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Background
Water voles are a species of high conservation importance in the UK, where populations have
undergone a rapid decline during the past century due to habitat loss and predation by feral
American mink (Neovison vison) (Barreto et al, 1998; Strachan et al, 2000). In 2008, water voles
became fully protected under Schedule 5 of the Wildlife and Countryside Act and remedial
management strategies have been implemented across the UK that aim to conserve and expand
existing colonies through human mediated conservation measures that include habitat protection,
habitat creation and mink control (UK Steering Group, 1994).
In Sussex, the decline in water voles has been particularly pronounced, with populations being lost
from 99% of historical sites (Smith, 2009). The current distribution of water voles shows that three
key areas; the Chichester Coastal Plain, the Lower Arun Valley and the Rye and Pett Levels support
viable populations and thus conservation of populations in these areas is of high importance.
The Medmerry Coastal Realignment Scheme is located to the west of Selsey, on the Chichester
Coastal Plain, in an area occupied by water voles. The scheme, which involved the construction of
7km of inland banks and creation of 183 hectares of intertidal habitat, resulted in the inundation
and/or modified drainage of 5.6 and 5.4 km of optimal and sub-optimal riparian habitat for water
voles. Impact to water voles was identified by the EIA, and the need mitigate these impacts was
reported in the Environmental Report. As a result, several mitigation strategies, authorised by
Natural England license (No’s. 20111873, 20113847, 20114285, 20114524 & 20120589) were
designed. In summary, these included the creation of 7 Km of new wetland channels, referred to
herein as the receptor channel and the translocation and dispersal encouragement of water vole
colonies from within the inundation zone, prior to the coastal defence breach in September 2013.
Full details of this work is available from Jacobs (2012a & b).
The University of Brighton was commissioned to monitor a) the impact of the tidal breach on water
voles that had recolonized the inundation area prior to the breach and b) the colonisation of water
voles within the newly created receptor channel for a period of five years. In addition, the University
of Brighton also carried out sampling to detect the presence and distribution of Yersinia
enterocolitica that was identified in water voles captured during the translocation phase of the
mitigation works.
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Monitoring was undertaken using a multidisciplinary approach which included:
a) Radio tracking and live capture-mark-recapture surveys to determine the movement and
survival of water voles during and subsequent to the breach.
b) Live capture-mark-recapture and sign surveys to monitor the colonization of water voles
along the receptor channel.
c) Vegetation surveys to a) monitor the establishment of different planting schemes that were
used for creating the receptor channel and to b) determine whether the planting schemes
had a differential effect on the subsequent colonisation of water voles.
d) Genetic sampling from water voles, pre- and post-breach to a) monitor the impact of the
breach and mitigation measures on the genetic diversity of water voles and to b) monitor
the migration of water voles during the colonisation of the receptor channel.
e) Faecal and soil sampling to detect the occurrence and distribution of Yersinia enterocolitica
Full details of each method is provided in the relevant sections throughout this report.
Key Findings


A total of 12 individuals were radio tracked, including six within and six external to the breach
inundation zone:
o

Collared water voles from within the inundation zone showed a significant increase in
their ranging behaviour during breach.

o

The displacement of individuals from territories within the inundation zone was deemed
‘reluctant’ as voles appeared to stay resident until habitat was lost or they were
predated or washed away.

o


No adverse effects on the condition of collared water voles was observed.

A total of 27 water voles were captured and permanently marked from within the inundation
zone before the breach in September 2013. None were re-encountered, suggesting fatalities
occurred as a result of the tidal breach.



No water voles were captured on the receptor channel until September 2014 when six
individuals were captured, comprising of three non-breeding sub-adult females in the west, a
breeding pair in the north and a juvenile male in the east. This suggests that colonisation is by
dispersing individuals as the majority of captures were sub-adults of dispersal weight. The
presence of a breeding pair is a good indication that the northern section of the channel is in
favourable condition to support breeding adults.
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A total of 75 transects have been surveyed to monitor the distribution of water voles between
March 2014 and April 2015.
o

Water vole activity along the receptor channel increased in 2014 by 192% and breeding
colonies by 283%.

o

A small decline in the distribution was observed overwinter 2014/15, but the spring
surveys of 2015 indicate that water vole activity and the presence of breeding colonies
has still increased by 33% and 133% respectively, compared to spring 2014.

o

An increasing density of water vole latrines have been observed along the receptor
channel suggesting an increase in the density of breeding females.

o

Water voles are present within the two freshwater reservoirs within the inundation zone
and may be remnant individuals from before the coastal breach.



The activity and establishment of breeding colonies along the receptor channel is associated
with the type of treatment used to create the habitat in 2012.
o

In September 2014, water voles showed a preference for areas established from both
translocated vegetation and coir matting.

o

In April 2015, a shift in preference was observed, with the majority of activity and
breeding colonies being found within plug planted and coir matted areas.

o

Coir matted areas were comprised of a significantly higher abundance of herbaceous
flowering plant cover, rather than rushes, reeds and sedges and higher species richness.

o

The western side of the scheme, where no planting treatments were carried out, are
currently unsuitable for water voles due to the lack of cover and stoney substrate.



Preliminary results of the genetic structure of water voles indicate that:
o

The construction of the inland bund created a barrier to dispersal between two adjacent
colonies.

o

Migration between colonies within the inundation zone prior to the breach was
occurring.

o

Some movement of water voles from within the inundation zone to an external colony
occurred during the inundation, which resulted in a loss of significant differentiation in
genetic composition between these colonies.

o

There was a high haplotype diversity and presence of a haplotype unique to the
Medmerry area prior to the inundation, this diversity is currently being monitored.



The presence of Yersinia enterocolitica in water voles at Medmerry is not an isolated incident
but may be restricted to the Chichester Coastal Plain and warrants further investigation.
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1. Water vole distribution at Medmerry
1.1 Background
Distribution surveys are a valuable tool when monitoring the recovery and colonisation of new
habitat by a given species, providing information on the rate and extent of habitat colonised and
how this changes over time. Results can also provide an indication of areas that are in unfavourable
condition and thus can direct future management. This study details the distribution and
colonisation patterns of water voles on the receptor channel that bounds the Medmerry inundation
zone and that was created using different planting methods during 2012. The distribution of water
voles was assessed in relation to different planting schemes to determine the relative effectiveness
of each method in providing favourable habitat for water voles within less than 2 years of vegetation
establishment. Distribution surveys were also conducted along two channels that connect with the
receptor habitat as these were considered an important source of colonisers and would provide
baseline data in which the colonisation and distribution of water voles on the receptor channel could
be compared.

1.2 Methods
Distribution surveys were carried out along the receptor channel and adjoining main channels in
March and September, 2014 and were replicated by the Manhood Wildlife and Heritage Group in
April 2015. Survey sections consisted of 100 metre long transects within which, five, 5 m long
sections were surveyed for evidence of occupation by water voles based on the following indicators:


Feeding stations comprised of piles of cut grass, sedge, rush or other herbaceous vegetation



Burrow entrances above and below the water and where applicable under coir matting



Runways that comprised of regularly traversed corridors along the bank edge



Latrine sites that comprised of piles of water vole faeces that are usually located in
prominent areas along the bank edge or on floating debris within the channel to delineate
breeding territories



Footprints



Sightings

Latrine

Feeding Station
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Burrow entrance

