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Executive Summary 
 

• The National Small Mammal Monitoring Scheme was launched by The Mammal Society 
(TMS) in autumn 2009.  It followed a scoping study and three pilot studies carried out by 
TMS and collaborators. 

• The aims and objectives of the first season’s fieldwork were to establish a network of sites 
throughout the UK, offshore islands and the Republic of Ireland, to enable volunteers to 
undertake long-term monitoring of small mammal populations. 

• The volunteer base comprised individuals who had varying levels of expertise who had either 
taken part in previous surveys for TMS or who had attended the TMS small mammal training 
courses. 

• Nine ubiquitous species of small mammal were targeted by the scheme, with an additional 
four species found only on offshore islands. 

• The six different field methods were employed, requiring a range of expertise and commit-
ment from volunteers.  Two of these involved one-off searches for signs of harvest mice and 
field voles, two involved live trapping, one utilised barn owl pellet searches and one was a 
novel method for analysing DNA from faeces. 

• A detailed explanation of the NSMMS sampling strategy is provided.  This differs from the 
traditional sampling strategies employed in other national survey and monitoring schemes.  A 
number of characteristics of small mammal field methods and monitoring schemes are pre-
sented as the justification for this new sampling strategy.  The consequences of applying this 
sampling strategy are investigated using Monte Carlo simulations and a detailed analysis of 
the differences between the NSMMS and traditional schemes is given.  In conclusion, it is 
strongly asserted that the NSMMS scheme gives a number of distinct advantages, without 
violating the statistical requirements of a sampling strategy that can be used to extrapolate 
findings to the country as a whole.  

• A total of 113 transects/barn owl roosts were completed in 38 sites.  This represented a com-
pletion rate of approximately 23% of selected sites.  Sites were well distributed around Eng-
land and Wales, although there was a paucity of sites in SW and NW England.  Only two sites 
were completed in Scotland and none in Ireland.  One site was completed in Jersey. 

• 22 harvest mouse nest search transects were completed with 14% revealing the presence of 
nests.  One transect had 22 nests. 

• 19 field vole sign search transects were completed with 95% recording at least one type of 
sign; runs, feeding signs or latrines. 

• Although 32 bait tube transects were laid, DNA analysis has not be carried out to date, so no 
species identities cannot be reported. 

• Capture rates in the two trapping transect methods were variable but all transects captured at 
least one animal.  Five species were recorded, dominated by wood mice, followed by bank 
voles.  However, common shrews were captured less frequently than expected which may 
have been a consequence of insufficiently sensitive trip weights. 

  





Contents 
1  Introduction 9 

1.1  Background to the National Small Mammal Monitoring Scheme 9 
1.2  Aims & Objectives 9 
1.3  The Volunteers 10 
1.4  The Species 10 

2  Field Methods 11 
2.1  Harvest Mouse Nest Transects 11 
2.2  Field Vole Sign Transects 12 
2.3  Bait Tube Transects 12 
2.4  Low-density Live Trapping Transects 12 
2.5  Intensive Live Trapping Transects 12 
2.6  Barn Owl Pellet Searches 13 
2.7  Habitats 13 

3  The Sampling Strategy 15 
3.1  Temporal Design 15 
3.2  Spatial Design of the National Random Sample 15 
3.3  Simulation Modelling of Sampling Strategies 19 

4  Results from Autumn 2009 28 
4.1  Publicity and Volunteers 28 
4.2  Sites 29 
4.3  Transects 29 
4.4  Habitat Analysis 33 
4.5  Discussion and Conclusions 33 

5  Acknowledgements 36 
6  References 37 
7  Appendices 38 

 



Tables 
Table 1.  Small mammal species targeted by the NSMMS. ......................................................... 10 

Table 2.  Intensive trapping regime ............................................................................................ 13 

Table 3.  General habitat categories, specific habitats belonging to each and examples of 
microhabitats which may be found in some or all of the specific habitats. ................. 14 

Table 4.  Significance levels derived from 5,000 Monte Carlo simulations testing the one-
tailed hypothesis that the degree of aggregation resulting from the NSMMS 
strategy was greater than traditional strategies.  (Results significant at α = 0.05 
are shown in red.) ......................................................................................................... 26 

Table 5.  Details of publicity, volunteers, sites and transects completed during the first 
season (autumn 2009).  The breakdown is by Groups and Individuals, and by 
National Random Sample (NRS), Special Interest Sites (SIS) and Island Sites. ........ 28 

Table 6.  Numbers of transects and barn owl roosts completed in the three different types 
of site. ........................................................................................................................... 29 

Table 7.  Total number of animals and the number of individual animals by species from 
the five Intensive Trapping transects. .......................................................................... 32 

Table 8.  Breakdown of habitat types by transect type. ................................................................ 33 
 

 



Figures 
 
Figure 1.  Schematic diagram of the five different types of transect.  a) harvest mouse nest 

transect, b) field vole sign transect, c) bait-tube transect,  d) low density live-
trapping and e) intensive live-trapping. ........................................................................ 11 

Figure 2.  Schematic diagram of the NSMMS sampling strategy.  Three sampling zones 
(10km, 7km and 4km) are shown around the volunteer grid reference, located in 
the red, central tetrad.  The number of tetrads in each zone (81 in total). .................... 18 

Figure 3.  Examples of random locations of  a) 200 and  b) 500 volunteers using 
weightings applied to the 100km squares. ................................................................... 20 

Figure 4.  Example of  a) 1% fully random and  b) 1% stratified random samples of tetrads 
(n = 612). ...................................................................................................................... 21 

Figure 5.  Example of the final distribution of sites (red squares) for the 200 volunteers 
shown in Figure 3a using a) the NSMMS scheme,  b) a random 1% sample of 
tetrads (n = 612) and  c) a stratified 1% samples of tetrads (green squares). ............... 22 

Figure 6.  The medians and quartiles of mean euclidean distances between volunteers and 
sites from 5,000 simulations.  The graph shows all combinations of four 
different numbers of volunteers, three different sampling strategies and three 
different sample sizes. .................................................................................................. 23 

Figure 7.  The median, minimum and maximum proportions of the sample allocated as 
sites from 5,000 simulations.  The graph shows all combinations of four 
different numbers of volunteers, three different sampling strategies and three 
different sample sizes ................................................................................................... 24 

Figure 8.  The median, minimum and maximum number of volunteers with no sites 
allocated from 5,000 simulations.  The graph shows all combinations of four 
different numbers of volunteers, three different sampling strategies and three 
different sample sizes.  The randomised and stratified plots have been offset 
horizontally for clarity. ................................................................................................. 25 

Figure 9.  Location of sites allocated to 1000 volunteers using  a) the NSMMS sampling 
strategy,  b) a 1% stratified sample and  c) a 1% randomised sample of tetrads.  
Red squares are sites, whilst green squares in maps b & c  represent tetrads in 
the sample not allocated as sites. .................................................................................. 27 

Figure 10.  Distribution of selected sites (green) and sites that were completed (red), 
although one site in Jersey is not shown.  (NB: sites are plotted to 2km 
resolution, but symbols are shown as 5km squares for clarity.) .................................. 29 

Figure 11.  Frequency histograms of the number of quadrats per field vole transect with  a) 
runs,  b) latrines and  c) feeding signs  (n = 19). .......................................................... 30 

Figure 12.  Combined tallies of the three field vole signs. ............................................................ 30 

Figure 13.  Frequency histograms of the number of bait tubes per transect with faeces  (n = 
28)................................................................................................................................. 31 

Figure 14.  Frequency histograms of  a) absolute and  b) relative numbers of traps with 
captures on Low Density Trapping transects  (n = 32). ............................................... 31 

Figure 15.  Frequency histograms of  a) wood mouse and  b) bank vole captures on Low 
Density Trapping transects  (n = 32). ........................................................................... 32 



 



 Introduction 

- 9 - 

1 Introduction 

1.1 Background to the National Small Mammal Monitoring 
Scheme 

A scoping study was initiated in 1996 by the Department of the Environment Transport and Re-
gions (now DEFRA) and the Joint Nature Conservation Committee (JNCC) to determine the best 
approach for coordinating and running a mammal monitoring network  The subsequent reports 
(Macdonald et al, 1998, Toms et al, 1999) resulted in the creation of the Tracking Mammals Part-
nership (TMP) in 2000, comprising a group of organisations tasked with implementing the recom-
mendations of the reports.  As members of the TMP, The Mammal Society contributed to the 
development and launch of an integrated national strategy for mammals (Battersby & Greenwood, 
2004).  The scheme aims to establish nationwide networks of volunteers to undertake annual sur-
veillance and monitoring of mammals (including small mammals) in order to assess population 
trends.   

To achieve these aims and with funding from JNCC, TMS developed a project proposal for a Na-
tional Small Mammal Monitoring Scheme (Sibbald et al, 2006).  Further funding was obtained from 
JNCC to undertake a two-year pilot study, based on the recommendations of this document, com-
mencing in 2006.  This project used 16 expert volunteers recruited through TMS, to trial five differ-
ent field methods over three field seasons. (winter 2006/7, summer 2007 & winter 2007/8). This 
provided a large body of data on the efficacy of the different field methods and the time budgets for 
each.  This, in turn, allowed statistical cost-benefit analysis and power analysis which indicated the 
likely samples sizes required to detect different degrees of change over time (Poulton & Stone, 
2008). 

