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Abstract 

0 Analysis of historical changes in hare numbers using local mammal reports, 

questionnaires and records of hares, revealed widespread fluctuations in hare 

numbers within and between counties during the 2Wh century. Clear directional 

trends in hare numbers were not visible. Difficulties with comparing data sets 

highlight the need for standardised mammal recording. 

A two-year winter survey covering 559 I-km squares across Britain resulted in a 

national population estimate of 752,608 ± 39,217 hares. Omitting data collected 

in upland areas produced a population estimate of 623,671 ± 33,008 hares. Hare 

numbers underwent a significant decline in Britain during the 1990s, particularly 

in arable areas. Hares remain in significantly higher numbers in arable areas 

than in pasture and appear dependent on the provision of winter cereals in both 

landscapes. Further monitoring is needed to determine the impact of agri- 

environment schemes on hare numbers. 

0 975 hare carcasses were dissected to determine if reproductive activity was 

limiting hares in different landscapes. There was no significant difference in the 

size or number of litters produced by females from different landscapes but 

reproductive condition is significantly higher in males from arable areas 

compared with males from pastoral areas. A sample of hares were analysed to 

determine the current impact of phyto-oestrogens on reproduction. There is no 

evidence to suggest that the ingestion of phyto-oestrogens is significantly 

limiting reproduction in hare populations at the present time. 

2 



Acknowledgments 

I am very grateful to my supervisor Stephen Harris for his help and support throughout 

this study; to English Nature and the Dulverton Trust for financial support and to the 

People's Trust for Endangered Species for funding the National Hare Survey; to Mike 

Martin and Richard Wall for comments and guidance; to Nancy Vaughan for her help, 

guidance, and companionship in the field and laboratory; to Peter Brown and Mike 

Morton for help with the phyto-oestrogen research; to the many landowners and 

volunteers who made the hare survey possible; to the gamekeepers, estate managers and 

volunteers who provided hare carcasses; to Pat and Mary Morris for their help, guidance 

and support in so many ways; to all the Mammal Research Group at Bristol University 

for their encouragement and support, particularly Aidan Marsh and Suzy Clark. 

Finally I would like to thank my family for all their love and support, particularly my 

parents who have been a constant source of encouragement and Graham, whose love 

has kept me smiling and enabled me to keep one foot in reality. 

3 



Declaration 

I declare that the work in this thesis was carried out in accordance with the regulations 

of the University of Bristol. In Chapter 2, the GAM analysis was largely conducted by 

Graham Begg. Suzy Clark provided invaluable assistance with data manipulation for 

parts of Chapters 3 and 4 and parts of the data analysis for Chapter 5 were carried out in 

collaboration with Nancy Vaughan. With these exceptions, I declare that the work in 

this thesis is my own and has not been submitted for any other degree or award. 

II k- 

Ruth Temple 

November 2001 

4 



Contents 

I Introduction ......................................................................... 

1.1 Population dynamics 
................................................................ II 

1.2 The response of animal populations to environmental pressures - 

regulation and limitation ........................................................... 12 

1.3 The impact of land use on the distribution of hares ............................. 16 

1.4 Agricultural intensification in Britain: post war- 1990 ......................... 19 

1.5 Why are hares a good model species for studying population 

limitation? 
............................................................................ 

23 

1.6 Thesis aims and structure ........................................................... 
25 

2 Changes in the abundance of the hare in Britain ............................ 28 

2.1 Introduction ........................................................................... 
28 

2.2 Methods ............................................................................... 
31 

2.3 Results ................................................................................. 
36 

2.4 Discussion ............................................................................ 
50 

2.5 Summary .............................................................................. 
55 

3 Changes in the hare population during the 1990s ........................... 57 

3.1 Introduction ........................................................................... 
57 

3.2 Methods ............................................................................... 
60 

3.3 Results ................................................................................. 
74 

3.4 Discussion ............................................................................ 
83 

3.5 Summary .............................................................................. 
86 

5 



4 The impact of habitat provision and landscape change on the hare 

population in the 1990s ........................................................... . 88 

4.1 Introduction 
.......................................................................... 88 

4.2 Methods ............................................................................... 95 

4.3 Results ................................................................................. 98 

4.4 Discussion 
........................................................................... 105 

4.5 Summary 
............................................................................. 109 

5 The influence of landscape on recruitment in brown hare 

populations ......................................................................... 

5.1 Introduction ......................................................................... III 

5.2 Methods 
.............................................................................. 116 

5.3 Results ............................................................................... 127 

5.4 Discussion 
........................................................................... 143 

5.5 Summary ............................................................................. 150 

Discussion ........................................................................... 152 

6.1 Trends in hare numbers ............................................................ 152 

6.2 Population limitation: the effect of landscape and habitat management.... 154 

6.3 Population limitation: are hares reproductively limited? 
..................... 155 

6.4 Are hares a good model species for the study of population limitation?... 157 

6.5 Further research ..................................................................... 158 

7 References ........................................................................... 160 

Appendix: Guidelines for the National Hare Survey 

6 



List of tables 

Table 1.1 Limiting factors affecting animal populations .............................. 14 
Table 1.2 Landscape criteria and distribution in Britain 

............................... 18 

Table 2.1 Advantages and disadvantages associated with the use of game-bag 
data and hunting statistics to detect trends in hare numbers ............... 30 

Table 2.2 Percentage of reports containing adjectives describing hare populations 
1940-1996 ........................................................................ 38 

Table 2.3 Changes in the abundance of hares in 41 counties in four time periods 
since 1960, as perceived by recipients of questionnaires .................. 39 

Table 2.4 Analysis of GAMs for hare abundance using maximum effort covariate 
...................................................................................... 43 

Table 3.1 Comparison of population estimation techniques ........................... 58 
Table 3.2 Grouping intervals and truncation points used for DISTANCE analysis. 

........................................................ ............................ 67 
Table 3.3 Model selection parameters for the four different landscapes 

............. 68 
Table 3.4 Summary of model selection criteria .......................................... 69 
Table 3.5 Grouping of counties into East and West categories ........................ 71 
Table 3.6 Pattern of hare perpendicular distances from the transect in open, closed 

and intermediate habitats 
....................................................... 73 

Table 3.7 Number of repeat and new I -km squares surveyed in each landscape 
... 74 

Table 3.8 Number of repeat and new 1-km squares where hares were recorded in 
each landscape 

................................................................... 
74 

Table 3.9 Estimation of the brown hare population in Britain using four landscapes. 

Table 3.10 Stratum weight, estimated stratum variances, number of I -km squares 
*''******''*****''**''*''*'''*'******'**'**''''*''***'***''***' .. 78 

surveyed in each stratum and estimated weighted stratum variances used 
to calculate 95% confidence limits on the 1997-1999 population 
estimate ........... 79 

Table 3.11 Estimation of the brown hare population in Britain using three 
landscapes ........................................................................ 

80 
Table 3.12 Results of power analysis to determine where significant trends could be 

detected with statistical confidence .......................................... 
82 

Table 3.13 Regional trends in hare numbers between the two surveys ............... 83 

Table 4.1 Habitats associated with high or low hare densities in the four main 
landscapes, using Mann-Whitney tests to compare a habitat's 
presence/absence with hare numbers ......................................... 

89 
Table 4.2 Spearman rank correlations between habitat types and hare numbers 

within landscapes ............................................................... 
91 

Table 4.3 Agricultural change in England 1991-1998 in thousand hectares ........ 92 
Table 4.4 Results of logistic regression analysis comparing habitat variables in 

landscapes where hares were present and absent using data from 
1991-1993 survey ............................................................... 

101 

Table 4.5 Results of logistic regression analysis comparing habitat variables in 
landscapes where hares were present and absent using data from 
1997-1999 survey .............................................................. 

101 

7 



Table 4.6 Results of Mann-Whitney U tests to determine the impact on hare 
numbers of pastoral habitats in arable squares ...... 103 

Table 4.7 Results of Mann-Whitney U tests to determine the impact on hare 
numbers of arable habitats in pastoral squares ............................. 103 

Table 4.8 Presence or absence of an ESA in survey squares ......................... 105 

Table 5.1 Annual mortality rate .......................................................... III 
Table 5.2 Litter size ........................................................................ 113 
Table 5.3 Distribution of 975 hare carcasses and 133 locations among four 

landscapes 
....................................................................... 116 

Table 5.4 Shooting estates from which 834 hare carcasses were obtained, and 
sample sizes from each estate ................................................. 

117 
Table 5.5 Defining characteristics of foetal hare age classes ......................... 

121 
Table 5.6 Features used to classify female reproductive status ...................... 136 
Table 5.7 Significant variables and associated statistics in GLM for reproductive 

status ............................................................................. 
136 

Table 5.8 Data used to calculate number of breeding females per 100ha on each of 
nine estates ........................ ............................................. 

138 
Table 5.9 Mean number of young per female on each of nine estates .............. 

139 
Table 5.10 Data used to calculate number of males per I 00ha on each of nine estates 

........... 140 
Table 5.11 Mean testis weight of males on each of nine estates ..................... 

141 
Table 5.12 Serum enterolactone levels (ng/ml) and incidence of hyperplasia in 

17 hares ........................................................................ 
144 

8 



List of figures 

Figure 1.1 Trend in the bag of brown hares from 12 Estates in East Anglia and 
the south-east 1900-1989 ...................................................... 16 

Figure 1.2 Changes in area of arable cropping in England and Wales, 1978-1989.. 20 
Figure 1.3 Changing areas (millions of hectares), 1932-1984, of total grassland 

(TOT), improved permanent pasture (IPP), unimproved permanent 
pasture/rough grazings (UPP/RG) and unimproved permanent pasture 
alone (UPP) ....................................................................... 22 

Figure 1.4 The percentage of permanent pasture fields () receiving fertiliser, in the 
year plotted, in the period 1938-1984; two additional points show 
percentages of permanent pasture with leys () receiving fertiliser 
production ........................................................................ 23 

Figure 2.1 Records of hares from hunts 
................................................... 29 

Figure 2.2 Numbers of counties for which sites in which hares had been seen were 
published in local mammal reports included in this study, between 1940 
and 1996 

.......................................................................... 
36 

Figure 2.3 Mean number of I -km squares per I OOkM2 of county in which hares were 
sighted (and sightings were published in local reports included in this 
study) between 1940 and 1996 

................................................ 
37 

Figure 2.4 Mean number of I-km squares per lOOkM2 of counties from which 
records of hares from between 1940 and 1996 were returned . .......... 

40 
Figure 2.5 Mean number of I-km squares per 100kM2 of mainly pastoral counties 

from which records of hares from between 1940 and 1996 were returned. 

....................................................... .......................................... 
41 

Figure 2.6 Mean number of I-km squares per lOOkM2 of mainly arable counties 
from which records of hares from between 1940 and 1996 were returned. 

........................................... I ................................................. 
41 

Figure 2.7 Trends in hare abundance controlled for recorder effort in six counties. 

.................................................................................................. 
44 

Figure 2.8 Relationship between hare abundance and recorder effort ................ 
45 

Figure 2.9 Variation in residuals from selected model for six counties ............... 
46 

Figure 2.10 Variograms for six counties for the selected model ....................... 
47 

Figure 2.11 Variation in residuals from the interaction model for six counties...... 48 
Figure 2.12 Variograms for six counties for the interaction model .................... 

49 

Figure 3.1 Frequency distribution of perpendicular distances at which hares were 
seen in four landscapes ......................................................... 

65 
Figure 3.2 Number of observations of hares at different perpendicular distances in 

I-km squares in the arable landscape ......................................... 
66 

Figure 3.3 Number of observations of hares at different perpendicular distances in 
I -km squares in the pastoral landscape ...................................... 

66 
Figure 3.4 Number of observations of hares at different perpendicular distances in 

I -km squares in the marginal upland landscape ............................. 
66 

Figure 3.5 A: Squares surveyed 1991-3. B: Squares surveyed 1997-9. C: Change 
in hare abundance between surveys ........................................... 

75 

9 



Figure 5.1 Stages of foetal development 
................................................. 122 

Figure 5.2 Monthly distribution of dates of death 
.............................. 128 

Figure 5.3 ........ Identification of spermatozoa in vaginal smears (x600) 
.................. 129 

Figure 5.4 Frequency of litter size in 422 female hares 
.......................... 130 

Figure 5.5 ..... Number of foetuses in each age class .................................. 130 
Figure 5.6 ..... Relationship between age of females and litter size ...................... 131 
Figure 5.7 Relationship between female carcass weight and litter size ............. 132 
Figure 5.8 Relationship between testes weight and body weight ..................... 133 
Figure 5.9 Difference in mean testis weight in paired samples of males from arable 

and other landscapes .......................................................... 134 

Figure 5.10 Variation in percentage of epididymal lumen area containing sperm. 134 
Figure 5.11 Relationship between hare population density and litter size ........... 137 
Figure 5.12 Relationship between hare population density and testis weight ....... 141 

10 



1 Introduction 

1.1 Population dynamics 

Population growth is governed by four main demographic processes, births (B), deaths 

(D), immigration (1) and emigration (E) (Begon, Harper & Townsend, 1990). Hence, 

the most basic change in numbers in a population between two points in time (Nt and 

Nt+, ) can be expressed in the equation 

Nt+l = Nt + B-D +1 -E 

These demographic processes occur simultaneously and their impact is dependent on 

the systematics of the population. In an 'open' system such as that exhibited by sessile 

marine invertebrates, subpopulations are connected by the migration of larvae. Because 

larvae disperse, fecundity has a minimal effect on the local population. In contrast, in a 

'closed' system such as that of mammals and birds, adults produce young who make a 

direct contribution to the growth of the local population. Hence, any changes to local 

fecundity will strongly affect the population (Hughes, 1990). 

Population growth is affected by changes to demographic factors but also by extrinsic or 

environmental factors that may be density-dependent or density-independent. Such 

factors act to regulate the population (population regulation) or limit the number of 

individuals that can exist within the population (population limitation). These two 

processes of regulation and limitation are often confused and used interchangeably 

within the literature. Sinclair (1989) defines population regulation as the process by 
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which the population returns to equilibrium and population limitation as the process that 

sets the equilibrium point. These are the definitions I will use in this thesis. 

Whether populations are regulated by biotic or abiotic, density-dependent or density- 

independent factors has been the subject of much debate (Murray, 1999) with two main 

schools of thought. Nicholson (1954) asserted that a population was regulated by 

density-dependent biotic factors including intra- and inter-specific competition and that 

density-independent factors such as climate altered the carrying capacity (k) but did not 

regulate the population. Andrewartha & Birch (1954) argued that the population was 

regulated by abiotic density-independent factors and that density-dependent factors 

were of secondary importance. Decades after these assertions it is now clear that 

Nicholson was describing population regulation, whilst Andrewartha & Birch described 

population limitation. I will consider each process now in more detail. 

1.2 The response of animal populations to environmental pressures - regulation 

and limitation 

Population regulation 

Population regulation remains a complex process, which is the focus of much 

continuing research. Regulating factors operate in a direct density-dependent manner, 

to return the population to equilibrium and prevent either indefinite increase or decline 

to eventual extinction (Newton, 1998). Regulation requires density-dependent 

processes but density-dependent factors alone may not be strong enough to regulate the 

population. Conversely, if the density-dependent factor is too strong then it will 

overcompensate when returning the population to equilibrium and promote population 

fluctuation instead. In addition, demonstrating that a density-dependent factor is at 
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work in a population is often insufficient to show that the population is regulated, and 

demonstrating regulation is never easy in the field. Alternatively density-dependent 

processes at work in a population may be obscured due to the dominant effects exerted 

by environmental stochasticity (Crete & Courtois, 1997) or spatial heterogeneity 

(Mountford, 1988). There is much debate surrounding whether population density can 

be regulated by 'spatial' density-dependence in the absence of temporal density 

dependence (Dempster & Pollard, 1986). 

Population limitation 

The process of population limitation has been widely studied across all taxa (Nilsson, 

1987; Peterson et al., 1998; Polis et al., 1998; Thirgood et al., 2000). Early literature 

focused on single-factor control of populations following Leibig's law of the minimum 

(1840) which stated that 'the distribution of species will be controlled by that 

environmental factor for which the organism has the narrowest range of adaptability or 

control' (Stiling, 1996). The current viewpoint is that limiting factors, defined as 

parameters that prevent a population from increasing or cause it to decline (Newton, 

1998), do not operate in isolation, although whether they interact or combine additively 

in their effect is still under investigation (Mitchell, Arthur & Farrow, 1992). 

A variety of factors may limit or set the equilibrium point of a population. Andrewartha 

& Birch (1954) identified the four components of an animal's environment (weather, 

food, other animals and organisms causing disease, and a place in which to live) and 

suggested that change in any of these would limit populations. These divide more 

specifically into seven categories (Table 1.1). 
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Table 1.1 Limiting factors affecting animal populations. 

Limiting factor Process and effect on population 
Resources/food For a species to be food-limited it does not have to exist at the food limit 

all the time. Animals may experience occasional or regular food shortages 
and these may be associated with season (Newton, 1998). 

Disease Localised or epidemic; may result in decline or extinction. 
Competition Either intra-specific or inter-specific. Interspecific competition may take 

the form of scramble competition where individuals have free access to a 
resource but species A reduces the amount left for species B or contest 
competition where species B is denied access to a resource by the 
behaviour of species A (Stiling, 1996; Newton, 1998). 

Predation Can maintain population at sustainable level. May lead to demise of 
vulnerable populations. 

Weather Influences animals indirectly by affecting their habitat and food supply 
(Newton, 1998). However, weather may also directly affect animals as 
extremes of temperature (i. e. hypothermia or heat stress) can induce 
mortality. 

Human impact The most obvious impact of human activity on animal populations is 
habitat destruction, which reduces local and overall populations. Habitat 
fragmentation also makes a population more vulnerable to extinction by 
reducing immigration. Additional direct impacts of human activity include 
hunting, shootLg and pesticide application. 

These factors may interact but, at any one time, one particular factor may be more 

responsible than others for limiting a population (Newton, 1998). Lack (1967) cites an 

example of interaction between food resources and disease where sheep limited by low 

food resources were more vulnerable to helminth parasites. Similarly, a popu ion may 

be limited by both food and predation. Mountain sheep may be naturaUy fimited by 

food shortage but are also vulnerable to predation by wolves (Canis 1upus) (Lack, 

1967). It is unclear to what extent predators delay or prevent sheep from reaching the 

limit set by food in their envirortment. 

Where there is a strong interaction between limiting factors such as food and predation, 

it is difficult or even inappropriate to conclude which is having the greatest effect 

(McNamara & Houston, 1987). Evidence for the interaction of food and predation is 

found in studies of Arctic ground squirrels (Spermophilus parryii plesius). If predators 
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are excluded then reproductive output, population density and body condition increase 

and there is no effect on over-winter survival or growth rate of juveniles. Adding food 

produces the same increase or stability in parameters but the date of juvenile emergence 

is earlier. Combining predator exclusion and food addition has a multiplicative impact 

on increasing population density so food and predation interact to limit squirrel 

populations through changes in reproduction (Karels et al., 2000). 

Limiting factors may have gender-specific effects. Studies of mammals and birds have 

indicated reduced viability in males relative to females in times of food shortage, 

overcrowding, or climate stress (Widdowson, 1976; Clutton-Brock & Albon, 1985). 

However, limiting factors may not always be negative. Predators may remove diseased 

animals from a population, thereby preventing an epidemic, or may remove animals 

from a population that is limited by another resource, so enabling more individuals to 

survive since the resource is not so limited (Newton, 1998). 

The brown hare (Lepus europaeus) is a further example of a species whose population 

appears to have been affected by limiting factors. Since its introduction at least 2000 

years ago (Yalden, 1999), the brown hare has dispersed throughout Britain, successfully 

exploiting a wide variety of habitats. This dispersal has been at the expense of the 

native mountain hare (Lepus timidus), which is now largely confined to upland areas 

where it competes successfully with the brown hare (Fargher, 1977). 