Survey sections were considered to be occupied by water voles if more than one indicator was
identified and were considered to support a breeding colony if water vole latrines, indicating
breeding territories, were identified. Changes in the density of latrines was investigated by
calculating the proportion of points per transect where latrines (for breeding colonies) or other field
signs (for presence only) were recorded. Significant changes in the density of water vole signs was
calculated using a generalised linear model (GLM) with binomial errors, to account for the binomial
error distribution of proportional data and a logit link function. Surveys were conducted following
dry weather as wet weather can remove signs of water voles resulting in false absence being
recorded. The start and end points of each transect were marked using a handheld Garmin Global
Positioning System to allow for replicate longitudinal monitoring.
Fixed point photography was used to monitor the changes in vegetation composition between
seasonal and annual water vole surveys. The occurrence of water voles and of breeding colonies
was also assessed in relation to the planting scheme implemented for creating the receptor channel
habitat. This was done by overlaying the water vole sign survey results (presence/absence) onto
spatial data detailing planting method employed (no treatment, coir pallets, translocated vegetation,
plug planting) to derive the planting scheme that related to each survey transect. A chi square test
was then used to determine whether the planting scheme type significantly influenced water vole
activity and the distribution of breeding colonies.
In addition to this, a pilot vegetation survey was carried out in September 2014 to determine the
effectiveness of different planting schemes on the establishment of vegetation within the receptor
channel which, if proved successful, would continue to be monitoring annually by the University.
The pilot study involved sampling vegetation within 100 m sections for three of the five planting
methods (Coir pallets, Translocated vegetation and No treatment). In each section, three 4x1 m
quadrats were permanently located (N=12 per planting scheme), with galvanised tags on the
diagonal corners on the southern bank (towards the reserve) and the percentage cover for each
species as well as bare ground was visually estimated. Recorded species were then pooled into
functional groups; Grasses, Rushes, Sedges, Forbs and Woody spp, and the abundance of cover was
analysed using a non-parametric Kruskal-Wallis test.
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1.3 Results
1.3.1 Water vole distribution: March 2014
A total of 66 transects were surveyed for water vole signs including 37 located along the receptor
channel, one around the freshwater reservoir within the inundation zone, 14 within adjoining
channels within Medmerry Park and 14 along the Broad Rife where it adjoins the eastern side of the
scheme (Figure 1.1)
Overall, water vole field signs were recorded along 47% of the surveyed transects, of which 64%
were considered occupied by breeding colonies. Of the three areas surveyed, Broad Rife had the
highest proportion of transects occupied by water voles of which 64% were recorded to be colonised
by breeding individuals. Water vole presence was lowest along the Receptor Channel (including the
reservoir) where 37% of transects were recorded to be occupied by water voles (Figure 1.1 inset).

This map is based upon or reproduced from Ordnance Survey material with the permission of Ordnance Survey on behalf of the Controller of Her Majesty’s Stationary Office ©
Crown copyright and database rights 2014 Ordnance Survey 100024198, © Environment Agency copyright and/or database rights 2014. All rights reserved. Ecological data
provided by University of Brighton and the Manhood Wildlife and Heritage Group. CAD drawings provided by Jacobs 2013.

Figure 1.1 Map of water vole distribution in March 2014 in relation to survey transects in Medmerry Park, the Receptor
Channel and Broad Rife. Inset bar graph shows proportion of transects occupied by water voles, by presence and breeding
colonies.
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1.3.2 Water vole distribution in March 2014 and planting scheme
The majority of water vole signs (75%) were found in areas which had been established from
translocated vegetation and coir pallets during spring 2012 as these provided the most amount of
cover at the time of surveying (Figure 1.2). Conversely, only 20% of water vole signs were recorded
in areas where plug planting had been carried out or where no treatment had been used during the
habitat creation phase. The occurrence of water voles and of breeding colonies was not significantly
different from that expected under a random distribution across the four planting schemes (X23 =
1.3023, p = 0.729; X23 = 3.2386, p = 0.356 respectively).

This map is based upon or reproduced from Ordnance Survey
material with the permission of Ordnance Survey on behalf of the
Controller of Her Majesty’s Stationary Office © Crown copyright and
database rights 2014 Ordnance Survey 100024198, © Environment
Agency copyright and/or database rights 2014. All rights reserved.
Ecological data provided by University of Brighton and the Manhood
Wildlife and Heritage Group. CAD drawings provided by Jacobs 2013.

Figure 1.2 Map showing distribution of water voles in March 2014 in relation to the planting scheme used to establish the
receptor channel habitat during spring 2012.

No Treatment (04/14)

Coir Pallets (04/14)
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Translocated (04/14)

1.3.3 Water vole distribution: September 2014
A total of 66 transects were surveyed for water vole signs including 39 located along the receptor
channel, two reservoirs and three channels inside of the inundation zone, 14 within adjoining
channels within Medmerry Park and 7 along the Broad Rife where it adjoins the eastern side of the
scheme (Figure 1.3).
Overall, water vole field signs were recorded along 64% of the surveyed transects, of which 69%
were considered occupied by breeding colonies. Of the three areas surveyed, both the Receptor
Channel (including transects within the inundation area) and Broad Rife had the highest proportion
of occupied transects (~70%) of which 74 and 80% were considered to be occupied by breeding
individuals. Less than half of the surveyed transects in Medmerry Park were occupied by water voles
(Figure 1.3 inset). There was no evidence of water voles inside of the inundation zone apart from
around the eastern freshwater reservoir which is densely fringed with Phragmites australis.

This map is based upon or
reproduced from Ordnance
Survey material with the
permission of Ordnance
Survey on behalf of the
Controller of Her Majesty’s
Stationary Office © Crown
copyright and database
rights 2014 Ordnance Survey
100024198, © Environment
Agency copyright and/or
database rights 2014. All
rights reserved. Ecological
data provided by University
of Brighton and the
Manhood Wildlife and
Heritage Group. CAD
drawings provided by Jacobs
2013.

Figure 1.3 Map of water vole distribution in September 2014 in relation to survey transects in Medmerry Park, around the
Receptor Channel and along Broad Rife. Inset bar graph shows proportion of transects occupied by water voles, by
presence and breeding colonies.
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1.3.4 Water vole distribution in September 2014 and planting scheme
There was a marked increase in the distribution of water voles along the receptor channel in
September 2014, compared with the spring survey results. Water vole presence was recorded in 83
and 100% of transects that were located in areas established from translocated and coir pallets
respectively. All plug planted areas had established during the summer and showed signs of water
voles, however only 16% of areas where no treatment had been used were occupied by water voles
(Figure 1.4).

This map is based upon or reproduced from Ordnance Survey material
with the permission of Ordnance Survey on behalf of the Controller of Her
Majesty’s Stationary Office © Crown copyright and database rights 2014
Ordnance Survey 100024198, © Environment Agency copyright and/or
database rights 2014. All rights reserved. Ecological data provided by
University of Brighton and the Manhood Wildlife and Heritage Group.
CAD drawings provided by Jacobs 2013.

Figure 1.4 Map showing distribution of water voles in September 2014 in relation to the planting scheme used to establish
the receptor channel habitat during spring 2012.

No Treatment (09/14)

Coir Pallets (09/14)
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Translocated (09/14)

The occurrence of water voles and of breeding colonies was significantly different from that
expected under a random distribution across the four treatment types (X 23 = 18.0412, p = 0.000; X23
= 9.8238, p = 0.02 respectively). This suggests that both translocated and coir pallets provide more
favourable habitat for water voles and is likely to reflect increased cover provided by these planting
schemes after 2 years of establishment.
1.3.5 Water vole distribution: April 2015
Distribution surveys were carried out along the receptor channel, which fell within 38 designated
transects and included two internal freshwater reservoirs, and within Medmerry Park, covering 9
designated transects and an additional two areas connecting Medmerry Park and the receptor
channel. Surveys were also carried out along Broad Rife which incorporated 8 of the designated
transects (Figure 1.5).

This map is based upon or
reproduced from Ordnance
Survey material with the
permission of Ordnance
Survey on behalf of the
Controller of Her Majesty’s
Stationary Office © Crown
copyright and database
rights 2014 Ordnance Survey
100024198, © Environment
Agency copyright and/or
database rights 2014. All
rights reserved. Ecological
data provided by University
of Brighton and the
Manhood Wildlife and
Heritage Group. CAD
drawings provided by Jacobs
2013.