Following the designation of the harvest mouse as a BAP species, TMS and the Wildlife 
Conservation Research Unit (WildCRU) formed a collaboration to investigate the ecology, 
distribution and abundance of this ellusive species.  Funding was obtained from People’s Trust for 
Endangered Speceis (PTES) and Natural England (EN) for Phase I of a three-phase study.  In 
addition to running a stakeholder workshop, this phase included two field trials into methods for 
monitoring harvest mice; one carried out by WildCRU into intensive methods for experimental 
studies (Riordan et al, 2009) and one by TMS into extensive, volunteer-based methods suitable for 
large-scale, long-term monitoring (Poulton & Turner, 2009).  The results of both these studies 
emphasised the difficulty of surveying for harvest mice, especially on a large-scale basis.  Poulton 
& Turner (2009) pointed out that low contact rates would make it difficult to ensure volunteer 
continuity for harvest mice alone and recommended that that they should be incorporated into a 
national survey for all small mammal species.   

1.2 Aims & Objectives 
In the spring of 2009, TMS decided to instigate the National Small Mammal Monitoring Scheme 
(NSMMS).  The aim of the scheme was to establish a network of sites throughout the UK, offshore 
islands and the Republic of Ireland, to enable volunteers to undertake long-term monitoring of small 
mammal populations. 

The specific objectives of the first season were; 

• To prepare documentation for the project, including a volunteer handbook, field forms, licence 
documentation and publicity material. 
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• To set up systems to ensure efficient and effective administration of the project.  This included a 
volunteer database with automated methods for creating and recording mailshots and ad hoc 
communications. 

• To publicise the scheme through the TMS website, Mammal News and targeted invitations to 
volunteers and organisations. 

• To support volunteers in tasks such as communication with others and organisations, site selec-
tion and equipment procurement and loan. 

• To provide general advice and encouragement to take part and to ensure prompt return of results 
and samples. 

• To develop a questionnaire for volunteers to provide feedback on the strengths and weaknesses 
of the scheme to help with further recruitment and expansion of the scheme nationally. 

• To undertake an exploratory analysis of the first season’s data to highlight possible modifications 
and improvements to the scheme. 

1.3 The Volunteers 
Two types of volunteers were identified and targeted separately;  individuals and organisations.  
They were generally mutually exclusive, although there were examples of individuals who ex-
pressed an interest in taking part in the scheme and were allocated sites, but who also belonged to 
local mammal groups that had agreed to take part.  Individuals were recruited from records of pre-
vious volunteers, or attendees at TMS small mammal training courses.  Organisations included local 
mammal groups, county wildlife trusts and other conservation organisations. 

1.4 The Species 
The NSMMS targeted a specific group of small mammals (Table 1).  These comprise species with 
mean weights generally less than 50g. and who are not largely arboreal.  This definition excluded 
water voles (Arvicola terrestris) the two dormice (Muscardinus avellenarius and Glis glis) and the 
two rat species (Rattus norvegicus and R. rattus).  However, by including the islands, four addi-
tional species have been included in the group. 

 

Table 1.  Small mammal species targeted by the NSMMS. 
Ubiquitous Species  Code Britain Ireland Islands* 
Wood Mouse  Apodemus sylvaticus AS  
Yellow-necked mouse  Apodemus flavicollis AF   
Harvest mouse Micromys minutus MM   
House mouse Mus domesticus MD  
      
Bank vole Myodes glareolus MG  
Field vole Microtus agrestis MA   
      
Common Shrew Sorex araneus SA   
Pygmy shrew Sorex minutus SM  
Water shrew Neomys fodiens NF   
      
Island Species*      

Orkney & Guernsey voles Microtus arvalis MV    
Millet’s shrew Sorex coronatus SC    
Lesser white-toothed shrew Crocidura suaveolens CS    
Greater white-toothed shrew Crocidura russula CR   

* Islands here only include Orkneys, Scillies and Channel Isles 
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2 Field Methods 
Six different field methods were employed in this scheme.  Three collected indirect evidence of the 
presence of small mammals through their field signs (harvest mouse nest transects, field vole sign 
transects and bait tube transects), two collected direct evidence through live trapping and one col-
lected incidental evidence through barn owl pellet analysis.  However, all five transect methods had 
a number of common features (Figure 1).  Firstly, all transects were 100m in length and, secondly, 
all transects were divided into 10m sections.  Field Survey Units (traps, tubes, quadrats, etc.) were 
placed in each of the 10m sections as described in detail in the sections below.  Full instructions on 
these methods are given in Poulton (2009), along with examples of field forms used to record data. 

The five transect-based methods provided a series of techniques offering a range of commitment 
and experience.  The simplest and quickest methods only required a single visit, lasting one to two 
hours, to search for field signs.  Bait tube transects required two visits, but the time spent during 
each visit was minimal, usually less than half an hour.  The level of experience required for these 
methods was relatively low, although training in the identification of field signs was necessary for 
beginners.  The low-density trapping transects required three visits, over a 36 hour period, although 
each visit was relatively quick.  This method did not require marking or handling of captured ani-
mals, so could be carried out by volunteers with less experience when adequately supervised.  Fi-
nally, the intensive trapping transects required a total of six visits, spending up to eight hours in the 
field.  Four capture sessions were involved, requiring animals to be marked, and so this method was 
only recommended for volunteers with high levels of experience and expertise. 

2.1 Harvest Mouse Nest Transects 
Ten 2m x 10m plots were marked out within each transect (Figure 1a) and numbered sequentially 
from 1 to 10.  Each plot was searched systematically for between five and ten minutes, or until a 
harvest mouse nest was found.  Plots were recorded as present or absent for nests, resulting in a fre-
quency count from 0 to 10 for each transect.  These transects were visited once only during each 
season. 

100 m 100 m

10 m
10 m

2 m

b) c) d) e)a)

 
Figure 1.  Schematic diagram of the five different types of transect.  a) harvest 
mouse nest transect, b) field vole sign transect, c) bait-tube transect,  d) low 
density live-trapping and e) intensive live-trapping.
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2.2 Field Vole Sign Transects 
Ten 1m x 1m quadrats spaced at 10m intervals (starting 5m from the beginning of the transect) were 
searched for the presence of field vole signs (Figure 1b).  Field vole signs were classified as 
runways (worn paths weaving through the grass stems with evidence of chewed-off grass stems), 
latrines (collections of green/dark green faeces) or feeding signs (clippings of bitten-off grass stems 
and leaves often left in a criss-cross pattern).  Volunteers were asked to search for all three sign 
types and record the presence of each type separately for each quadrat.  This resulted in three fre-
quency counts from 0 to 10 per transect.  These transects were visited once only during each season. 

2.3 Bait Tube Transects 
Bait tubes were made from 4cm diameter plastic waste pipe cut into 20cm lengths with the edges 
sanded down to reduce the risk of abrasion.  One end of each tube was covered with a small piece 
of muslin or nylon, which was secured in place with an elastic band (Carter & Churchfield, 2006). 

Ten bait tubes were used in each transect, each one placed at 10m intervals (5m from the beginning) 
and numbered sequentially from 1 to 10 (Figure 1c).  Tubes were placed with their entrances flush 
to the ground and hidden out of sight in vegetation.  Tubes were baited with 20-30 casters (blowfly 
pupae Calliphora sp.) and small pieces of vegetable or fruit (e.g. carrot or apple).  Bedding was not 
placed in the tubes as animals were free to come and go at will.  After seven days the transect was 
revisited and presence of faeces in each tube recorded, giving a count out of ten.  Faeces from each 
tube were collected and stored separately in snap-lock plastic bags, giving a maximum of ten sam-
ples per transect.  Missing tubes, or those which had been clearly washed out by rain or flooding 
were marked as “Unused”.   

Samples were sent to the TMS Surveys Manager and frozen for subsequent DNA analysis.  The 
process of Polymerase Chain Reaction (PCR) allows the DNA from epithelial cells in the gut of the 
animal producing the faeces to be identified by using species-specific markers. 

2.4 Low-density Live Trapping Transects 
A single Longworth trap was placed at 10m intervals along each transect, using a total of ten traps 
per transect (Figure 1d).  Traps were set and checked according to the current best practice guide-
lines(Gurnell & Flowerdew, 2006).  Traps were placed on the first evening, filled with bedding, 
pre-baited (with vegetables, fruit and casters to provide suitable food for a range of small mammals) 
and the doors locked open.  Traps were then re-visited 24 hours later, the food refreshed and the 
doors set to trap.  The next morning the traps were checked, animals identified to species and re-
leased.  No additional biometric information was collected to reduce the need to handle animals.  
Trapping failures such as empty traps with closed doors, traps knocked over, doors locked open, 
traps stolen or animals escaped before identification, were marked as “Unused”.  

For each trap, the species of animal captured was recorded, giving a possible frequency count out of 
ten.  In a few rare instances, two animals were caught in the same trap.  If they were of the same 
species then, potentially, the count could be greater than ten.  All fatalities were recorded. 

2.5 Intensive Live Trapping Transects 
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Table 2. Intensive trapping regime 

Day Time  Visit Type Activity 

Day 1  PM Set-up Visit 1 Set, bait and lock open traps 

Day 2  AM Set-up Visit 2 Check food and bedding and unlock traps 

Day 2  PM Capture Visit 1 Check traps, record and mark animals (left flank) 

Day 3  AM Capture Visit 2 Check traps, record and mark animals (left flank) 

Day 3  PM Capture Visit 3 Check traps, record and mark animals (right flank) 

Day 4  AM Capture Visit 4 Check and collect traps, record animals  (no mark) 

Intensive trapping transects 
were similar to low-density 
transects, in that traps were 
placed at 10m intervals 
along the transect.  How-
ever, in this method, four 
traps were set at each point, 
so that each transect com-
prised 40 traps (Figure 1e).  
Trap groups were numbered 
sequentially from 1 to 10 and each trap within the group was coded a to d.  This allowed data to be 
recorded against each individual trap, but also easy aggregation of data at the trap-group level. 

