<0.001) 

* Ditch width (m) 2 1.1 0.3 1.6 ± 1.4 -2.9 (0.004) 

 Bank slope2 51 ± 19 52 ± 15 -0.7 (0.94) 

* Bank height (m) 2 1.6 ± 0.7 2.1 ± 1.0 -3.4 (0.001) 

* Upbank width (m) 2 0.5 ± 0.7 1.2 ± 0.9 -5.7 (<0.001) 

1  the abundance variables were a ranking estimates common for vegetation survey, I created variables 
using discrete number 0, 1, 2, 3, 4, 5 to indicate the coverage range of none (0%), rare (1-20%), often (21-
40%), frequent (41-60%), abundant (61-80%) and dominant (81-100%). 
2  bank slope, bank height and upbank width were estimates rather than actual measurements (Table 2). 

 
 
Table 7. Test of correlation between water depth and the abundance of three bank vegetation 
variables at side ditches, data shown in Pearson’s coefficient with p values in brackets.  

 Curf Fen (n=107) Ransonmoor (n=67) 

Abundance of common reed 0.41 (<0.001) 0.51 (<0.001) 

Abundance of emergent plants 0.55 (<0.001) 0.27 (0.026) 

Abundance of aquatic plants 0.38 (<0.001) 0.16 (0.2) 
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Figure 7.  Frequency distribution of vole activity in different classes of water depth in (a) 
maintained ditches and (b) side ditches, data divided by sites. “Core” indicates sub-sections of 
latrine and/or dropping presence; “Peripheral” indicates sub-sections without latrine or dropping 
but with active burrows and/or feeding remains; “Unused” indicates sub-sections with none of 
the four activity signs.  
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3-2-2  Habitat suitability analysis 

Habitat factors and presence of vole activity 

Two logistic regression models were generated base on the presence/absence of core 

activity and all activity relating to the habitat variables (Table 8). Both models included 

the same habitat factors and with similar contribution. Substrates suitable for water vole 

burrowing were the most critical factor relating with both core activity and all activity. 

Bank slope, water depth and abundance of common reed were also important in 

predicting the presence and absence of vole activity. 

A negative relation with Upbank width was found significant in the models but with very 

minor contribution to the overall prediction, presumed to be a cause of unknown local 

bias (a potential confounder). The abundance of emergent plants was only significant on 

the all activity model and with little contribution to the p value of Negelkerke test, thus 

was not included as a parameter of model prediction. Other habitat variables all failed to 

associate with vole activity. Data of bank re-profiling were partial for the maintained 

ditches and were not included in the pooled-data models. 

The distribution of predicted probabilities of vole activity generated from the two models 

were very different (Table 8). But when the threshold values with lowest misclassification 

rates were set as π=0.5 for core activity model and π=0.7 for all activity model (overall % 

correct classification: 64.2 and 62.2 respectively), both model generated similar 

predictions (Fig. 8). Thus the core activity model was accepted as the ‘best’ model. And 

the 0.5 threshold was used to delineate optimal (suitable) and sub-optimal (less suitable) 

habitat as an indicator of habitat quality. 
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Table 8.  Logistic regression models based on pooled data of 604 sub-sections (across both sites) 
relating habitat factors to the presence/absence of (a) core activity and (b) all activity among all 
ditches. Goodness of fit was assessed using Hosmer and Lemeshow test (H-L, p>0.05 indicates 
that the overall model fit is good). 

 (a) Core activity model (b) All activity model 

Fit of model Negelkerke R2 = 17.4% 

H-L test: p=0.97 

% absence correctly classified: 66.7 

% presence correctly classified: 61.7 

% overall correctly classification 64.2 

Negelkerke R2 = 16.1% 

H-L test: p=0.09 

% absence correctly classified: 25.1 

% presence correctly classified: 91.4 

% overall correctly classification: 70.0 
Variables β (SE) Wald p-value Exp(B) β (SE) Wald p-value Exp(B) 

Substrate1   Soil  43.21 <0.001 1  33.91 <0.001 1 

Clay/peat -0.30 (.24) 1.49 0.22 0.74 0.03 (.01) 24.18 0.29 0.44 

Rocks -0.87 (.44) 3.98 0.046 0.22 0.92 (.27) 11.76 0.048 0.30 

NA -1.50 (.23) 41.23 <0.001 1.03 0.22 (.06) 14.13 <0.001 1.03 

Bank slope2 0.03 (.01) 29.02 <0.001 1.03 0.03 (.01) 22.94 <0.001 1.03 

Water depth3 0.80 (.25) 9.90 0.002 2.22 0.80 (.26) 9.76 0.002 2.22 

Reed 0.15 (.05) 7.82 0.005 1.16 0.19 (.05) 14.06 <0.001 1.21 

1 Substrate is a categorical variable referring to the presence of suitable substrates for burrowing (NA indicates 
sections covered in heavy vegetation or brambles that soil obscured and signs under-recorded)  