Figure 1.5 Map of water vole distribution in April 2015 in relation to survey transects in Medmerry Park, around the
Receptor Channel and along Broad Rife. Inset bar graph shows proportion of transects occupied by water voles, by
presence and breeding colonies.
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Overall, water vole field signs were recorded along 54% of the surveyed transects, of which 84%
were considered occupied by breeding colonies. Of the three areas surveyed, both the Receptor
Channel (including two reservoirs within the inundation area) and Broad Rife had the highest
proportion of occupied transects (53 and 75% respectively) of which 90 and 67% were considered to
be occupied by breeding individuals. Less than half of the surveyed transects in Medmerry Park
were occupied by water voles (Figure 1.5 inset). Water voles are now present on both of the
freshwater reservoirs within the inundation zone but activity is no longer present within the
reedbeds on the eastern side of the receptor channel.
1.3.6 Water vole distribution in April 2015 and planting scheme

This map is based upon or reproduced from Ordnance Survey material
with the permission of Ordnance Survey on behalf of the Controller of Her
Majesty’s Stationary Office © Crown copyright and database rights 2014
Ordnance Survey 100024198, © Environment Agency copyright and/or
database rights 2014. All rights reserved. Ecological data provided by
University of Brighton and the Manhood Wildlife and Heritage Group.
CAD drawings provided by Jacobs 2013.

Figure 1.6 Map showing distribution of water voles in April 2015 in relation to the planting scheme used to establish the
receptor channel habitat during spring 2012.

No Treatment (05/15)

Coir Pallets (05/15)

© J. Reeve

© J. Reeve
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Translocated (05/15)

© J. Reeve

Water vole presence was recorded in 80% of transects that were located in areas established from
either coir pallets or plug planting which represents a small decrease in activity within the coir
matted areas and a large increase in areas where plug planting had been used. The majority of
latrines were also concentrated within these two treatment types where 70 and 80% of coir matted
and plug planted transects had evidence of breeding individuals (Figure 1.6).

The occurrence of water voles and of breeding colonies was significantly different from that
expected under a random distribution across the four treatment types (X 23 = 10.649, p = 0.014; X23 =
9.646, p = 0.022 respectively). Given the highest proportion of activity and breeding occurred within
coir matted or plug planted areas, this suggests that these two treatment types are the most
favourable and may result from a higher diversity of plant species that these treatments would
provide. Surveys of the vegetation composition of the treatment types are planned for summer
2015 to assess this.

1.3.7 Longitudinal changes in water vole distribution and latrine density on the Receptor Channel
Between March and September 2014, water vole activity on the receptor ditch showed a 192%
increase, and breeding colonies increased by 283%. Between September 2014 and March 2015
water vole presence and breeding colonies, per transect, declined by 36 and 32% respectively. This
decline is likely to reflect the loss of individuals overwinter which is commonly observed in water
vole populations (Strachan et al, 2011). In comparison to March 2014, water vole activity and
breeding colonies in April 2015 have
increased by 33 and 133% respectively.
Of the replicated transects identified to be
occupied by breeding individuals, the
proportion of survey points with latrines,
per transect, have steadily increased, but
not significantly (GLM 69.5, 51, Survey
Season coefficients = -0.23Sept 14, -0.18April
15,

p = 0.83) over the study period from

59% to 63% (Figure 1.7).
Figure 1.7 Graph showing the proportion of points per survey
transect with latrines. Error bars show standard error
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Along the receptor channel, the most favourable areas for water voles are along the northern and
eastern stretches where plug planting, translocation and coir matting was used to establish the
vegetation. Surveys in April 2015 noted that the soil, which was compacted when monitoring began
in March 2014, is starting to break up as the plant communities establish. This is enabling more
burrowing opportunities and the establishment of breeding individuals. The eastern area is also free
from disturbance as it is closed to the public, which is also likely to benefit the water voles and
establishment of vegetation. The absence of water vole activity along the western stretches of the
receptor channel is due to a poor establishment of vegetation and stoney substrate. This area is still
very sparse and thus does not provide suitable cover and refuge from predation for water voles.
Recommendations for management are provided in Section 6 of this report.

1.4 Vegetation establishment pilot study
There are significant differences between the different treatments across all functional groups
(Table 1.1). The control sections where no planting schemes was implemented were characterised
by high bare ground cover and algae matting (<80%) and very limited vegetation cover (Figure 1.6
and Table 1.1). In contrast the vegetation in the translocated sections was characterised by a higher
proportion of grass cover (61%) followed by rushes and sedges, which are typical riparian species. It
also had the lowest amount of bare ground visible.
Table 1.1 Statistical analysis of the abundance for each functional groups using Kruskal Wallis, at 0.05 level of significance.
Control (mean ± SD)

Coir matting

Translocation

H

p-value

Bare ground

75.91 ± 22.34

22.27 ± 23.91

5.18 ± 3.22

20.20

0.000

Grass cover

5.91 ± 8.01

48.55 ± 21.23

61.36 ± 18.76

20.81

0.000

Rush cover

0

16.82 ± 9.82

14.64 ± 11.16

16.01

0.000

Sedge cover

0

7.55 ± 7.63

10.55 ± 8.07

14.97

0.001

Forb cover

3.64 ± 5.52

4.18 ± 3.79

0

10.03

0.007

Woody spp cover

0

0.64 ± 1.03

8.27 ± 17.79

14.61

0.001

Algae cover

11.36 ± 14.33

0

0

11.34

0.003

Spp richness

1.45 ± 0.62

6.73 ± 0.85

5 ± 0.67

15.82

0.000

The Coir matted sections had a higher species richness overall and the highest abundance of forb
which only representing 4.18% cover. Grasses still dominated the plant community with 48% cover.
This could indicate a good establishment of the vegetation in these areas. Bare ground was still in
high proportion but this was mainly represented by un-vegetated coir matting either as a result of
dead vegetation or senescence of annual species.
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Further vegetation surveys are planned to commence in June/July 2015 using the proposed method,
detailed in Figure 1.8, to provide a more detailed assessment of the success of different planting
methods and how these influence water vole colonisation:

Figure 1.8 Proposed method for monitoring the vegetation establishment of different planting schemes used to create
water vole mitigation habitat at Medmerry.
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2. Demographics of water voles at Medmerry
2.1 Background
Information on the demography of water vole populations
impacted by landscape modifications is important for
determining how populations have been affected and how they
recover from changes to the distribution and accessibility of
resources. Capture-mark-recapture studies are particularly valuable for determining survival,
population growth and stability which are important components for determining the long term
viability of populations. This study uses data from marked individuals captured before and after
breaching the coastal defences at Medmerry to investigate whether individuals survived the tidal
inundation and to determine the subsequent recovery of populations as they colonise the receptor
channel.

2.2 Methods
Water voles were live captured under Natural England License (No. 20131115) between August 2013
and September 2014. The location and dates of trapping are provided in Table 2.1. Live trapping
was carried out at each location using 20 to 40 Greenatyle cage and bedding boxes (™ Wildcare) that
were spaced at 15-20 metre intervals along the bank edge. Each trap was baited with carrot and
apple and provided with straw and hay for bedding. Traps were checked twice daily at dawn and
dusk. Each newly captured water vole was released into a handling bag and weighed using 0-500 g
Persola scales. Any animals weighing < 200g and with glossy, ginger pelage (fur) were classified as
young of the year (Stoddart, 1971). Sexually active males could be easily determined by identifying
testes in the scrotum, whilst females had everted nipples (Stoddart, 1971). Non-sexually active
adults and juveniles were determined by identifying the pubic symphysis which is broad and flat in
males and narrow and 'keeled' in females (Stoddart, 1971). A small hair pluck (>20 hairs with
follicles) was then taken from the rump of each individual for genetic analyses and placed in a small
1.5 ml micro-centrifuge tube labelled with the individual's identity code. The animal was then
transferred onto a board, and injected between the shoulder blades with a Trovan 2.0 x 32 mm PIT
Tag (ID-162B/1.4), providing a permanent means of identification. For any animals that showed
signs of stress, PIT tagging was omitted and a fur clip was used as an alternative semi-permanent
means of identification (Gurnell & Flowerdew, 1990). The future identification of PIT tagged
individuals was determined using a LID572 reader which, when placed over the individual, identifies
whether a tag is present and provides the unique identification code of the PIT tag inserted. PIT
tagging was carried out by the author under License from Natural England and with permission from
19

the Home Office. Antiseptic purple spray was applied to the insertion wound to help prevent
infection. After processing, each animal was then released at the same location the capture took
place and the trap was replenished with bedding and bait as required.