Game bag data (Figure 1.1), anecdotal evidence and the results of a National Hare 

Survey (1991-1993) all indicate that the brown hare population in Britain declined 

substantially during the 20'hcentury. This prompted the inclusion of the brown hare as 
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one of only nine species of mammal (and the only non-native mammal) in the first 

group of species for which an action plan was written as part of the LJK Biodiversity 

Steering Group Report (Anon., 1995). The Action Plan committed the government to 

supporting 

Figure 1.1 Trend in the bag of brown hares from 12 Estates in East Anglia and the 
south east 1900-1989 (From Tapper, 1992). 
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initiatives for research on brown hares and set the objective. of increasing brown hare 

populations so that spring numbers are doubled by the year 2010. Clearly, halting the 

decline in hare numbers requires carefully targeted initiatives. Such progress may be 

possible given a clearer understanding of how hare numbers have changed. 

1.3 The impact of land use on the distribution of hares 

The documented decline in hare numbers and their current abundance cannot be 

considered independently of the distribution of the species. For the purposes of 

ecological survey, the total land area of Britain may be classified as comprising four 
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landscapes, arable, pastoral, marginal upland and upland (Bunce et al., 1996). The 

criteria for each landscape and its distribution in Britain, are summarised in Table 1.2. 

Existing data relating to hare number and distribution indicate that the decline in hare 

numbers in the 20th century occurred at independent times in arable and pastoral 

landscapes and that this led to the significant disparity in hare numbers between these 

landscapes identified in the 1991-1993 National Hare Survey. 

At the turn of the century brown hares were widely distributed across lowland Britain. 

However, even at this time, the Victoria County Histories for some western, 

predominantly pastoral counties, were already reporting a fall in hare numbers 

(Hutchings & Harris, 1996). Thus began a slow and gradual decline from which hare 

populations, according to game bag data, did not appear to have recovered by the 

early 1990s. The decline was particularly severe in Wales where hare populations in 

many areas declined to extinction (Tapper & Stoate, 1994). 

In contrast, existing data indicate that the decline in hare numbers in the predominantly 

arable areas of the east, did not occur until much later (Tapper & Parsons, 1984; 

Hutchings & Harris, 1996). Hares benefited from the increase in arable land converted 

for farming during the war and consequently the population increased from 1939-1960 

(Hutchings & Harris, 1996). The 1960s, 1970s and 1980s appeared to be a crucial 

period for hare populations in arable areas. Game bag data indicate that hare numbers 

fell sharply in the early 1960s, and this has been attributed to severe winter weather 

conditions (Tapper & Parsons, 1984). 
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A number of factors have been cited as limiting hare numbers. As hare populations 

declined across Europe in the 1970s and 1980s, disease (Chasey & Duff, 1990), 

predation (Lindstr6m et al., 1986; Angerbj6m, 1989) and hunting pressure were all 

suggested. However, agricultural intensification is currently considered to have been 

the most important factor contributing to hare declines both in Britain (Hutchings & 

Harris, 1996; Harris & McLaren, 1998) and across Europe, e. g. in Germany (Spittler, 

1987), Poland (Wasilewski, 1991), and in Sweden, (Broekhuizen, 1976). The current 

distribution of hares in Britain with high densities in eastern arable areas and low 

densities in western pastoral areas suggests that hares are limited by landscape and 

habitat management. Understanding the historical changes in agricultural intensification 

in Britain is integral to understanding changes in the abundance and distribution of 

hares and may provide the key to determining in more detail the impact of habitat on 

limiting hare numbers. 

1.4 Agricultural intensification in Britain: post war - 1990 

Arable landscapes 

The Second World War prompted marked changes in land use. Large areas of pasture 

were converted to arable land to grow crops to support the war effort. Such agricultural 

intensification continued throughout the next three decades. Between 1978 and 1990 the 

total area of farmland in Britain decreased by 1%. The area of land put down to arable 

increased from 4,200,000 ha in 1978 to 4,600,000 in 1988 (Anon., 1996) (Figure 1.2). 

A switch from planting spring-sown to winter-sown cereal in the 1980s was prompted 

by a need to increase profits. Fanning incomes were falling and the production of more 

efficient machinery with a higher work rate enabled farmers to plant crops in the 
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autumn, rather than ploughing land in the winter to sow spring cereals. Common 

Agricultural Policy support for the oilseed sector also led to an increase in oilseed rape 

production in an attempt to limit the need for importation. 

Figure 1.2 Changes in area of arable cropping in England and Wales, 1978-1989. 
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Increases in winter cereal planting and oilseed rape production have both been cited as 

major factors contributing to the decline of hares in arable areas. Hutchings & Harris 

(1996) linked high hare densities with the presence of winter cereals and hares probably 

use them as a food source from November to February. However, an increase in winter 

cereal planting was at the expense of spring cereals and grassland leys. McLaren (1996) 

observed low leveret survivorship in the spring/summer period (March-July) compared 

to leveret survival in winter months (January-February) and predicted that this would 

act to reduce recruitment by as much as 55%, a reduction concomitant with the decline 

in hare numbers at that time. 
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A comparison of the diets of hares collected in winter and summer indicated that the 

winter diet was easier to digest. Since the food intake required to sustain reproduction 

remains high throughout the year, McLaren (1996) concluded that the increase in winter 

cereal and resulting decrease in the provision of spring crops and leys, forced hares to 

enter the summer period of reproduction with an insufficient quantity of high quality 

food. As a consequence, breeding success was reduced in this period. 

An increase in the production of oilseed rape did not increase provision for hares during 

this crucial summer period. Although high hare numbers are associated with the 

presence of rape, hares can only eat young shoots because older growth contains 

poisonous glucosinulates (Frylestam, 1986); thus this food source is only available to 

hares in late autumn. 

Pastoral landscapes 

The 20th century was a time of widespread intensification of grassland management as 

grassland areas were 'improved' for agricultural purposes. This involved a combination 

of methods including drainage, ploughing, reseeding, the application of fertilisers and 

herbicides and an increase in grazing pressure. 

A ploughing subsidy was introduced in 1939 and this resulted in a 40% reduction of 

unimproved pasture areas from a pre-war total area of 5.2Mha to 3.1 Mha post-war and 

this area was further reduced, with a total of just 1.8-2. OMha of unimproved permanent 

grasslands and rough grazings by 1971 (Fuller, 1987) (Figure 1.3). 
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Figure 1.3 Changing areas (millions of hectares), 1932-1984, of total grassland 
(TOT), improved permanent pasture (IPP), unimproved permanent pasture/rough 
grazings (UPP/RG) and unimproved permanent pasture alone (UPP) (From Fufler, 
1987). 
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By the 1970s, ploughing to improve grasslands for agriculture was replaced by the 

planting of more 'productive' species. Ryegrass (Lolium perenne L. ) was planted 

extensively and other 'preferred' species included white clover and red clover 

(Trifolium repens L. and T pratense L. ), cocksfoot (Dactylis glomerata L. ), timothy 

(Phleum pratense L. ),, meadow fescue (Festuca pratensis Huds. ) and tall fescue (F 

arundinacea Schreb). Creation of these ryegrass-dominant areas was parafleled by 

increased fertiliser usage and 75% of grasslands were receiving fertiliser application in 

1976 (Fuller, 1987). 

The use of inorganic fertilisers increased to cover 85% of Britain's grassland by 1984 

(Figure 1.4). BY this time only 11% (0.6Mha) of lowland grassland remained in an 
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Figure 1.4 The percentage of permanent pasture fields (*) receiving fertiliser, in 
the year plotted, in the period 1938-1984; two additional points show percentages 
of permanent pasture with leys receiving fertiliser production (From Fufler, 
1987). 
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unimproved or semi-natural state. The 1980s also heralded the start of silage 

production which replaced hay making in many areas (Anon., 1996). Silage can tolerate 

high applications of fertiliser which increases crop yields and early grass cutting 

improves feed, enabling many grassland farmers to feed their livestock on their own 

produce. With faster machinery, farmers are able to cut silage three or four times in the 

season,, thereby improving feed quality further. Consequently, silage production in 

England increased 2.3 fold from 13,396 nAlion tonnes in 1978 to 30,786 million tonnes 

in 1990. Silage cutting continues throughout the breeding season of the hare and many 

leverets are believed to be kifled, but the extent to which hare populations are limited by 

silage cutting is difficult to determine in the field and remains unclear. 

1.5 Why are hares a good model species for studying population limitation? 

The hare is a short-lived species, with an average life span of 3-4 years in the wild, and 

hare populations exhibit high rates of both mortality and reproduction. As a game 
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species, hares have adapted to cope with intensive harvesting pressure and females 

produce an average of 1-4 litters Per year each containing 1-4 young, hence there is a 

high population turnover. 

Hares have also adapted to survival in a wide range of habitats. These include arable 

areas (Hewson, 1977; Tapper & Barnes, 1986; McLaren, 1996) and pastoral areas 

(Barnes, Tapper & Williams, 1983). More recently, hares have been reported to be 

making extensive use of woodland for shelter and foraging (Wray & Harris, 1994). 

So hares appear to be flexible in their reproductive strategy and habitat use. However, 

both high and low density populations are highly sensitive to changes if numbers fall 

below a threshold level. Hare populations at a density of <3 hares km -2 are considered 

vulnerable to extinction (McLaren, Hutchings & Harris, 1997). Low density 

populations such as those in pastoral landscapes are vulnerable to changes in 

recruitment and are unable to tolerate a reduction of more than 20% before crashing. 

Current data indicate that hare numbers have declined significantly this century but that 

more detailed evidence of trends in hare numbers is required to enable specific factors 

to be accepted or rejected as possible causes of limitation. The patterns of change in 

hare numbers seem to differ between the two landscapes (arable and pastoral) 

represented in the lowland areas of Britain. Hence hares represent a good model species 

for assessing the role of habitat in limiting population size. In this thesis I examine 

three main topics: trends in hare numbers, the relationship between hare numbers, 

landscape and habitat use, and the relationship between landscape and reproduction, to 

determine if and how current land use and habitat management practices are limiting 
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hare populations. Hares are also a good model species for this study of population 

limitation since (1) there is a large amount of historical data available to analyse 

historical change in numbers and distribution and apply possible causes to the current 

situation, (2) volunteers have already shown a willingness to help in the monitoring of 

hare numbers and habitat use in the National Hare Survey, (3) carcasses are available 

from arable land as a result of driven shoots and volunteers have expressed an interest in 

collecting carcasses as road kill from both arable and other landscapes to help maximise 

the sample from pastoral areas and (4) a substantial amount of literature is already 

available concerning habitat use and reproduction in hares to help with developing 

experimental protocol. 

1.6 Thesis aims and structure 

In the first section of this thesis I aim to determine in detail, population trends in hare 

numbers during the 20th century and assess how these trends differ between landscapes. 

Secondly I aim to explore the impact of landscape and habitat provision within 

landscapes in limiting hare numbers. Through the calculation of population estimates 

for hares in different landscapes and assessment of habitat use by hares within these 

landscapes I aim to generate ideas for incorporation into habitat and landscape 

management plans for increasing hare numbers in accordance with the Biodiversity 

Action Plan. Thirdly, since hare populations are vulnerable to very small changes in 

recruitment and there appear to be landscape differences in hare numbers, I aim to 

deten-nine the impact of land management on hare productivity and assess if landscape 

and reproduction are interacting or operating in combination to limit hare numbers. 
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In the four data chapters that form this thesis, I address these aims. In Chapter 2,1 use 

an index generated from mammal recorder data and local mammal reports to test the 

hypothesis that hare numbers declined during the last century. I test a further 

hypothesis (2) that trends in hare numbers differed between arable and pastoral 

landscapes. I take this opportunity to explore the wider issue of the justification for and 

difficulties with using such data sets as a form of monitoring the status of hares and 

compare the results generated in this study with published analyses of data from other 

sources. 

In Chapter 31 use the results of a National Hare Survey to investigate changes in the 

abundance of hares over the more specific time period of the 1990s. I test the 

hypotheses (3) that hare populations stabilised during the 1990s and (4) that hare 

numbers remained lower in pastoral landscapes than in arable landscapes. 

In Chapter 4,1 investigate habitat use by hares within landscapes in more detail and 

how habitat use changed during the 1990s. I test the general hypothesis (5) that hare 

populations in Britain are limited by landscape and habitat management and test two 

related hypotheses, (6) that hare populations can be increased by increasing habitat 

enhancement, habitat richness and habitat diversity and (7) that agri-environment 

schemes, expected to benefit hares have had a positive effect on hare populations in the 

last 10 years. 

In Chapter 51 investigate differences in reproductive output and potential between hares 

in arable and other landscapes to test the hypothesis (8) that hares in Britain are 

reproductively limited as a result of landscape and habitat management. I test this 
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hypothesis using the results of 975 post mortem examinations of hares from across 

Britain. I also test two related hypotheses, (9) that hares are reproductively limited as a 

result of the impact of landscape and habitat management on hare population density 

and (10) that hares are reproductively limited due to the ingestion of phyto-oestrogens 

from plant material. 

In Chapter 6,1 draw together the conclusions from the previous chapters to see how I 

have added to current knowledge about the factors affecting brown hare populations in 

Britain. I discuss how landscape management procedures affect the current hare 

population and suggest how these might be modified to increase hare numbers in 

accordance with the aims of the Biodiversity Action Plan. I also explore other factors 

that may be having an impact on hare numbers and distribution and make 

recommendations for future research. 
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2 Changes in the abundance of the hare in Britain 

2.1 Introduction 

The accurate detection of trends in species' abundance is important for the planning and 

execution of any strategy to alter their numbers. Detecting trends requires long-term 

data sets that are not always readily available, particularly for species of mammal. 

Since the hare is a game species however, access is available to two principal sources of 

information relating to hare numbers, game-bag data and hunting records. 

There is currently no closed season for hares in Britain and, with the exception of the 

Hare Preservation Act (1892) which prevents the sale of hares between March and July 

inclusive, hares receive no formal legal protection. Paradoxically, although hare 

numbers are reported to have declined over the 20th century, hares in some areas of 

Britain are still considered agricultural pests and the Ground Game Act (1892) permits 

tenant farmers to shoot hares at any time of year to protect crops (Tapper, 1992). 

Game bag data are normally collected and collated following organised driven hare 

shoots on estates. Some estates hold game books covering many years and these 

provide long-term data sets. Hare abundance is represented by an index (number of 

hares shot/area) and temporal changes in hare numbers can be assessed when these data 

are plotted. Since 1961 the Game Conservancy Trust have conducted an annual 

National Game Bag Census and have explored temporal and spatial changes in hare 

numbers (Tapper & Stoate, 1992). 
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More recently, the Association for the Masters of Harriers and Beagles have recorded 

the number of hares seen at each meet (see Figure 2.1). This provides data from a large 

area of Britain and future recording may allow for the assessment of temporal change in 

hare numbers. 

Figure 2.1 Records of hares from hunts (from Anon., 1998). 
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It is acknowledged however, that both game-bag data and hunting statistics should be 

interpreted with caution since each data set has associated advantages and 

disadvantages. These are summarised in Table 2.1. Previously unexplored data sets 

may provide a way of detecting long-term historical trends in hare numbers in more 

detail and may also aid in assessing how these trends differ between landscapes. Local 

mammal reports and mammal records represent two alternative data sets that have not 

previously been used for this purpose. 
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Table 2.1 Advantages and disadvantages associated with the use of game-bag data 
and hunting statistics to detect trends in hare numbers. 

Game-Bag Hunting statistics Advantages Records kept over several Cover a large area of the 
generations on some estates country therefore 
providing a long-term data conclusions may be 
set for analysis. applicable to a wider 

geographical area than 
4 

game bag data 
. Large volume of data 

generated - potential to 
assess temporal change in 
hare numbers in ftiture 
yearS4. 

Disadvantages May not include ad-hoc No additional data collected hares shot on partridge or relating to factors which 
pheasant shooting days, might have influenced hare 
hares shot by tenant farmers numbers (e. g. habitat 
or hares hunted by beagles management) therefore 
or coursed on the estate - difficult to identify why 
therefore records may not changes may have 
accurately reflect the total occurred 

4 

bag'. 
Changes in hare numbers 
over time will be influenced 
by changes in land-owner 
interest, land management 
practices and gamekeeper 
ability, not taken into 
account when calculating 
the game-bag indeX2. 
Estates holding driven 
shoots now almost entirely 
confined to arable areas 
therefore conclusions 
drawn from game-bag data 
may not be applicable to the 
rest of the country 

3. 

I Tapper (1992); 2 Tapper & Parsons (1984); 3 Harris & McLaren (1998); 4 Tapper & Stoate (1992) 

Manm-ial reports are published by many of Britain's local and county natural history 

societies, usually on an annual basis. These comprise anecdotal infon-nation, records 

of species sightings, distribution maps and often an assessment of how the abundance 

and distribution of particular mammal species has changed over time. This assessment 

is based on the interpretation of records collected by the general public, collated and 

compared with records from previous years. Manuml records are also coffected and 
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collated by biological records centres and county wildlife trusts. Hence, two large long- 

term data sets, mammal reports and records are available from which it may be possible 

to monitor changes in hare populations. Analysis of mammal reports has already 

proved useful by highlighting the dramatic decline in water vole populations in the 

1980s (Jefferies, Morris & Mulleneux, 1989). 

In this chapter, I aim to use these two sources of data to test the hypotheses that hare 

numbers declined during the last century and that the pattern of trend in hare numbers 

differed between arable and pastoral landscapes. Such changes are also assessed 

independently through a questionnaire survey. I acknowledge why these sources should 

also be interpreted with caution and compare the results of my analyses with published 

game bag data and hunting statistics. Huge effort is made by the general public to 

collect mammal records. I use the hare, an easily recorded and obvious species, to 

determine if and how to improve current recording methods so that this information can 

be used most effectively as part of the long-term monitoring of hare numbers in Britain. 

2.2 Methods 

Local mammal reports 

Over 2000 local mammal reports, listed in the directory produced by Jefferies, Morris & 

Mulleneux. (1989) and published between 1940 and 1996, were examined in the 

libraries of the Zoological Society of London, the Linnean Society of London and The 

Natural History Museum, London. Most local reports are produced annually and at the 

county level. Information on hares was gathered from each. In some reports, only 

presence or absence of hares was recorded, but in many others lists of sites where hares 

had been seen were given. Each site was converted into a I-km square represented by 
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an Ordnance Survey grid reference. Actual numbers of hares seen were given in only a 
few reports. 

The words used to describe the abundance of hares in each report were used to classify 

reports into three groups, in which hares were described respectively as very common, 

common and rare. Perceived changes in the status of hares were quantified in the same 

way. Reports were classified as describing numbers of hares as increasing, static, or 

decreasing. This approach provides an index of the status of hares as perceived by the 

author of the local mammal report, which may be more independent of recorder effort 

than the number of sites at which hares were seen. 

Questionnaires 

Questionnaires were distributed to 110 mammal recorders, wildlife trusts, mammal 

groups and biological records centres. Recipients of questionnaires were asked to 

describe changes in the abundance of hares in their county in the 1960s, 1970s, 1980s 

and from 1990 to 1995. Recipients of questionnaires were also asked to submit records 

of sightings of hares in their counties between 1940 and 1996 in computerised or hard 

copy format. I also travelled to a number of areas of the country to copy records where 

copying and submission of records proved difficult for the owner. Each site in which 

hares had been seen was assigned to aI -km square. 

Analysis of records of hares 

Records were grouped at the county level for analyses. Each county was assigned to a 

landscape (arable or pastoral) using the Institute of Terrestrial Ecology's land 

classification system on individual I-km squares in that county (Bunce & Heal, 1984). 
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Counties in which more than 50% of the I-km squares were classified as a landscape 

(arable or pastoral) were designated as belonging to that group. 