Two visits were required to set the trap line, followed by four capture sessions (Table 2). The traps 
were laid during the first evening visit, baited and locked open.  The next morning the bedding and 
food was checked and the traps unlocked, giving a twelve hour pre-bait period.  Four capture visits 
were then made at twelve-hourly intervals, starting on the second evening.  All animals caught were 
identified to species, but no other biometric information was recorded.   

During the first two sessions, newly-captured animals were marked with a single fur clip on their 
left flanks; animals previously marked from the first session were not remarked.  During the third 
capture session, all animals were marked on their right flank, regardless of whether they already had 
left-flank marks.  Animals newly captured on the fourth session were not marked, as they would not 
have a chance of recapture.  However, by recording the presence of previous marks on captured 
animals, it was possible to identify animals caught in either or both of the 24-hour periods.  In this 
way, the data were amenable to Capture-Mark-Recapture estimates.  Capture failures and mortality 
were recorded as in the low-density method. 

2.6 Barn Owl Pellet Searches 
The barn owl pellet searches were not transect-based, but were based on roosts found anywhere 
within the tetrads.  Each roost was visited twice in the two-month season, about one month apart.  
On the first visit, all existing pellets on the deposition site beneath the nest were collected (or dis-
carded).  Approximately 30 days later, the roost was revisited and any pellets collected and stored in 
a snap-lock bag.  These were sent to the Surveys Manager for subsequent analysis by a TMS expert 
in small mammal identification.  This method allowed a degree of standardisation between roosts, 
because it ensured that the number of pellets (and numbers of small mammals identified) had been 
deposited during a known time period. 

2.7 Habitats 
The relatively small size of transects allowed their location within small, homogenous tracts of land.  
Volunteers were asked to locate their transects, as far as possible, entirely within uniform habitat 
types.  Twenty-three specific habitat types were identified, belonging to seven broad categories 
(Table 3).  In addition, examples of the microhabitats present within the habitat were also given. 
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Table 3.  General habitat categories, specific habitats belonging to each and examples of microhabitats 
which may be found in some or all of the specific habitats.   

General Category  Specific Habitats  Examples of Microhabitats  
Woodland  1 Deciduous  a) Sparse ground cover within dense woodland  

2 Mixed  b) Bramble / shrub patches  
3 Coniferous c) Dense grassy clearings / rides  
  d) Woodland edges  

Open Farmland  4 Permanent grassland  a) Sparse ground cover in leys or arable  
5 Grass Leys  b) No ground cover in ploughed fields  
6 Arable  c) Dense cover in Set-aside fields  
7 Orchards  d) Sparse ground cover  

Field Boundaries  8 Hedgerows  a) Sparse ground cover within mature hedgerows  
9 Fence lines  b) Rank grassland alongside fields or roads 

10 Walls  c) Reed / rush beds  
11 Ditches  d)Inundated ground  

Riparian  12 Rivers  a) Inundated ground  
13 Streams  b) Bramble / shrub patches  
14 Standing water  c) Reed / rush beds  
15 Canals  d) Rank grassland  

Moorland & lowland 
heath  

16 Heather moorland  a) Dense Calluna and ericaceous dwarf shrubs  
17 Acid grassland  b) Nardus / Molinia grassland  
18 Lowland Heath c) Pteridium stands  

  d)Semi-improved grassland  
Coastal  19 Saltmarsh  a) Dense ground cover (purslane / aster / sea lavender stands)  

20 Sand dunes  b) Dense ground cover (Dune slacks and marram grass stands)  
21 Cliffs / downs  c) Short turf (Araneria grassland)  

Urban  22 Road verges  a) Dense rank grassland  
23 Parks & gardens  b) Dense cover in horticulture / flower beds  
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3 The Sampling Strategy 
It became clear in the early stages of the design of the NSMMS that three spatial tranches of sites 
would be required: 

• To provide a representative sample of sites that would allow results to be extrapolated to the 
country as a whole, the main tranche would be the National Random Sample.  This is described 
in more detail below. 

• However, it was anticipated that a number of volunteers might come forward in a professional 
capacity, with a specific requirement to work on sites belonging to, or managed by, their em-
ployer organisation.  These might include county wildlife trusts with their own reserves, the 
country agencies with SSSIs or NNRs, National Park Authorities or other landowners such as the 
National Trust, The Forestry Commission or the MOD.  Rather than insist that these volunteers 
take part in the National Random Sample, and risk losing their interest, it was decided to allow 
them to select their own Special Interest Sites, as long as they conformed to the standard field 
methods.  The results from these sites could not be extrapolated to the country as a whole, but 
they could be used as case-studies in their own right.  Furthermore, as they would usually be 
sites of high nature conservation value, they could be used as a non-representative tranche of 
sites that could characterise “optimal” small mammal communities. 

• As a number of species and sub-species are only found in the UK on small offshore islands, there 
was a strong desire to include these in the NSMMS.  However, the choice of primary sampling 
unit and the method of selecting the sample used in the National Random Sample might not be 
possible on small islands.  Consequently, volunteers choosing to work on islands smaller than 
about 20 km2  (the area of five tetrads) could treat the whole island as an Island Site, as long as 
they conformed to the standard field methods.  This would help to overcome the extreme edge 
effect found in small, irregularly shaped islands, and allow zones and habitats of interest to be 
included by choice.  As there was no requirement to extrapolate these sites to the country as a 
whole, the lack of objectivity was less important. 

3.1 Temporal Design 
From a temporal viewpoint, small mammal monitoring schemes have traditionally trapped in late 
autumn and late spring to coincide with the peaks and troughs of the annual cycle in productivity  
(e.g. Flowerdew et al; 2004, Mallorie & Flowerdew; 1994).  Following this approach, the pilot 
study (Poulton & Stone, 2008) trialled two 2-month windows (April/May and October/November).  
Volunteers were asked to carry out fieldwork during these periods, with no constraints within the 
windows.  This was the method undertaken in the first season of the NSMMS, running from 1st Oc-
tober 2009 to 30th November 2009. 

3.2 Spatial Design of the National Random Sample 
There are two main considerations in the design of the spatial dimension of a sampling strategy;  a) 
the choice of the Primary Sampling Unit (PSU, otherwise refered to as a site) and  b) the mecha-
nism by which these units will be sampled from the overall population or sampling frame.  Other 
issues such as sample size and stratification are secondary, and are more relevant to questions of 
power.  These have been explored in detail in the Mammal Society’s desk study (Sibbald et al, 
2006) and pilot survey (Poulton & Stone, 2008).  Before discussing the details of the spatial sam-
pling strategy it is necessary to explain the specific characteristics of small mammal methods that 
influence the sampling design. 
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3.2.1 Specific Characteristics of a Small Mammal Monitoring Scheme 
Many long-term monitoring schemes for other taxa, such as birds, bats or butterflies, rely on obser-
vational techniques.  These usually involve walking a transect or predefined route and recording the 
presence or counts of individuals.  They may also utilise techniques such as distance sampling or 
constant effort methods to obtain standardised, quantifiable data.  Methods used for detection may 
include visual sightings, identification of calls or songs, or the used of ultra-sonic detectors in the 
case of bats.   

Methods such as these have the huge advantage that volunteers can collect data quickly and unob-
trusively, often from public rights-of-way, without the need for access to specific parcels of land.  
Clearly, there are exceptions to this, such as the monitoring of bat roosts or nest boxes but, in gen-
eral, observational methods are ephemeral or transient. 

Small mammals cannot be monitored in this way.  There are a number of factors that characterise 
the methods described in the previous section; 

• All the field methods make use of some form of equipment, either to mark out sections of the 
transect or to actively obtain data.  The equipment may only be used on a single visit, such as 
quadrats for field vole sign searches, but is usually left unattended for periods of several days. 

• They all require access to specific tracts of land.  Although it may be possible to establish a field 
vole transect, say, along a road-side verge or public footpath, most habitats of interest will be in 
private ownership. 

• Furthermore, the methods are all highly localised and habitat specific.  For example, to obtain 
data on populations of small mammals in hedgerows, it would not be feasible to place a trapping 
transect even five metres away from the hedge.  Whilst it might be possible to monitor sedge 
warblers in a reedbed or ditch from 25 metres away, to monitor harvest mice in such a habitat 
would require direct access to the habitat. 

• Four of the methods described above involve either the permanent removal of biological material 
(faeces or owl pellets) or the temporary capturing and handling of live animals. 

All of the previous points make it essential that landowner permission is obtained for all field meth-
ods.  This can introduce a substantial overhead in the establishment of a site, and runs the risk that it 
will not be granted. Two further factors relate to the number and timing of visits. 

• The more intensive trapping methods require visits at specific times of day, generally dawn and 
dusk.  The situation regarding licencing is different in all four countries of the UK and the ROI, 
but currently they set conditions on the length of time that traps can be left between inspections.  
(In one case this is only three or four hours which would mean more frequent visits than the 
methodology requires.)  This makes the commitment to a full trapping regime essential. 

• Furthermore, each PSU may have a number of transects established within it, requiring as many 
as twelve or fifteen visits in the two month window .  The Intensive Trapping transects in par-
ticular, involve two visits per day, on sequential days, which can impose a severe time constraint 
for volunteers. 

3.2.2 The Choice of Primary Sampling Unit 
These characteristics of the monitoring scheme described above prompted the choice of Ordnance 
Survey tetrads (2km x 2km square) as the PSUs.  They have four times the area of the more com-
monly used monad (1km x 1km square) and, therefore, a number of advantages. 