Table 2.1 Details of water vole live trapping surveys carried out at Medmerry and surrounding channels. Trapping effort
relates to (number of traps x number of release occasions) minus 0.5 for each falsely triggered trap.
Period
1

2

3

Survey Dates:
Start
End
19.08.13
23.08.13

Site ID
Control
Immediate

Location
SZ8190795505
SZ8242195149

Trapping Effort
159
231.5

23.08.13

26.08.13

Central

SZ8334095733

210

16.09.13

19.09.13

Control

SZ8190795505

141.5

11.03.14

15.03.14

Control
Receptor:
North

SZ8190795505

273.5

SZ8188595548

117

SZ8235396003
SZ8188595548
SZ8355095100

118.5
116
117

07.09.14

10.09.14

Receptor:
West
North
East

This map is based upon or reproduced from Ordnance
Survey material with the permission of Ordnance Survey on
behalf of the Controller of Her Majesty’s Stationary Office
© Crown copyright and database rights 2014 Ordnance
Survey 100024198, © Environment Agency copyright
and/or database rights 2014. All rights reserved. Ecological
data provided by University of Brighton and the Manhood
Wildlife and Heritage Group. CAD drawings provided by
Jacobs 2013.

Figure 2.1 Location of water vole live trapping sites (August 2013 to September 2014)
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2.3 Results
2.3.1 Live Trapping Period 1: Pre-breach survey results
A total of 121 water voles, comprised of 69 individuals, were captured across 742 trap nights during
August and September 2013 (Table 2.2). The largest population was observed along the control
channel, outside of the Medmerry inundation zone, where between 24 and 26 water voles occupied
approximately 500 metres of trapped bank. The immediate and central zones inside of the
inundation area comprised of comparably smaller populations (estimated 16 and 14 voles
respectively), which was unsurprising given that water voles had previously been translocated from
these areas during 2012 mitigation works. Both the control and central zones were female biased
and consisted of both non-breeding and breeding individuals, indicating that water voles were
breeding within each of the sampled sites.

Table 2.2 Details of water vole trapping results from surveys conducted pre-breach in August (Session 1) and September
(Session 2) 2013. * includes escaped unmarked individual.
Trapping
Zone

Session

MNA

Schnabel
Pop. Est.

NMales

NFemales

M:F Ratio

No. Br.
Adults

No. Non-Br.
Adults

Total PIT
Tagged

Control

1

22*

26

3

18

0.2:1

13

9

21

2

20

24

5

15

0.3:1

9

11

11

Immediate

1

15

16

8

7

1.1:1

7

8

14

Central

1

12

14

4

8

0.5:1

8

4

12

2.3.2 Live Trapping Period 2: Post-breach survey results
A total of 27 water voles, comprised of 13 individuals, were captured across 390.5 trap nights during
March 2014. All individuals were captured on the control channel, external to the Medmerry
inundation zone and receptor channel (Table 2.3). Six of the individuals, all females, were
recaptures from September 2013 suggesting persistence of 29% of individuals at this site which
concurs with overwinter survival estimates of water voles reported elsewhere (Strachan et al, 2011).
No water voles were captured on the northern zone of the receptor channel.

Table 2.3 Details of water vole trapping results from surveys conducted post-breach in March (Session 3) and September
(Session 4) 2014.
Trapping
Zone

Session

MNA

Schnabel
Pop. Est.

NMales

NFemales

M:F Ratio

No. Br.
Adults

No. Non-Br.
Adults

Total
Recaptured

Control

3

13

50

4

9

0.4:1

12

1

6 (females)

West

4

3

na

0

3

0:1

0

3

0

3

0

na

0

0

0

0

0

0

4

2

na

1

1

1:1

2

0

0

4

1

na

1

0

1:0

0

1

0

North
East
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In September 2014, however, a total of 7 water voles, comprised of 6 individuals, were captured on
the receptor channel across 351.5 trap nights. This included three females in the west, all of which
were sub-adults, a breeding pair along the northern section and a juvenile male in the east. None of
the individuals captured were recaptures from within the inundation zone, suggesting the
colonisation of the receptor channel was from dispersing individuals from external areas or from
voles not previously tagged from within the inundation zone. Breeding individuals were present in
the northern zone, whilst non-breeding individuals of dispersing age (>80 g) were captured in the
western and eastern areas. The low capture success (mean range 2-4%, as determined by the
number of voles captured by the number of trap nights), suggests that water voles were at low
density on the receptor channel.
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3. Water vole movement pre- and post-breach
3.1 Background
Water voles occupy freshwater habitats where they form discrete colonies along the banks of and
within wetland habitats such as drainage channels, rivers, reedbeds and marshes. Within these
habitats, females form breeding territories in summer, which are overlapped by multiple males.
Previous research on the ranging behaviour of water voles have found the female territories drift
throughout the breeding season (Moorhouse & Macdonald, 2005), however, once a territory is
established, dispersal is rarely undertaken from the colony (Stoddart, 1970). The majority of
dispersal is undertaken by pre-breeding young of the year (Aars et al, 2006) and both genetic and
field research has reported the average dispersal distance is 1.5km, but distances of over 5 km have
been reported in Scotland (Aars et al, 2006; Stewart et al, 1999).
The Medmerry Coastal Realignment Scheme would introduce saline sea-water into over 10km of
freshwater habitat that was identified in 2011 to support multiple water vole colonies (Jacobs,
2012). To mitigate against this loss of habitat and in preparation for a breach target of March 2013,
water voles were translocated by Jacobs from areas considered to be impacted by the inundation in
autumn 2012 and spring 2013 (Jacobs, 2012). Exceptionally wet weather during the summer of 2012
stopped construction of the new flood banks. This made it impossible to undertake the breach as
planned in March 2013 and it was rescheduled for September 2013 which provided a full summer
season in which water voles could recolonize within the inundation zone. This provided a unique
opportunity to monitor the behavioural response and dispersal of water voles to the inundation of
sea water during and after the breach. Water voles are known to show some tolerance to saline
conditions, with reports of them feeding within salt marshes and persisting in brackish habitats.
However, the volume of saline water expected during the breach and at high tides was expected to
inundate most of the existing watercourses to the south of the scheme and cause a gradual siltation
and change to saline habitats in the northern areas. Given the topography of the area, water voles
would thus have limited refuge habitats and flooding would be regular enough to disrupt behaviour
and increase mortality risk. This study used radio-tracked individuals from within and external to
the inundation zone to monitor the impact of the breach on water vole movement.