2 Bank slope estimated in degree. 

3 Water depth estimated in cm. 
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Figure 8.  Percentage distribution of predicted probabilities of water vole activity for 604 sub-
sections based on habitat suitability of (a) core activity model and (b) all activity model generated 
by logistic regression (Table 7). Arrows indicate the threshold value used to determine suitable 
and unsuitable habitat. 
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Fitting and testing model 

I then tested the best model within both sites divided in sub-groups by ditch types. For 

sub-sections at Curf Fen, the model performed better on positive prediction among the 

side ditches but was more inclined to predict negative results among the maintained 

ditches (Table 9).  Predictions at Ransonmoor were more equally distributed with similar 

false positive and negative classifications (but with a slightly lower rate at the maintained 

ditches of 67%). Overall the core activity model was robust in representing habitat 

suitability of all sub-groups (reaching 70% overall correct classification rates). 
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Table 9.  Presence and absence of core activity % correct classification scores derived from the 
logistic regression approach. The core activity model generated by all sub-sections was tested for 
its robustness in site (Curf Fen and Ransonmoor) and ditch type (maintained and side ditches) 
divided sub-groups. 

 Curf Fen Ransonmoor 

Maintained Side Maintained Side 

% absence correctly classified 85.2 59.6 61.1 86.0 

% presence correctly classified 54.0 81.7 75.0 54.2 

% overall correctly classified 72.2 72.0 68.5 74.6 
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Analysis of site and ditch type: separate logistic models 

Separate models were further developed to test specific habitat requirements in four sub-

groups divided by ditch types (maintained and side ditches) and sites (Ransonmoor and 

Curf Fen). 

Among the maintained ditches, bank slope and bank substrates suitable for water vole 

burrowing were the two most important factors at Ransonmoor, but had limited effects at 

Curf Fen (Table 10a). Bank re-profiling was the major influence at Curf Fen. The banks 

re-profiled during the previous two years showed a strong positive effect on the presence 

of vole activity (the same trend existed at Ransonmoor but not significant). Water depth 

was also important in determining habitat conditions of Curf Fen. 

Habitat requirement among the side ditches were different from the maintained ditches 

(Table 10b). Water depth was the only factor with significant influence on habitat 

suitability at Ransonmoor side ditches, whilst the abundance of common reed, water 

plants and bank substrates suitable for water vole burrowing were more important than 

water depth in determining the habitat conditions of Curf Fen. 
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Table 10.  Logistic regression models relating core activity to the habitat variables for 429 sub-sections in 
(a) maintained and 175 sub-sections in (b) side ditches separated groups, further divided by sites. Four 
models were all fitted by the Hosmer & Lemeshow test (p values>0.3). Presence/absence/overall correct 
classification were indicated as Presence/Absence/Overall. 
 

(a) Maintained ditches 

Ransonmoor (n=279) 

Negelkerke R2 = 22.9% 

Absence: 61.1% 

Presence: 72.3% 

Overall:  67.0% 

Variables β (SE) Wald p-value Exp(B) 
Bank slope 0.04 (.01) 27.74 <0.001 1.04 

Burrowing*     suitable - - - 1 

unsuitable -1.15 (.27) 17.98 <0.001 0.32 

Bank height 0.60 (.29) 4.39 0.036 1.82 
 

Curf Fen (n=151) 

Negelkerke R2 = 35.9% 

Absence: 79.5% 

Presence: 63.5% 

Overall:  72.8% 

Variables β (SE) Wald p-value Exp(B) 
Re-profiling**     none - 24.15 <0.001 1 

06-07 -1.323 (.599) 4.88 0.027 0.27 

08-09 2.107 (.537) 15.40 <0.001 8.23 

Water depth 4.540 (1.141) 15.84 <0.001 93.68 

Bank slope 0.037 (.015) 6.07 0.014 1.04 

Burrowing*     suitable - - - 1 

 unsuitable -1.16 (.53) 4.74 0.029 0.31 

*   Burrowing is a categorical variable re-grouped from “Substrate” referring to suitability for water vole burrowing, coded as 
suitable (combine soil and clay/peat) and unsuitable (combine rocks and NA). 

** Re-profiling is a categorical variable, coded as none (without re-profiling, n=63, comparing group), 06-07 (last profiling done 
in 2006 or 2007, n=56) and 08-09 (last profiling done in 2008 or 2009, n=32). 
 