• On average, they will contain a greater range of habitats, allowing volunteers a better choice of 
transect location. 
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• Similarly, they will contain more landowners, so that volunteers are more likely to obtain per-
mission from at least one landowner.  In this way, a PSU is less likely to be rejected because of 
lack of access. 

• Tetrads are also less likely to be rejected because they are entirely dominated by unsuitable or 
inaccessible land. 

It is important to emphasise that the field methods do not try to describe the small mammal com-
munities for the PSU as a whole.  The PSU is simply the first stage in the sampling strategy that en-
ables the location of transects.   

3.2.3 The Choice of Sampling Strategy 
The main characteristic of this monitoring scheme that influences sampling strategy is the amount 
of effort required per site.  This means that the distance between the volunteer’s home or place of 
work and their NSMMS site is critical.  If ten or fifteen return trips are required, as described above, 
it would be entirely unreasonable to expect volunteers to cover a site that is more than twenty kilo-
metres distant. 

Many national monitoring schemes have adopted a traditional sampling approach based on an ob-
jective selection of 1km2 grid squares (see e.g. Walsh et al; 2001).  The statistical population is de-
fined (e.g. all 1km2 squares in the UK)  as the sampling frame.  The sample size is then specified in 
either absolute  (e.g. 1,000 sampling units)  or proportional terms  (e.g. 1% of the population), de-
pending on the power required.  The sampling strategy may also involve stratification based on en-
vironmental, habitat or other factors, in order to increase power or to ensure a minimum sample size 
in small, scarce or important strata.  This may allocate equal, proportional or optimal sample sizes 
to each stratum (Krebs, 1989), depending on the level of a priori knowledge of population vari-
ances.  However, there is a “cost” to stratification, as the subsequent analysis becomes more com-
plex, and statistical models may become much more difficult to construct and interpret.  

National small mammal surveys have also used other sampling strategies.  Harris (1979) used a 
“passive” volunteer-based system to request records of harvest mouse nests and other records such 
as trapping, sightings and cat predation.  Marsh et al (2001)  used a more managed approach for 
volunteers to carry out a live-trapping regime for yellow-necked mice.  In both these examples, the 
volunteers were allowed to select their own sites, as long as they conformed to certain 
characteristics.  (A good review of other methods, including the use of a regular sampling grid can 
be found in Macdonald et al; 1998). 

The final choice of sampling strategy for the NSMMS was informed by these studies, the pilot 
monitoring scheme (Poulton & Stone, 2008), discussion within TMS Surveys Committee and con-
sultation with organisations such as the Bat Conservation Trust and the British Trust for Ornithol-
ogy. It was also necessary to estimate the numbers of volunteers likely to take part in the scheme, as 
well as volunteer turnover and how these figures would translate into numbers of sites.   

It was anticipated that the number of volunteers likely to take part at the outset of the scheme would 
be between 100 and 200, rising to a maximum of 300 to 400 on a sustainable basis.  It was 
considered unlikely that the number of volunteers would ever exceed 500.  As some of these would 
take part through local mammal groups and other organisations, the actual number of sites would 
probably be lower than this.  Furthermore, Noble et al (2005) showed that in a pilot winter mammal 
monitoring scheme with over 1,000 sites, year-on-year turnover was high; exceeding 50% in a 
number of cases. 

The sampling frame comprised all the tetrads in the UK and Republic of Ireland.  Great Britain 
alone has approximately 61,200 tetrads.  The standard approach of drawing a sample of this 
population of tetrads could have been applied, after which the sites would have been allocated to 
volunteers.  The first decision, therefore, was what sampling fraction would be appropriate.  A 1% 
sample would have given 612 tetrads, a 2% would have given 1224, etc.  This raised the first  
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problem.  If we had realistically estimated that the maximum number of sites we were ever likely to 
cover using volunteers was 500, then even a 1% sample would be impossible to complete, given 
that each volunteer covers only one site.  Furthermore, The Mammal Society did not have the staff 
to complete the vacant sites, unlike other, larger organisations or those with external funding. 

The problem with incomplete coverage of a sample, is that it immediately becomes biased.  If the 
estimate of 100 to 200 volunteers at the outset was correct, then we would need to have drawn a 
0.25% sample of tetrads, which would have yielded just over 150 potential sites which, hopefully, 
could be matched to volunteers within a few years.  However, it would then be necessary to 
instigate a sequential sampling process, whereby the sample size was increased appropriately as 
additional volunteers arose.   

But this raised the second problem – distance to sites.  We have already ascertained that due to the 
high effort required for small mammal monitoring methods, sites would have to be relatively close 
to their volunteers.  The problem with a small sampling fraction is that the distance between 
sampling units is high, and the smaller the sampling fraction, the greater the distance.  Now, it 
would be possible to reduce this effect by stratifying the sample, based on a priori knowledge of 
population density or distribution of volunteers.  This could increase the sampling fractions in strata 
with high numbers of volunteers and so reduce the average distance that volunteers had to travel to 
their nearest site.  However, this would leave the few volunteers in the more remote regions with an 
even worse situation because the sampling density here would be even lower.  Other forms of 
stratification, such as land class or political/administrative regions would provide little or no 
improvement. 

To overcome these problems a different approach to assigning sites to individual volunteers has 
been developed in the NSMMS.  This was based on a location provided by the volunteer;  either a 
home or work grid reference.  From this, three zones of tetrads;  those within 4km, 7km and 10km 
were defined (Figure 2).  There are 13, 24 and 44 tetrads respectively, in these zones, giving a total 
of 81 within a straight-line distance of 10km.  One tetrad was randomly selected from each zone, 
providing a list of three, from which the volunteer could choose one as their site.  This was marked 
as a selected site, so that it would not be offered to a subsequent volunteer. 

Bearing in mind that straight-line distances 
do not always equate to real travelling 
distances, this scheme generally ensured that 
every volunteer was offered at least one 
tetrad within about 6km and three tetrads 
within about 12 or 15km.  The main draw-
back with this system was for volunteers 
who lived on the coast, where the number of 
tetrads within the three zones could be 
severely curtailed.  A lesser problem 
occured for volunteers living near estuaries 
or large rivers, where the straight-line 
distance to a tetrad may not have reflected 
the much longer journey required to reach it 
by road.  However, these problems would 
still be be faced by a volunteer under a more 
traditional sampling regime. 

The choice of three tetrads was provided to 
allow for totally unsuitable or unaccessible 
sites.  These might be intensively industrial 
sites, airports, docks, power stations, MOD 
sites or inner cities although, as already 

     10km      

           

     7km      

           

     4km      

     81      

     13      

           

     24      

           

     44      

Figure 2.  Schematic diagram of the NSMMS sampling strat-
egy.  Three sampling zones (10km, 7km and 4km) are shown 
around the volunteer grid reference, located in the red, cen-
tral tetrad.  The number of tetrads in each zone (81 in total).
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mentioned, the size of a tetrad, would usually allow at least part of it to be suitable.  In a traditional 
sampling scheme, these sites would be excluded from the sampling frame. 

3.3 Simulation Modelling of Sampling Strategies 
To test this sampling strategy against the traditional methods a series of simulations was undertaken 
using the 61,210 tetrads from Great Britain.  The primary purpose was to compare the distributions 
of sites obtained from the two different approaches.  Three main variables were included in the 
simulations: 

• The number of volunteers (100, 200, 500, 1000) 
• The number of tetrads in the traditional sampling method (612, 1224, 1836) representing 1%, 2% 

and 3% sampling fractions. 
• Whether the sampling was purely random or stratified by population density. 

The last two variables were crossed to give six different traditional sampling strategies, plus the 
NSMMS strategy, giving seven in total.  These were then crossed with all four volunteer numbers to 
give 28 combinations.  To test the differences in outcome between these combinations, four sample 
statistics were calculated: 

• The mean distance between a volunteer’s location and their site. 
• The number of sites allocated to volunteers. 
• The number of volunteers that had sites allocated. 
• The mean nearest-neighbour distance between sites. 

3.3.1 The Simulation Algorithm 
The algorithm for carrying out the simulations proceeded through the following stages. (Note the 
indented bullets, representing stages that are repeated within the loops.) 

• Loop through the four volunteer counts. 

o Generate the relevant number of random locations for the volunteers (100, 200, 500 or 1000). 

o For each volunteer, select a site using the NSMMS scheme described above (Section 3.2.3) 
and based on the probabilities of 50%, 30% and 20% that the site will be chosen from the 
4km, 7km or 10km zones, respectively. 

o Calculate the four sample statistics for the NSMMS sample and store. 

o Loop through the six combinations of sampling parameters (random/stratified and 1%, 2% & 
3% samples). 

 Generate the relevant sample of tetrads. 

 Select one site for each volunteer, by finding the nearest unused tetrad in the sample.  If 
no tetrads are available within a 50km straight-line distance, then assign the volunteer to 
the nearest tetrad, but mark it as “shared”.  Consequently, the number of volunteers that 
had sites allocated would be incremented, but the number of sites allocated would not. 

 Calculate the four sample statistics for the sampling parameters and store. 

o Use the next combination of sampling parameters. 

• Use the next volunteer count. 