Inundation of sea-water during high tide, September 2014.
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3.2 Methods
3.2.1 Study Design
The original study design was to radio collar 10 individuals from three areas. Two areas were
located inside of the inundation zone and included one area in the south that would be immediately
inundated with sea water during the breach (Immediate Channel) and one was located further north
of the inundation zone where the impact of the breach was expected to be more gradual. A third
area was chosen as a control where individuals would not be affected by the sea breach and was
located to the west, but adjacent to, the Medmerry Scheme (Figure 3.1). Live trapping was carried
out as detailed in Section 2.2 to target adult water voles of > 180 g to radio collar; however, due to
the previous translocation of individuals from within the inundation zone; few individuals of the
stipulated weight were captured. As a result, a target of six individuals from inside the inundation
zone and six individuals from the control channel was attained. The field work was carried out
between 19th August and 21st September 2013, covering the initial breach date of 2 nd September
2013.
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Figure 3.1 Location of targeted areas for radio collaring water voles
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3.2.2 Radio collaring and tracking
Each individual was fitted with a Biotrak radio collar (< 5g), each with a unique radio signal which
were tested on site using two Sika (Biotrack) receivers and a Yagi antennae. Each collar was secured
using a cable tie placed around the neck of the captured individual. The collar was checked to be
sufficiently secure to avoid the animal being able to detach from the collar, whilst preventing any
loss of movement or risk of the collar becoming snagged. Once secured, the animal was placed in a
holding pen for up to 30 minutes to assess monitor freedom of movement and to check for any
adverse effects on the animal’s behaviour. Each animal was then released at the point of capture.
Water vole location fixes were achieved by obtaining a minimum of two GPS positions with the
signal angle determined by use of a magnetic compass to obtain a ‘location fix’. Angles differing at
least 30° from the two GPS locations were obtained to ensure accurate positions were recorded
(Cresswell, 2009). To assess the potential error using this method, activated collars were placed
around similar habitats and the average error (N=11) was within ~1-2m of actual placement, and
thus the method was deemed suitable. For each individual, a target of 30 location fixes prior to, and
20 location fixes after the initial breach was pursued.

Collar being fitted onto a water vole

Radio collared water vole

Collared water vole in a release pen for monitoring

Radio tracking collared water voles
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3.3 Results
In total, 12 individuals were radio tracked, six (one male, five females) from the control zone and six
from within the scheme which included three in the immediate zone (two males, one female) and
three from the central zone (one male, two females). All individuals were tracked prior to the
breach and all, but one female from the immediate zone, were tracked during and post-breach
(Table 3.1).
Table 3.1 Information on the 12 water voles collared during the study, changes in weight, number of locations recorded in
total pre- and post-breach combined, size of home range area, collar recovery and fate.

C281

Weight
Change
(%)
-8

Total
location
data
44

90%
kernel
before
264

90%
kernel
after
80

C322

-8

69

132

46

C426

-3

68

202

C788

-6

66

C297

-8

64

C269

/

S872
S253
S377

/

S334

/

38

134

S710

/

34

230

S922

/

60

3330

Zone

Animal
ID

Control

Immediate

Central

Collar
recovered

Fate

Y

Alive at end of study

Y

Alive and decollared

410

Y

Alive and decollared

287

174

Y

Alive and decollared

307

197

Y

Alive and decollared

48

1804

222

N

Predation suspected

/

80

60

538

N

Still alive and in range but trap shy

/

69

4220

2664

N

Still alive and in range but trap shy

N

Signal failure prior to breach

2371

Y

Predated

245

N

Dispersed

972

N

Swept away

The location data for each of the collared individuals are shown in Figures 3.2 to 3.4 and the
distances travelled pre and post-breach are shown in Figure 3.5.
Overall five of the six animals in the control ditch were still alive at the end of the study and all were
de-collared. For those inside the scheme, one collar failed before the breach, two were still resident
in their home range within the immediate zone after the breach although both had extended
distances moving home range slightly. For those within the central zone, one animal was predated
shortly after the breach, one animal was assumed to be swept away due to a lost signal location and
the final animal dispersed away from the site, heading north, but the signal was lost after this time.
The animals inside the scheme had significantly larger 90% home range kernel’s (Ranges 8 analysis)
after the breach when compared to the control samples (t-test, d.f. = 4, p = 0.04) (Table 3.1). In
addition, the distance travelled was significantly higher inside the scheme than those in the control
channel (t-test, d.f. = 4, p = 0.03). Water voles inside the scheme appeared to respond to the
inundation by increasing their range and moving greater distances, in 33% cases this also resulted in
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mortality of the animal. Displacement from territory was deemed ‘reluctant’ as voles appeared to
stay resident until habitat was lost or they were predated or washed away.

Figure 3.2 Location data for individuals collared
within the control zone

Figure 3.3 Location data for individuals collared within the
immediate zone

CONTROL

Figure 3.4 Location data for individuals collared
within the central zone

INUNDATION ZONE

Figure 3.5 Radio-tracked water vole distances travelled prior to
and post-breach for outside and inside the flood area. S253 and
S872 remained resident, S922 was swept away, S344 was
predated and S710 was lost 4 days after the breach
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4. Genetic monitoring: preliminary results
4.1 Background
Large modifications to the landscape can alter the distribution and accessibility of natural habitat for
many organisms which can provoke changes in biological processes at almost every ecological level,
from the genesis and behaviour of individuals, to the dynamics and ultimate long term persistence of
populations (Temple et al, 2006). Genetic tools are a valuable asset when studying the impact of
landscape change on species, as the dynamics of individuals have predictable effects on the patterns
of genetic variation seen in populations (Lowe et al, 2007). For instance, social structure and mating
behaviour leads to discernible patterns of relatedness within groups and barriers to dispersal and
gene flow can impact on inbreeding, leading to excesses in homozygosity, either at the level of the
individual (FIS) or between subpopulations (FST) (Frankham et al, 2001; Allendorf, 1986). In addition,
changes in genetic diversity over time can be indicative of migration and population stability and
allows for populations at risk to genetic erosion to be targeted for conservation management
(Frankham et al, 2011).

The Medmerry Coastal Realignment Scheme has resulted in a large scale change to the distribution
and accessibility of natural habitat for water voles that were once widespread across the inundation
zone. This study is investigating the impact of these changes on water voles by using temporal
changes in genetic variability from data obtained before and after the coastal defence breach. This
information aims to identify whether losses in genetic variability were observed, whether
establishing populations are stable and functionally connected to other populations in the landscape
and to identify any factors that risk the long term viability such as barriers to dispersal, low
survivorship and inbreeding.

The following details the sampling and genetic methods and provides preliminary results of the
genetic analyses which are currently ongoing and due for completion and delivery in the format of
an accompanying report that will detail the genetic impacts of the Scheme. This report is scheduled
for submission, October 2015.

4.2 Methods
4.2.1 Pre-breach sampling: July 2013
Genetic samples were obtained from water vole hair which was sourced using non-invasive hair
capture tubes that were placed along seven occupied channels within and outside of the Medmerry
inundation zone (Figure 4.1). The tubes consisted of short sections of 3” PVC black piping with two
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pieces of adhesive fly paper attached to the inside roof (Figure 4.2). Each tube was baited with a
small piece of apple which was used to lure water voles to pass through the tube and placed at 1520 m intervals along the banks of occupied channels. Tubes were secured in place using canes and
left in situ for seven days. On collection, any hair tubes that had >3 water vole hairs with follicles on
the fly paper were placed in glass vials, marked with the channel and location and stored at -20°C
until DNA extraction (described in Section 4.2.3).
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Figure 4.1 Map showing water vole populations sampled using non-invasive hair capture tubes and live trapping pre-breach
in July and August 2013 and post-breach in September 2013 and March 2014.

Figure 4.2 Diagram of non-invasive hair capture tube design

Water vole hair captured using hair
capture tubes
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Genetic samples were also obtained from hair pulls retrieved from water voles that were captured
during pre-breach monitoring (August/September 2013) of two populations inside of the inundation
zone and one control population adjacent to the scheme (Figure 4.1).

4.2.2 Post-breach sampling: Spring and Autumn 2014
Genetic samples were obtained from hair pulls collected from water voles captured during live
capture monitoring of the receptor and adjacent channels (as described in Section 2.2). All hair pulls
were placed in 1.5 ml microcentrifuge tubes marked with the individuals unique ID, location and
date and stored at -20°C until DNA extraction. Further genetic sampling will be undertaken
biannually using non-invasive hair capture tubes as described in Section 4.2.1.

4.2.3 DNA extraction
All hair samples were digested in 340μl of extraction buffer for 2-4 hours until completely lysed, then
was washed and eluted using QIAGEN™ DNEasy Blood and Tissue Kit following manufacturer’s
protocol. Hair tube and hair pluck samples consisted of final volumes of 100ul and 200ul
respectively of DNA at varying concentrations.