Generalised Additive Modelling 

Six counties were identified for which relatively long time series (>1970-1996) of data 

existed and a large proportion of the records of hares were attributed to a named 

recorder. Even for the selected counties there were a number of records for which the 

name of the recorder was not given. Two measures of recorder effort were detennined 

from the recorder name data. Minimum effort, the minimum possible number of 

recorders working within a county, was calculated for each year by counting all the 

named recorders. Maximum effort was calculated by adding the value of one recorder 

to the previously recorded zero value where records had been received but no recorder 

had been named. This was based on the obvious assumption that records had been 

collected by at least one recorder. This gave rise to a longitudinal data set with the 

response variable - number of I -km squares for which hares were reported (hare 

abundance), and covariates - maximum effort, minimum effort, county (Dorset, 

Hertfordshire, South Yorkshire, Oxfordshire, Gloucestershire, Staffordshire) and time 

(years). 

Generalised additive models (GAMs) (Hastie & Tibshirani, 1990) were used to 

investigate the temporal trends in the number of 1-km squares from which records of 

hare sightings were made, while accounting for the effect of recorder effort and 

allowing for differences between counties. GAMs are generalisations of linear models 

that allow non-nonnal error distributions and non-linear relationships between response 

and covariates to be modelled. A Poisson distribution is commonly assumed in 
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modelling count data. Under the Poisson model the variance is equal to the mean 

(var(yj)=ýtj). However, in the present case the variance is greater than the mean. 

Quasilikelihood methods were used to allow for this overdispersion with var(y) = (Dgi 

where 0 is an unknown scale parameter. 

In a GAM the relationships between the response and covariates are represented by 

smooth functions which can be estimated by a number of smoothing methods. The 

running mean is a simple example of a smoothing method; in the present case the cubic 

smoothing spline was used (Hastie & Tibshirani, 1990). With these methods it is 

possible to control the amount of smoothing and this can be expressed in terms of the 

equivalent degrees of freedom (df) where a smooth function with I df is a straight line. 

The advantage of using smooth functions is that the form of the relationships between 

the response and covariates is largely determined by the data themselves and that 

complex relationships can be modelled. The ability of the smooth functions to adapt to 

local variation in the data is important in fitting a model to the apparently irregular time 

series being analysed. 

In order to compare time series between counties while accounting for variation in 

recorder effort, separate smooth functions were fitted to the time series for each county 

as follows, 

log(ýt, oc + sj 
(t. +s (efforti 

where cc is an intercept term, sj is a smooth term for thejth county, and where tij is 

the ith year at the A county. Comparison of the fit with a reduced model using a 
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common smooth function for all counties was used to test for differences in temporal 

trend between the counties. The counties were also reclassified according to their 

longitude (West: Dorset, Gloucestershire, Staffordshire and East: South Yorkshire5 

Hertfordshire, Oxfordshire) and land classification (arable: Dorset, South Yorkshire, 

Hertfordshire, Oxfordshire and pastoral: Staffordshire, Gloucestershire). Models fitting 

separate smooth functions to the time series combined in this way were again compared 

with model 1. Finally, the significance of the temporal trend for each county was also 

tested by dropping the smooth term for a given county and comparing the resultant 

model with model 1. 

In longitudinal studies such as this one the repeated measurement of the response 

variable made on the subjects, here the counties, usually means that the observations are 

not independent. A number of models have been developed for the analysis of 

longitudinal data that account for this correlation (see Diggle et al., 1994; Lindsey, 

1999). In fitting a GAM it is assumed that the residuals are independent of one another 

and correlation between observations is not accounted for explicitly. However, the 

decomposition of time series into trend and correlation components is subjective 

(Diggle, 1990). With the objective of describing and comparing long term trends in 

hare abundance, smooth functions of GAMs were used to capture all of the temporal 

variation as a trend component. The degree of association in the residuals from the 

fitted models was examined by constructing sample variograms (Diggle, 1990) for each 

county. 
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2.3 Resu Its 

Local mammal reports 

Between 1940 and 1996, there was variation in the number of counties publishing local 

mammal reports which were examined, and which contained any information about 

hares (see Figure 2-2). This variation could represent changes in recording effort, or 

changes in the geographical range of the hare, although the latter is unlikely (see the 

summary of information from the Victoria County Histories given by Hutchings & 

Harris,, 1996). To control for the area of each county, the number of I-km squares in 

which hares were seen as a proportion of the area of the county was calculated for each 

county for each year (see Figure 2.3). 

Figure 2.2 Numbers of counties for which sites in which hares had been seen were 
published in local mammal reports included in this study, between 1940 and 1996. 
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Figure 2.3 Mean number of 1-km squares per 100km 2 of county in which hares 
were sighted (and sightings were published in local reports included in this study) 
between 1940 and 1996. Vertical bars indicate standard deviations. The sample 
size (number of counties) for each mean is shown in Figure 2.2. 
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The way in which populations of hares were described in reports in each year between 

1940 and 1996 did not change obviously (Table 2.2 Please note no adjectives were 

recorded in missing years including 1995 and 1996). Hares were generally described as 

common, but whether populations were changing or not is less clear. 
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Table 2.2 Percentage of reports containing adjectives describing hare populations 
1940-1996. No adjectives were recorded in missing years. 

Year Very Abundant Common Rare Increase Static Decrease 
1941 0 100 0 0 0 0 
1942 0 0 0 0 100 0 
1944 0 100 0 0 0 0 
1947 too 0 0 0 0 0 
1948 0 0 100 0 0 0 
1949 0 0 100 0 0 0 
1952 100 0 0 100 0 0 
1953 0 0 0 100 0 0 
1954 0 100 0 100 0 0 
1955 0 100 0 0 0 0 
1956 0 0 0 0 0 100 
1957 0 100 0 0 0 100 
1958 0 0 0 100 0 0 
1959 33 67 0 40 40 20 
1960 0 0 0 0 100 0 
1961 50 50 0 67 33 0 
1962 0 100 0 67 33 0 
1963 50 50 0 50 50 0 
1964 40 60 0 67 33 0 
1965 50 25 25 50 50 0 
1966 0 100 0 0 100 0 

1967 0 100 0 0 0 0 

1968 33 67 0 67 33 0 

1969 0 100 0 100 0 0 

1970 50 50 0 33 67 0 

1971 50 50 0 0 0 0 

1972 0 100 0 33 33 33 

1973 0 100 0 0 100 0 

1974 50 50 0 0 100 0 

1975 0 100 0 0 0 0 

1976 33 67 0 0 0 0 

1977 50 0 50 0 100 0 

1978 50 50 0 0 0 0 

1979 0 100 0 0 0 0 

1980 0 100 0 0 0 0 

1981 0 100 0 0 100 0 

1982 0 100 0 0 50 50 

1983 50 50 0 0 100 0 

1984 0 50 50 0 100 0 

1985 0 50 50 too 0 0 

1986 100 0 0 67 33 0 

1987 0 100 0 0 0 0 
0 

1989 0 0 0 0 100 
0 

1990 0 0 0 100 0 
0 

1991 0 100 0 50 50 
0 

1992 50 0 50 100 
0 

0 
100 0 

1993 0 100 0 
0 0 0 

1994 100 0 0 
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Questionnaires 
c ipients in 41 counties returned questionnaires. Since 1970 many contributors 

perceived numbers of hares in their county as decreasing. However, many people were 

also unsure of the status of hares (Table 2.3). 

Table 2.3 Changes in the abundance of hares in 41 counties in four time periods 
since 1960, as perceived by recipients of questionnaires. 

Time period Increasing Static Decreasing Unsure 
1960s 2 5 4 26 
1970s 1 6 8 23 
1980s 1 5 12 20 
1990 to 1995 3 6 12 19 

Records of hares 

The number of counties returning records of sightings of hares was low in the 1940s, 

1950s and 1960s but increased after 1970. The number of counties then declined before 

reaching a peak again in the early 1980s. This was followed by a decline and a 

subsequent increase in the number of contributing counties into the early 1990s. These 

changes could represent a change in the abundance and geographical distribution of 

hares but could simply be an artefact of change in observer or recorder effort. To 

account for the changes in effort represented by the changes in the number of counties 

recording sightings, the mean number of sightings per reporting county per 100krW was 

calculated. This assumed that the whole area of a county returning at least one record 

had been surveyed. Hare abundance was also estimated in this way for two groups of 

counties, predominantly arable, with >50% of I-km. squares defined as arable, using the 

ITE Land Classification system (Bunce & Heal, 1984) and predominantly pastoral, 

counties with >50% of I-km squares defined as pastoral. Time series plots of this index 

for all counties and the predominantly pastoral and predominantly arable counties 
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showed similar patterns and confirmed the previous results. Hare 'numbers' were low in 

the 1940s, 1950s and 1960s (<0.5 I-km squares per county per 100km), increasing to 

reach a peak of approximately I in the early 1980s and then quickly declined (see 

Figures 2.4,2.5 and 2.6). 

Figure 2.4 Mean number of I-km squares per 100km 2 of counties from which 
records of hares from between 1940 and 1996 were returned. Vertical bars 
indicate standard deviations. 
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Figure 2.5 Mean number of 1-km squares per IOOkM2 of mainly pastoral counties 
from which records of hares from between 1940 and 1996 were returned. Vertical 
bars indicate standard deviations. 
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Figure 2.6 Mean number of 1-km squares per IOOkM2 of mainly arable counties 
from which records of hares from between 1940 and 1996 were returned. Vertical 
bars indicate standard deviations. 
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Generalised Additive Modelling 

The model including individual smooth terms for each county (the interaction model or 

model 1) provided a significant improvement in fit when compared to the model with a 

common curve for all counties (df=30.3, F=3.09, p=1.7xl 0-5) ; both models included a 

smooth term for maximum effort. This indicates that there is a significant difference 

in the temporal trend in hare abundance at least between two of the counties. 

Simplification of the interaction model by fitting smooth terms to the temporal trend for 

counties grouped by longitude or land classification was not supported (longitudinal 

grouping: df--28.2, F=3.20, p=1.4xl 0-5; land classification grouping: df--28.3, F=2.88, 

p=7.2xl 0-5) . This suggests there is a difference in temporal trend between counties 

within these groupings. Dropping smooth terms for each county from the interaction 

model indicates that there was a significant temporal trend in hare abundance at Dorset, 

Hertfordshire and South Yorkshire (Table 2.4). There was no significant temporal trend 

in hare abundance for Oxfordshire, Gloucestershire or Staffordshire (Table 2.4). These 

results were obtained regardless of which measure of recorder effort was used. As 

expected, dropping the effort term from the interaction model does result in a significant 

decrease in the model fit (df--4.15, F=5.71, p=2.8x 10-4). 

The model comparisons lead to the selected model, 

l0g(ýt 
i) ý-- (I +S 

(tDorsel, 
i 

)+S (tHerifordshire, 
i 
)+S (tSYorkhii )+ 

s(efforti). 
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Table 2.4 Analysis of GAMs for hare abundance using maximum effort covariate. 
P values indicate the effect of dropping smooth terms for individual counties from 
the interaction model. 

Source 
S(tDi 

) 

S(tGi 
) 

s 
(tsi ) 

S(tyj 

S(toi 

S(tHi)_ 

Df F 
6.15 8.81 

6.11 
6.03 
6.24 
6.09 
6.08 

0.69 
1.36 
4.02 
1.64 

p 

IXIO-7 

0.66 
0.24 
1XIO-1 
0.14 

6.85 4x1 0-6 

The predicted temporal trends in hare abundance having accounted for variation in 

recorder effort are given in Figure 2.7. The relationship between hare abundance and 

recorder effort is given in Figure 2.8. The residuals from the selected model are plotted 

against time in Figure 2.9. Little structure is evident in these for Dorset, Gloucester or 

South Yorkshire. This is confirmed by the corresponding variograms (see Figure 2.10) 

but some temporal structure is evident in the residuals for Staffordshire and 

Oxfordshire. Similar examination of the residuals from the interaction model (see 

Figure 2.11), confirmed by the associated variograms (see Figure 2.12), shows that the 

inclusion of a smooth term for these counties eradicates this, suggesting that the 

recorder effort alone does not account for the change in hare abundance at these 

counties. This contradicts the previous results that favoured dropping the smooth terms 

for Staffordshire and Oxfordshire and also questions the reliability of the model 

comparisons involving models without smooth terms for these counties. Consequently 

it is difficult to decide between these competing models. 
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Figure 2.7 Trends in hare abundance controlled for recorder effort in six counties. Dotted lines indicate standard error plots. 
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Figure 2.9 Variation in residuals from selected model for six counties. 
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Figure 2.10 Variograms for six counties for the selected model. 
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Figure 2.11 Variation in residuals from the interaction model for six counties. 
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Figure 2.12 Variograms for six counties for the interaction model. 
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2.4 Discussion 

Perceived changes in hare numbers are discussed and interpreted in relation to the 

source of data. These changes are then discussed relative to published data on hare 

populations from other sources to compare methods of monitoring and assess the 

validity of using local mammal reports and mammal records to monitor hare numbers. I 

then make recommendations for improving these methods and the monitoring of hare 

populations at a national level. 

Changes in hare numbers: comparison of data sources 

Local manunal reports 

The examination of mammal reports confirms that hares are widely distributed in 

Britain and that the hare population fluctuated widely during the latter half of the 

twentieth century with three peaks of abundance. The peak in hare numbers in the 

1960s seems to fit between the two periods of decline noted by Tapper & Parsons 

(1984) in 1963 and 1966 and attributed to severe winter weather conditions resulting in 

low recruitment. A peak in abundance in the 1970s may be related to the interest in 

mammal recording generated by the publication of the first mammal atlas in 1971 

(Corbet, 1971) but there was no corresponding increase during the 1960s when the 

distribution maps were being compiled. It is more difficult to explain why hare 

populations declined sharply in the 1980s and this is discussed further in relation to the 

records of hares where a similar decline is evident. Hares were described as common in 

many of the reports I examined and this is, in part, attributable to the fact that some 

reports only contain 'common' species. However, comments related to abundance are 

not generally assigned to all species in a report, suggesting that any comments worthy 

of inclusion should be considered as a realistic representation of the status of the species 
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and that hares were indeed common in areas where this was stated. Opinion was more 

divided regarding trends in hare numbers in different counties. Many reports contained 

anecdotal information but most reports did not contain any comments related to 

temporal trends and it is unclear whether this was due to lack of information, 

uncertainty about data interpretation or simple omission from the report. All reports 

should be interpreted as subjective and of variable quality but also provide a means of 

instantaneous access to results, often collected over long periods of time. 

Questionnaires 

The questionnaire results provided a 'snapshot' of changes in hare numbers in different 

counties and many recorders were uncertain of the directionality of this change. Such 

uncertainty does not always highlight a lack of infonnation, although this is true for 

some counties, but often respondents had been responsible for collating records for only 

a short period of time and felt unable to provide an adequate assessment of change in 

hare abundance in earlier decades. An increasing perception that hares were declining 

in the 1980s and 1990s might be interpreted as a subjective response to the production 

of literature and media publicity at the time of the questionnaire, which strongly 

indicated that hares had declined. However, such bias would have resulted in 

respondents citing hares as declining either in all decades or in all counties in the 1980s 

and 1990s. Since this was not the case, I suggest that the recorded declines from the 

questionnaires are likely to represent real change in hare numbers in the last two 

decades of the 1900s. 
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Records of hares 

The observed patterns of change in hare abundance using records of hares are similar to 

those recorded in local mammal reports. This might be expected since records are 

collated and reports written by the same person in many counties, but not all records are 

included in many reports and the strong correlation between patterns from both sources 

provide further indication that the observed changes are real. Individual records of 

mammals represent a higher 'quality' of data than in mammal reports where information 

may be omitted in collation, so conclusions from these data are more robust than those 

from the mammal reports. In addition, access to individual records, often with a 

recorder name attached, allows control for recorder effort increasing the accuracy of the 

conclusions. 

The GAM modelling approach relies on the assumption that the temporal variation in 

hare abundance is adequately modelled as a trend without any autocorrelation between 

observations. This implies that the observed temporal variation does result from 

changes in unmeasured biotic or abiotic environmental covariates and not population 

process i. e. hare abundance in one year is independent of the abundance in the 

preceding years. The presence of autocorrelation in the residuals from some of the 

GAMs raises some doubt about the model comparison procedure. Alternative 

modelling approaches such as marginal models and Markov regression models, where 

population processes can be modelled directly, are continuing to be developed and the 

software to fit these models is not widely available, hence they could not be included in 

this studY. 
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Modelling indicates that the observed changes in hare abundance are largely accounted 
for by recorder effort but also suggests that additional factors are operating which have 

an impact on the abundance and geographical distribution of hares. The decline in hare 

numbers noted in mammal reports in the 1980s is also present in these data for all 

counties, arable and pastoral and several individual counties and supported by the 

questionnaire data. My first hypothesis, that hare numbers declined during the 20th 

century can therefore be accepted and since this pattern is supported by all three 

sources, it is realistic to assume that these observed changes in hare numbers are due to 

changes in recorder effort in combination with other factors. Fitting smooth terms to 

the temporal trend for counties grouped by landscape suggested a difference in temporal 

trend between arable and pastoral counties, hence my second hypothesis is also 

accepted. This indicates that landscape type and its inherent differences in habitat 

management may have contributed to the decline in hare numbers. 

Comparing results with published trends 

The patterns of change in hare numbers identified from mammal reports and records of 

hares are partially reflected in game bag-data; for example the steady decline in hare 

abundance noted in Dorset (an 'arable' county) through the 1970s and 1980s is also 

seen in published game-bag statistics. This might be expected since most game-bag 

data is collected from driven hare shoots over arable land. However, there is no clear 

general trend in the direction of hare numbers that is similar in all four data sets, 

mammal reports, records of mammals, game-bag data and hunting statistics. 

The absence of a clear trend in hare numbers in all these data sources is likely to be due 

to inherent differences in the method of data collection. Any comparison of data sets 
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needs to accommodate these differences, and also accept the weaknesses in each 

individual data set. 

This study highlights the difficulty associated with comparing data sets which cover 

different areas of Britain and where species abundance, in this case hare abundance, is 

represented by different indices. Hare populations fluctuated widely during the 

twentieth century and although there is evidence from most sources that hare 

populations declined, particularly during the 1980s, clear, directional trends in hare 

numbers are not visible across all data sets. 

It is clear that mammal reports and records of mammals do provide a useful set of long- 

term data and that future recording and model development will allow for more detailed 

analyses. Such analyses would be made easier however, if records were collected 

nationally and collated in a standardised format. Many of the records I examined were 

incomplete (i. e. did not contain the number of animals seen or a grid reference, or a site) 

and reports were presented in a variety of styles from year to year within and between 

counties. A standardised format for recording is in agreement with recent 

commissioned reports on mammal monitoring (Macdonald, Mace & Rushton, 1998; 

Toms, Siriwardena & Greenwood, 1999) and with the suggestion of Jefferies, Morris 

and Mulleneux (1989) that local recorders should bear in mind future use of their data 

when compiling their reports. 

Haphazard records are useful as an aid in assessing species distribution but are not so 

suitable for assessing trends in absolute abundance or providing detailed information 

about abundance in specific habitats. As in this study, analysis often requires data to be 
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grouped, which reduces resolution so that changes in species number in landscapes or in 

particular habitat types cannot be detected. The UK Biodiversity Action Plan for hares 

(Anon., 1995) includes a clear commitment to monitor hare numbers and distribution 

regularly. This study of trends has indicated that the surrounding landscape affects hare 

numbers. In Chapters 3 and 41 aim to determine the effect of recent change in habitat 

on hare numbers. I present the results of the 1997-1999 national hare survey, part of 

Britain's commitment to the long-term monitoring of hares. 