This process represented one simulation and generated 112 (4 x 28) sample statistics.  The whole 
process was repeated 5,000 times to give 560,000 values. 
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To obtain a realistic geographic distribution of volunteers, a weighting from 1 to 100 was assigned 
to each 100km grid square.  This crudely represented the relative densities of volunteers across the 
country.  The weighting was used as the likelihood that a random location would be selected from 
any particular 100km grid square.  Of the 40 100km grid squares used in the simulations (see Ap-
pendix), five (NC, ND, NG, NM & NR) were given weightings of 1, whilst only one square (TQ) 
was assigned a weighting of 100.  The weightings did not reflect the proportion of the square that 
constituted dry land, as this was already accounted for by the number of tetrads within the grid 
square (between 21 and 2,500).  Furthermore, no special case was made for coastal tetrads which 
fell entirely between the high and low water marks. 

To derive a stratification based on population or volunteer densities, we would need exactly this 
type of weighting system.  Consequently, it was also used to derive the three stratified samples and, 
as such, provided an artificially perfect stratification.  In reality, we would either not know the loca-
tion of all potential volunteers at the outset, or the location of volunteers would not be representa-
tive of the population as a whole.  Distances between volunteers and their sites were calculated as 
the Euclidean distance, taking no account of intervening topographical, riverine or coastal features 
and so gave only a rough estimate of the real travelling distance.  The nearest-neighbour distances 
between sites were calculated in the same way.   

a) b) 

Figure 3.  Examples of random locations of  a) 200 and  b) 500 volunteers using weightings applied to the 100km squares. 
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3.3.2 Examples of the Results of the Simulations 
As an example of the distributions of volunteers generated using the 100km square weightings,   
Figure 31 shows the examples of 200 and 500 volunteers.  The effect of the weighting of 100 ap-
plied to square 51 is clear in Figure 3a, as are the low weightings applied to the five peripheral Scot-
tish squares.  Note that in this example, even though square 61 had been assigned a relatively high 
weighting of 40, it still didn’t achieve a single randomly located volunteer. 

Figure 4 shows the locations of the 612 tetrads drawn from random and stratified 1% samples.  This 
also clearly shows the effects of the weightings.  For example, in the stratified sample, no tetrads 
were selected in square 28.  In contrast, there were 19 tetrads selected in the random sample – 
roughly in proportion to the area of land within the square (about 2,350 tetrads).  At the other ex-
treme, square 51 had 29 in the random sample compared to approximately 100 in the stratified sam-
ple. 

                                                 
1 All maps comprise embedded bitmap objects.  Tetrads are plotted to 2km accuracy, but are shown as 3km squares for 
easier viewing when displayed on a monitor – zooming in will reveal them in high resolution.  Printer resolution is usu-
ally higher than screen resolution so should produce useable maps. 

a) b) 

Figure 4.  Example of  a) 1% fully random and  b) 1% stratified random samples of tetrads (n = 612). 
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Finally, the results of deriving the sites using the three different sampling strategies are shown in 
Figure 5.  Inevitably, the NSMMS scheme generate a distribution of sites that closely matched the 
distribution of volunteers – this is what it was designed to do.  However, the locations of the sites 
from the random and stratified sampling strategies were determined primarily by the location of 
volunteers, but were also influenced by the number and location of nearby tetrads.  In particular, the 
random sampling strategy had the severe drawback that regions of low volunteer density (e.g. 
square 29 in Figure 5b), resulted in a large number of tetrads not being selected as sites, whereas in 
areas of high volunteer density (e.g. 51) all available tetrads were assigned as sites.  In contrast to 
this, although the stratified sample was “matched” to the location of volunteers, it had the drawback 
that in areas of low volunteer density (and hence low tetrad density), the distance that a volunteer 
had to travel to find a site, may have been unacceptably high.  For example, the volunteer towards 
the SE corner of square 27 in Figure 3a was assigned to the tetrad at the head of the Firth of Tay in 
square 37 in Figure 5c – a Euclidean distance of about 30kms. 

3.3.3 Analysis of Simulation Statistics 
The four sample statistics from the simulations were analysed across the different model parame-
ters.  Three of them (the mean distance between a volunteer’s location and their site, the number of 
tetrads allocated to volunteers and the number of volunteers that had tetrads allocated) were summa-
rised in their raw form as these measures were of direct interest.  However, the mean nearest-
neighbour distances between sites were used to calculate an Index of Aggregation. 

3.3.3.1 The Distance Between Volunteers and Sites 
For each of the 5,000 simulations the mean distance between the volunteer and the site which was 
allocated to them was calculated for all volunteers.  To compare these distances between different 

a) b) c) 

Figure 5.  Example of the final distribution of sites (red squares) for the 200 volunteers shown in Figure 3a using a) the NSMMS 
scheme,  b) a random 1% sample of tetrads (n = 612) and  c) a stratified 1% samples of tetrads (green squares). 
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numbers of volunteers, the sampling strategies and the three sample sizes, the median and upper and 
lower quartiles across all 5,000 simulations were calculated (Figure 6).   

Firstly, the median distances generated from the NSMMS strategy was always 4.17km, and was en-
tirely independent of the number of volunteers.  This was simply a function of the algorithm used to 
generate the three random tetrads and then select one as the site.  In contrast, not only were the dis-
tances from the randomised and stratified samples different, but they were both highly influenced 
by number of volunteers and sample size.  The three factors worked in contrasting ways:   

• The mean distances were always significantly higher in the randomised samples than the equiva-
lent stratified.  This has already been alluded to in the previous section (Figure 5b & c), but it can 
be seen here as a general feature across all volunteer numbers and sample sizes.  The reason for 
this was the better spatial matching of the stratified sample to the distribution of volunteers. 

• The distances declined with increasing sample size.  The reason for this is clear; with an abso-
lutely larger sample, there is a greater likelihood of having a site near to any volunteer location. 

• The distances increased with increasing volunteer numbers.  The reason for this is that as the 
number of volunteers increases, so too does the likelihood that the nearest tetrad has already 
been allocated.  This means that the next nearest tetrad has to be allocated, and so on, resulting in 
an increase in the mean distances for the sample as a whole. 

These last two factors have a strong interaction, such that when the number of volunteers is a small 
proportion of the sample size (i.e. the number of tetrads available for allocation) then all volunteers 
will be allocated their nearest tetrad.  This is clearly advantageous, but is counteracted by the other 
variables  

Most importantly, all of the traditional sampling strategies resulted in mean distances between vol-
unteer and site that were greater than those using the NSMMS method.  The lowest distances were 
derived from a small number of volunteers combined with a large, stratified sample.  For example, 
with only 100 volunteers, the median distances were approximately 11km when sites were allocated 
from a 1% stratified sample (612 tetrads), but declined to about 7.5km using a 2% sample and 6km 
using a 3% sample.   

Sampling Strategy:  NSMMS  Randomised  Stratified

100 612 1224 1836 200 612 1224 1836 500 612 1224 1836 1000 612 1224 1836
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Figure 6.  The medians and quartiles of mean euclidean distances between volunteers and sites from 5,000 simulations.  
The graph shows all combinations of four different numbers of volunteers, three different sampling strategies and three 
different sample sizes. 
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3.3.3.2 The Proportion of the Sample allocated as Sites 
For each of the 5,000 simulations, and for all combinations of numbers of volunteers, sampling 
strategy and sample size, the number of tetrads that were allocated as sites was recorded.  Clearly, 
in the case of the NSMMS sampling strategy, this was always 100%, in as much as the “sample” 
was drawn sequentially for each volunteer.   

However, the traditional strategies had two constraints to site allocation;  that each volunteer only 
undertook one site, and no tetrads further than 50km could be assigned.  Consequently, the smaller 
the number of volunteers and the larger the sample size, the higher the proportion of tetrads that 
were not allocated (Figure 7).   

The three factors had a strong interaction so that when  the ratio between the number of volunteers 
and the sample size was small (i.e. less than 1:10) there was no difference between the randomised 
and stratified sampling strategies.  But when the number of volunteers approached the sample size, 
or even exceeded it, the differences between the two sampling strategies increased.  This was be-
cause, even with an overall excess of volunteers, the randomised sample had many more tetrads in 
the regions that were sparse in volunteers.  The corollary of this, is that in those regions where many 
volunteers were concentrated, there would be a high number of sites with more than one volunteer.  
In other words, the problem with a randomised sampling regime is that tetrads were underused 
where volunteers were sparse and overused where they were common. 

Unfortunately, the stratified sampling strategy, although better, did not solve this problem entirely.  
As previously pointed out, when the ratio of volunteers to sample size was small, then a high pro-
portion of tetrads would not be allocated.  (In fact, the proportion not allocated was simply the re-
ciprocal of this ratio.  However, even when there was an excess of volunteers, there remained a 
small probability that some tetrads would be further than 50km and so not be allocated.  The only 
example of this in the simulations was 1,000 volunteers and a stratified sample of 612 tetrads.  Even 
though this ratio was now much greater than unity, the median number of tetrads not allocated 
across simulations was seven, with a maximum in one simulation of 31. 

Sampling Strategy:  NSMMS  Randomised  Stratified
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Figure 7.  The median, minimum and maximum proportions of the sample allocated as sites from 5,000 simulations.  The 
graph shows all combinations of four different numbers of volunteers, three different sampling strategies and three dif-
ferent sample sizes 
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3.3.3.3 The Number of Volunteers with No Sites 
The third statistic that was recorded during the simulations was the number of volunteers who were 
not allocated any sites.  This could only happen when there were no tetrads within 50km, regardless 
of whether they were already allocated.   

Firstly, the NSMMS strategy never failed to allocate a site, as this was a primary characteristic of 
the strategy.  However, in most of the combinations of traditional sampling strategies there were 
some simulations when volunteers were not allocated sites (Figure 8).  The most striking feature of 
this graph is that the problem was worse for the stratified sample than the randomised.  Although on 
average volunteers were nearer tetrads when they were drawn as a stratified sample, in remote re-
gions the stratification caused the density of tetrads to be low, so the few volunteers in these regions 
had a greater chance of no tetrad within 50km.  In contrast, the randomised sample was evenly 
spread across Great Britain so that, for a given sample size, there was less chance of there being no 
tetrad within 50km.  Clearly this effect reduced as the sample size increased. 