(b) Side ditches 

Ransonmoor (n=67) 

Negelkerke R2 = 33.0% 

Absence: 90.0% 

Presence: 50.0% 

Overall:  76.1% 

Variables β (SE) Wald p-value Exp(B) 
Water depth 5.480 (1.592) 11.85 0.001 239.96 

     

     
 

Curf Fen (n=107) 

Negelkerke R2 = 28.9% 

Absence: 57.4% 

Presence: 83.3% 

Overall:  72.0% 

Variables β (SE) Wald p-value Exp(B) 
Reed 0.68 (.22) 9.53 0.002 1.97 

Water plants 0.46 (.18) 6.40 0.011 1.58 

Burrowing      suitable - - - 1 

unsuitable -1.56 (.64) 5.93 0.015 0.21 

Water depth 2.41 (1.33) 3.30 0.069 11.17 
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3-2-3  Predicting optimal habitat 

Habitat quality and relative density of vole activity 

Mean densities of latrine/droppings, active burrows and feeding remains in optimal habitat 

were all higher than in sub-optimal habitat (Fig. 9). The density of latrine/dropping and 

active burrow were both highly associated with habitat quality. Feeding remains were less 

consistent considering different sites and different ditch types.  

Overall, side ditches showed a clearer habitat degrading from optimal to sub-optimal. The 

latrine/dropping and feeding remain densities within the maintained ditches were less 

affected by habitat quality. Whilst density of active burrow showed strong and constant 

differences (Fig. 9). The effect of habitat quality was especially clear at Cur Fen maintained 

ditches (Fig. 10).  

 

Relative condition of habitat quality 

Effect of critical habitat factors specified in the study to the presence/absence of water vole 

core activity was summarized in Table 11.  
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Figure 9.  Mean density of (a) latrine/dropping (b) active burrows and (c) feeding remains between sub-
optimal (false negative, dark bar) and optimal (true positive, light bar) habitat, comparisons were divided 
by ditch types (maintained ditches (n=429) – M, and side ditches (n=174) – S). [(a) M: t=3.23, df=427, 
p=0.001; S: t=3.59, df=108, p<0.001; (b) M: t=4.57, df=273, p<0.001; S: t=3.69, df=156, p<0.001; (c) M: 
t=1.34, df=427, p=0.18; S: t=3.03, df=172, p<0.001] Bars represent the standard error of the mean. 

 

 

 

 

 

Figure 10.  Comparison of mean root densities of active burrow, latrine/dropping and feeding remain in 
maintained ditches according to habitat suitability predicted by best core activity model. Data divided by 
site as (a) Curf Fen and (b) Ransonmoor. Note that all the three signs of density shows a strong correlation 
with habitat quality at Curf Fen.  
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Table 11.  Comparison of the habitat requirements detected in the study by the logistic model regression with 
those found in the literature. Factors are considered by ditch types (maintained and side ditches). ‘Causal 
effect’ indicates whether the association between water vole activity and the known factor is direct or indirect 
and to which aspects. ‘Sig’ column indicates whether the factor has significant contribution to the regression 
model. ‘Local influences’ briefly describes the observed effect within maintained and side ditches. 

Factors Causal effect Sig Local influences Ref 

Maintained ditches Side ditches 

Presence of water vole activity 
Uncompacted

soils 
Direct: 
burrowing 

Both Important factor across both sites. Important at Curf Fen. 3, 4 

Water depth Direct: food 
and shelter 

Both  Not critical at Ransonmoor due to 
generally high water level. 

The only critical factor for 
habitat suitability at 
Ransonmoor. 

1 

Steep banks Direct: 
burrowing 

Maintained 
only  

Most profound factor within 
Ransonmoor ditches. 

Unknown, not much variance 
recorded. 

1, 2, 3, 4 

Abundance of 
longleaf grass 

Direct: food 
and shelter 

Both Steady but milder effect as it is 
generally abundant. 

Possible confounder: Dense 
grasses normally accompanied 
with a fringe of reeds. 

1, 2, 5 

Abundance of 
common reed 

Direct: food Side only Not determinate. Most important factor at Curf 
Fen. 

1, 2, 3, 4, 
6 

Buffer zone 
effect* 

Indirect: 
potential 
shelter 

Maintained 
only 

Minor but significant effect on 
determining habitat suitability. 

Not determinate. 3, 4 

Absence of water vole activity 
Rocky bank Direct: 

burrowing, 
food and 
shelter 

Maintained 
only 

Unsympathetic bank operation, 
totally destroy of habitat 
potential. 

Not applicable, hard 
engineering only occurred in 
maintained ditches. 

1, 7 

Bank re-
profiling 

Direct: food 
and shelter 

Maintained 
only 

Most important factor at Curf 
Fen, but not relevant. Previous 
work (2006-07) was detrimental 
while recent work (2008-09) 
showed positive effects. 

