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1 Summary 
 
1. The NGC was formally established in 1961 and collects bag statistics from about 650 estates or 

shoots each year. Each contributor completes an annual return form that provides the means to 
record 19 mammal species, namely Rabbit Oryctolagus cuniculus, Brown Hare Lepus europaeus, 
Mountain Hare Lepus timidus, Roe Deer Capreolus capreolus, Red Deer Cervus elaphus, Fallow 
Deer Dama dama, Muntjac Muntiacus reevesi, Sika Deer Cervus nippon, Chinese Water Deer 
Hydropotes inermis, Wild Boar Sus scrofa, Hedgehog Erinaceus europaeus, Grey Squirrel Sciurus 
carolinensis, Fox Vulpes vulpes, Feral Cat Felis catus, Weasel Mustela nivalis, Stoat Mustela 
erminea, Polecat Mustela putorius, Mink Mustela vison, Brown Rat Rattus norvegicus.  All series 
are ongoing, with 2007 the last season included here (throughout, the year denotes the year in 
which a shooting season starts, e.g. 2007 refers to the 2007/08 season). 

 
2. Species-specific annual bag indices are estimated using appropriate statistical methods 

(generalised linear models with Poisson error, logarithmic link function, log(shot area) and year 
and shoot as factors).  Percentage changes over the periods 1961-2007, 1981-2007, 1986-2007, 
1991-2007, 1995-2007, 1996-2007, 2001-2007 are evaluated after smoothing out annual 
fluctuations in bag indices (using generalised additive models).  The 95% confidence intervals of 
the estimates are obtained by bootstrapping.  To allow comparisons between years and sites, 
bags are expressed per unit area. 

 
3. At the UK level, mammal species coverage is good except for Chinese Water Deer and Wild 

Boar. Coverage for England and Scotland is very similar, with the additional exception of 
Mountain Hare in England and Muntjac in Scotland. In Wales, species coverage is adequate apart 
from Mountain Hare, Roe Deer, Red Deer, Fallow Deer, Muntjac and Sika Deer. 

 
4. At the UK level, the NGC data show significant medium-term (post-1960) increases in bag sizes 

for Rabbit, Roe Deer, Red Deer, Muntjac, Sika Deer, Grey Squirrel, Fox, Stoat, American Mink 
and Brown Rat, and significant medium-term decreases in bag sizes for Brown Hare, Hedgehog, 
Feral Cat and Weasel. 

 
5. Temporal trends and spatial changes in distribution for Hedgehog, Red Fox, Feral Cat and Brown 

Rat, calculated from 1122 estates submitting bag records between 1960 and 1999 inclusive for 
one or more of the species, revealed a steady decline throughout the UK for Hedgehog, a 
decrease mostly in Wales and the southern half of England for Feral Cat, an increase in density 
across the UK for Fox and an expansion of range in northern Scotland and Wales for Brown Rat. 
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2 Introduction  
 

Management measures for conservation or population control rely upon accurate records of a 
speciesõ distribution and abundance.  Monitoring refers to the collection of data on various aspects of 
a speciesõ ecology or biology; the specific parameters subject to monitoring will depend on its 
objectives.  Monitoring changes in the size of animal populations is an important yet difficult problem 
for wildlife biologists and managers.  In order to manage a population successfully for its conservation 
it is necessary to have information about its status i.e. absolute abundance and distribution at any 
point in time and trends in abundance over time.  Complete censuses of populations are not feasible 
for virtually any species of animal, since every individual would have to be detected and counted in 
order to get a precise figure.  For most species, the expense of mark-recapture or mark re-sight 
estimation programs is prohibitive.  The use of count data as indices of abundance and indicators of 
trends in abundance is therefore the only practical means of monitoring most animal populations, 
provided that the indices are related in a constant way to abundance over time. 
 
Monitoring wildlife populations is also a legal requirement for a number of species.  This is stated 
explicitly in Article 7 of the 1992 Convention on Biological Diversity, which requires contracting 
parties to ômonitor through sampling and other techniques the components of biological diversity, 
paying particular attention to those requiring urgent conservation measures and those offering the 
potential for sustainable useõ.  As a signatory to the Convention, the UK published the UK Biodiversity 
Action Plan (BAP) in January 1995, incorporating separate Action Plans for priority species and 
habitats, recognizing the importance of the conservation of biological diversity and sustainable use of 
biological resources.   
 