3.3.3.4 The Index of Aggregation 
The most obvious criticism of the NSMMS sampling strategy is that it will result in an aggregated 
distribution of sites, because their location is driven almost entirely by the location of volunteers.  In 
order to test this, the nearest-neighbour distances from each of the simulations were used to calcu-
late an Index of Aggregation [R following Clarke & Evans (1954); cited in Krebs (1989)].  This sta-
tistic is simply the ratio between the observed mean nearest-neighbour distance and the expected 
distance, based on the overall density of sites within the study area.  A ratio of 1 represents a ran-
dom distribution, with values approaching zero when aggregation is high and an upper limit of ap-
proximately 2.15 for regular patterns. 

It should be pointed out that this index is biased if a boundary strip is not included and if the shape 
of the study area is irregular.  Both of these conditions apply here.  Furthermore, although it is pos-
sible to test for the significance of a departure from randomness using the standard error of the ex-
pected nearest-neighbour distance, no tests of the absolute levels of aggregation have been made.  
Instead, the index has only been used in a comparative way, so any biases were considered to be the 
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Figure 8.  The median, minimum and maximum number of volunteers with no sites allocated from 5,000 simulations.  
The graph shows all combinations of four different numbers of volunteers, three different sampling strategies and three 
different sample sizes.  The randomised and stratified plots have been offset horizontally for clarity. 
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same across all simulations and could 
be ignored. 

The index has been used to test the 
one-tailed hypothesis that aggrega-
tion resulting from the NSMMS 
strategy was greater than that result-
ing from the traditional sampling 
methods.  Within each simulation the 
mean nearest-neighbour distance 
from the NSMMS sites was com-
pared with each of the mean nearest-
neighbour distances derived from all 
six combinations of sampling strat-
egy and sample size, for each of the 
four numbers of volunteers.  To ac-
quire significance levels for these 24 
tests, the 5,000 simulations were used 
as a series of Monte Carlo tests.  The number of occasions that R from the NSMMS strategy was  
R from the traditional method was tallied and if this exceeded 4,750 the test was considered signifi-
cant at the α = 0·05 level (Table 4). 

Most importantly, there was no evidence that for any numbers of volunteers or sample sizes, the 
NSMMS strategy was more aggregated than stratified samples.  For small numbers of volunteers 
there was no evidence that the NSMMS strategy was more aggregated than the randomised strat-
egy.  However, as the ratio of volunteers to sample size increased, the levels of site aggregation de-
clined (i.e. R increased) to a degree that resulted in the NSMMS sites being significantly more 
clustered.   In the simulations, only two combinations (1,000 volunteers and 612 or 1,224 tetrads) 
reached this level of significance, although two others were marginal (Table 4).   

The reason for this can be seen from the spatial distributions of these samples.  The NSMMS sam-
pling strategy clearly results in a sample of sites that is clustered towards the SE of England (Figure 
9a).  This reflects the distribution of volunteers and all 1,000 volunteers had sites allocated to them.  
Using the 1% random sample of 612 tetrads (Figure 9b),  all but one of these (in square 27) was al-
located to volunteers.  This pattern of sites had the same degree of aggregation as the NSMMS 
sample because the same assumptions were made in the algorithm for generating the volunteer and 
tetrad locations.  However, the pattern of sites resulting from the randomised sample (Figure 9c) 
was clearly less aggregated, with only 470 tetrads being allocated.  This was due to the surplus of 
volunteers in the SE compared to tetrads, meaning that many volunteers had to share sites, and the 
surplus of tetrads in the remote parts of Scotland compared to volunteers, meaning that a relatively 
large number of tetrads could not be allocated to volunteers. 

3.3.4 Conclusions 
Ultimately, with the constraints imposed by the characteristics of a small mammal monitoring 
scheme (Section 3.2.1), the location of sites using any sampling strategy is almost entirely deter-
mined by the location of volunteers.  Although a stratified sampling strategy with a sample size 
matching the expected number of volunteers can give an adequate sample of sites, this stratification 
is dependent on a priori knowledge of the distribution of volunteers, which is likely to change with 
volunteer turn-over.  Stratified samples also have the tendency to leave some volunteers without 
sites, unless the sample size is very large compared to the number of volunteers.  In this situation, 
though, the distances between volunteers and sites becomes unacceptably high, which would almost 
certainly result in loss of volunteers, and the proportion of sampling units actually used is unac-
ceptably low.  In summary it seems impossible to “square the circle” of these conflicting factors. 

Table 4.  Significance levels derived from 5,000 Monte Carlo simula-
tions testing the one-tailed hypothesis that the degree of aggregation 
resulting from the NSMMS strategy was greater than traditional strate-
gies.  (Results significant at α = 0.05 are shown in red.) 

Volunteers Strategy 
Sample Size 

612 1224 1836 

100 
Random 0.3358 0.3888 0.4258 

Stratified 0.5538 0.5502 0.5618 

200 
Random 0.2550 0.2892 0.3274 

Stratified 0.4886 0.4892 0.5174 

500 
Random 0.0570 0.1440 0.1686 

Stratified 0.5894 0.3578 0.3444 

1000 
Random 0.0040 0.0154 0.0528 

Stratified 0.6048 0.4542 0.2252 
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The NSMMS strategy does not violate the basic requirements of a sampling scheme; 

• That the sample is representative (as far as the distribution of volunteers allows), 
• That the sampling units are independent of one another, so that the selection of one unit does not 

influence the selection of any others, and 
• That the selection of sampling units is objective.   

It must be conceded that the final point here is not strictly true, as volunteers were given a list of 
three tetrads from which to choose their site.  It would be more objective if the three tetrads selected 
for the volunteer were presented in a random order, which should be followed when choosing a site.  
In other words, the first site in the list should be selected unless it was  a) entirely unsuitable or  b) 
unacceptably far away.  This might be an improvement to the NSMMS sampling strategy that could 
be implemented in the future. 

The two main conclusions from this simulation exercise are; 

• The final samples of sites generated using the NSMMS strategy proposed here have a spatial dis-
tribution that is generally indistinguishable from sites generated using traditional sampling 
strategies . 

• The NSMMS is superior to traditional methods in three main ways; 

o considerably lower volunteer-to-site distances,  

o a guarantee of individual site allocation to volunteers, if required, and 

o no redundancy of sampling units. 

   a) b) c) 

Figure 9.  Location of sites allocated to 1000 volunteers using  a) the NSMMS sampling strategy,  b) a 1% stratified sample and  c) a 
1% randomised sample of tetrads.  Red squares are sites, whilst green squares in maps b & c  represent tetrads in the sample not 
allocated as sites.  
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4 Results from Autumn 2009 

4.1 Publicity and Volunteers 
The publicity for the autumn 2009 season was carried out in through three different media. Primar-
ily, the scheme management software enabled individual, personalised emails to be sent to known 
groups and individuals, introducing the scheme and inviting them to return an electronic Expres-
sion-of-Interest (EOI) form.  This included space to supply one (or more for groups) grid reference 
from which a list of tetrads could be generated.  When this was received by the Surveys Manager, 
electronic copies of the handbook (Poulton, 2009), fieldforms, other documents and the tetrad list 
were sent to the volunteer.  Volunteers were asked to inform the Surveys Manager which site(s) 
they had chosen, although in a number of cases this only became evident when fieldforms and sam-
ples were returned.  In addition to this active method, two passive methods were used; an article in 
Mammal News and the TMS website.  These generated ad hoc expressions-of-interest, which were 
then incorporated into the process described above. 

It was decided in September 2009 that the first season should constitute a “soft launch” for the 
scheme by restricting the number of personalised emails that were sent out.  In the first tranche, 
emails or letters were sent to 37 Local Mammal Groups, 45 County Wildlife Trusts and 78 indi-
viduals who had recently volunteered for surveys or pilot studies.  One week later a further 150 
emails were sent to individuals who had been on TMS Small Mammal training courses over the 
previous three years.  Of these, one of the emails to groups and 36 to individuals “bounced back” 
giving a total of 273 successful communications (Table 5). 

The numbers of EOIs returned from groups and individuals was significantly different (χ2
(1) = 12.9, 

p < 0.001) with a lower return rate from groups (Table 5b).  This was influenced by the number of 
ad hoc EOIs from individuals in response to the Mammal News article and from the website.  In 
contrast, the number of sites selected from each EOI was significantly higher for groups which was 
inevitable as groups were encouraged to undertake a number of sites, whereas most individuals only 
undertook one site each.  However, these figures also reflected the more active response rate from 
groups in the selection of sites.  The actual rates of completion of sites and the number of transects 
per site were very similar for groups and volunteers. 

 

 

Table 5.  Details of publicity, volunteers, sites and transects completed during the first season (autumn 
2009).  The breakdown is by Groups and Individuals, and by National Random Sample (NRS), Special 
Interest Sites (SIS) and Island Sites. 

a) 

Groups Individuals 
Overall 

NRS SIS Island Total NRS SIS Island Total 
Successful Mailshots 81 192 273 

Expressions of Interest 19 8 2 29 101 15 0 116 145 

Sites Selected 79 9 2 90 58 16 0 74 164 

Sites Completed 11 8 1 20 14 4 0 18 38 

Transects Completed 29 23 2 54 50 9 0 59 113 

b)     
EOI Return Rate 36% 60% 53% 

Sites Selected / EoI 3.1 0.6 1.1 

Sites Completion Rate 22% 24% 23% 

Transects / Site 2.7 3.3 3.0 
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4.2 Sites 
In total 38 sites were completed in the au-
tumn 2009 season (Table 5).  The comple-
tion rate was almost identical for groups and 
individuals at around 23%. 