Unknown, data unavailable. 
Field observation suggested 
possible effect. 

1, 7 

Dry ditch Direct: food Side only Not applicable, no case recorded. Eradication of food resources 
thus no . 

1, 7 

Presence of 
dense 
vegetation or 
brambles 

Indirect: no 
bare ground 
for burrowing 

Both Especially when banksides were 
very densely covered by 
vegetations or brambles. 

Less vole activity in banksides 
in lack of space for potential 
runways and burrowing. 

3, field 
observatio
n 

*  consider both bank height and upbank width (unmanaged margin of borderland) effect 
1 (Strachan & Moorhouse, 2006) 
2 (Lawton & Woodroffe, 1991) 
3 (Bonesi et al, 2002) 
4 (Zejda and Zapletal, 1969) 
5 (Stoddart, 1977) 
6 (Strachan and Jefferies, 1993) 
7  (Ross, 2006) 
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3-2-4  Analysis of habitat effects in items of the density of field signs 

 

Density effect and site differences 

Positive correlation of the three different field sign densities were further compared in site 

divided groups. Compared to Ransonmoor, the mean density of active burrows increased 

dramatically at Curf Fen with the increase of latrine/dropping density (Fig. 11a, a significant 

effect resulted mainly from cases in the maintained ditches). Whilst the density of feeding 

remains was significantly greater at Ransonmoor than at Curf Fen (Fig. 11b). 

Correlation between the abundance of vegetation was found different by site (Fig. 11). 

Abundance of common reed was significantly related with higher density of feeding remains 

(Spearman’s rho 43.8%, p<0.001), whilst at Ransonmoor, only the abundance of water 

plants and terrestrial grasses were significantly associated with higher density of feeding 

remains (Spearman’s rho 11.9 and 13.5, p<0.05). 

 

Effect of neighbour bank re-profiling 

Densities of field signs were not affected by recent bank re-profiling. Mean density 

comparison in sub-sections with or without bank re-profiling showed consistent result with 

logistic analysis using presence/absence data. Compared to sections without re-profiling, 

significant decreases of latrine/dropping (t=4.2, df=142, p<0.001) and active burrows (t=7.2, 

df=271, p<0.01) were only found in sections undergone re-profiling in 2006 but not in other 

recent years. 

I then compared whether the bank re-profiling done on the opposite side of the bank 

(neighbour side) had an effect on density distribution. Among the sub-sections without re-

profiling, whether the neighbour side has been re-profiled did not significantly affect the 

distributions of any field signs. But among the 190 sub-sections with recent bank re-

profiling, density of latrine/dropping and feeding remains were both significantly higher 

when the neighbour bank was not re-profiled at the same time (t=2.4, df=187,  p=0.02; t=4.4, 

df=139, p<0.001 respectively). On the contrary, in sections where both side of the bank were 

re-profiled, the density of active burrows was higher (t=-2.68, df=68, p=0.09).
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Figure 11.  Correlated distribution of latrine/dropping density with (a) active burrows and (b) feeding 
remains, mean value estimation divided by sites. Note that site effects are both strong but contrast, with 
higher abundance of active burrows occurred in Curf Fen, whereas more feeding remains are found in 
Ransonmoor. Test of linear trends using polynomial analysis in ANOVA are significant for both densities 
of active burrows and feeding remains among both sites. 
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3-3 Changes in comparison with 2005 survey study 

 

Comparison of very years vole distribution 

Comparisons of vole activity between 2005 and 2010 results showed that the vole distribution 

remained stable throughout the years (Table 12). Colonization in Curf Fen maintained ditches 

were expanded to several previously non-occupied ditches (no. 1-4, 13-14: from absence to hot 

zones). A slight reduction of distribution in Ransonmoor maintained ditches was mainly in 

reflection of an unexpected absence along the western region (ditch no. 25-28). 

 

Effect of water level fluctuation 

In sections with previously lower water level in 2005, the current presence of water vole 

activity tended to be associated with a higher increase of water level (Fig. 12). However, 

variances are high so that average water level differences between sections of presence and 

absence of vole activity were not significant, regardless of site difference (separated by 

Ransonmoor and Curf Fen), ditch type difference (separated by maintained and side ditches) or 

pooled data. 

 

Effect of newly build wind turbines 

Test of wind turbine effects on a total of 25 sub-sections on either side of the banks near or 

opposite to the turbines showed no significant difference. Compare to the opposite sides, the 

rate of presence of water vole activity on the near sides were similar or mildly higher 

(Pearson’s test: p=0.05 for core activity, p=0.12 for all activity). Whereas the mean densities of 

field signs were slightly lower on the near side of bank sections, but were not statistically 

significant (t test p>0.1). 
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Table 12. Percentage of ditches surveyed with presence/absence of vole activity in maintained 
and side ditches compared between 2005 and 2010 survey results (N.A. indicated ditches not 
properly surveyed or no longer exist). 