2.5 Summary 

Local mammal reports, questionnaires and records of hares were analysed to assess 

historical changes in abundance and distribution, and to determine how current 

recording methods can be structured to enhance the effectiveness of monitoring hares. 

Analysis of mammal reports revealed variation in hare numbers that may provide direct 

evidence of change in the geographical range of hares but could not be controlled for 

recorder effort due to the nature of the data. Hares were generally described as common 

in many counties, but the reports were unsuitable for gleaning direct evidence related to 

change in numbers. 

Questionnaire data spanning 1940-1995 indicated a tendency towards declines in hare 

numbers in many counties, but also demonstrated the need for continuous monitoring 

and recording as many respondents were unsure of the status of hares in their county. 
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Time series plots from records of hares, controlled for recorder effort, showed low hare 

numbers through the 1940s, 1950s and 1960s, and increase into the 1980s, followed by 

rapid decline. 

Generalised Additive Modelling was used to isolate 'real' temporal change from the 

effect of recorder effort. Two models were generated, one of which provided evidence 

of real change for particular counties. These models also indicated substantial 

variability in hare numbers and temporal trends between counties and the possible affect 

of landscape and habitat management on hare numbers. 

Results from the analysis of all three data sources were compared with published trends 

in game bag data and hunting statistics. Although some similar trends were identified 

and hare populations fluctuated widely, similar clear directional trends were not visible 

in all the data sets. Differences in the trends shown can be explained by the different 

methods used to collect the data and the advantages and disadvantages associated with 

the use of each data set. 

Local mammal reports and records of mammals provide long-term data sets which are 

useful in assessing distribution but unsuitable for assessing absolute abundance if data 

are not collected in a standardised way across the country. The promotion of 

standardised recording is a key element of national monitoring schemes introduced in 

the last decade and improvements in recording, combined with advances in 

mathematical modelling to increase analytical ability, will ensure that these data are 

fully exploited. 
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3 Changes in the hare population during the 1990s 

This chapter, together with the contents of Chapter 4, has been submitted for publication 

in Mammal Review as: 

Temple, R. K., S. A. J. Clark and S. Harris. submitted. Changes in the British hare (Lepus 

europaeus) population during the 1990s. Mammal Review. 

3.1 Introduction 

In Chapter 2,1 concluded that trends in hare numbers in the 20th century were unclear 

but that hare populations appeared to be closely tied to the landscape. I also indicated 

that 'haphazard recording' of hares provided a useful basis for the assessment of species' 

distribution and could be used to provide an indication of trends in abundance. In 

addition, I noted the difficulties associated with this type of recording particularly that it 

proved difficult to distinguish real change in the geographical distribution of hares from 

artefactual changes created by the distribution of recorders. 

Monitoring, as distinct from recording, is defined as 'the repeated sampling of a species' 

status' (Macdonald, Mace & Rushton, 1998). Introducing this repetitive temporal 

element enables the status of a species to be assessed and, as a result, projects may be 

implemented to regulate species numbers or alter distribution. Many techniques have 

been applied to the monitoring of brown hares across Europe (see Table 3.1). Which 

technique is chosen depends chiefly on the aims of the study and the level of accuracy 

required. The wealth of techniques are reviewed by Langbein et al. (1999). 
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Prior to the early 1990s, despite increasing concern about declines in the hare 

population in Britain (Tapper & Parsons, 1984), there had been no quantification of this 

decline and there was no population estimate upon which to base future work or focus 

research priorities. The first National Hare Survey was launched in 199 1, with the aim 

of calculating a population estimate which could be used as a baseline figure to assess 

changes in hare numbers in the future. Following a pilot study (Langbein et al., 1999), 

line transect sampling was selected as the most appropriate survey technique based on 

the need to maximise accuracy, recruit a large volunteer survey team, survey as large an 

area as possible and minimise disturbance to the survey sites. A population estimate of 

817,520±42.959 hares was calculated using counts of hares collected from walking line 

transects in 738 1-krn squares across Britain (Hutchings & Harris, 1996). Hare numbers 

in arable land classes were more than double those in pastoral land classes, producing 

an east (predominantly arable)/west (predominantly pastoral) split in hare numbers and 

distribution. Hares had a localised distribution and East Anglia (classified as 

Cambridgeshire, Norfolk and Suffolk) alone contained 19.8% of the total hare 

population. 

One of the monitoring objectives of the UK Biodiversity Action Plan is to 'repeat the 

National Hare Survey at appropriate intervals'. In this chapter I present some of the 

results of the second National Hare Survey that was conducted in 1997-1999 and use 

these results to explore how hare numbers changed during the 1990s. Line transect 

sampling within a national survey framework appeared to be the most appropriate way 

of assessing change since the method had originally been selected to cover a wide 

geographical area and maximise accuracy. County records of hares suggested that hare 

numbers might have stabilised during the 1990s. I test two hypotheses (1) that there 
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has been no change in hare populations nationally or in any landscape or region since 

the early 1990s and (2) that hares remain at significantly high densities in arable land. 

3.2 Methods 

Data collection 

Data were collected by a team of over 400 volunteers who walked line transects in I-km 

squares following the method devised by Hutchings & Harris (1996). Volunteers were 

recruited through publicity material sent to wildlife trusts, biological records centres, 

local mammal groups and the Mammal Society. The survey was funded by the People's 

Trust for Endangered Species so also received publicity through their networks. 

Each volunteer received a survey pack outlining the aims of the survey and providing 

detailed instructions about how to complete the survey. The pack also included 

datasheets and two maps of the allocated square (Pathfinder 1: 25,000 Series). 

Volunteers were asked to mark the transect line on one map and all habitats and crop 

types within the I -km square on the second map. Full habitat surveys to complete the 

second map were conducted on a separate visit or after the transect had been walked so 

that the volunteer focused on marking the transect accurately and locating hares during 

the transect walk. Guidelines for recording the habitat data were issued in the pack to 

ensure as far as possible that all volunteers would record habitat features within I-km 

squares in a standardised manner. In the previous survey, two separate sets of 

guidelines had been issued, one for recording general habitat data within the 1-km 

square and one for recording the habitat along the transect. This had confused some 

volunteers so the new guidelines for the second survey were used for recording all 

habitats in the 1-km square. Instructions for completing the survey, copies of the 

datasheet and Guidelinesfor recording the habitat data may be found in Appendix A. 
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Squares were walked once during the period October 14th-January 14th in 1997-1998 

or 1998-1999. In the first survey, squares were walked three times, once each month, 
during the same time period, but since the number of hares seen did not differ 

significantly between the three walks (Kruskal-Wallis; n=2091 df--2, Xý=1.126, p>0.5 
(Hutchings & Harris, 1996)), participants in the second survey were required to walk 

the square once only. 'Ideal' transects formed a square 150m inside the 1-km boundary 

and traversed all habitat types within the l-kni area. Participants recorded the timing 

and weather details of the walk and the number of hares seen. For each hare seen, 

perpendicular distances were recorded exactly up to 25m from the transect; distances 

greater than 25m were grouped at intervals of 25-50m, 50-100m and 100m+ by the 

surveyor. Squares were surveyed close to midday when hares would be more likely to 

be lying up and easier to count when flushed from the form. Participants were asked to 

avoid conducting surveys in conditions of extremely inclement weather, particularly 

when visibility was reduced. 

Data analysis 

, 
Classifying I-km squares 

Data from each I-km square were transferred from the survey sheets to data input sheets 

before being entered onto spreadsheets for analysis. Squares that had been surveyed in 

1991-1993 and re-surveyed for the current study were classified as 'repeat' squares; 

those squares that had not previously been surveyed for hares were classified as 'non- 

repeat'. Each 1-krn square was assigned a land class from the Institute of Terrestrial 

Ecology land classification scheme (Bunce, Barr & Whittaker, 1981; Barr et al. 1993) 

and land classes were then grouped into landscapes. 
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Spreadsheets from the 1991-1993 survey were manipulated to take account of the new 
habitat codes as a result of redefining the Guidelines for recording the habitat data for 

the 1997-1999 survey. This ensured that all habitat information was standardised across 
both surveys. 

Data analysis was conducted using a range of statistical tests in Microsoft Excel, 

Minitab 11.0 and SPSS 9.0. These included Wilcoxon matched pairs tests, Mann- 

Whitney-U tests, chi-square tests, Kruskal-Wallis One Way-Anova and Spearman Rank 

correlation tests. Dunns Q test was used as a non-parametric Tukey-type multiple 

comparison of means test and z-tests were used to compare the means of large samples. 

Power analysis was conducted using Pass 6.0. 

Testiniz the reliabilfty of the data 

The 1997-1999 data were prepared for analysis using the protocol from the first survey 

(Hutchings & Harris, 1996). All surveys were given a credit rating of 1,2 or 3 as a 

measure of the quality of the data. Transects approximating the 'ideal' with detailed 

habitat information were classified as 1, those transects which were complete but lacked 

some habitat information were classified as 2, and transects which were incomplete 

were classified as 3. Weather information was recorded in the form of an index, where 

15 2 and 3 represented good, bad and fair weather conditions. Data were grouped in the 

four main landscapes: arable, pastoral, marginal upland and upland and hare numbers 

were compared between years using a Mann Whitney-U test and between credit ratings 

and weather conditions using Kruskal-Wallis 1 -way ANOVA. A reduced sample of I- 

km squares was used to compare hare numbers in different weather conditions since not 

all surveyors had recorded the weather conditions at the time of the transect walk. The 

proportions of each habitat sampled by the transect line were compared to the 
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proportions of each habitat within the I -km square to determine if the transect habitat 

data were representative of the actual habitats within the square. A sample of 20 I-km 

squares, in which 138 habitats were recorded, were selected at random for this analysis. 

Estimating the number of hares in Britain 

The current population estimate for hares in Britain was calculated using DISTANCE 

3.5. Data collected from line transects were analysed according to the principle that the 

probability of seeing or 'detecting' an animal whilst walking a transect decreases as the 

distance between the animal and the transect line increases. Mathematically, the 

probability of detecting an animal is represented by a detection function, which can be 

estimated using mathematical models. 

The population of hares in Britain was calculated using perpendicular distance data 

collected in the field and the DISTANCE program. This program fits a mathematical 

model to the data producing an estimate of the detection function and hence population 

density. Four mathematical models were available: the uniform or Fourier series model, 

half-normal model, hazard rate model and negative exponential model. The parameters 

of these models can be adjusted manually or automatically within the program. Full 

details of these models can be found in Burnham, Anderson & Laake (1980) and 

Buckland et al. (1993) and the use of these models to analyse hare sightings data is 

described by Hutchings & Harris (1996). 

In using DISTANCE to estimate population density, three basic assumptions were made 

about the hare population, in accordance with DISTANCE sampling theory; (1) that any 

hares on the line would be detected with certainty, (2) that hares were at their initial 

location when detected and (3) that the perpendicular distance between a hare and the 
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transect line had been measured to the nearest metre or assigned to the correct category 

when data were grouped. The data were analysed in separate landscape groups to 

enable comparison of hare numbers by landscape prior to calculating an overall 

population estimate. 

Before proceeding with the data analysis it was necessary to detennine if the sighting 

distance data should be grouped or ungrouped for analysis. Grouping the data increases 

estimator robustness, thereby increasing the accuracy of the population density estimate. 

This is particularly important in datasets that exhibit 'heaping' i. e. where there are peaks 

in the number of records at particular intervals, such as 5m and 10m. Such heaping 

usually results from a tendency to round up distances to the nearest multiple of five. 

Where possible, data should be grouped so that these peak intervals fall within the 

middle of an interval. Where this is not possible, grouping should be structured so that 

heaping points fall into different intervals (Buckland et al., 1993). 

The frequency distribution of perpendicular distances in arable, pastoral and marginal 

upland groups all showed signs of heaping at 5m points (Figure 3.1). Data were 

grouped at intervals in which heaped data were separated. Few data were available for 

upland areas and data were not grouped for analysis. 

Truncation or removal of outliers from a data set may increase the precision of the 

density estimate and facilitate model fitting (Buckland et al., 1993). Inspection of the 

frequency distribution curves for all landscapes indicated truncation points for data in 

each landscape (see Figures 3.2,3.3 and 3.4) with the exception of upland, where 

truncation would not improve the density estimate due to small sample size (Table 3.2). 

64 



41.1 

im 

kw 

-22 
>-4 

0£ 
. W. 9 

cc U) 

U) 

U) cn 

0 

E 

0 
4& 
U, 

a- 

4 1ý 
cm v C%l 

.m 
cm Cý 

cla 

C14 

to 

C%j 

co (D 

suoqeA. ier. qo jojaqujnN 

,4 
cn 
e 

c4 le 
c4 

ce 
9 

c4 
C, 4 

cn 

cý 
(4 

CF» 

10 

cý 
9 
Co 

tr 
to 

"0 

I 
C4 

a co CO 
't r4 C2, co CD 10 CM C, 

suo! IeAjesqo ; ojaqLunN 

E 

Ma 

'9 

LO) 
1c; 
2 
co 

V 
r 
11 
CL 

0 
IL 

I-. 

C) 

C 
0, 

0, 
0. 

4- 
C 

4-. 

C 
0, 
0, 
U) 
U) 

0 

0I 
.0 
E 
C 

C 

0. 
" 

C 
4) 

CL 

(D w 

m 
M -EI 

CL 

cc a 
LM 
(a 

2 

C» 
14 ce 
(14 nr c4 
V) 
ly 
c4 
c4 

c4 
ch 

Co 
I.... 

(0 
10 

4 
C., 

N 

4 

«e 
Co 

I? 
Ict 

t? c4 

0 

0 

ri 
r2 c4 
c4 

Co 

r- 
'7 

0 

9 
Co 

W) 
4 

C? C-4 

00 r- W In 1* 4. ) 04 -0 
suo! le"asqo jojeqLunN 

C 
a 

. U) 

CL 

E 

EL 
4) CL 

141) 
"0 

V) c4 

suotie&jesao io joawnKi 



Figure 3.2 Number of observations of bares at different perpendicular distances in 
I-km squares in the arable landscape. 
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Figure 3.3 Number of observations of hares at different perpendicular distances in 
I-km squares in the pastoral landscape. 
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Figure 3.4 Number of observations of hares at different perpendicular distances in 
I-km squares in the marginal upland landscape 
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Table 3.2 Grouping intervals and truncation points used for DISTANCE analysis. 

Landscape Grouping intervals (m) Truncation 
point (m) 

Arable 0-3.911 4.0-7.9,8.0-11. % 49.9 
12.0-15.91) 16.0-19-95 20.0-24.9,25-49.9, 
50-99.9,500 

Pastoral 0-3.9,4.0-7.9,8.0-11.9, 49.9 
12.0-15.915116.0-19.91) 20.0-24. % 25-49.91, 
50-99.9,388 

Marginal upland 0-3.9,4.0-7.9,8.0-11.9, 24.9 
12.0-15.9,16.0-19.9,20.0-24.9,25-49.9, 
50-99.9.120 

Upland Data not grouped Data not 
truncated 

The data for each landscape were analysed using the four models within DISTANCE 

(Table 3.3). The negative exponential model violates some of the assumptions 

necessary for robust estimation so was included for completeness only. Adjustment 

terms were automated and the reliability of each model was assessed using Akaike's 

information criteria (AIC). The most reliable density estimate was then selected for 

each landscape following examination of the coefficients of variation associated with 

the density estimate and estimator efficiency, the number of cosine adjustment terms 

and the AIC value (Table 3.4). 

The density estimate produced using the hazard rate model was rejected for the arable, 

pastoral and marginal upland landscapes due to the high coefficients of variation 

associated with the density estimate (CV) and estimator efficiency (f(O)). The uniform 

or Fourier series and half-normal models produced very similar density estimates in 

arable and pastoral landscapes, with similar associated coefficients of variation, cosine 

adjustments and AIC values. The uniform model was chosen for these landscapes since 

it is known to be more robust and estimator efficient. 
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Table 3.3 Model selection parameters for the four different landscapes. 
(D=mean hare density per square kilometre, CV=density percent coefficient of 
variation, M=number of cosine adjustments added to the model, f(O) = estimator percent 
coefficient of variation (estimator efficiency), AIC=Aikaike's information criterion, 
P=probability value of goodness of fit test comparing model's predicted value with 
actual data. Where p> 0.05, this suggests that the model fits the data adequately. ) 

Landscape Model D N CV M F (0) AIC P 

Arable Uniform 4.9148 2212 19.79 4 15.23 631.84 0.44066 
Arable Half-normal 4.8190 2169 18.13 3 13.01 630.06 0.44942 
Arable Hazard 5.1328 2310 22.94 2 19.15 629.80 0.42195 
Arable Negative 4.6577 2096 16.55 1 10.69 629.09 0.46499 

exponential 

Pastoral Uniform 3.1821 799 27.99 3 17.45 240.72 0.38214 
Pastoral Half-normal 3.0985 778 25.87 2 13.78 239.31 0.39245 
Pastoral Hazard 5.1294 1287 48.23 2 42.98 235.07 0.23707 
Pastoral Negative 3.6160 908 26.93 1 15.68 236.49 0.3363 

exponential 

Marginal Uniform 2.8392 304 35.47 3 12.71 377.48 0.29933 
upland 
Marginal Half-normal 4.8433 518 35.79 5 13.58 366.19 0.17547 
upland 
Marginal Hazard 18.169 1944 48.40 2 35.31 351.63 0.04677 
upland 
Marginal Negative 5.3801 576 34.70 1 10.38 363.65 0.15796 
upland exponential 

Upland Uniform 2.8407 99 50.75 0 0 44.361 1 
Upland Half-normal 2.8411 99 57.16 1 26.30 46.363 0.99987 
Upland Hazard 2.8407 99 50.75 2 0.020 48.361 1 
Upland Negative 2.8409 99 71.17 1 49.90 46.362 0.9999 

exponential 

The coefficients of variation and number of adjustment terms were all lower in the 

uniform model for marginal upland areas than in the half-normal model, and so the 

uniform model was selected. In upland areas, the hazard-rate model was rejected due to 

the high variation associated with estimator efficiency (f(O)) and the population density 

estimate calculated by the uniform model was selected over the half-normal model 

estimate due to its low AIC value and the absence of anY cosine adjustment terms 
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Table 3.4 Summary of model selection criteria. 

Landscape Model Selection criteria Model selected 

Arable and Negative 0 Violates assumptions Uniform Pastoral exponential 
Hazard rate 0 High CV 

11 High f(O) 

Half-normal 0 Higher f(O) than uniform 
0 Less robust than uniform Marginal Negative F1 Violates assumptions Uniform 

Upland exponential 
Hazard rate 11 High CV 

11 High f(O) 

Half-normal 11 Higher CV than uniform 
11 Higher f(O) than uniform 
0 More adjustment terms required 

Upland Negative 0 Violates assumptions Uniform 
exponential 
Hazard rate 11 Higher f(O) 
Half-normal 0 Higher AIC than uniform 

El More adjustment terms required 

Estimates of the density of hares were calculated for each landscape. The density 

estimate produced using the uniform model was chosen for all landscapes since it is 

known to be more robust and estimator efficient than other models. Only 32 I-km 

squares had been surveyed in upland areas and Bucktand et al (1993) recommend a 

minimum of 50 samples for use with the DISTANCE program. Two population 

estimates were therefore calculated for hares in 1997-1999, one including the upland 

estimate and the second representing hares in arable, pastoral and marginal upland 

areas. To enable direct comparison of population estimates between the 1991-1993 and 

1997-1999 surveys, two comparable population estimates were also determined for 

1991-1993, the first incorporating upland areas and the second omitting upland areas. 