Table 5a shows that there was also a greater 
tendency for groups to undertake SIS sites.  
Although this was not significant, it was to 
be expected as a number of the groups were 
County Trusts with sites of their own.  Nev-
ertheless, it was encouraging that over 70% 
of the sites undertaken by groups belonged 
to the NRS. 

The geographical location of selected and 
completed sites is shown in Figure 10.  
Firstly, apart from the one site completed in 
Jersey, there were no sites outside the 
mainland of Great Britain, most notably 
from Ireland.  Scotland was poorly repre-
sented with only 10 sites selected, of which 
only two were completed.  In contrast, Wales 
had 23 sites selected, although only three 
were completed.   

The bulk of the remaining sites were in cen-
tral and southern England.  There was a no-
table absence of sites selected in the south-
west peninsula and north-west England, with 
a dearth of completed sites in East Anglia 
and the north-east.  Indeed, there were only 
four sites completed north of the Mer-
sey/Humber line, including the whole of 
Scotland. 

4.3 Transects 
A total of 113 transects and barn owl roosts were completed (Table 5).  This equated to a rate of 3.0 
transects per site, with no significant difference between groups and individuals.  Not surprisingly, 
of the five different types of transect, Intensive Trapping was undertaken least frequently due to the 
greater time commitment and experience required (Table 6).  However, Low Density Trapping was 
popular, with 32 transects completed, equal to Bait Tube transects.  There was no significant differ-
ence in the popularity of the transect types between the National Random Sample and Special Inter-
est Sites (χ2

(5) = 8.11, p  0.15), nor be-
tween groups and individuals (χ2

(5) = 10.4,  
p  0.07). 

 

 

 

Table 6.  Numbers of transects and barn owl roosts completed 
in the three different types of site. 

Site Type HM FV BT LDT IT BO Total 
NRS  16 14 24 22 2 1 79 

SIS  6 5 7 10 2 2 32 

Island  0 0 1 0 1 0 2 

Total 22 19 32 32 5 3 113 

Figure 10.  Distribution of selected sites (green) and sites that 
were completed (red), although one site in Jersey is not 
shown.  (NB: sites are plotted to 2km resolution, but symbols 
are shown as 5km squares for clarity.) 
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4.3.1 Harvest Mouse Transects 
22 harvest mouse transects were completed, of 
which only three (13.6%) contained nests.  All 
transects had ten successfully competed sections 
making 220 in total.  The three positive transects 
had 2, 4 & 8 sections with harvest mouse nests, 
giving a mean presence of 6.4%.  However, the 
transect with eight positive sections actually had 
a count of 22 nests, an extremely high count in a 
100m transect. 

4.3.2 Field Vole Transects 
A total of 19 field vole transects were com-
pleted, all with ten successfully completed quad-
rats.  The most frequently recorded field sign 
was runs (Figure 11a) – only one transect did 
not record any runs.  The mean number of quad-
rats with runs was 6.7, with a modal value of 10.  
Latrines showed the opposite picture, with a 
modal value of 0, also with six transects (Figure 
11b).  The mean number of quadrats with la-
trines was 2.9 and the maximum number of 
quadrats per transect was 9.  Finally, the number 
of quadrats with feeding signs showed a more 
uniform distribution (Figure 11c) with a mean 
occurrence of 4.6 quadrats per transect.   

Combining the three types of field sign within each transect, showed a very wide range of total field 
sign tallies (Figure 12).  Only one transect had a zero count and, at the other extreme, one had 28 – 
representing 93% of the maximum possible count.  The sequence of increasing tallies for runs, feed-
ing signs and latrines described above is generally replicated within transects.  With only one ex-
ception, runs were always the most frequently recorded sign, followed by feeding signs and then 
latrines.  Latrines were usually only recorded when the combined tallies of the other two signs 
reached about ten.  However, there were only two out of 15 transects with total tallies of ten or 
more, that didn’t have all three signs recorded.  This pattern suggests that the three different signs 
can be used in a sequential way, with runs more easily picking up the presence of field voles when 
relatively scarce, but the other signs becoming more important as vole abundance increases. 

4.3.3 Bait Tube Transects 
A total of 32 bait tube transects were laid, al-
though four of these had lost all ten tubes or 
they were entirely washed out, leaving 28 “ac-
tive” transects.  Of these, the majority (18) had 
all ten tubes successfully collected, nine tran-
sects has a single “lost” tube and one transect 
only collected seven tubes.  Overall the average 
success-rate, in terms of tube collection, was 
84%. 
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Figure 11.  Frequency histograms of the number of quad-
rats per field vole transect with  a) runs,  b) latrines and  
c) feeding signs (n = 19)
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Figure 12.  Combined tallies of the three field vole signs. 
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Overall 161 putative samples were collected 
which represents just over 60% of usable tubes.  
The number of samples per transect ranged from 
zero to ten, with a full range of values (Figure 
13).  Only two transects did not yield any faeces 
samples, meaning that nearly 93% of transects 
provided at least one sample.  Bearing in mind 
that ten of these 28 transects had fewer than ten 
tubes, a histogram of proportions of tubes with 
faeces would skew slightly more to the right.  
For example, of the nine transects with only nine 
tubes collected, two had faeces samples from all 
the tubes – it would not be unreasonable to expect the tenth tube to have yielded a faeces sample.  
Similarly, the transect with only seven tubes yielded six samples – a rate quite likely to have yielded 
eight or nine samples from ten tubes. 

Unfortunately, at the time of writing, the DNA analysis of the faeces collected from the tubes has 
not been carried out.  It may be that some of the samples did not actually contain faeces, or the 
DNA has become degraded over time, preventing a successful amplification.  Consequently, this 
method has been unable to provide any data on species identity for this report.   

4.3.4 Low Density Trapping Transects 
32 low density trapping transects were set.  Of these 17 (53%) had a complete set of ten functioning 
traps.  A further 8 transects (25%) had one trap which failed to function or from which an animal 
had escaped.  The remaining seven transects had two, three or five trap failures, resulting in a total 
of 292 (91%) functioning traps. 

A total of 170 animals were caught in these traps giving an overall capture rate of 58%.  Every one 
of the 32 transects was successful in capturing at least one animal (Figure 14).  The spread of 
capture rates was very even, with three transects with one capture each and three with ten.  (Indeed, 
in of of these latter transects, the ten animals were caught in only nine traps, as one trap caught two 
live wood mice.)  Furthermore, by taking 
account of the number of available traps, the 
frequency histogram was skewed further to the 
right, with six transects achieving a capture in 
every available trap (Figure 14b). 

Four species were recorded in these transects.  
Captures were dominated by wood mice with 
109 animals (64% of all captures).  This species 
was caught in every transect except one (Figure 
15a) giving an average capture rate of 37%.  
However, only four transects had more than five 
wood mouse captures, so the concern that high 
populations of wood mice would saturate the 
relatively small number of traps appeared to be 
unfounded. 

Bank voles were next most frequently captured 
species, with 54 animals (32% of all captures). 
However, nearly half the transects did not cap-
ture this species (Figure 15b).  In the other 17 
transects captures were either of a small number 
of animals or a surprisingly large number.  In-
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Figure 13.  Frequency histograms of the number of bait 
tubes per transect with faeces  (n = 28). 
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Figure 14.  Frequency histograms of  a) absolute and  b) 
relative numbers of traps with captures on Low Density 
Trapping transects  (n = 32). 
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deed, five transects had more than five captures, 
compared to only four for wood mice. 

The other two species recorded were common 
shrew (four captures in four transects) and field 
voles (three captures in two transects).  The two 
transects with field voles were the only ones to 
catch three different species.  Finally, mortality 
rates were satisfactorily low, with only two dead 
wood mice in one transect. 

4.3.5 Intensive Trapping Transects 
Only five Intensive Trapping transects were 
completed in the first season.  One of these was 
an island site (Jersey), two were Special Interest 
Sites and two belonged to the National Random 
Sample (Table 7).  Each of the 40 traps was set 
for four trapping sessions, give a total 160 possi-
ble trap-sessions per transect.  Trap-failure rates 
were very low, with 0, 1, 3, 4 & 5 per transect, 
giving an overall failure rate of 1.6%.   

A total of 72 individual animals were recorded on these five transects, although nearly half of them 
were recorded on one transect.  Although many of these animals were marked and recaptured a 
number of times, no attempt has been made here to derive CMR estimates of population size.  There 
was no mortality in any of the five transects. 

Five small mammal species were recorded, again dominated by wood mice and bank voles with 
56% and 24% of the animals respectively.  (It is worth pointing out that the four bank voles caught 
in Jersey would have been the indigenous sub-species Myodes glareolus caesarius.)  Field voles 
were caught in three transects and constituted a greater proportion of records (14%) than from the 
Low Density transects.  Three common shrews were caught in two of the transects and, unlike the 
LDT transects, two pygmy shrews were recorded in two separate transects.  Finally, a weasel (Mus-
tela nivalis) was caught on the third inspection in one of the transects.  It was released unmarked, 
but because no replacement trap was available for the final session, the trap it occupied was treated 
as one of the four trap failures from this transect. 