 

 

 

Figure 12.  Illustration of average water level differences and its potential effect on previously lower 
(<=20cm) and higher water depth (>20cm), data separated by (a) Curf Fen and (b) Ransonmoor ditches. 
Water level difference was created by subtracting the water depth in 2010 by previous water level in 2005. 
 

 Curf Fen Ransonmoor 

Ditch type (number) Maintained (57) Side (60) Maintained (84) Side (107) 

Survey year 2005 2010 2005 2010 2005 2010 2005 2010 

Presence (%) 61.4 73.7 25.0 31.7 85.7 82.1 20.6 20.6 

Absence (%) 38.6 26.3 51.7 23.3 14.3 15.7 71.0 39.3 

N.A. (%) 0 0 23.3 45.0 0 1.2 8.4 40.2 
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3-4  Spatial analysis 

3-4-1  Hot zone distribution 

The generated hot zone distribution map showed that Ransonmoor had a larger and more 

abundant distribution throughout the drainage system (Fig. 13). Some sections of Curf Fen 

showed high density of core activity but was confined in two hot zones, therefore the overall 

distributions was lower than Ransonmoor. 

To test whether ditch length could effect population density, I compared the mean length of 

side ditches in presence of water vole activity with those in absence, and found no 

significant difference using both core activity and all activity as testing criteria. 

 

3-4-2  Isolation and connectivity with neighbors 

The false classified sub-sections of habitat suitability prediction were compared with the hot 

zone distribution map. Within the Curf Fen, 80% of the false negatives (presence of core 

activity in predicted sub-optimal habitats) were spatially connected with hot zones, whereas 

45% of the false positives (absence of core activity in predicted optimal habitat) were 

spatially isolated from hot zones. Spatial connectivity for the false negatives of Ransonmoor 

was also high (88%) but the false positives were not associated with isolation effect (24%).  
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Figure 13. Map of Latrine/dropping density ranked in 5 categories indicating spatial distribution of 
relative population abundance. (a) Curf Fen, (b) Ransonmoor. The presence/absence of water voles is 
defined using overall activity. Ditches marked in pink (N.A.) are not covered in the survey and unknown; 
ditches marked in yellow (the presence of water vole activity) but without latrine/dropping density are 
peripheral sections without latrines or droppings but other activities (see Table4).  
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Chapter 4 

Discussion 

 

4-1  Habitat suitability analysis in the Fenland drainage systems 

The water vole population in both Ransonmoor and Curf Fen drainage boards showed a 

spatially scattered but well distributed pattern. Logistic regression approaches in habitat 

suitability analysis proved to be efficient in detecting important factors. Models recruited the 

same factors in habitat prediction using the presence/absence of two levels of water vole 

activity (Table 8), and the findings are consistent with previous studies on habitat requirements 

of water vole populations (Table 11).  

However, the suitability model was partially confounded due to the specific environmental 

condition of farmland drainage systems. Among the drainage boards of the Fenland area, the 

two types of ditches - maintained and side ditches (i.e. IDB and private ditches) - create a 

mosaic combination of local habitat. Different physical conditions such as channel width and 

water depth between the two ditch types have a fundamental effect on modifying habitat 

preference (Table 10). On the other hand, habitats between each board also differed in 

hydrological characteristics controlled by independent pumping systems, as well as different 

ways of ditch management it undergoes. This creates a general uniformity within each board 

such as vegetation abundance and water depth. The mixture effects of between-board 

heterogeneity and within-board homogeneity is often subtle and the influence on potential 

habitat is difficult to distinguish (Benton et al., 2003). This resulted in the limitation of my 

study that the present habitat variables are not sufficient in predicting habitat suitability to 

higher precision. 

 

4-1-1 Determinants of the presence/absence of vole distribution 

Using latrine/dropping as solid evident of core activity, the generated logistic regression 

model was moderately good in predicting universal important factors (overall 64.2% correct 
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classification). Suitable substrates for burrowing and deeper water were the two most 

important factors, but their roles differed by local conditions (Table 10).  

The reason that many environmental variables of potential importance (such as channel 

width, bank height and different classes of vegetation abundance) were not influential is that 

many of the variables recorded had mild variations within the small scale (Table 7). As a 

result, one factor that effects the presence in one sub-section may have similar value in 

another sub-section but in absence of vole activity due to minor changes of other factors.  