4.2.4 Molecular markers and genotyping
This study uses microsatellite and mitochondrial DNA. Microsatellite loci are found at high
frequency within the nuclear genome of most species and consist of short motifs (1-6 nucleotide
bases) that are repeated in tandem (Lowe et al, 2007). These motifs are highly variable between
individuals and populations making them especially valuable for estimated magnitudes of gene flow,
the level of inbreeding and for determining relatedness between individuals. Mitochondrial DNA is
maternally inherited and consists of a relatively small molecule that occurs within the mitochondria
organelles located in an organisms cell (Frankham et al, 2011). Unlike microsatellites, mitochondrial
genes code the mitochondria organelles that are responsible for metabolism and they are well
conserved, diverging only through infrequent mutations (Frankham et al, 2011). This makes them
especially valuable for studying phylogeographic history and historic patterns of gene flow in species
(Castro et al, 1998).

DNA profiles obtained from hair samples using eight microsatellite markers and one mitochondrial
control region have been amplified to date, using primers previously developed for the European
water vole, Arvicola amphibious (Stewart et al, 1999; Berthier et al, 2005; Piertney et al, 2005) that
amplify the regions of interest through polymerase chain reaction (PCR). Microsatellite fragment
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lengths were then separated by capillary electrophoresis on an ABI 3730xl and each individual was
scored as having either one or two alleles per microsatellite which are identified by having different
fragment lengths. Mitochondrial regions were sequenced and scored in relation to previously
identified water vole haplotypes (divergent sequences between populations) obtained from the UK
by Piertney et al (2005) and by Baker (2015).

4.3 Preliminary Results
A total of 60 microsatellite genotypes have been obtained to date, and includes all water voles
captured from three sites prior to the sea breach in 2013 and from one population adjacent to the
scheme that was live captured in March 2014 following the breach.

4.3.1 Microsatellite variability
All microsatellite loci were highly polymorphic across the study populations with 58 alleles identified
across all sampled individuals. Pre-breach populations, that included the control, immediate and
central sites from trapping period 1, showed high genetic diversity with the average number of
alleles per microsatellite loci ranging from 4.75 to 6.25 and from 4.14 to 5.23 when standardised for
sample size (Table 4.1). No significant departures from Hardy Weinberg Proportions (FIS), that
assumes random mating within populations, were observed in any of the sampled populations.

Table 4.1 Summary statistics of genetic data per sampled population of water voles at Medmerry, where N = total number
captured, A = observed allelic richness; R = allelic richness standardised for a sample size of 10; Pa = Private allelic richness
standardised for a sample size of 10; Ho = observed heterozygosity; He = unbiased expected heterozygosity and FIS =
Wrights inbreeding coefficient and 95% CI's. Trapping period denotes 1 = August 2013 (pre-breach); 2 = September 2013
(post-breach) and 3 = March 2013 (post-breach).
Population ID

Trapping period

N

A (StDev)

R

Pa

Ho

He

FIS (95% CI'S)

Control

1

21

5 (1.20)

4.14

0.12

0.64

0.68

0.02(-0.02-0.13)

2

20

5.63 (1.06)

4.35

0.19

0.68

0.69

0.02 (-0.08-0.14)

Immediate

1

14

6.25 (1.75)

5.23

0.72

0.73

0.76

0.04 (-0.07-0.17)

Central

1

11

4.75 (1.16)

4.48

0.21

0.77

0.74

-0.05 (-0.18-0.07)

Control

3

7

4.5 (1.07)

4.5

0.05

0.79

0.72

-0.10 (-0.27-0.01)

4.3.2 Temporal changes in genetic variability
The control population showed an increase in genetic variability immediately after the sea breach (R
= 4.14 in August to 4.35 in September 2013), which may suggest that individuals from within the
inundation zone migrated into the population during this time, despite not retrieving any marked
individuals during the live trapping surveys. Over the winter of 2013/14 allelic diversity increased in
the control population despite a reduction in population size as a result of overwinter mortalities
that are expected in water vole populations during this time (Strachan et al, 2011).
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No significant temporal changes in the genetic composition (as measured by F ST, where 0 = not
differentiated and 1 = no similarities between populations) were observed in the control population
between August and September 2013 and between September 2014 and March 2015 suggesting the
population is stable (Table 4.2b).

Table 4.2 Genetic differentiation, as determined by Wrights F ST, between a) three populations sampled pre-breach and
b) temporal samples obtained from the control population pre and post-breach. Significant differentiation in genetic
composition between populations (FST = 0) was calculated by bootstrapping across populations to provide 95%
confidence intervals which showed significance if they fell outside of zero.
a)
Control

b)

Control Post-breach
2013

Control Postbreach 2014

Control Pre
Breach 2013
Control Post
Breach 2013

0.02

0.00

Central

Control

0

Central

0.06

0

Immediate

0.10

0.03

0.07

4.3.3 Microsatellite variability between populations
Overall, all three sampled populations pre-breach were not significantly differentiated (Fst = 0.07,
95% CI’s -0.02 to 0.14). Significant pairwise differentiation was observed between the Control
channel population and the population occupying the immediate inundation zone. These
populations are geographical neighbours and this significant difference in genetic composition
suggests that migrants were not being exchanged between the two populations and a likely result of
the construction of the earth and rock flood defense bunds (Table 4.2a). Interestingly, when
comparing the genetic differentiation between the immediate zone pre-breach and the control
population immediately after the breach in September, they were no longer significantly different
(FST = 0.09, 95% CI’s = -0.01 - 0.18), suggesting that the increase in individuals on the control channel
after the breach are likely to have originated from inside of the inundation zone. There was no
significant difference between the central population and the control channel, nor were the two
populations inside of the inundation zone dissimilar, suggesting that migration between these
populations was either occurring or had only recently ceased.

4.3.4 Mitochondrial DNA variability
A total of three haplotypes have been identified from five individuals analysed from water voles
captured at the Medmerry site to date. This includes one haplotype unique to the Medmerry site,
one haplotype that has also been identified at Chichester Canal and one haplotype that occurs
across populations in Sussex and Kent (Figure 4.3).
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Relative to other populations sampled in Sussex and Kent, the Medmerry population has a high
diversity of haplotypes which is likely to be a reflection of contemporary conservation efforts that
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have maintained population connectivity and persistence on the Chichester Coastal Plain.

Figure 4.3 Distribution of haplotypes identified at Medmerry and their association with other haplotypes
identified by R. Baker (2015) from populations sampled across Sussex and Kent.
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5. Yersinia enterocolitica occurrence in water voles at Medmerry
5.1 Background
Yersinia enterocolitica is a zoonotic bacterial species that was detected in water voles translocated
from Medmerry into captive facilities at the Wildwood Trust, Kent during 2012. This particular
species of Yersinia has not previously been reported in water voles in the UK; however, previous
research has identified its occurrence in rodents (Huovinen et al, 2010). Pathogenic strains of Y.
enterocolitica can cause Yersiniosis in humans, which affect the intestinal tract causing
gastrointestinal illness of varying severity and immune-mediated secondary complications such as
arthritis of the wrists, knees and ankles. Pigs are a known reservoir for pathogenic Y. enterocolitica
and previous work has identified pathogenic strains in rodents sampled from pig farms and in
sewage and environmental waters where it can survive for at least three months (Hartung & Gerigk,
1991). The exact source of Y. enterocolitica at the Medmerry site is unknown; however, the
contamination of the site from sewage resulting from widespread flooding during 2012 is considered
a plausible mechanism.