The National Gamebag Census (NGC) is of considerable interest to the statutory agencies charged 
by the government with monitoring the status of UK wildlife, particularly with respect to mammals 
that are difficult to monitor by other means.  The Joint Nature Conservation Committee (JNCC) is 
responsible for assessing and reporting on the state of UK biodiversity on behalf of these agencies.  In 
2003, JNCC invited the Game & Wildlife Conservation Trust (GWCT) to join the Tracking Mammals 
Partnership, thereby giving official recognition of the importance of NGC records as a monitoring tool 
for wildlife management and conservation. 
 
The resulting agreement seeks to improve data collection, collation and analysis of the NGC, which 
will make it an important part of the Tracking Mammals Partnership.  The latter comprises 25 
organisations and aims to detect changes in the abundance and distribution of terrestrial and 
freshwater mammals.  Information collected by the Partnership will act as an early warning system for 
detecting changes in abundance for species of conservation interest and for pest or problem species. 
 
The following items form part of the GWCT NGC work plan within the Tracking Mammals 
Partnership for 2008/2009: 
 
1. Update annual bag index trends for all NGC mammals from 1961 to 2007 and from 1995 to 

2007, for the UK, by country, by Environmental Zone and by Government Office Region, where 
there are sufficient data. 

 
2. For all NGC mammals, tabulate percentage changes (with confidence limits) for the most recent 

5-year, 10-year, 15-year, 20-year, 25-year and 30-year intervals at the UK level and for each of 
England, Wales and Scotland, where there are sufficient data. 

 
3. Examine temporal changes, by decade from 1961 to 2000, in the UK geographical distribution of 

bags at vice-county level for Hedgehog, Red Fox, Feral Cat and Brown Rat. 
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3 The National Gamebag Census  
 

The NGC was formally established by the GWCT in 1961, and is a voluntary scheme that currently 
collects bag statistics from over 650 shooting estates annually in England, Wales, Scotland and 
Northern Ireland.  Through the inclusion of data from historical game books, series for several species 
extend back to the 19th century.  The GWCT believes that the NGC approach, which targets the 
estate rather than individual shooters, is the best way of assessing bags on driven shoots.  The NGC 
statistics also include bags from rough shooting carried out on the same estates, as well as numbers of 
predatory species culled as part of legal pest control.   
 
At the end of the shooting season, each participant completes an annual bag survey form detailing the 
numbers of each species shot or culled, numbers of shoot days, estate area and, in the case of upland 
estates, moorland area.  In many cases, additional data extracted from game books extend the time 
series back to at least the 19th century.  Reminders are issued for non-returned forms and the return 
rate exceeds 90%.  
 
When expressed as the numbers of animals shot per unit area, the data provide temporal and 
regional trends in bags on shooting estates (Tapper 1992; Aebischer & Baines 2008).  Overall, the 
NGC collates data on the shooting bags of 24 huntable species and 19 predator species.  Of these, 
19 species are mammals, namely Rabbit Oryctolagus cuniculus, Brown Hare Lepus europaeus, 
Mountain Hare Lepus timidus, Roe Deer Capreolus capreolus, Red Deer Cervus elaphus, Fallow Deer 
Dama dama, Muntjac Muntiacus reevesi, Sika Deer Cervus nippon, Chinese Water Deer Hydropotes 
inermis, Wild Boar Sus scrofa, Hedgehog Erinaceus europaeus, Grey Squirrel Sciurus carolinensis, Fox 
Vulpes vulpes, Feral Cat Felis catus, Weasel Mustela nivalis, Stoat Mustela erminea, Polecat Mustela 
putorius, Mink Mustela vison and Brown Rat Rattus norvegicus.  All series are ongoing, with 2007 the 
last season included here (throughout this report, the year denotes the year in which a shooting 
season starts, e.g. 2007 refers to the 2007/08 season). 
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4 Temporal trends in bags for NGC mammals 
 