Hence four population estimates were calculated in total. The selected population 

densities in each landscape were multiplied by the total area of rural land in each group 

and the total population density across all landscapes was calculated. 
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Confidence limits for each of the four landscapes were calculated using Cochran's 

method which allows the variance in each stratum to be combined to produce a 

population variance. Strata were considered separately, each with a stratum mean and 

stratum variance. The stratum variance was multiplied by the stratum weight (the 

proportion of the overall population which the stratum represents) to provide an overall 

estimate of the variance for the stratum. The sum of the variances of all the strata is 

termed the 'population variance', the square root of which is the standard deviation of 

the population. This was then multiplied by the students t statistic at the 5% level 

((x=0.05) to provide lower and upper 95% confidence limits. 

For my calculations, four strata (arable, pastoral, marginal upland and upland) were 

used. Using the notation found in Cochran (1963), for h strata: - 

(S) = %LSý Weighted stratum variance _h 

nh 

Stratum weight (Wh) NI where Nh = total area of rural land 

N in each landscape 

N= total area of rural land 

S2 
2 

Estimated stratum variance h 
nh- 

where Xhi = observation 1 in stratum h (a 

single 1 -km) 

Xh stratum sample mean 

nh number of squares surveyed 

in each landscape 
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Examining changes in hare numbers 

The 1991-1993 and 1997-1999 estimates were compared initially using the associated 

confidence intervals where overlapping confidence intervals indicated that there was no 

overall population change. Since analysing these data solely at a national level might 

have concealed regional changes in hare numbers, three additional analyses were 

conducted. Using county boundaries, data were categorised as representing the east or 

west of the country (see Table 3.5). Scottish counties were not included in the east/west 

analyses due to difficulties with classifying a number of counties . Secondly the data 

were grouped into four landscapes (arable, pastoral, marginal upland and upland) and 

finally data were categorised into ten nominal regions (see Hutchings & Harris, 1996 

for details of regions). Hare numbers in each of these groups (east/west, landscape or 

region) were compared between the 1991-1993 and 1997-1999 surveys using chi-square 

tests. 

Table 3.5. Grouping of counties into East and West categories 

Orientation Counties 
- --- --- --- 

E- ast Bedfordshire, Berkshire, Buckinghamshire, 
Cambridgeshire, Derbyshire, Durham, East 
Sussex, Essex, Greater London, Hampshire, 
Hertfordshire, Humberside, Kent, 
Leicestershire, LincolnshireNorfolk,, North 
Yorkshire, Northamptonshire, 
Northumberland, Nottinghamshire, 
Oxfordshire, South Yorkshire, Suffolk, 
Surrey, Tyne & Wear, West Sussex, West 
Yorkshire. 

West Avon5 Cheshire, Clwyd, Cornwall, Cumbria, 
Devon, Dorset, Dyfed, Gloucestershire, 
Greater Manchester, Gwent, Gwynedd, 
Hereford & Worcestershire, Lancashire, 
Mersey, Mid-Glarnorgan, Powys, Shropshire, 
Somerset, South Glamorgan, Staffordshire, 
Warwickshire, West Midlands, Wiltshire. 
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To increase the accuracy of this comparison hare numbers were corrected for visibility 

in different habitats that had been classified as open, closed or intennediate. The use of 

closed habitats (e. g. woodland and scrub) by hares is well-documented (Bresinski & 

Chlewski, 1976; Homolka et al., 1988; Wray, 1992). However hares may be less 

visible in these habitats than in open areas such as grassland. I used the method adopted 

by Hutchings & Harris (1996) to compare the detectability of hares in different habitats, 

assuming at open habitats offered the greatest chance of seeing a hare and that the 

proportion of hares seen up to 8m from the transect line would be the same for all 

habitats. Hence the number of hares expected to be seen in x habitats was calculated as 

number of hares seen between 0 to 8m in x habitats 

proportion of the hares seen in 0 to 8m of open habitats 

Performing this calculation indicated that I should expect to see 17.39 hares in closed 

habitats. This was 1.4 times the number of hares seen (12), and so a correction factor of 

1.4 was applied to hare numbers in closed habitats for further analyses, with the 

exception of population estimation where correction was not necessary due to model 

robustness. A similar calculation was performed for intermediate habitats and a 

correction factor of 1.6 was applied to these data (Table 3.6). 

The number of hares seen in each I-km square was standardised prior to analysis to 

correct for variation in transect length. Numbers were standardised according to the 

formula: 

Number of hares seen = number of hares recorded x 2950 

length of transect 

where 2950 metres represented the 'ideal' transect length. 
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Corrected and standardised hare numbers were used throughout all analyses with the 

exception of estimating the number of hares in Britain where DISTANCE already 

corrects for transect length. For the purposes of examining changes in hare numbers 

only , corrected and standardised hare numbers were also controfled for effort in each 

group f6flowing the equation: 

Table 3.6 Pattern of hare perpendicular distances from the transect in open, closed 
and intermediate habitats. Habitat definitions from Hutchings & Harris (1996). 

Perpendicular distance (m) Number of hares Percent 

Open habitats (n--403) 

0-3.9 64 15.9 
4-7.9 29 7.2 
8-11.9 23 5.7 
12-15.9 25 6.2 
16-19.9 9 2.2 
20-49.9 100 24.8 
50-99.9 74 18.4 
100+ 79 19.6 

Intennediate habitats 
(n--28) 

0-3.9 5 17.9 
4-7.9 5 17.9 
8-11.9 5 17.9 
12-15.9 4 14.3 
16-19.9 3 10.7 
20-49.9 3 10.7 
50-99.9 2 7.1 
100+ 1 3.6 

Closed habitats (n---12) 

0-3.9 2 16.6 
4-7.9 2 16.6 
8-11.9 2 16.6 
12-15.9 2 16.6 
16-19.9 0 0 
20-49.9 2 16.6 
50-99.9 1 8.3 
100+ 1 8.3 
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Controlled number of hares seen 

in group (i. e. east) 

where Percentage squares surveyed 

total squares surveyed) 

3.3 Results 

Classifying ]-Ian squares 

= corrected and standardised hare number 

Percentage squares surveyed 

= Number of squares in group (i. e. east) as % of 

Datasheets and maps were completed for 559 I-km squares over the two-year period. 

Of these 26% (144) were 'repeat' squares. Forty-eight per cent (271) of the 1-km 

squares were from arable landscapes; pastoral, marginal and upland landscapes were 

represented by 32% (179), 14% (77) and 6% (32) of the surveyed squares (Table 3.7). 

Hares were seen in 28% (159) of aH the squares and in 30% (43) of the repeat squares 

(Table 3.8). Figure 3.5 indicates sites where hares were present or absent in each survey 

and how hare numbers had changed in the repeat squares. 

Table 3.7 Number of repeat and new I-km squares surveyed in each landscape. 
Percentages are in parenthesis. 

Landscape Repeat Non-repeat Total 
Arable 75(28) 196(72) 271 (48) 
Pastoral 41 (23) 138(77) 179(32) 
Marginal upland 20(26) 57 (74) 77 (14) 
Upland 8 (25) 24 (75) 32 (6) 
Total 144 415 559 

Table 3.8 Number of repeat and new I-km squares where hares were recorded in 
each landscape. 

Landscape Repeat New 
able 30 66 

Total 
96 

Pastoral 7 35 42 
Marginal upland 5 11 16 
Upland 145 
Total 43 116 159 
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Testing the reliability of the data 

The number of hares seen in the winter of 1997-1998 did not differ significantly from 

the number of hares seen in the winter of 1998-1999 (Mann-Whitney: n=559, 

U=38862.5, p=0.944). This was also the case when the arable, pastoral and marginal 

upland landscapes were analysed separately (Mann-Whitney: arable n=271, U=9091.0 

p=0.872; pastoral n=179, U=3782.0, p=0.487; marginal upland n=77, U=700.0, 

p=0.614). The number of hares seen in upland areas differed between years (Mann- 

Whitney: n=32, U=85, p=0.0 11). Hares were seen in only five of the 32 1 -km squares 

surveyed in this landscape and all hares were seen in the winter of 1997-1998. Thus, 

this result is likely to be an artefact of small sample size, and so data were pooled across 

all landscapes for further analysis. 

Standardised hare numbers were examined for differences over the three credit ratings. 

No differences in hare numbers were found in the arable, pastoral or marginal upland 

groups (Kruskal-Wallis: arable n=271, df--2, X2 =2.004, p=0.367; pastoral n=179, df--2, 

X2=0 
. 565, p=0.754; marginal upland n=77, df--2, X 

2=0 

. 394, p=0.821). However, there 

was a significant difference in the number of hares seen between credit ratings in the 

upland landscape (Kruskal-Wallis: n=32, df=2, y, 2 =8.634, p=0.013); the difference 

existed between credit-ratings I and 3 (Q test: n=32, p=2.85). Only five of the 32 1-km 

squares surveyed in this landscape contained hares, and again this difference is likely to 

be an artefact of a small sample size. Hence data from all credit ratings were included 

in all further analyses. 

Standardised hare numbers were combined with weather information to test for any 

difference between weather conditions classified as good, bad or fair. No differences in 

hare numbers were found in any of the landscapes (Kruskal-Wallis: arable n=261, df--2, 
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x 
2=: 1.466, p=0.481; pastoral n=167, df=2, X2 =2.137, p=0.344; marginal upland n=72, 

df=2, X 
2=1 

. 473, p=0.479; upland n=29, df=2, X2 =0.413, P=0.413). 

The transect habitat data adequately represented the proportion of each habitat within 

the 1-km squares. No differences were found between the habitats in the I-km square 

and the transect habitats (Wilcoxon matched pairs: n= 13 7, w= 10 19, p=0.493). 

ES-timating the number of hares in Britain 

Using DISTANCE 3.5 1 estimate that the total population of brown hares in Britain is 

752,608 with arable, pastoral, marginal upland and upland areas containing 46%, 24%, 

13% and 17% of the population (Table 3.9). The stratum weights, variances and 

weighted variances for each landscape are summarised in Table 3.10. The population 

confidence limits were, therefore, calculated as follows 

Total population variance (S) = I-WV-hYh =0.0093 

nh 

Population standard deviation (s) = 
ýS2 

= 0.0964 

Upper and lower confidence limits =±t (0.05) s 

=±1.96 

=±0.189016 hares kM-2 

=± 39,217 hares 

Thus the winter population of hares in Britain in the late 1990s is 752,608 ± 39,217. 

This figure should be compared to the 1991-1993 estimate with recalculated confidence 

limits of 817,520 ± 45,830 hares. 
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Table 3.10 Stratum weight, estimated stratum variances, number of I-km squares 
surveyed in each stratum and estimated weighted stratum variances used to 
calculate 95% confidence limits on the 1997-1999 population estimate. 

w 2S2 Landscape nh 
--U -h 
nh 

Arable 0.111 7.771 271 0.0032 
Pastoral 0.077 3.591 179 0.0016 
Marginal upland 0.029 3.568 77 0.0019 
Upland 0.048 1.706 32 0.0026 

I= 0.0093 

Omitting upland areas, the total population of brown hares in Britain is 623,671 with 

arable, pastoral, and marginal upland areas containing 55%, 29% and 16% of the 

population (Table 3.11). Attaching confidence limits to this estimate results in a 

population of 623,671 ± 33,008 hares in the winter of 1997-1999. The recalculated 

winter population estimate for hares in the early 1990s omitting upland areas is 773,493 

± 30,149. 

Examining changes in hare numbers 

The population estimate for the late 1990s including upland data fell within the 95% 

confidence intervals of the first population estimate, and so there was no evidence of an 

overall population change. However when the population estimate in the early 1990s 

was compared to that from the current study in the absence of upland figures the 

estimates did not overlap, indicating that there has been a significant decline in hare 

numbers nationaRy since the first survey. 

In the current survey (1997-1999) significantly more hares were observed in the east of 

the country compared to the west (Mann "tney four landscapes: n--559, U=33462.5, 

VO. 005; three landscapes n=474, U=23314.5, p=0.0 , 02). However, hare density had not 
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changed significantly in either the east or the west of Britain since the 1991-1993 

survey (Chi-squared: with uplands: East: X2 =1.19376, df--I, p>0.05; West: X2 

0.18503, df--I, P>0.05; without uplands: East: X2 = 0.21576, df--I, p>0.05; West: X2 

0.02281, df--1, p>0.05). 

In the current survey (1997-1999), hares were found at significantly higher densities in 

arable areas compared to pastoral areas (Mann Whitney: n=450, U=21376.5, p=0.009). 

Changes in hare numbers in different landscapes was examined initially by comparing 

the percentage of the total hare population represented by hares in each landscape in 

both the 1991-1993 and 1997-1999 surveys (see Tables 3.9 and 3.11). If I include the 

upland hare population estimate, arable landscapes supported 60.3% of the total 

calculated hare population in the early 1990s and in the current survey supported 45.2%. 

Omitting the upland estimate arable landscapes supported 63.7% of the total calculated 

hare population in the early 1990s and in the current survey supported 54.6%; pastoral 

areas previously supported 29.4% which fell to 24.9% in 1997-1999. Sixteen percent 

of the hare population was found in upland areas in the early 1990s compared to 11.4% 

in the current survey. Hare numbers appeared to have undergone the greatest change in 

the arable landscape, regardless of the omission or inclusion of upland data in the 

calculation of the population estimate and further analyses were conducted to try and 

determine if this change was significant. For these analyses the arable landscape was 

divided into its constituent subgroups, arable a (southern England), arable b (south- 

eastern and eastern England) and arable c (north-eastern England and eastern Scotland) 

(Bunce & Heal, 1984). Population densities in each of these areas were compared 

between the two surveys, using repeat and non-repeat squares. Hare numbers showed a 

significant decline in arable a and arable c when non-repeat densities were compared (z 

test: arable a: n=50, z=2.13, p=0.03; arable c: n==61, z=2.04, p=0.04). Retrospective 
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power analysis indicated that I was able to detect differences here since these were the 

only two categories where enough squares had been surveyed to ensure statistical 

confidence. A sample size of 41 squares was required for a significant difference to be 

detected in arable a; in arable c, a sample size of 56 was needed. 50 I-km squares and 

61 1 -km squares were surveyed in each area respectively (power analysis: arable 

a--0.58, arable c=0.54) (Table 3.12). 

Table 3.12 Results of power analysis to determine where significant trends could 
be detected with statistical confidence. 

Repeats 
Sample n Mean Mean SDI SD 2 Power Observed Minimum F 

12 difference Detectable Sample 
Difference size 

needed 
All 144 0.90 1.10 2.19 3.31 0.11 0.20 0.75 2061 
Arable 75 1.23 1.45 2.65 4.24 0.08 0.21 1.32 2703 
Arable a 18 0.96 2.83 2.83 8.10 0.20 1.87 4.63 110 
Arable b 47 1.38 1.16 2.87 1.84 0.08 0.22 1.13 1256 
Arable c 10 0.98 0.30 1.84 0.70 0.27 0.68 1.50 44 

Non-repeat 
Sample n Mean Mean Significance Power Observed 

12 detected difference 
Minimum F 
Detectable Sample 
Difference size 

needed 
All 576 0.86 0.75 0.43 0.12 0.11 0.27 3547 
Arable 246 1.21 0.85 0.11 0.36 0.36 4.41 370 
Arable a 50 0.78 0.33 0.03 0.58 0.45 0.41 41 
Arable b 135 1.48 1.12 0.32 0.17 0.36 0.70 503 
Arable c 61 0.84 0.26 0.04 0.54 0.59 0.56 56 

Comparing data coffected in each region in the 1991-1993 and 1997-1999 surveys 

revealed a significant increase in hares in the Northwest region (Lancashire, Cheshire 

and Greater Manchester). This was an artefact resulting from a large number of hares 

being recorded in one area in 1997-1999 and appearing as an outlier in the dataset. 

There was no evidence for a significant change in hare numbers when regions were 

compared (Chi-squared: Aý =16.16459, df-ý-9, p>0.05), although hare numbers had 
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changed. most markedly in the North (Cleveland, Cumbria and Durham), where 

numbers fell from 5.41 hares kM-2 to 0.8 6 hares krn72 .A similar pattern was found in 

the East Midlands (Derbyshire, Leicestershire,, Lincolnshire, Northamptonshire, 

Nottinghamshire and Oxfordshire) where numbers had dropped from 10.99 hares krff2 

to 5.09 hares krn72 (Table 3.13). 

Table 3.13 Regional trends in hare numbers between the two surveys. Chi- 
squared values represent results of comparison of hare numbers between surveys. 
There were no significant differences (p>0.05). 

Region Trend 
West Midlands Decline 0.028. 
North Decline 3.828 
South East Decline 0.488 
Wales Decline 0.059 
Scotland Decline 1.688 
South West Increase 0.955 
East Midlands Decline 3.165 
East Anglia Decline 1.824 
North West Increase 24.886 
Yorkshire Increase 0.047 
and Humberside 

3.4 Discussion 

Estimating the number of hares in Britain 

The pre-breeding adult population of brown hares in the winters of 1997-8 and 1998-9 

was 752,608 ± 39,217 using all four landscapes and 623,671: 133,008 omitting the 

upland estimate This is not the minimum population since extensive culling takes place 

in February (Hutchings & Harris, 1996). These estimates of brown hare population 

density in arable and pastoral habitats are broadly similar to other published data for 

Britain (Barnes & Tapper, 1985; Wray, 1992; Bradshaw, 1993), although higher hare 

densities have been recorded locally and elsewhere in Europe (Poland: Andrzewski & 

iezierski, 1966; Wasilewski, 1991; Panek & Kamieniarz, 1999; Sweden: Frylestarn, 
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1979; Hungary: Kovacs & Heltay, 1981; France: Pepin, 1985; Italy: Meriggi & Verri, 

1990). 

Comparison of estimates including upland data does not indicate that nationally there 

has been a decline in hare numbers but comparing populations in the early 1990s with 

those in the current study in the absence of upland figures indicates that there has been a 

significant decline in hare numbers nationally since the first survey. These differing 

results show the error introduced by including the upland data, which indicates there has 

been a 300% increase in hare numbers in upland areas. Similarly, recalculating the 

population estimates from both surveys, omitting upland data, results in lower 

confidence intervals for the 1991-1993 estimate than the current study which 

correspond to the higher sample size and lower variation associated with the individual 

landscape estimates in 1991-1993. This suggests that the estimates without upland data 

provide a more accurate comparison of the change in hare populations during the 1990s 

and that there has been a significant decline in hare numbers over this time period. 

Thus my first hypothesis, that hare numbers had stabilised since the early 1990s is 

rejected. 

Examining changes in hare numbers 

Although there has been no significant change in hare numbers in either the east or west 

of Britain since the 1991-1993 survey, the significant disparity in hare numbers between 

the east and west of the country still remains, with much higher numbers of hares 

recorded in the east. However, my analyses examining changes in hare numbers within 

different landscapes indicate that this disparity may be short-term since hare numbers 

have significantly declined in some arable areas in southern England, north-eastern 

England and eastern Scotland (arable a and arable c). 
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Across all landscapes, the population estimates for the current survey show greater 

variation than in 1991-1993 as a result of lower sample size. The decline in hare 

numbers in arable areas is supported by evidence from shooting estates. Arable 

landscapes have previously been known as strongholds for hares (Tapper, 1992; Harris 

& McLaren, 1998) but recently some estates in arable areas have reported significant 

declines in hare abundance. In 1999, several large shooting estates in Norfolk, where 

hares are normally culled once a year because of excessive numbers, did not hold a 

driven shoot because hare numbers were so low (A. Smith pers comm. ). 

Despite this decline in hare numbers in arable areas, hares still remain at significantly 

lower densities in pastoral landscapes, so my second hypothesis is accepted. There is 

no evidence from this survey that hare numbers in pastoral areas declined significantly 

during the 1990s but higher densities of hares in eastern arable areas increase the 

likelihood of changes in hare numbers being detected. Significant changes in pastoral 

areas may simply remain undetected because hare numbers are so low. 