5.2 Methods
To determine the occurrence of Y. enterocolitica in water voles at Medmerry, samples of water vole
faeces were first collected from the site during 2012, by sampling from latrines. These samples, plus
suitable controls, were processed using standard protocol of enrichment followed by culture onto
selective medium, on which Y. enterocolitica shows distinctive colonial morphology. Isolates from
the water vole faecal samples were compared by eye with the control bacteria. Y. enterocolitica was
positively identified from water vole latrine samples (full results presented in section 5.3.1);
however, due to the potential contamination of the samples from other organisms in the
surrounding environment between the time of defecation and collection of samples from the
ground, the occurrence of Y. enterocolitica in the extant water voles was not conclusive. In light of
this, further sampling was carried out during 2013 and involved taking fresh faeces and anal swabs
from live captured water voles and soil samples from the same locations. Additional samples were
also obtained from other populations in Sussex and Kent (by the author) to determine whether Y.
enterocolitica also occurs in other wild populations. Sample processes followed the same protocol
and results are presented in Section 5.3.2.
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5.3 Results
5.3.1 Water vole latrine samples: 2013
A total of 118 faecal samples were collected from seven channels during 2013 (Figure 5.1).
Y. enterocolitica was detected in water vole latrines from five of the seven channels (Table 5.1).
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Figure 5.1 Location of water vole latrine sampling locations for Y. enterocolitica detection.

Table 5.1 Details of Y. enterocolitica occurrence in water vole latrines sampled from Medmerry in July 2013.
* Samples were contaminated by Proteus bacterium swarms preventing the complete detection of Y.
enterocolitica in all samples tested.
Channel
No.
1

Number samples
tested
15

No. samples Y. enterocolitica
detected
3

% samples Y. enterocolitica
detected
20

2

21

7

33

3

18

4

20

4

13

2

15

5

16

Proteus contamination preventing detection

6

18

Proteus contamination preventing detection

7

17

3*

18
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The results show that Y. enterocolitica was present in the channels at the time of sampling, but it
cannot be determined whether it came directly from water voles. Faecal samples were collected
from the ground, so they could have been contaminated by organisms from the surrounding
environment. They were of differing consistencies, which suggested a varying level of time on the
ground since defecation. In sampling channels five to seven, Proteus spp was isolated from all the
samples and this interfered with the growth of other bacteria during the laboratory testing. Proteus
is not usually a faecal organism, but it is found in urine and also soil and sewage. This also strongly
implies contamination of the water vole faecal samples. More reliable results would be obtained by
collecting fresh faeces and/or anal swabs directly from individual animals.

5.3.2 Water vole faecal, anal and soil sampling: 2013 and 2014
A total of three fresh faecal samples were collected from water voles live captured at Medmerry in
September 2014 and a further 15 soil samples were obtained during the same time from the live
capture sites along the receptor channel. A further 25 fresh faecal samples were obtained from
water voles captured at four other locations in Sussex and Kent during 2013. Sampling locations are
presented in Figure 5.2.
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Figure 5.2 Location of sites sampled for Yersinia enterocolitica at Medmerry and in wild water
vole populations in Sussex and Kent.
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Table 5.2 Details of Y. enterocolitica occurrence in water vole latrines sampled from Medmerry in September 2014
and from wild water vole populations in Sussex and Kent in September 2012. Site ID code denotes locations
referred to in Figure 5.2 and sampling methods; S = soil and LC = fresh faecal/anal swab is provided in parenthesis
in number of samples tested.
Site ID
MMW

Number samples
tested
5 (S)

No. samples Y. enterocolitica
detected
1

% samples Y.
enterocolitica detected
20

MMN

5 (S)

2

40

MMN

3 (LC)

0

0

MME

5 (S)

0

0

1

4 (LC)

1

25

2

10 (LC)

0

0

3

6 (LC)

0

0

4

5 (LC)

0

0

The results show that Y. enterocolitica was present in two areas of the receptor channel (west and
north) at the time of sampling, but was not detected in the faecal samples obtained from water
voles within the northern section. Y. enterocolitica was however found in one of the four fresh
faecal samples obtained from an external site, Chichester Canal but was not present in water voles
sampled from the other locations in Sussex and Kent (Table 5.2).

A presence of Y. enterocolitica in the soil and in fresh water vole faeces from another site on the
Chichester coastal plain suggests the contamination is a localised issue which warrants further
investigation to the source.
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This map is based upon or reproduced from Ordnance
Survey material with the permission of Ordnance Survey on
behalf of the Controller of Her Majesty’s Stationary Office
© Crown copyright and database rights 2014 Ordnance
Survey 100024198, © Environment Agency copyright
and/or database rights 2014. All rights reserved. Ecological
data provided by University of Brighton. CAD drawings
provided by Jacobs 2013

6. Management recommendations

The following map (Figure 6.1) and accompanying table (Table 6.1) details areas along the receptor

channel where specific limitations to water vole colonisation and persistence have been noted whilst

carrying out the ecological surveys between March 2013 and April 2015.

Figure 6.1 Annotated map of areas with management recommendations presented in Table 6.1
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Table 6.1 Management recommendation for receptor channel. Number relates to annotated map provided in Figure 6.1

1

The flood storage areas, although largely
unsuitable for water voles have some areas which
may become colonised, particularly in the
seasonal ponds to the north of this area. Some
water vole signs have been recorded here.

2

This area is becoming increasingly suitable for
water voles with the translocated material
establishing along the bank and extending out
towards the footpath along the meanders. There
is heavy disturbance here, primarily from dogs
which are creating areas with bare banks where
dogs are entering the water. Discouraging dog
owners to allow their dogs to enter the water in
this area will be of benefit. Other options that
may be viable would be to erect some low fencing
around the area or establishing the tree line along
the footpath. With time, water vole activity is
expected to increase in this area with increasing
establishment of riparian vegetation, particularly
if disturbance is managed.
The western side of the receptor channel is
relatively unsuitable for water voles (April 2015)
due to the absence of vegetation along the banks
and the stoney substrate. Immediate action to
improve this area would be to infill with plug
planting or a seedmix. As the vegetation
establishes in this area, allowing wider margins
and dense vegetation to establish would increase
the suitability of this area for water voles,
particularly if the vegetation is dense enough for
them to create above ground nests where the
stoney substrate prevents burrowing.
This channel feeds into the receptor ditch and was
colonised by water voles in March 2013. However
heavy management of this channel in September
2014 resulted in the majority of vegetation being
removed which increased predation risk and
numerous herons were sighted lined along the
banks. Water voles were still absent along this
ditch during the April 2015 surveys suggesting
that they may have been predated due to the
reduction of cover over winter. Increasing the
height of the cuts along this channel is
recommended as this is a key dispersal channel
for water voles and will to encourage colonisation
of the western side of the receptor channel.

3

4
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5

6

The north western stretch of the receptor channel
is colonised by water voles. However, vegetation
clogging was noted in the September 2014
surveys. Combined with very narrow margins and
arable land use on the northern banks, this stretch
of the receptor channel is at risk of siltation and
drying up. Vegetation clearance and engagement
with the adjacent landowner to allow wider
margins around the arable fields adjoining this
channel is recommended.
Willow saplings are establishing along the bank
and in time will need thinning. Some tree cover,
however, is recommended as this can be a refuge
for water voles during flooding.
The vegetation along the eastern stretch of the
receptor ditch is well established and has become
quickly colonised by water voles. Glyceria,
however, is dominating in a number of spots and
the channel is becoming clogged which will
increase siltation and the risk of the channel
drying out. In-channel cuts are recommended to
control the spread of Glyceria and to allow other
vegetation to establish to increase the plant
diversity.

7

Glyceria has become dominant on the channel
south of the reedbeds. Recommended in channel
cuts to prevent siltation and vegetation clogging is
recommended.

8

The old channel linking the receptor channel with
Broad Rife at Bunn Leisure is poorly managed and
bramble, rubbish and old phragmites dominate
the vegetation composition in this area. Although
some water vole signs have been recorded in this
stretch, without management to control the scrub
and rejuvenate the reed growth, this area will
become unsuitable for water voles. As this is
another key dispersal corridor to/from the broad
rife – maintaining connectivity to water vole
populations in wider landscape is important for
long term viability of water voles on site.
This section of Broad Rife, adjacent to Bunn
Leisure contains a lot of rubbish and an annual
clear up day along this stretch will be beneficial.