One of the main purposes of the participation of the NGC in the Tracking Mammals Partnership is 
the provision of summary trends in annual bag statistics, where there are sufficient data, for all NGC 
mammals from 1961 to 2007 and from 1995 to 2007, for the UK, by country, by Environmental Zone 
and by Government Office Region (see Figure 1).  The year 1961 corresponds to the formal start of 
the NGC.  The year 1995 is when the British Trust for Ornithology (BTO) and many other members 
of the Tracking Mammals Partnership began their mammal monitoring schemes, so provides a 
standard period over which the results from several different schemes may be compared.  In addition, 
a 25-year period is also a standard component in the UK Biodiversity Action Plan listing procedure 
(Anon. 1994, 1995), in the evaluation of avian conservation status (e.g. Gregory et al. 2002) and in 
other monitoring schemes such as the BTOõs joint Common Birds Census / Breeding Bird Survey.  
The evaluation of percentage change over intervening periods helps to understand how each bag 
index series changes over time.  Accordingly, we have produced and tabulated percentage changes 
(with 95% confidence limits) for the most recent 5-year, 10-year, 15-year, 20-year, 25-year and 30-
year intervals at the UK level and for each of England, Wales and Scotland, for all NGC mammal 
species where there are sufficient data.  The details of the statistical procedures are given below. 
 
For each species, analysis was based on all annual shoot returns greater than zero.  Shoots 
contributing only one yearõs data were omitted.  Statistical analysis followed the approach adopted by 
Whitlock et al. (2003) and was carried out using Genstat (Lawes Agricultural Trust, Rothamsted).  For 
each species, bag data were analysed using a generalised linear model (McCulloch & Nelder 1996) 
with a Poisson error distribution and logarithmic link function, with shoot and year as factors and the 
logarithm of shoot area as an offset variable.  Data were analysed at the UK, country and 
environmental zone levels.  For most species, the bag data spanned the period from 1961 to 2007, 
but for several species the start year had to be moved forward because of insufficient sites in early 
years (five contributing sites in any one year was a minimum requirement).  The year coefficients were 
exponentiated to give an index of bag size on the arithmetic scale.  All index values were relative to 
the start year, which had a value of 1.  To obtain index values for the standard Tracking Mammals 
Partnership period of 1995-2007, the index values from the full analysis were recalibrated by dividing 

by the 1995 value.  The 95% confidence intervals around the index values were obtained by 
bootstrapping at the shoot level: for each of 199 bootstrap runs, shoots equal in number to the 
original sample were selected at random with replacement and a new set of indices obtained as 
described above.  For each year, the 95% confidence limits were taken as the lower and upper 95th 
percentiles of the distribution of all 200 index values. 
 
To measure the percentage change between the first and last years of each time series, a generalized 
additive model (GAM, Hastie & Tibshirani 1990) was fitted to the bag indices with one degree of 
freedom per decade or part-decade then the percentage change calculated from the GAM fitted 
values for the first and last years.  The 95% confidence limits were obtained by fitting GAMs to each 
bootstrap sample, calculating the percentage change, and selecting the lower and upper 95th 
percentiles of the 200 values that resulted.  If the 95% confidence interval did not include zero, then 
the percentage change was declared significant at P<0.05 (indicated by * to the right of the 
percentage change value in the tables that follow). 
 
This procedure resulted in bag indices and confidence limits from the NGC data for the periods 1961 
to 2007 and 1995 to 2007, together with estimates of change (and confidence limits of change) 
across 5-, 10-, 15-, 20-, 25- and 30-year periods ending in 2007.  Bag indices were expressed relative 
to the start year, so the index value for the first year of each series is always one.  Analyses were 
carried out for the UK as a whole, at country level (England, Scotland, Wales), by environmental zone 
and by government region (Figure 1).  Analysis was carried out for all mammal species covered by the 
NGC except Chinese Water Deer and Wild Boar, for which there were insufficient data. 
 
Post-1961 and post-1995 UK trends were graphed for all mammals in a similar format to that used 
within the BTO Research Report No. 428 dated February 2006.    
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Figure 1. Breakdown of the UK by environmental zone (left), and of England by government 
region (right). 
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