Exploring trends in hare numbers using local mammal reports and records of hares in 

Chapter 2, indicated that hare numbers fluctuate widely at a county level. This is shown 

in the wide variation in hare numbers in different regions seen in the current survey. 

Although hare numbers do not appear to have changed significantly in any region 

during the 1990s, it is this wide regional variation in hare number that presents 

difficulties when formulating plans and policy for increasing hare numbers at a national 

level. 

The 1997-1999 National Hare Survey has reinforced clearly the strong link between 

hares and their surrounding landscape. Hares appear to be declining in arable areas and 
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in comparably low numbers in pastoral landscapes. There are also considerable 

regional differences in hare numbers. Clearly hare populations in some landscapes and 

regions are limited by a factor or combination of factors. In some arable landscapes, 

pressure from field sports is high and this may account for some change in hare 

numbers in these areas but hunting pressure itself is being reduced in some arable areas 

since there too few hares to hunt. Similarly, pressure from field sports does not explain 

low numbers of hares in pastoral landscapes and indicates that habitat management and 

provision may be responsible for limiting hares. Knowledge about which habitats are 

important for hares and which habitats may be limiting hares across lowland arable and 

pastoral landscapes particularly, is essential so that effective habitat management can be 

conducted at a local level within a broad landscape framework to benefit hares in the 

future. I explore how changes in habitat management during the 1990s affected hare 

populations, determine if current hare populations are limited by habitat and assess 

possible methods for improving habitat for the benefit of hares, in Chapter 4. 

3.5 Summary 

The second National Hare Survey was conducted from October-January 1997-1999. 

Five hundred and fifty-nine I-km squares were surveyed across the country, including 

144 squares that had previously been surveyed in 1991-1993. Hares were seen in 28% 

of the 1-km squares. 

DISTANCE was used to calculate a population estimate of hares in Britain for each of 

four landscapes; arable, pastoral, marginal upland and upland. These were combined to 

produce a national estimate of 752,608 ± 39,217 hares. Omitting upland areas resulted 

in a population estimate of 623,671±33,008 hares. 

hares were found in arable areas compared to pasture. 

Significantly higher numbers of 
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Hare densities recorded in this survey are broadly similar to previously recorded 

densities in Britain. It is difficult to compare these data with published European 

figures due to disparity in the method of data collection. 

At a national and regional level there was no evidence of a significant change in hare 

numbers. Analysis of data at the level of land class subgroup indicated that there was a 

significant decline in hare numbers in some arable areas in the 1990s. This decline is 

supported by evidence from other sources. Significant change in hare numbers in other 

landscapes may have remained undetected simply because hare numbers in these areas 

are so low. However, the disparity in hare numbers between landscapes, particularly 

arable and pastoral landscapes, suggests that landscape is a significant contributory 

factor in determining hare numbers. 
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4 The impact of habitat provision and landscape change 

on the hare population in the 1990s 

This chapter, together with the contents of Chapter 3, has been submitted for publication 

in Mammal Review as: 

Temple, R. K., S. A. J. Clark and S. Harris. submitted. Changes in the British hare (Lepus 

europaeus) population during the 1990s. Mammal Review. 

4.1 Introduction 

Brown hares are selective herbivores that prefer to feed in open spaces (Hewson, 1977) 

and are able to switch their activity between habitats according to the availability of 

resources (Tapper & Bames, 1986; Reitz & Leonard, 1994). Winter cereals may form 

up to 80% of the winter diet (Frylestam, 1986). In spring and summer the diet becomes 

more varied, incorporating maize and dicotyledenous plants when winter cereals are 

inedible or no longer available (Chapuis, 1990). 

The results of the National Hare Survey in 1991-1993 (Hutchings & Harris, 1996) 

highlighted those habitats where hares were likely to be found at high densities (Table 

4.1). High numbers of hares in arable land were associated with winter cereals, oilseed 

rape, grassland ley, hedgerows and ditches, and sugar beet. Hares in pastoral, marginal 

upland and upland areas were found at high densities in areas with some arable 

provision, and root crops were important in upland areas. The correlation between hare 

numbers and the availability of particular habitats was also tested (Table 4.2). 
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Table 4.1 Habitats associated with high or low hare densities in the four main landscapes, using Mann-Whitney tests to compare a habitat's presence/absence with hare numbers. Values quoted are the z statistic; a positive z statistic shows that the mean rank of hare numbers is greatest with the presence of that habitat, whereas a negative value shows that the mean rank of hare numbers was greatest in the absence of that habitat; *=p<0.1, **=p<0.05, ***=p<0.01, ****=p<0.001, 
*****=p<0.0001. (From Hutchings & Harris, 1996). 

Arable Pastoral Marginal Upland Upland 
n=302 n--212 n=109 n=53 Hedgerow +4.036**** +2.007** +0.950 

Treeline +0.512 +2.309** +1.624 -0.590 Stone wall -1.274 -1.054 +1.800* +1.243 Fenceline -2.337** +0.916 +2.210** +1.665* 
Ditch +1.931* +0.854 +1.306 +1.569 
River -0.920 -0.114 +1.051 -0.337 Canal -0.341 -0.766 -0.553 Other boundary +1.524 +1.665* -0.844 -0.430 Broad-leaved +0.851 -0.390 -0.665 +1.084 
woodland 
Broad-leaved -1.932* +0.444 +0.523 
plantation 
Coniferous +0.826 -1.300 -0.967 +0.298 
woodland 
Coniferous -1.560 -0.361 -0.147 +1.041 
plantation 
Mixed woodland -2.514** -1.125 -0.016 -0.590 Mixed plantation -0.797 -0.667 +1.553 -0.590 Young plantation -0.224 -1.245 +1.415 +0.384 
Recently felled -0.495 -1.485 +0.587 +1.180 
woodland 
Parkland -0.106 +0.670 
Tall scrub -0.791 -0.495 +1.596 +1.348 
Low scrub -1.161 +0.414 +1.274 -0.842 Bracken -1.581 -1.090 +0.238 +0.480 
Lowland heath -1.949* - 1.664* 
Heather moorland +1.088 -1.827* -0.009 -0.242 
Blanket bog -0.188 -0.947 
Raised bog +0.988 -0.785 
Marginal -1.373 -1.283 
inundation 
Coastal marsh +0.951 
Wet ground -1.107 -0.651 -0.622 +0.674 
Upland +0.455 -0.629 +0.081 -0.092 
unimproved 
grassland 
Lowland --2.059** -0.033 +0.364 +3.052*** 
unimproved 
grassland 
Semi-improved -2.996*** -0.096 +2.543 +2.150** 
grassland 
Improved -1.583 -0.370 +1.559 +0.824 
grassland 
Grassland ley +1.751* +0.580 +0.488 +0.651 
Amenity grassland -0.415 -2.237** +2.689*** 
Winter cereal +4.184***** +4.028**** +0.044 +1.686* 
Sugar beet +1.901* +2.352** 
Carrots +0.267 
Other root crops +0.231 +1.298 -0.785 +2.768*** 
Forage crop +0.684 -0.742 +3.098*** 
Oilseed rape +2.296** +3.044* +2.169** +1.586* 
Other crops +1.217 +1.918* +1.829* 
Stubble +2.923*** +1.326 +1.131 +0.782 
Plough +3.421**** +2.118** +0.795 +1.686* 
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Changes in land use and habitat provision 1991-1998 

The time period between the 1991-1993 and 1997-1999 hare surveys was a time of 

agricultural change although changes in land use and habitat provision in the 1990s 

were much less dramatic than in previous decades. The period 1991-1994 saw a 

decrease in the total area laid to cereals (Table 4.3). The area of winter barley decreased 

by 25% from 754,800 ha in 1991 to 560,100 ha in 1994. The area set down to rape 

decreased by 14% and wheat fell by 9%. There was little change in the area of sugar 

beet, which fell by just 0.4% (Anonymous, 1999). 

Despite these declines, the total area of agricultural land on holdings in England 

increased from 9,420,500 ha in 1991 to 9,442,800 ha in 1994, an increase of 0.2%. This 

reflected the increase in the total area of agricultural land across the UK from 

17,259,000 ha in 1991 to 17,625,600 ha in 1994. This UK-wide increase resulted from 

a rise in the area of permanent grassland (2%), sole-right rough grazing (3%) and 

woodland (19%), and the expansion of the set-aside scheme; 727,800 ha were classed as 

set-aside in 1994. 

In subsequent years, this situation has reversed. The area of agricultural land on 

holdings between 1994-1998 decreased from 9,442,800 ha to 9,187,600 ha, a decrease 

of 3%. The area of winter cereals increased by 12% and the total area of tillage 

increased by 7%. The area of set-aside fell dramatically from 626,600 ha in 1994 to 

263,700 ha in 1998, a decrease of 58%. There was little change in the areas set-down to 

grassland or woodland. 
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Table 4.3 Agricultural change in England 1991-1998 in thousand hectares. (From 
MAFF Agricultural Statistics, 1999). 

Y ear I otal agncultural land on Total Total grasses under 5 Grass over 
_holding 

tillage years 5 years 1991 9420.5 4254.5 856.6 3088.1 
1992 9423.0 4280.4 844.0 3024.2 
1993 9459.7 3875.1 833.8 3004.7 
1994 9442.8 3838.6 730.3 3072.9 
1995 9363.6 3897.2 713.4 3037.6 
1996 9347.3 4044.1 723.0 2993.0 
1997 9320.3 4264.8 735.1 2913.1 
1998 9187.6 4089.5 668.1 2876.4 

Year Total crops 

1991 4222.1 
1992 4243.7 
1993 3839.0 
1994 3804.3 
1995 3865.0 
1996 4016.2 
1997 4243.9 
1998 4064.1 

Sole right 
rough grazing 
742.5 
750.8 
737.9 
737.8 
726.0 
710.0 
700.4 
681.0 

Winter barley 

754.8 
700.7 
578.7 
560.1 
608.5 
662.6 
736.5 
667.2 

Spring 
barley 
235.4 
212.8 
237.5 
219.1 
228.9 
214.7 
207.8 
185.3 

Year Total wheat 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

1853.1 
1925.1 
1631.3 
1687.1 
1732.5 
1852.2 
1904.9 
1908.6 

Woodland 
on holdings 
224.4 
233.4 
244.0 
247.5 
250.7 
251.8 
251.2 
254.7 

Set-aside 

130.0 
580.4 
626.6 
544.9 
431.9 
260.0 
263.7 

Year Total cereals (maize) Sugar beet Oilseed rape 
1991 2933.2 195.5 387.8 
1992 2925.8 196.6 361.9 
1993 2522.9 197.2 314.8 
1994 2554.8 194.7 332.3 
1995 2665.5 196.1 300.1 
1996 2815.0 198.8 304.8 
1997 2937.6 195.9 382.6 
1998 2849.5 188.3 436.7 
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Despite the lack of change in land laid to particular forms of agriculture, the 1990s were 

significant with respect to changing agricultural practice. This period saw the expansion 

and establishment of the set-aside scheme, linked to high hare numbers in arable areas in 

the first hare survey. Set-aside was introduced in 1988 as part of EC regulations to reduce 

excess agricultural production. Land was entered into a voluntary Five Year Set-aside 

scheme (FYS) and could be set-aside as woodland, left fallow or managed for non- 

agricultural use. As with other agri-environment schemes, farmers were paid compensation 

proportional to loss of income. Land entered as fallow could be set-aside for five years 

(permanent fallow) or rotated around the farm over the five year period (rotational fallow). 

In 199 1, the FYS was supplemented by the One-Year Set-aside scheme. 

Following Common Agricultural Policy reform in 1992 and the reduction of support prices 

for cereals, area-related compensatory payments were introduced in the form of the Arable 

Area Payments Scheme (AAPS). As a result, most farmers are obliged to set-aside part of 

the land on which they are claiming payments and this land has to be managed according to 

certain conditions. No set-aside land can be used for agricultural purposes and a green 

cover must be established which can be ploughed or cut in July and August to reduce the 

risk of nitrate leaching. The use of chemicals on set-aside land is carefully controlled. One 

of the primary aims of the scheme is the protection of traditional features within the rural 

landscape, so management involving the removal of hedgerows is prohibited. 

Perhaps more significantly, a number of agri-environment schemes have been introduced in 

the last ten years. Such schemes are designed to promote environmentally friendly fanning 
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and encourage awareness of the countryside. Nine schemes (Arable Stewardship, 

Countryside Access Scheme, Countryside Stewardship, Environmentally Sensitive Areas, 

Farm Woodland Premium Scheme, Habitat Scheme, Moorland Scheme, Nitrate Sensitive 

Areas and Organic Farming Scheme) were in operation at the time of the survey, 

supervised by the Ministry of Agriculture, Fisheries and Food (MAFF) and part-funded by 

the European Union. Each scheme operates on a voluntary basis. Farmers manage certain 

areas of land in an environmentally-friendly way which will benefit either wildlife, the 

landscape or in some cases, protect sites of historical interest. Payment is awarded 

equivalent to the loss of agricultural income. 

In this chapter I present the results of further analyses using data collected from the second 

National Hare Survey (1997-1999). 1 determine any change in the use of habitats by hares 

since the early 1990s or change in the distribution of hares in response to changes in 

habitat. I assess how habitat diversity, habitat richness and habitat enhancement affect hare 

numbers to test the hypothesis that hare populations can be increased by an increase in any 

or a combination of these parameters. Based on the decline in hare numbers noted in 

Chapter 31 also test a second hypothesis that agri-environment schemes, expected to 

benefit hares have had a positive effect on hare populations in the last 10 years. 

I use all this information to test the hypothesis that the decline in hare numbers identified in 

Chapter 3 is the result of hare populations being limited by habitat. 
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4.2 Methods 

I conducted further analyses using the data collected from 559 I-km squares in the second 

National Hare Survey. The lengths of different habitat types along each transect were 

measured using the BITPAD program, as were the total areas of different habitats. The 

length of linear features (i. e. hedgerows and treelines) within each I-km square was 

measured using an opisometer. 

Assessing habitat use by hares and predicting hare response to future landscape 

management 

Determining changes in habitat use 

The number of hares seen in open, closed and intermediate habitats was recorded for the 

purposes of correcting hare numbers for analysis. The lengths of different habitat types 

along each transect were measured using the BITPAD program, as were the total areas of 

different habitats. The lengths of linear features within each 1-km square (hedges, 

treelines, ditches, streams, canals, tracks and roads) were measured using an opisometer. 

Data from both hare surveys were used to deten-nine if there had been a change in hare 

n, k 
abundance in different habitat types between the surveys. 

Predicting changes in habitat use 

Logistic regression was used to determine the importance of particular habitats, including 

linear features (i. e. hedgerows and treelines), in predicting the presence or absence of hares 

in an area. Analyses were conducted at the level of landscape (arable, pastoral, marginal 

upland and upland). Data collected in the 1991-1993 survey were used to construct 
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predictive models, which could then be tested using data collected in the 1997-1999 survey. 
Habitat variables where the Wald statistic was greater than 0.25 (Hosmer & Lemeshow, 

1989) were removed before entering all remaining variables simultaneously into a binary 

logistic regression model. Variables were then removed manually to determine the most 
influential habitat variables and produce the best predictive model for the population. 

The response of hares to changes in habitat provision 

Habitat richness and diverýý 

Habitat richness was measured as the total number of habitats traversed by the transect. 

Habitat diversity was measured using Simpson's index (D) (Routledge, 1973; Krebs, 1989) 

where 

D= 1 

s 

i: P, 
2 

i=o 

where s is species richness and pi is the proportion of the ith habitat. 

A small sample of I-km squares were omitted from these analyses due to insufficient 

habitat information to calculate habitat richness and habitat diversity indices. 

Habitat richness was normally distributed. Habitat diversity data were transformed to fit a 

normal distribution using a Box-Cox transformation with a subgroup size of 1. Analyses 

were conducted to determine if there was a difference in either habitat richness and/or 

diversity between landscapes and if data could be pooled into lowland and upland groups 

for ftirther analyses. Habitat diversity and habitat richness data were then used to 

determine if there was a correlation between these parameters and hare numbers. 
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Landscape heterogeneily 

Analyses were also conducted to determine if increasing the heterogeneity of the landscape 

by providing 'alternative' habitat within a monotypic habitat area (i. e. pastoral habitat 

within an arable-dominated area) had any effect on hare numbers. 

The area of pastoral habitat within I-km squares classified as arable using ITE criteria was 

calculated and vice versa (within I -km squares in pastoral landscapes). Winter cereals, 

sugar beet, carrots, other root crops, forage crops, rape, other crops, stubble and plough 

were classified as arable habitats, and upland unimproved grassland, lowland unimproved 

grassland, semi-improved grassland, improved grassland and grassland leys were included 

as pastoral habitats. Mann Whitney U-tests were used to compare the number of hares seen 

in I -km squares containing different proportions of arable and pastoral habitats. Hare 

numbers in squares in the arable landscape where up to 50% of the habitat present was 

pasture land were compared to the number of hares observed in squares in the arable 

landscape where less than 50% of the fields were laid to pasture. This was repeated at the 

25%, 10% and 5% levels. The same analyses were conducted to compare hare numbers in 

pastoral squares where different proportions of arable habitat were present. I also examined 

the possible benefit of woodland refuges within arable and pastoral landscapes for brown 

hare popu ations. 

The effect of agri-environment schemes 

Using information from MAFF Regional Centres, the presence or absence of agri- 

environment schemes in operation within each I O-km square was noted and the presence or 

absence of set-aside in the 1991-1993 survey was recorded for the repeat squares. 
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To avoid data protection issues associated with site-specific information, analyses 

involving Environmentally Sensitive and Nitrate Sensitive Areas were carried out using 

information at a 10-km square resolution. Environmentally Sensitive Areas (ESAs) were 

drawn on a 1: 625,000 Travelranger map of Great Britain superimposed with a 10-km 

square grid. An index was assigned to each I-km square surveyed indicating the presence 

or absence of an ESA within the 10-km square in which the surveyed I-km square was 

located. 

Each I-km square was assigned an index relating to the presence or absence of a Nitrate 

Sensitive Area within the 10-km square in which the surveyed square was located. Data 

were analysed on a national level. 

Since Less-Favoured Areas are mostly absent from southern and eastern areas of England, 

data were analysed on a national basis. Each I-km square was assigned an index according 

to the presence or absence of a Less-Favoured Area within the county. 

4.3 Results 

Assessing habitat use by hares and predicting hare response to future landscape 

management 

Determining changes in habitat use 

Ninety percent of hares seen in the 1997-1999 survey were observed in open habitats 

compared to 84% in 1991-1993. Three percent of hares were seen in closed habitats, 

compared with nine percent in 1991-1993 and seven percent of hares were observed in 
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intermediate habitats in both surveys. Hares had been observed in 39 of the 50 possible 

habitat types but there had been no significant change in abundance in these habitats 

between the surveys (Wilcoxon matched pairs test: n=3 9, z=- 1.5 12, p=O. 13 1). 

Predicting changes in habitat use 

The 1991-3 data revealed that in the early 1990s, the presence of hares in arable areas was 

positively correlated with hedgerows, grassland leys, winter cereals and sugar beet. Using 

these variables, a logistic regression model correctly classified 72% of sites for the presence 

or absence of hares in arable areas (Logistic regression: n=318; Log-likelihood = -194.312, 

p<0.05). Similarly, a model for hares in pastoral areas correctly classified 60.8% of sites 

for the presence or absence of hares (Logistic regression: n=221, Log-likelihood =- 

134.180, p<0.05). Significant variables included in both models are shown in Table 4.4. 

These predictive models were then tested using data collected in the 1997-1999 survey. 