 

4-1-2 Local conditions matter 

Rather than strong and critical requirements for habitat selection, it revealed in my study that 

the presence/absence of vole activity is a compromised choice between many variables with 

moderate effects that varies between ditch types. Ditch type difference is an important factor 

that modifies their habitat requirements in different ways. Between the maintained and side 

ditches, water level changes and the function of water also differs. For example, in narrower 

side ditches where dense vegetation offers ideal shelter to avoid potential predators, depth of 

water is not a limiting factor (as long as the ditch is wet) and water voles were found in 

abundance in ditches lower than 20cm (Fig. 7). On the contrary, sufficient water depth in the 

much wider maintained ditches at Curf Fen is essential since it offers a good way to access 

food quickly and safely in the open environment (Strachan & Moorhouse, 2006). Whilst at 

Ransonmoor maintained ditches where water level is generally deep (>70cm, much deeper 

than Curf Fen in average). The actual depth of water is not critical for habitat quality (Table 

10a). Similarly, habitat selection within side ditches is not dependent to bank slope for it 

differs mildly across both sites (Table 7). Preference for steeper banks only become 

discernible at maintained ditches and is highly significant at Ransonmoor as the variances of 

bank slopes raises. 

Between the two sites, most of the variables I recorded showed an overall better condition at 

Ransonmoor than at Cur Fen, which is in consistent with a stronger and wider distribution of 

populations (Fig. 14). The more sympathetic management regime employed at Ransonmoor, 

including less frequent cutting of bank vegetation, less uniform in time and scale of bank 

management, and more constant supply of high water level, seems to create a better habitat 
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condition that benefit the water vole populations (Buisson et al., 2008; Herzon and Heleniud, 

2008). But further study is needed to verify which of the factors are critical that influence 

the abundance of water vole populations between the two sites.  

 

4-1-3 Different requirements for food and shelter 

Habitat selection 

Water voles choose habitats that provide enough food and shelter. Empirical studies have 

shown that they are tolerant to a wide range of environmental conditions and human 

disturbances (Strachan et al., 2000), but the distribution of populations are often clustered. 

In agricultural drainage systems such as my survey site where the physical and hydrological 

environment is homogeneous, it is suggested that minor differences of habitat composition 

or undetected external factors can effect habitat preference dramatically (Herzon and 

Helenius, 2008).  

The aquatic vegetation and many riparian species (including emergent and aquatic plants) 

were widely distributed especially at Ransonmoor. However, only the abundance of 

common reed influences the presence/absence of their core activity (Table 8). The result 

suggested that within a landscape that is generally covered in abundant vegetation, water 

voles choose habitat that provide ideal shelter, whilst the food intake is adaptable to a wide 

range of local species. This is in consistent with the previous studies that water voles are not 

specific in diet and consume up to 227 plant species nationwide (Strachan and Jefferies, 

1993).  

 

Feeding remains may beguile 

Comparison between two levels of activity in the logistic models offers another way in 

interpreting functions and requirements of habitat structures. The core activity only 

considered the presence of latrine/dropping, thus is reliable in representing the absolute 

habitat occupancy. Further inclusion of active burrows and feeding remains generated a 

model that, when set in normal threshold of π=0.5, was highly skewed to positive 
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classification (Table 8, with only 26.3% presence correctly classified). The unequal 

prediction was mainly due to the adding of sub-sections with feeding remains alone.  

According to my field observations, feeding remains of water voles were less associated 

with physical conditions (e.g. water depth and bank slope), but spreading around places 

where they can sit and eat comfortably. The density abundance was also more subjected to 

whether the habitat provides potential feeding stations (i.e. presence of small platforms by 

the water’s edge under well vegetation cover) rather than habitat quality (Fig. 10, the mean 

density of feeding remains varied among different quality of habitat). My result also showed 

that under the same latrine/dropping density, the mean density of feeding remains at 

Ransonmoor were hugely higher than at Curf Fen (Fig. 11b), suggesting that the more 

abundant and dense vegetation at Ransonmoor encourages individual voles to estabilish 

more feeding stations and leave feeding remains. Whereas at Curf Fen where vegetation is 

less abundant, voles may tend to feed inside their burrows, resulting less feeding remains.  

Nevertheless, the relative abundance of latrine/dropping, active burrow and feeding remains 

were closely inter-correlated (Fig. 11). Thus when the threshold π was set higher, the all 

activity model prediction of habitat suitability became very consistent to the core activity 

model. 

 

Active burrows are more habitat selective 

The spatial relationship between different field signs offers another way in identifying 

habitat requirements of water vole activity. During the breeding season, each of the female 

adult has its own burrow systems within its territory marked by latrines, and has feeding 

remains spreading in between (Strachan, 1997). Ideally, locations of active burrows should 

be most relevant to their population distribution. But active burrows are not as distinctive as 

droppings and many other animal inhabitants may have similar burrows that leads to 

confusion (Strachan & Moorhouse, 2006).  