4.3.6 Barn Owl Roosts 
Only three Barn Owl roosts were completed.  Pellets from two of them were returned to the Surveys 
Manager with 17 and 10 per sample.  The third roost was an existing National Barn Owl Survey site 
located within the volunteer’s tetrad, so the sample of five pellets was sent directly to the co-
ordinator of the national survey. The other two samples have yet to be analysed.  
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Figure 15.  Frequency histograms of  a) wood mouse 
and  b) bank vole captures on Low Density Trapping 
transects  (n = 32).

Table 7.  Total number of animals and the number of individual animals by species from the 
five Intensive Trapping transects. 

Sample Wood 
mouse 

Bank 
vole 

Field 
vole 

Common 
shrew 

Pygmy 
shrew Total (Weasel) 

Jersey 2 4 6  
SIS 3 6 1 10  

SIS 10 1 11  
NRS 17 1 1 19  

NRS 10 16 3 2 1 32 (1) 

Total 40 17 10 3 2 72 (1) 
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4.4 Habitat Analysis 
The range of habitats covered by the 102 transects with habitat types recorded was very wide 
(Table 8).  A total of 17 different habitats (out of the 23 specified in the handbook) belonging to 
seven categories was included.  Deciduous woodland and, somewhat surprisingly, permanent grass-
land were the most frequently used habitats with 19 each, followed by hedgerows with 11 transects.  
Of the remaining 14 habitats, only three were used just once.   

Excluding the small number of Intensive Trapping transects a contingency chi-sqared analysis 
showed that there was no significant difference between field methods in their habitat placement 
(χ2

(18) = 26.7, p  0.85).  The two species-specific methods were well distributed amongst the main 
habitat categories with the only exception being riparian habitats.  Most interestingly, volunteers 
spread their Bait Tube and Low Density Trapping transects through all the main habitat categories 
and most of the individual habitat types (12 and 10 respectively).  Although numbers of transects in 
this first season were low, the good spread of habitat types indicates that habitat analysis should be 
possible in the future. 

4.5 Discussion and Conclusions 
The “soft roll-out” undertaken in this first season inevitably meant that the number of volunteers 
was low.  However, the basic rate of return of expressions-of-interest were satisfactorily high, espe-
cially for individuals.  But this did not manifest itself in completion of the selected sites.  The rea-
sons for this are probably two-fold.  Firstly, a number of individuals returned their expressions-of-
interest, but had already decided not to take part until the following spring.  Due to the short time-
scale between the email invitations and publicity being produced, and the start of the autumn field 
season, many volunteers did not sign up until well into the field season.  The second reason, was 
probably due to a perceived complexity in the field methods.  This is supported by the higher rela-
tive completion rate (compared to EOI return rate) from groups as opposed to individuals, where 
collective expertise might have encouraged volunteers to try out the methods.  In future seasons, it 
will be very important to encourage new volunteers either to join local mammal groups, or to take 
part using the simpler field methods to start with. 

The development of the three tranches in the sampling strategy was highly successful.  Although, at 
the outset, no indication was given in the publicity that Special Interest Sites would be accommo-
dated,  these proved to be very popular, especially with groups.  Eight of the nine SIS sites selected 
by groups were completed; a much higher proportion than the 14% of NRS sites completed.  This is 

Table 8.  Breakdown of habitat types by transect type. 

Category Habitat HM FV BT LDT IT Totals 

Woodland 
Deciduous 0 1 7 10 1 19 
Mixed 2 2 3 0 1 8 
Coniferous 0 1 1 0 0 2 

Open Farmland 
Permanent grassland 7 6 3 3 0 19 
Grass Leys 1 1 0 1 0 3 
Arable 1 1 0 0 0 2 

Field Boundaries 

Hedgerows 0 0 6 4 1 11 
Fence lines 1 1 2 3 1 8 
Walls 2 1 0 0 0 3 
Ditches 0 0 0 1 0 1 

Riparian 
Rivers 0 0 1 2 0 3 
Streams 0 0 2 0 1 3 
Standing water 0 0 1 0 0 1 

Moorland Acid grassland 3 1 3 1 0 8 

Coastal 
Sand dunes 1 1 1 2 0 5 
Cliffs / downs 0 0 1 0 0 1 

Urban Road verges 3 0 0 2 0 5 
 All Habitats 21 16 31 29 5 102 
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not surprising, because groups had a vested interest in carrying out the survey on their own reserves 
or managed sites.  In the future, the survey administrator should encourage local mammal groups to 
undertake NRS sites in addition to their SIS sites to increase coverage and allow country-wide and 
national extrapolation.  However, it should not be forgotten that many groups such as County Wild-
life Trusts and some individuals would not take part unless they were allowed to work on their own 
sites, so a two-pronged approach is likely to be the best strategy. 

The geographical distribution of sites, both selected and completed, was distinctly non-random, al-
though this wasn’t tested statistically.  The complete absence of sites in Northern Ireland and the 
Republic probably reflected the relatively small number of TMS members and the lower rate of in-
volvement in previous surveys and training courses.  The latter probably also applies in Scotland, 
although TMS has historically had a strong presence in Scottish universities.  More surprising is the 
complete absence of completed sites in parts of England, especially the SW, Kent and East Anglia, 
where well-organised mammal groups have been active for some time.  These must be targeted in 
future seasons. 

Harvest mouse nests were only found in 14% of the 22 transects.  This is lower than the 24% of 
transects with nests reported by Poulton & Stone (2008) and the 40% found by Riordan et al (2009).  
However, in both of these recent studies, half and all of the transects, respectively, were 200m in 
length, which may account for the higher detection rate.  The highest count in the present study was 
22 nests in a single 100m transect, although the next highest count was six nests.  A similar pattern 
was found by Riordan et al (2009) who recorded an outlier of 18 nests in one 200m transect, with 
all other transects revealing fewer than eight nests.  These results suggest that, although the harvest 
mouse nest search transect is a useful method for introducing volunteers to the NSMMS, it is likely 
to provide binary (presence/absence) data at best.  (This may be a characteristic of the population 
dynamics of this species, with short periods of relatively high numbers followed by localised 
extinction.)  However, its speed and relative ease means that a large number of transects could be 
completed, and until data from repeat-visits are available, it will be difficult to judge the efficacy of 
this method.  It is worth pointing out here that neither of the two trapping methods returned harvest 
mouse captures. 

The field vole sign transects returned useful data, with only one of the 19 transects failing to record 
signs of any sort.  The sequential accumulation of signs shown in Figure 12, could be developed to 
provide a more sensitive index of field vole abundance than a simple count out of ten transect sec-
tions.  A calibration of field vole sign searches against intensive trapping might be a worthwhile 
exercise in the future. 

In the absence of DNA identifications at this stage, no useful conclusions can be drawn about the 
bait tube method. 

The overall capture rate in Low Density Trapping transects of 58% compared favourably with the 
rate achieved for this method (48%) by Poulton & Stone (2008), although one of their three seasons 
was a spring session when capture rates are generally lower.  However, their pilot study made us of 
a small group of expert volunteers, whereas these transects were carried out by self-selecting 
volunteers – either they had correctly assessed their own levels of expertise and experience, or these 
factors are unimportant in determining success-rates for Low Density Trapping.  The number of 
individual animals captured using the Intensive Trapping method was highly variable (six to 32) 
and the species lists from both methods was more restricted (four and five respectively) than the 
eight species recorded by Poulton & Stone (2008).  In particular, shrew captures appeared to be 
lower than other studies would predict.  This might have been a result of trip-weights not being set 
low enough to capture lighter animals which, in turn, might have been a consequence of traps 
having to be borrowed and/or being stored for long periods of time.  Finally, mortality was low with 
only two dead woodmice, from one transect, recorded in 1079 trap-sessions.  This is lower than 
similar studies and should encourage the use of trapping methods by volunteers in the future. 
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The final recommendation from the first season of the NSMMS is that the study should continue for 
at least a further three seasons, preferably five.  In this way, at least two autumn seasons, when 
young of the year cause capture rates to be inflated, and two spring seasons, which primarily record 
the over-wintering, breeding populations, will have been completed.  This would be the minimum 
requirement for a robust base-line, which cannot be achieved with a single season or year for spe-
cies known to fluctuate widely over time, both stochastically and cyclically (Flowerdew et al, 
2004).  It will also give a realistic indication of site-turnover and the likely maximum number of 
sites acheivable, which will allow a better indication of power of the NSMMS to detect change. 
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7 Appendices 

Weightings applied to 100km Grid Squares in the Simulations 
 

Eastings Northings Label Weighting 

1 0 SW 5 
1 2 SM 2 
1 6 NR 1 
1 7 NM 1 
1 8 NG 1 
2 0 SX 10 
2 1 SS 12 
2 2 SN 10 
2 3 SH 10 
2 5 NX 4 
2 6 NS 10 
2 7 NN 4 
2 8 NH 2 
2 9 NC 1 
3 0 SY 15 
3 1 ST 25 
3 2 SO 25 
3 3 SJ 30 
3 4 SD 25 
3 5 NY 12 
3 6 NT 15 
3 7 NO 12 
3 8 NJ 8 
3 9 ND 1 
4 0 SZ 15 
4 1 SU 40 
4 2 SP 50 
4 3 SK 50 
4 4 SE 50 
4 5 NZ 35 
4 6 NU 20 
4 8 NK 10 
5 0 TV 20 
5 1 TQ 100 
5 2 TL 50 
5 3 TF 20 
5 4 TA 25 
6 1 TR 40 
6 2 TM 30 
6 3 TG 30 

 


	Executive summary
	Introduction
	Field Methods
	The Sampling Strategy
	Results from Autumn 2009
	Acknowledgements
	References
	Appendices


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