The models correctly classified 71.4% of arable sites (Logistic regression: n=271, Log- 

likelihood = -157.333, p<0.05) and 57.6% of pastoral sites (Logistic regression: n=179, 

Log-likelihood = -91.788, p<0.05). No significant variables were found in marginal upland 

or upland areas so a model could not be constructed for these landscapes. 

Since the arable and pastoral models from the early 1990s had correctly predicted a high 

percentage of sites in the late 1990s, the initial impression was that there had been little 

change in the use of habitats by hares in the interim period between the surveys. New 

predictive models were generated from the 1997-1999 data to determine change in habitat 
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use. Hares continue to be strongly associated with winter cereals in arable land. The arable 

model using the significant habitat variables correctly classified 69.5% of sites for the 

presence or absence of hares (Logistic regression: n=271, Log-likelihood = -155.359, 

p<0.05). Similarly, in pastoral areas, hares remain strongly associated with winter cereals 

(59.4% of sites classified correctly; Logistic regression: n=179, Log-likelihood = -89.118, 

p<0.05). Wet ground is classified as a significant unique habitat here but the definition of 

wet ground is such areas found in association with other habitats. Since winter cereals are a 

significant habitat here, 'wet ground' is likely to be that found in association with winter 

crops and should not be classed as a significant habitat in its own right. 

In marginal upland areas, hare presence was strongly linked with grassland leys (noted but 

not of significant importance in 1991-1993) but the model had low predictive value 

(36.7%). Significant habitat variables for all the landscapes are shown in Table 4.5. 

The response of hares to changes in habitat provision 

Habitat richness and habitat diversity 

Habitat richness was normally distributed and differed among landscapes (arable, pastoral, 

marginal upland and upland) (ANOVA; n=547, F= 17.793, df=3, p=0.000 1). A post-hoc 

Tukey test indicated that the differences were between all combinations of landscape with 

the exception of arable and pastoral. Further analyses were conducted, pooling the data 

from lowland (arable and pastoral) and upland (marginal upland and upland) groups. There 

was no significant difference in habitat richness between I-km squares where hares were 

found and squares where no hares were detected, in either lowland or upland areas 
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Table 4.4 Results of logistic regression analysis comparing habitat variables in 
landscapes where hares were present and absent using data from 1991-1993 survey. 
Variables found to be significant in the logistic regression model are shown. 

Arable Pastoral 

Variable 
Hedge 

Grassland leys 
Winter cereal 

p Variable 
0.015 Grassland leys 
0.008 Winter cereals 
0.001 

p 

0.020 
0.001 

Sugar beet 0.021 

Table 4.5 Results of logistic regression analysis comparing habitat variables in 
landscapes where hares were present and absent using data from 1997-1999 survey. 
Variables found to be significant in the logistic regression model are shown. 

Arable Pastoral Marginal upland 
Variable P Variable P Variable P 
Winter 0.001 Wet ground 0.022 Grassland 0.008 
cereal leys 
Plough 0.004 Winter 0.001 

cereal 

(t-test: lowland squares n7--440, df--438, t--O. 19 1, p=O. 848; Mam "tney: upland squares, 

ry--lK U=691.5, p=0.081). Hare numbers and habitat richness were not significantly 

correlated in either lowland or upland areas (lowland: Spearman Rank: n--440, r =-0.009, 

p=0.856; upland: Spearman Rank: n--108, r= 0.159, p=0.100). 

Habitat diversity was normaffy distributed Mowing Box-Cox transformation with a 

subgroup size of 1. There was a significant difference in habitat diversity between 

landscapes (ANOVA; n=547, df-'-3, F=12.802, p=0.0001) and a post-hoc Tukey test 

indicated that this was between the lowland and upland groups. Hence data were pooled 
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into lowland and upland groups for further analyses. There was no significant difference in 

habitat diversity between I-km squares where hares were found and squares where hares 

were not detected, in either lowland or upland areas (t-test: lowland squares, n=440, 

df--438, t=1.456, p=0.146; t-test: upland squares, n=108, df=106, t---l. 587, p=0.115). 

However, hare numbers showed a significant negative correlation with habitat diversity in 

lowland areas (Spearman Rank: n=440, r =-0.101, p=0.034). There was no correlation 

between hare numbers and habitat diversity in upland areas (Spearman Rank: n=108, 

=O. 150, p=O. 120). 

Landscape heterogenefty 

Since the predictive models had indicated the positive association between the presence of 

hares and arable crops within pastoral areas, more detailed analyses were conducted to 

detennine if the presence of alternative habitat within an area had any effect on hare 

numbers. Mean hare density increased by 42% where pastoral refuges were present within 

areas in arable landscapes (Mann-Whitney: n=27 1, U=4414, p=O. 000 1) and by 31% where 

arable refuges were present in areas in pastoral landscapes (Mann-Whitney: n=179, 

U=2545, p=0.035). 

Significantly higher hare numbers (p<0.05) were only found in arable landscapes where 

pastoral habitat formed between 25% and 50% of the landscape. Significantly higher 

numbers of hares (p< 0.05) were associated with pastoral areas where arable habitat formed 

more than 50% of the area (Tables 4.6 and 4.7). 
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Table 4.6 Results of Mann-Whitney U tests to determine the impact on hare numbers 
of pastoral habitats in arable squares (rr--271). 

Pastoral content ZP ýjýcance 
<5% -3.590 0.0001 SIGNIFICANTLY higher number of hares associated 

with arable squares containing <5% pastoral land than 
squares containing >5% pastoral land 

<10% -3.588 0.0001 SIGNIFICANTLY higher number of hares associated 
with arable squares containing <10% pastoral land than 
squares containing >I 0% pastoral land 

<25% -3.665 0.0001 SIGNIFICANTLY higher nwnber of hares associated 
with arable squares containing <25% pastoral land than 
squares containing >25% pastoral land 

<50% -1.876 0.0610 No significant difference between the number of hares 
seen in 1-km squares with <50% or >50% pastoral land 

Table 4.7 Results of Mann-Whitney U tests to determine the impact on hare numbers 

of arable habitats in pastoral squares (n7--179). 

Arable content ZP Significance 
_ <5% -2.200 0.0280 SIGNIFICANTLY higher numbers of hares associated 

with pastoral squares containing >5% arable than 
squares containing <5% arable 

<10% -2.614 0.0090 SIGNIFICANTLY higher numbers of hares associated 
with pastoral squares containing >1 0% arable than 
squares containing <I 0% arable 

<25% -2.166 0.0300 SIGNIFICANTLY higher numbers of hares associated 
with pastoral squares containing >25% arable than 
squares containing <25% arable 

<50% -2.297 0.0220 SIGNIFICANTLY higher numbers of hares associated 
with pastoral squares containing > 50% arable than 
squares containing <50% arable 

I also examined the possible benefit of woodland refuges within arable and pastoral 

landscapes for brown hare populations. Hare numbers were not significantly affected by 
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the presence or amount of woodland within an area (p>0.05). Hares were found at 

significantly higher densities in the presence of semi-natural mixed woodland but hare 

numbers were negatively correlated with the presence of broadleaved woodland. Hares 

appear not to be using areas of woodland per se as refuge sites in the same way that they 

may be utilising arable or pastoral refuges. 

The effect of agri-environment schemes on hare numbers 

There was no difference in the number of hares seen in the presence or absence of an ESA 

when data were analysed in landscape groups. Sufficient data were able to assess regional 

differences in the number of hares seen with respect to ESA land in four regions. However, 

no significant difference was identified in any region (Table 4.8). Similarly, there was no 

difference in the number of hares seen in the presence or absence of a Nitrate Sensitive 

Area (Mann-Whitney: n=559, U=4182.5, p=0.201). 

Hare numbers were significantly higher in areas where Less-Favoured Areas were absent 

(Mann-Whitney: n=559, U=34471, p=0.003) and similar results were found where there 

were no Disadvantaged Areas (Mann-Whitney: n=559, U=34567.5, p=0.004) or Severely 

Disadvantaged Areas (Mann-Whitney: n=559, U=34636.5, p=0.004). No significant 

difference (p>0.05) was found between hare numbers in the presence or absence of Less- 

Favoured, Severely Disadvantaged or Disadvantaged Areas when data were analysed in 

arable, pastoral, marginal upland and upland groups. 
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Table 4.8 Presence or absence of an ESA in survey squares. 

Landscape z U P 
Arable 0.279 5655 0.780 
Pastoral -0.846 966 0.398 
Marginal upland -0.089 483 0.929 
Upland -1.026 55 0.305 

Region 
East Anglia -0.234 329.5 0.815 
East Midlands -0.283 316 0.777 
South East -0.968 927.5 0.333 
South West -0.338 394 0.735 

I conducted retrospective analysis to assess the influence of the provision of set-aside on 

hare numbers. The number of hares seen in repeat squares which did not contain set-aside 

land in 1991-1993 was compared to the number of hares seen in repeat squares where set- 

aside had been present. There was no significant difference between the number of hares 

seen in the presence or absence of set-aside (Mam Whitneyn=144, U=646.0, p=0.192). 

4.4 Discussion 

The first aim. of this study was to determine if and how the use of habitats by brown hares 

had ehanged sinee the first survey in the early 1990s and the resulting isnpaet of sueh 

change on the distribution of hares. There has been no significant change in the nuniber of 

hares recorded in specific habitat types. High numbers of hares remain associated with the 

presence of winter cereals, a preference also noted in Europe (Pepin, 1985). The predictive 

models generated from the 1991-1993 survey confirm that there has been little change in 

habitat use by hares, although the predictive models from the 1997-1999 survey indicate 

that the rank importance of particular habitats may have changed. Linear features such as 

hedgerows and ditches now appear to be less important habitat features to incorporate into 
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landscape changes. The predictive value of the 1997-1999 models is also lower than that of 

those constructed based on 1991-1993 data suggesting that habitat per se may now be a less 

important determinant of hare number. These models will be useful for future comparative 

work as part of the continued monitoring of brown hare populations. 

In contrast to the first hare survey, hare numbers were not significantly associated with 

habitat richness in either lowland (arable and pastoral landscapes) or upland (marginal 

upland and upland landscapes) areas, although hare numbers decreased significantly with 

an increase in habitat diversity. It appears that in lowland areas, the interaction between the 

distribution and abundance of habitats affects hare numbers more than the number of 

habitats alone. This has huge implications since Britain's habitat is becoming increasingly 

fragmented, not least by the expansion of the road network. The total length of all roads in 

Britain has increased by 23% in the last four decades and in 1998 roads covered a total area 

of 3200-km -2 , equivalent to 1.4% of the total land area of Britain (DETR, 1998). Such 

fragmentation may limit the interaction between the distribution and abundance of habitats 

and exert a negative effect on hare populations. 

I also assessed how increasing landscape heterogeneity (habitat enhancement) through the 

provision of refuges of alternative habitat might affect hare numbers. Both the predictive 

modeling and the detailed analysis of the change in hare density relative to alternative 

habitat provision indicate that refuges appear to be extremely important to hares, 

particularly in pastoral areas. The presence of any alternative habitat (i. e. arable provision 

within a predominantly pastoral landscape or vice-versa) is strongly associated with high 
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hare numbers. It is clear that refuges of alternative habitat have the potential to help reduce 

the disparity in hare densities across the country and the provision of these areas should be 

an integral part of any management strategy for hare populations. Hence my hypothesis 

that hare numbers can be increased by an increase in either or a combination of increase in 

habitat diversity, habitat richness or habitat enhancement is accepted in part. 

The effect of agri-environment schemes on hare numbers 

My final aim was to test the hypothesis that agri-environment schemes, expected to benefit 

hares had a positive effect on hare populations in the 1990s. My predictive models using 

data from the 1991-1993 survey indicated that early in the 1990s, hare populations 

responded positively to the presence of hedgerows and ditches. Planting hedgerows, and 

creating ditches to connect habitats has since been incorporated into a number of the 

existing agri-environment schemes currently in operation in Britain. The Envirom-nentally 

Sensitive Area Scheme includes 1,129,208 ha of designated land that is managed in an 

environmentally-friendly way. The 32 Nitrate Sensitive Areas cover a total area of 35,000 

ha. Millions of pounds each year are paid to farmers in lieu of agricultural losses, but there 

is little evidence of the impact of these much-publicised schemes on mammal populations. 

As might have been expected, hare numbers were higher in areas not designated as Less- 

Favoured than in Less-Favoured Areas but since this is a passive scheme for designating 

areas of land rather than an active habitat management scheme so is not discussed further. 

In contrast I could find no evidence that the management of Environmentally Sensitive and 

Nitrate Sensitive Areas is benefiting hares and this suggests that my hypothesis should be 

rejected. However, there are two possible explanations for this result. Firstly, these 
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schemes may not have had an immediate effect on hare populations either positively or 

negatively. The alternative explanation is that hare numbers will be affected by these 

schemes in time, but a sufficient amount of time has not elapsed between the surveys for 

the impact of these schemes to be assessed accurately. Future monitoring will show if 

longer tenn changes will occur. 

Arable Stewardship, a new pilot scheme introduced in 1998, involves many management 

procedures, including the planting of wild seed mixtures and hedgerow creation which may 

benefit hares. The impact of this scheme should be an important consideration in future 

hare surveys. This survey has also indicated that the provision of set-aside land has not 

been of as much benefit to hares as was envisaged. Peak investment of set-aside land 

occurred just after the end of the first survey and it seems likely that any marked changes in 

the number of hares in Britain would have been identified in this second survey. It seems 

probable that the positive effects involved in the set-aside scheme have simply not been 

adequate to outweigh other factors which are limiting hare numbers. 

My results in Chapter 3 show that hare numbers declined significantly in arable areas and 

remain low in pastoral landscapes. In this chapter I have shown that the most important 

habitat for hare in both these areas is winter cereals. The provision of winter cereals 

increased by 12% between 1994 and 1998 and the total area of tillage, considered optimum 

habitat for hares (Tapper, 1999) also increased by 7%. Hare populations would therefore 

be expected to have stabilised or increased in these areas and not declined as they have. 

Such a decline in hare numbers in arable areas despite increased resources indicates that 
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another factor either separately or in combination with habitat management is limiting hares 

in arable areas and may be maintaining hares at a low level in pastoral areas. Recent 

studies have indicated that recruitment and leveret survival are key factors in maintaining 

hare populations (Marboutin & Hansen, 1995; McLaren, Hutchings & Harris, 1997). In 

Chapter 51 investigate how recruitment level differs between arable and other landscapes, 

how this contributes to the abundance and population structure of hares in these habitats, 

and explore the potential role of habitat management in stabilising these parameters. 

4.5 Summary 

There has been no significant change in habitat use by hares during the 1990s and hares in 

arable and pastoral landscapes still appear dependent on the provision of winter cereal 

crops. The predictive power of models to assess the importance of habitats was lower in 

the later survey, suggesting that habitat may now not be as important a factor in 

determining hare number as previously. 

Habitat richness did not significantly affect hare numbers in any landscape but increased 

habitat diversity has a negative impact on hare numbers. This suggests that the interaction 

between the distribution and abundance of habitats is more important to hares than the 

number of habitats alone, a poor requirement for a species living in progressively 

fragmenting habitat. Refuge areas of alternative habitat (arable areas within pasture and 

vice versa) may help to reduce these negative impacts. 

109 



Further monitoring is necessary to determine the impact of agri-environment schemes on 

hare numbers. Initial analyses indicate that some schemes may not have had a significant 

effect on hare populations to date. 
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5 The influence of landscape on recruitment in brown hare 

populations 

5.1 Introduction 

Hare populations have a rapid turnover determined by high rates of both adult mortality 

and recruitment. High adult mortality has been confirmed over many years by ageing 

hares collected in the game bag and estimating survival rate. This varies both within 

and between countries according to the time of year, but hare populations show 

consistently high levels of mortality within the first year of life (see Table 5.1). 

As a game species, hares remain resilient to intensive harvesting but populations can 

only survive if the cycle of high juvenile recruitment is maintained. Hares are a 

seasonal, polyoestrous species, breeding several times a year. They reach sexual 

maturity at 7-8 months (Raczynski, 1964) and pregnancy may occur during the year of 

birth (Frylestam, 1980). Males become sexually active at the beginning of January and 

Table 5.1 Annual mortality rate. 

Author and Year Country Mortak 
Pielowski (197 1) Poland 49 
Abildgard et al (1972) Netherlands Males 38; Females 45 
Lincoln (1974) Britain 55-84 
Frylestam. & von Schantz Sweden 49 
(1977) 
Broekhuizen (1979) Netherlands 34-38 
Bonino, & Amaya. (1985) Argentina Males 42; Females 42 
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mating precedes ovulation with females displaying sexual activity later in the same 

month, controlled by hormonal secretion (Ciberej et al., 1991). Pregnancy failure is 

common early in the season (Lincoln, 1974). By February, the proportion of Pregnant 
females in the population may have reached up to 80% (Broekhuizen & Maaskamp, 

198 1) with 100% of females pregnant by March/April (Lincoln, 1974). 

Litter size may be determined by direct foetal counts (Hewson, 1964; Lloyd, 1968; 

Hewson & Taylor, 1975; McLaren, 1996) or retrospectively, by examining the uterus 

for placental scars, a method used for a wide range of species (Frylestam, 1980; Strand, 

Skogland & Kvarn, 1995; Mowat, Boutin & Slough, 1996). Hares may give birth to 

between 2-5 young, three or four times in a year (see Table 5.2) with gestation lasting 

3 7-44 days (Martinet et al., 1970; Broekhuizen & Martinet, 1979; Ciberej et al., 199 1). 

The impact of environmentalfactors on hare reproduction 

The rate of reproduction and, to some extent, litter size is under constant hormonal 

control. There are, however, a number of environmental factors that also have a direct 

positive or negative impact on reproductive activity. Mean litter size and mean annual 

temperature are positively correlated and females vary in the start of their reproductive 

season by up to I month, entering reproductive activity earlier or later with respect to 

higher or lower temperatures (Flux, 1967; Frylestam, 1980). 

Frylestam (1980) stated that hares can breed in their year of birth but only if 

Tavourable' envirornmental conditions prevail and these include the provision of 

adequate and nutritious food. Nutrition has been quoted as 'the most important single 
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Table 5.2 Litter size (*denotes mean litter size; other figures indicate range of 
mean litter size over sampling period). 

Author and Year Country Litter size 
Hewson (1964) Britain __ 2.64-2.74* 
Flux (1967) New Zealand 2.1 * 
Lloyd (1968) Britain 1.17* 
Hewson & Taylor (1975) Britain 2.6-3.3 
Broekhuizen & Martinet Netherlands 1-4 
(1979) 
Frylestarn (1980) Sweden 1.5-5.0 
Broekhuizen & Maaskamp Netherlands 1.4-3.3 
(1981) 

factor impinging on reproduction and growtlf (Boyd & Braden, 1989) with young bom 

during times of food shortage prone to short lifespans and low reproductive success. 

Some species have evolved mechanisms to cope with periods of low food availability 

and adapted their physiology to ensure low probability of births at these times. Body 

condition may be quantified in lagomorphs through the assessment of a combination of 

nutritional indices (Henke & Demaris, 1990) and McLaren (1996) determined that the 

breeding success of hares in arable land in Britain was particularly low in summer, due 

to the low digestible energy content of the available food resources. Hence my first 

hypothesis is that the decline in hare numbers noted in the National Hare Survey and the 

disparity between hare populations in arable and pastoral landscapes is a result of hares 

in Britain being reproductively limited by landscape and habitat management. My 

second hypothesis is that hares are reproductively limited as a result of the impact of 

landscape and habitat management on the population density of hares. Hare fertility is 

known to decrease with increasing population density (Frylestam, 1980). The National 

Hare Survey results have indicated that hares will congregate in refuges of suitable 

habitat and hares have been reported to fonn large groups in these areas. The structure 

of the landscape may therefore have resulted in large clustered populations with low 
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fertility rates and the subsequent drop in recruitment might explain declining hare 

numbers in arable areas. 