Within my survey site, most of the banks at Ransonmoor were heavily covered by 

overgrown vegetation that greatly reduce the possibility of locating the hidden burrows, thus 

the records of active burrows were underestimated (Fig. 11a).  
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Despite the fact that active burrows may be underestimated in some area, it showed in my 

study that the density of burrows were strongly associated with habitat quality (Fig. 10). The 

active burrows in sub-optimal habitat occurred in a much lower density than those in 

optimal habitat regardless of site and ditch type differences (Fig. 9b). Mean latrine/dropping 

and feeding remains were also affected by habitat quality, but the effects were less apparent 

at maintained ditches (Fig. 9a,c).  

The finding is supportive to the conclusion of Bonesi et al. (2002) that water voles live at 

lower densities in sub-optimal habitat. The mean comparison using latrine/dropping density 

in my study was less powerful since I conducted the survey in a much smaller scale and 

divided the whole area into sub-sections shorter than 200m in average. The optimal and sub-

optimal habitats generated by my model were spatially close and may easily be included by  

the same water vole as its territory.  

 

4-2  Heterogeneity within a homogeneous landscape 

4-2-1  Habitat suitability: relative requirements than universal criteria 

Although the study was done within a small scale including only two spatially adjacent 

drainage boards, the different conditions between the boards and among the two ditch types 

has well represented important factors among the Fenland drainage systems. The identified 

general criterion such as enough water, good angled bank and abundant riparian vegetation 

are all easy to meet within the landscape under proper management. However, this survey 

has also found that the habitat preference are highly subjected to local conditions.  

When comparing the local distributions, the side ditches at Curf Fen showed a remarkably 

high distribution rate and were the major components of the Curf Fen hot zones (Fig. 13). 

Also, Ransonmoor maintained ditches have an overall better environmental condition and 

support wider and larger water vole populations than Curf Fen (Fig. 6). Though the habitat 

suitability analysis failed to identify critical factors that reflected the fact, it was more 

sensitive in predicting suitable habitat (with higher % presence correct classifications, Table. 

9) in the two sub-groups that was consistent with the higher population rates (Ransonmoor 

maintained ditches and Curf Fen side ditches).  
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4-2-2  Factors effecting patterns of spatial distribution 

An interesting result found in the maintained ditches of Curf Fen where the habitat 

conditions varied the most. Densities of all three active field signs were perfectly correlated 

with the model predicted habitat quality (Fig. 10). This suggested that in areas where ideal 

habitat is limited, the distribution of vole populations are especially dependent on the habitat 

suitability (i.e. water voles are selective to habitat quality). The resulted fragmented 

distribution of overall populations are less flexible to environmental conditions and more 

vulnerable. It was reflected on the analysis of neighbor’s effect that 45% (two times than 

those at Ransonmoor) of the unoccupied optimal habitat at Curf Fen were spatially isolated 

from other populations. The finding is in consistent with the meta population theory that the 

distribution of water voles are determined by neighbouring population (Morrison et al., 

1998). And the more fragmented the populations are, the greater it effects (Telfer et al., 

2001). 

Among the sub-optimal habitat occupied by voles, the high percentage of spatial connection 

with neighbouring populations also suggested a possible effect of source-sink dynamic 

(Bonesi et al., 2002). Further survey is required to determine whether the sink-like habitat 

(occupied sub-optimal habitat) is a benefit for the overall populations to grow (Pulliam, 

1988), or a potential risk that effect the stability of populations (Watkinson and Sutherland, 

1995). 

 

4-2-3  Great potential for water voles to thrive 

The study showed that the Fenland drainage systems has great potential in supporting the 

water vole populations to persist. Under proper management such as at Ransonmoor 

maintained ditches, watercourses crisscrossing the mixture of clay, soil and bog-oak 

substrate provides a rich base for different riparian plants to thrive. The mosaic habitat 

within different ditch types created excellent shelter from potential predators (Carter et al., 

2003). There was also no apparent current flow recorded across all ditches surveyed, 

providing an ideal aquatic condition as potential water vole habitat (Bonesi et al., 2002). 
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The recent bank re-profiling are not only harmless to the populations, but it even appears in 

the study as a contributing factor that significantly related with higher occupation of water 

voles (Table 10a). Compared with the earlier two years (2006-07), the re-profiling done 

within recent years (2008-09) had been carried out in less continuous lengths of ditch in one 

session, thus enabling the voles to recover and take advantage of newly created habitat. The 

rotated re-profiling may facilitate the recession of bank vegetation and increase the habitat 

diversity (Herxon and Helenius, 2008). Whereas the re-profiling in earlier years were done 

in long distance and had a profound effect that still supported poor populations in this 

survey season. 