9

40

7. Conclusions
7.1 Impact of the Medmerry Coastal Realignment Scheme construction and sea breach on water
voles
Preliminary results from the genetic samples obtained from water voles external and internal to the
Medmerry Scheme, prior to the sea breach in September 2013, suggest that movement between the
control channel and the adjoining immediate channel was restricted and a likely result of the
construction of the earth and stone bund. The breach of the sea wall in September 2013 resulted in
an increased movement and mortality of water voles that had recolonised the inundation area
between the last translocation effort in spring 2013 and the breach. No water voles that had been
tagged from within the scheme were recovered during survey efforts along the receptor channel and
within the control ditch. The radio tracking data revealed that the response of water voles to the
inundation of sea water was highly variable and is likely to reflect the impact of the sea water within
each individual’s specific territory. Two individuals were reluctant to leave and were last recorded
maintaining similar territories to those recorded before the breach. The other individuals dispersed,
were swept away or were predated. The genetic data suggests that there was some dispersal from
the inundation zone into the external ditches during the breach, as determined by the loss of
significant differentiation in genetic composition between the control population and the colony
occupying the immediate inundation zone.

The presence of Yersinia enterocolitica in water voles originating from the Medmerry Scheme in
2012 was not an isolated incident. Evidence of Y. enterocolitica was also sourced from north of the
scheme in an individual from Chichester Canal. It presence in water voles at the Medmerry Scheme
is likely to be a result of widespread flooding and thus contamination of the water by sewage and/or
agricultural practices. Further investigation to potential sources and distribution of Y. enterocolitica
in the Chichester Coastal Plain is recommended.
7.2 Colonisation of the Receptor Channel
Colonisation of the receptor channel has been slow with very few signs being recorded in March
2014. This is an inevitable consequence of the slow establishment of vegetation in areas. Areas
established from translocated vegetation and coir matting provided the most amount of cover at
this time and was where the majority of water vole signs occurred. By September 2014, the number
of signs and distribution of water voles had increased in response to the increased cover provided by
establishing vegetation. The distribution of water voles was significantly influenced by the planting
scheme with activity and breeding colonies favouring the translocated and coir matted areas. The
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most recent surveys have identified a small decline in the distribution in comparison to September
2014, however, this is counteracted by an increase in the number of signs per surveyed transect
which suggests increasing density. The current distribution of water voles has increased in
comparison to spring 2014 and is not randomly distributed amongst the different planting schemes
with coir matted and plug planted areas showing the highest proportion of occupied transects. It
appears that translocated areas, whilst providing immediate cover and thus an ideal planting
treatment to encourage the immediate colonisation of water voles, have become less favourable.
The coir matting provided the highest species richness, as determined by the vegetation surveys
carried out in autumn 2014, and has been consistently favoured by water voles. As the plug planting
establishes to provide greater cover, this has become increasingly favoured by water voles.

The northern and eastern stretches of the receptor ditch are nearly entirely colonised by water voles
at the time of this report which is likely to be due to the increased level of planting treatments that
were used relative to the western side of the scheme. Restricted access by the public is also likely to
be contributing factor. The western stretches of the receptor channel, however, are less suitable for
water voles, comprising of primarily stoney banks where vegetation is slow to establish. There is
also a high number of dog walkers and dog activity in the channel was recorded in this area and
evidence of bare banks resulting from dogs accessing the water was recorded during the survey
work in September 2014 and April 2015. This is despite efforts by the RSPB to encourage dog
owners to keep their dogs on a leash. As the reeds establish between the banks and the footpath,
this issue may resolve itself.

The two internal reservoirs inside of the inundation zone are both colonised by water voles (April
2015). These are likely to be remnant individuals that have persisted within the scheme. Some
vegetated channels between these reservoirs and the receptor channel remain, which should
facilitate migration into and out of these areas. As the salt marsh communities establish around
these reservoirs it is expected that more activity may be recorded in these areas. Genetic sampling
of these areas could provide an indication of whether dispersal is occurring between these remnant
individuals and those that are established on the receptor channel.

7.3 Management
Vegetation maintenance of the receptor channel is recommended, particularly in areas where
Glyceria has become dominant and where scrub is beginning to establish. In all instances,
vegetation cuts should be on rotation and leave one side of the bank fully vegetated whilst the cut
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side should leave at least 10 cm of vegetation to provide cover. In-channel clearance, where
possible, should leave both banks well vegetated. All cut vegetation should be either removed from
site or placed over 10 m from the channel. In areas where the receptor channel is bounded by
agricultural land, efforts need to be in place to ensure wide bank side margins are left, particularly
where the land is tilled.

Continuing mink control along the main channels that feed into the receptor channel will be integral
to the persistence of water voles around the Medmerry Scheme. Mink control on the peninsular has
been effective to date and is facilitated by efforts in the northern areas of the peninsular which
prevent mink establishing in the area.

7.4 Further research and monitoring
Continued monitoring of water voles along the receptor channel will be carried out until 2017.
Vegetation surveys of the different vegetation treatments are recommended to provide guidance for
future habitat creation projects used for water vole mitigation strategies. The genetic monitoring is
continuing and an analysis is currently being carried out with more microsatellite markers to
increase the power to detect migration and assess changes in genetic diversity. Individuals from
within the scheme and those that had colonised the receptor channel by September 2014 are
currently being genotyped using mitochondrial markers to identify potential sources of colonisers
and changes in mitochondrial diversity. The proposed monitoring and surveys are listed in Table 7.1
with the proposed times for surveys, frequency of surveys and intended delivery of results.

Table 7.1 Actions for proposed future monitoring and delivery.
Action

Vegetation Surveys of treatment types

Sign surveys to monitor distribution

1

2

Genetic analyses: pre and post breach 2013-2014
3

Genetic monitoring

Proposed times for
delivery of works

Frequency of
surveys

Delivery of results

June/July

Annual

Annual

March and
September

Biannual

Biannual

July-October 2015

N.A

October 2015

June/July
2016 and 2018

Biannual

Binannual

1

The vegetation surveys are not being carried out as part of the commissioned work that has been agreed by the University
of Brighton but are being carried out voluntarily.
2
Sign surveys will be carried out in September 2015 to complement the April 2015 surveys.
3
Genetic monitoring survey protocol for 2016 and 2018 delivery will be confirmed upon completion of the report detailing
patterns in the genetic variability of water voles pre and post breach, due for dessimination in October 2015.
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9. Appendix: FIXED POINT PHOTOGRAPHY OF RECEPTOR CHANNEL SURVEY TRANSECTS
CODE

MARCH 2014

SEPTEMBER 2014

FS1
NO PHOTO TAKEN DUE TO FOG
WHEN SURVEYING

FS2
NO PHOTO TAKEN DUE TO FOG
WHEN SURVEYING

FS3A
NO PHOTO TAKEN DUE TO FOG
WHEN SURVEYING

FS3B
NO PHOTO TAKEN DUE TO FOG
WHEN SURVEYING

RDA

DRY

RDB
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CODE

MARCH 2014

SEPTEMBER 2014

RDC

RD1

RD2

RD3

RD4

50/50 CUT WHILST
SURVEYS BEING
UNDERTAKEN

RD5
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CODE

MARCH 2014

SEPTEMBER 2014

RD6

RD7
NO MATCHING PICTURE FROM
MARCH 2014

RD8

RD
LTA

RD
LTB

RD9
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CODE

MARCH 2014

SEPTEMBER 2014

RD10

RD11
NO MATCHING PICTURE FROM
MARCH 14

RD12

RD13

RD14

RD15

49

CODE

MARCH 2014

SEPTEMBER 2014

RD16

RD17

RD18

RD19

RD20

RD21

50

CODE

MARCH 2014

SEPTEMBER 2014

RD22

RD23

RD24

RD25

RD26

RD27
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CODE

MARCH 2014

SEPTEMBER 2014

RD28

RD29

RD30

RD31

RD32
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