 

4-3  Limitation and uncertainties of the study 

4-3-1  Potential bias of field survey 

This survey was done during April and May aiming to collect field signs when the water 

voles are most active, and the bank vegetation is not too dense to bias. However, the number 

of latrines during the first two weeks were low, and the vegetation became very dense at the 

later periods that many overgrown ditches were potentially underestimated. The use of 

canoe or wader proved to have a better result in reflecting real conditions, and thus 

minimized the bias of seasonal effect. 

 

4-3-2  Unidentified bias of human disturbance 

The effect of bank re-profiling on the side ditches are not applicable, but the field 

observation suggested a possible impact. Despite some very newly work had totally lost 

vegetation cover. In some seemingly prominent sections, the absence of vole activity might 

be a result of previous re-profiling. Unlike maintained ditches, most of the side ditches are 

not openly connected with other ditches. Therefore, a temporary obliteration of local habitat 

may have a prolonged impact (i.e. isolation effect). 
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4-4  Highlights for future work 

The present survey provided a snapshot of water vole distribution, and showed an overall 

good response. But the cause and effect of the identified factors still await a follow-up 

survey to answer. Meanwhile, it is not clear whether mink has invaded the survey sites. One 

water vole remain was discovered in one of the western maintained ditches during field 

survey, with a dropping possibly belonged to the mink. Whilst there was no other signs to 

support, the nearby sections from the location of the vole remain at Ransonmoor was the 

main cold zone with unoccupied optimal habitat at Ransonmoor. Further monitoring is 

urgently in need to verify whether it is a result of the mink predation. 
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Chapter 5 

Conclusion 

 

This study revealed that water vole distributions in the Fenland drainage systems are generally 

determined by the presence of suitable soil substrate for burrowing, as well as steep bank, enough 

water and the abundance of common reed. Furthermore, these requirements are highly subjected 

to local conditions, suggesting their ability in adapting a range of habitat conditions. A drainage 

system with overall moderate quality is more likely to support a strong and stable population than 

prominent but limited or patchy habitat.  

The use of logistic regression models provided a robust approach in determining habitat 

suitability. Based on latrine (with droppings along) as the most reliable evidence for the presence 

of water voles, factors associating with habitat suitability in the drainage systems were more 

relating to the requirements of shelter than of food. It was thus suggested that the food abundance 

for the current populations at both surveyed boards was not a limiting factor.  

The study also showed that water depth functioned differently in maintained and side ditches. 

Water depth in the maintained ditches is critical as deeper water provided safer access to food 

and shelter, whereas in the side ditches it was the presence rather than actual depth that mattered 

(i.e. shallow water level could be favored provided a good combination of food and soil 

condition). Although it seemed that the main function of water in the latter was to supporting the 

growth of riparian vegetation, it should be noted that the presence of water was essential to water 

vole distribution.  
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Analysis of relative abundance of vole activity further indicated that in addition of latrines, two 

indicative signs, feeding remains and active burrows, were also reliable in reflecting relative 

abundance. Comparison of the three field sign densities showed that there were especially 

correlated when habitat quality fluctuated.  For example, at the Curf Fen maintained ditches 

where ideal habitats were limited, density of the three field signs were tightly inter-correlated and 

in association with the model predicted habitat quality. 

The spatial distribution of the current populations showed that a healthy and inter-connected 

watercourse network was essential for overall populations to foster. Isolated optimal habitat was 

less supportive than nearby sub-optimal habitat for the persistence of local populations. On the 

other hand, an unexpected cold zone in the west Ransonmoor ditches raised a concern of the 

potential invasion of American mink. 

Bank re-profiling was often regarded as potentially harmful for water vole populations. My study 

showed that, comparing to ditches without any profiling within four years, management done 

more than two years ago (2006 and 2007) supported lower populations. However, re-profiling 

done within recent years (2008 and 2009) at Curf Fen seemed to benefit a higher distribution of 

water voles. The strong correlation potentially suggested that careful bank management could 

maintain or improve habitat diversity in a long term. Nevertheless, it may also be biased by other 

factors that coincided with recent re-profiling sections, such as a better habitat quality that 

originally held more populations and recovered quickly. To verify whether the current strategy on 

bank re-profiling is really improving the vole distributions, further monitoring on bank re-

profiling is critically in need.  
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Although the research was done within a small scale, the two study sites resembled the 

agriculture drainage boards in general. The results served as a useful reference in identifying 

suitable habitat for water voles in other drainage systems of similar landscape. The application of 

the model approaches as well as the spatial analysis of isolation and connection of meta-

populations could also help in identifying crucial factors that influence water vole populations in 

the whole Middle Level drainage board systems. 
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