In the 1970s, the primary method used to manage grassland areas changed from 

ploughing to the planting of 'preferred' species. These included red and white clover, 

species. Hares are also known to feed extensively on winter cereals and both clover 

species and cereal crops are amongst many sources of phyto-oestrogens. 

Phyto-oestrogens are generally defined as belonging to one of three broad groups, the 

isoflavonoids, lignans or cournestans but isoflavonoids and lignans are most widespread 

in their distribution in plants (Kurzer & Xu, 1997; Murkies et al., 1998). Isoflavonoids 

have been isolated in several species of bean, chick peas and lentils and also recorded as 

present in a number of varieties of red clover (Adams, 1995; Saloniemi et al., 1995; 

Rickard & Thompson, 1997) and white clover (Saloniemi et al., 1995). The most 

commonly isolated isoflavones are genistein and daidzein. These occur in plants in the 

glycoside conjugate fonn and are metabolised by gut bacteria into aglycones that are 

I'll, absorbed with their metabolites and appear in blood and urine as glucoronoide 

conjugates and sulphates (Morton et al., 1999). Lignans have been identified in cereals, 

grains, fruits and vegetables and at high levels in linseed and other oilseeds such as 

sesame (Morton et al., 1999). Gut microflora also act to metabolise the precursors 

mattairesinol and secisolariciresinol to weakly oestrogenic enterolactone and enterodiol 

and these appear in blood as glucoronides and sulphates. 

Prolonged exposure to phyto-oestrogens can cause phyto-oestrogen poisoning. The 

main symptom of this poisoning is endometrial hyperplasia and in advanced form, this 
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results in sterility. Several abnormalities are associated with this disease. Exposure to 

oestrogen results in increased mitotic activity of both gland and stroma cells causing an 

increase in stroma volume and extension in the surface area of the glands (Dallenbach- 

Hellweg, 1981). This results in an increase in the thickness of the lumen and a loss of 

the normal parallel arrangement of the glands (Robertson, 198 1). Cystic endometrial 

hyperplasia is characterised by the presence of glands of various sizes in the tissue, 

ranging from small to normal to cystic. With continued, unopposed oestrogenic 

activity, cystic hyperplasia develops into glandular or adenomatous hyperplasia. This 

involves enlargement and crowding of the glands as the glandular epithelia bud and new 

glands break off, pushing the stroma. lying between them together (Dallenbach-Hellweg, 

198 1). The resulting tissue shows little disparity between glands and stroma. Mild 

forms of glandular hyperplasia are particularly difficult to distinguish from the 

appearance of the endometrium in the late proliferative phase (Robertson, 1981). 

Hyperplasia with atypia may also be evident. Atypia may occur in an architectural form 

with the glands present as branching structures or cytologic atypia where cells undergo 

nl-. abnormal change (Robertson, 198 1). 

Symptoms of phyto-oestrogen poisoning have been most widely noted in ruminants and 

caused extensive damage to sheep populations grazing subterranean clover in Australia 

(Bickoff, 1968; Adams, 1995). Some evidence that this disease has spread to 

lagomorphs has been noted in hares in Australia (P. Stott pers comm. ) and my third 

hypothesis is that hares in Britain are reproductively limited by landscape and habitat 

management as a result of an increase in the planting of vegetation containing phyto- 

oestrogens. 
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5.2 Methods 

Study animals and data collected 

Between 1994 and 2000,975 hare carcasses were collected from 133 different locations 

in Great Britain (represented by Ordnance Survey grid references). Each grid reference 

was categorised into one of four landscapes using the of the Institute of Teffestrial 

Ecology's land classification system: (Bunce et aL, 1996; Table 5.3). Eight hundred 

and thirty-four of the carcasses were from organised driven shoots and irregular shoots 

on 30 shooting estates in England (Table 5.4) in 1998,1999 and 2000. The remaining 

141 carcasses were obtained mainly from volunteers who collected hares killed on the 

roads. Fifteen carcasses were only sexed, weighed, and measured externaffy, the 

remaining 960 were dissected. The animals were dissected in the field when possible, 

or brought fresh or frozen to the University of Bristol for post-mortem, usually within 

24 hours of death. 

Table 5.3 Distribution of 975 hare carcasses and 133 locations among four 
landscapes. 

Landscape No. of carcasses No. of locations 
Arable (A) 868(89.0) 80(60.1) 
Pastoral (P) 73 (7.5) 41(30.8) 
Marginal upland (Mu) 31 (3.2) 9 (6.8) 
Upland (U) 3 (0.3) 3 (2.3) 
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Data were collected on the age, reproductive condition and breeding, reproductive 

abnormalities, body condition and morphology of each animal as described below. All 

individual samples carried an identification number and therefore could be examined 

blind, without prior knowledge of the location of origin and of any other features. 

Age determination 

Both eye-balls, usually removed within three hours of death, were fixed in a 10% 

formaldehyde solution for 4 months (Friend, 1967). The crystalline lenses were then 

removed from the eye-balls, dried at 60'C for 6 days in an oven (Hearson), and weighed 

(Oertling: R20 balance, accuracy 0.0001g). The ages of the animals were estimated 

from the arithmetic mean of left and right eye lens weights using the formula given by 

Suchentrunk, Willig and Hartl (1991). The formula gives the age in days of animals up 

to 454 days old, and allows older animals to be classed as adult (Andersen and Jensen 

1972, Suchentrunk, Willig and Hard 1991). The mean weights were repeatable (ri = 

0.999, F19,40=3602, P <0.0001; Zar 1984). For animals where one eye was damaged by 

shot or during processing, single crystalline lens weights were used instead of means. 

When both lens weights were available, the lower of the two was assumed to be 

damaged and discarded, if the difference between the two was more than 5% (Connolly, 

Dudzin'ski and Longhurst, 1969, Suchentrunk, Willig and Hard 199 1). At least one lens 

was weighed for 460 of the 960 animals dissected. 

The presence of an epiphyseal protusion at the lateral u1nar knob close to the carpal 

joint ("Stroh's sign"; Stroh, 1931) was assumed to indicate animals aged less than 234 

days (7.7 months). Palpation was done first through the skin, and then repeated after 

partial skinning (Walhovd, 1966); agreement was reached in 98.7% of cases. 
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Reproductive condition 

Reproductive tracts were removed from 887 animals, 420 females and 467 males. In 

females, a smear was taken from the vagina and spread onto a microscope slide. Smears 

were taken from 290 of the 462 females dissected. The 77 smears from hares dissected 

in 1998 were air-dried; all other samples were fixed and stained using the Papanicolau 

method (Bancroft and Cook, 1984). This achieves definition between nuclear material 

and other components of the smear and stains the cytoplasm to differentiate between 

cyanophilic (special affinity for blue or green stains) and eosinophilic (white blood) 

cells. Separation of nuclear material is achieved by staining the nuclei with 

haematoxylin and differentiation of the cytoplasm is achieved with orange-G and EA50 

(a polychromatic eosin-based stain) (Smolka & Soost, 1965). Each smear was searched 

under a light microscope (Leitz: 020-435.028, x400 magnification) for the presence or 

nil absence of spermatozoa (Stice & Robl, 1990) and immature spermatids. 

Females were considered pregnant if foetuses were visible by eye (all reproductive 

tracts were later carefully checked for pregnancy in the laboratory). Non-pregnant 

females were classed as parous (striations on uterine wall) or nuliparous (smooth uterine 

wall and uterine horns less than 10cm long; Raczyn'ski, 1964); this method was 

confinned by the analysis of uterine scars. 

The uteri and ovaries of non-pregnant females were stored in water and held at -20'C. 

The uteri were then rinsed and cut longitudinally along each uterine hom. Each uterus 

was examined for uterine scars (Hansen, 1992). Immediately after breeding scars are 

dark, but gradual contraction of the uterus makes them paler and more diffuse 

(Frylestarn 1980). By grouping scars on the basis of size and pigmentation, numbers of 
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litters produced by each individual in the year of death were estimated. 

In many uteri, it was possible to see and count scars without staining the tissue. If this 

was not possible or if numbers of scars were unclear, the uteri were stained and then 

examined. Staining involved immersion for ten minutes in a 10% solution of 

ammonium sulphide (H8N2S), rinsing in tap water, immersion for a further ten minutes 

in equal parts by volume of 1% solution of hydrochloric acid (HCI) and 20% solution of 

potassium hexacyanoferrate (C6K4N6Fe. 3H20), and final rinsing with tap water. Each 

uterus was stained individually in 40ml of each solution and examined within 6 hours of 

staining (Bray, 1998; Bensinger et al., 2000). 

Uteri and ovaries of pregnant females were held in 10% formaldehyde solution for up to 

3 years. They were then re-examined and the number of healthy embryos and resorbing 

embryos in each uterine horn was counted. The length and diameter of the bulge 

formed in the uterine horn by each foetus was measured, then each foetus was dissected 

from the uterus and its sex was recorded (Raczynski, 1964; Nygren & Kojola, 1997). 

Individual foetuses were classified into one of 7 age classes (Table 5.5; Bookhout, 

1964; Broekhulzen & Martinet, 1979; St rba . 1981 (Fig. 5.1)). 

In males, the location of testes (in abdominal cavity or scrotum) was noted and the 

testes and epididymides were stored in a 10% formaldehyde solution for up to 3 years. 

Testes were then separated from epididymides by first breaking the membrane 
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attachment of the head of the epididymis (caput epididymis). The ductus deferens was 

then cut from the epididymis at the site of attachment, and the spermatic cord was cut at 
v the point where the tissue tapered (Wingerd, 1985; Simeunovic', Strbenc and Bavdek, 

2000). All intact epididymides and testes were weighed (Ohaus: CT200-S balance, 

accuracy 0.0 1 g). 

To enable comparison between testes weight and sperm production, sections of the tail 

of the epididymis were fixed, mounted and stained with haematoxylin and eosin. Each 

section was examined for the presence of spermatozoa using a light microscope at x200 

magnification. The epididymis is coiled, hence in a histological section, separate 

regions or cross-sections of the duct are visible, each lined by columnar epithelium and 

connected by a layer of smooth muscle or connective tissue (Freeman & Bracegirdle, 

1976). The 'best' section on each slide was chosen for examination and 10 cross 

sections of the ductus epididymis were scanned in detail. The size and shape of the 

lumen of each cross section was determined by measuring the width of the lumen at its 

widest point and at a 90-degree angle to this measurement. The percentage of each 

lumen occupied by sperm was recorded. 
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Reproductive abnormalities 

Following gross examination, sections were taken from four uteri in which macroscopic 

abnormalities had been found and from 36, which were considered to be normal. Using 

a sharp scalpel blade and the cervix as a reference point, a section was taken from one 

of the uterine horns approximately lcm from the cervix. If this area of tissue was 

damaged, the horn was examined at 0.5cm intervals until a suitable piece of tissue could 

be removed. The tissue was stained with haernotoxylin and eosin, then examined for 

evidence of endometrial hyperplasia. This is characterised by a thickening of the 

endometrium and an increase in the size and change in alignment of the glands within it 

(Jubb, Kennedy & Palmer, 1993). Each section was photographed x200 magnification 

at north, south, east and west positions in the section. All sections were examined for 

eight features, the parallel arrangement of glands, the presence of enlarged glands, 

nuclear position, excessive lumenal folding, excessive gland length, atypia, space 

between the glands and the basement membrane was examined to determine if it was 

intact. Using the results of these examinations, the tissue sections were classed as 

hyperplastic or non-hyperplastic. 

Blood serum samples from 17 of the 49 animals from which sections were taken were 

sent to Bioclinical Services (Units 1-6, Willowbrook Laboratories, Crickhowell Road, 

St. Mellons, Cardiff, CF3 OEF, UK) for analysis of levels of genistein, daidzein, equol 

and enterolactone using gas chromatography-mass spectrometry (GC-MS). This 

technique has been widely applied to study phyto-oestrogens in body fluids including 

serum samples (Morton et al., 1999), plasma (Morton et al., 1994), urine (Adlercreutz et 

al., 199 1, Tekel et al., 1999) and prostatic fluid (Morton et al., 1997). 
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Serum samples were removed from the freezer and allowed to thaw to room 

temperature, with mixing, on a roller bed. An aliquot of the sample (500pl when 

available) was then taken by weight into a silanised B 14 test tube fitted with a ground 

glass stopper. A cocktail of deuterated internal standards, containing d4-equol, d4- 

daidzein, d4-genistein, d6-enterolactone, d5-cournestrol and d5-0-desmethylangolensin 

in methanol was added to the sample and the mixture allowed to equilibrate at room 

temperature for 1 hour. 

Phyto-oestrogens are present in serum samples as glucuronide and sulphate conjugates 

which must be hydrolysed prior to analysis by GC-MS. Hydrolysis was carried out by 

overnight incubation at 37' with P-glucuronidase/aryl sulphatase (Helix pomatia, 1000 

units) in O. IM sodium acetate buffer, pH 5.0. After hydrolysis the phytoestrogen 

aglycones were extracted into fractionated ethyl acetate (2x4ml), and combined organic 

layers evaporated under a stream of nitrogen at 65'C. The dry residue was dissolved in 

a mixture of chloroform: heptane: methanol [(all fractionated), 10: 10: 1, R200ýtl] and 

applied to the top of short columns (3.5xlcm) of Sephadex LH20 constructed in 

silanised Pasteur pipettes. The columns were washed with chloroform: heptane: 

methanol, 10: 10: 1 (4ml) and this wash discarded; the phyto-oestrogens were then eluted 

with fractionated methanol (4ml). The methanol was removed under a stream of 

nitrogen at 65'C. 

Phyto-oestrogens present in the serum sample were derivatised for GC-MS as tertiary 

butyldimethylsilyl (TBDMS) ethers by reaction with N-methyl-N-(t-butyldimethylsilyl) 

tnflouroacetamide containing 1% t-butyldimethylchlorosilane (40pl) in acetonitrile 
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(40ýtl) at 65'C for 2 hours. The derivatising reagents were removed under a stream of 

nitrogen at 65'C and the residue taken up in fractionated ethyl acetate for GC-MS. 

GC-MS was performed using a Hewlett Packard "Engine" quadrupole mass 

spectrometer coupled to a Hewlett Packard 5890 Series 2 gas chromatograph. The 5890 

gas chromatograph housed a J&W DB5 MS silica capillary column which was ramped 

from 70-280'C at 40'C per minute under a helium pressure of 5psi. Derivatised samples 

and standards in ethyl acetate were injected in the splitless mode. Isotope dilution mass 

spectrometry was carried in the Selected Ion Recording (SIR) mode whereby peak area 

ratios for the each analyte (for example genistein) and internal standard (for example 

d4-genistein) were determined for each sample and calibration standard. Concentrations 

of each analyte were then determined from a calibration curve of peak area ratio of each 

standard plotted against the concentration of that standard. 

Body condition 

Body masses and carcass weights (weight after removal of liver, reproductive tract and 

digestive tract from below the diaphragm) were taken (Salter 235 6S scale, accuracy 

20g). To provide an index of body condition, subjective scores were assigned to fat 

levels in different areas of the body. Animals were classed as having a fat level of 0,1, 

25 3 or 4 (0: no fat, 4: high fat). In females, fat level was measured in the gut 

mesenteries, around the kidneys, on either side of the body cavity (referred to as lateral 

fat), around the ovaries and in the uterine mesenteries. Gut, kidney and lateral fat scores 

were recorded for males. 
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Morphometrics 

The length of the head and body and the head, body and tail were measured to the 

nearest cm, using a metre rule. The length and width of one ear was measured to the 

nearest 0.1cm using dial callipers (Measey 9521, accuracy, O. lmm) and the length of 

one hind and one fore foot were measured to the nearest 0.1 cm using a modified ruler. 

Measurement of all morphological parameters was repeatable (Zar, 1984, Table 4). 

5.3 Results 

Paired analyses 

Hare carcasses from arable land classes were often derived from February shoots (see 

Figure 5.2) and many more hares were available from arable land classes than from 

pastoral, upland and marginal upland areas. For comparative analyses, hares from arable 

land classes were chosen to form matched pairs with hares from 'other' land classes. 

Analyses were not confined to arable/pastoral matched pairs alone, to increase the 

sample size. Pairs were matched with regard to sex, age class (adult vs. subadult; 

subadults were characterised by having ages from eye lens weights of less than 234 

days where possible, otherwise by Stroh's sign), and time and year of death. Within the 

subadult class, when eye lens weights were available, hares were matched more closely 

with regard to age. Where possible, pairs were also matched with regard to the cause of 

death. All additional analyses were carried out using data pooled from all landscape 

types unless otherwise stated. 
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Females: reproductive condition and the impact of landscape 

Mature spermatozoa were present in 192 of the 290 smears. Immature spermatids were 

also present in many of these smears (see Fig. 5.3) 

Figure 5.3 Identification of spermatozoa in vaginal smears (x600). 
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Two hundred and thirty-one females were pregnant, 82 with more than one young (see 

Fig. 5.4). All foetal age classes were represented (see Fig. 5-5). A further II females 

were found to be in the early stages of pregnancy when examined for placental scars. 

Seventy-two females were identified as lactating either following or accompanying 

pregnancy. Eighty-three percent of the females collected were reproductively active, 

either mated, pregnant or lactating. The age of female hares ranged from 0.25-2.28 

years. Litter size was significantly correlated with the age of the mother with older 

females carrying more young (Spearman-Rank: r=0.250, n--130, p=0.004) (see Fig. 

5.6). 
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Figure 5.4 Frequency of litter size in 422 female hares. 
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Figure 5.5 Number of foetuses in each age class. 
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Figure 5.6 Relationship between age of females and litter size. 
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Paired sample testing indicated that there was no significant difference in reproductive 

output (measured as number of current foetuses) between hares from arable and other 

landscapes (Wilcoxon matched pairs: n--22, z=-1.425, p=0.154). A slightly higher 

proportion of females were found to be pregnant in arable areas (arable = 45%, other = 

31 %) when compared to hares from other landscapes. Similar numbers of mated and 

lactating females were noted in arable and other landscapes when paired samples were 

compared (mated: arable = 74%, other = 74%; lactating: arable = 28%, other = 21%) 

and the number of litters were similar across all landscapes when placental scar data 

were compared (Wilcoxon matched pairs: n--21, z---0.832, p=0.405). 

Body condition and morphometrics 

Female hares were significantly heavier than male hares (body mass: Mann-Whitney: 

n--936, z=-12.456, p=0.0001; carcass weight: Mann-Whitney: n--917, z---10.95, 

p=0.0001) and there was a significant positive correlation between the carcass weight of 
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females and the number of foetuses carried (Spearman-Rank: r=O. 149, n--229, p=0.024) 

(see Fig. 5.7). The body mass of female hares did not differ significantly between 

arable and 'other' landscapes (paired t-test: n--29, t=-1.324; P=0.307). There were no 

significant differences in any measured parameters in female hares (paired t-tests: head 

to body length: n--22, t=-1.274, df--21, p=-0.216; head and body to tail length: n=20, t=- 

1.692, df-ý-19, pz--0.107; ear length: n--27, t=-0.771, df--26, p=0.448; hind foot length: 

n---29, t=0.377, df--28, p=0.709). 

Figure 5.7 Relationship between female carcass weight and litter size. 
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Males: reproductive condition and the impact of landscape 

Cycles of testes weight and body mass were significantly in phase (Spearman-rank: 

r=0.525, n--457, p=0.0001) (see Fig. 5.8). Testes weights were significantly higher in 
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males from arable landscapes when compared with males from other landscapes 

(Wilcoxon matched pairs: n--22, z=-3.263, p=0.001; see Fig. 5.9). 

Mean testes and epididymis weight were used as predictor variables to determine if 

either parameter could be used to predict level of sperm production, eliminating the 

need for histology. Significant prediction could not be made using multiple regression 

(with epididymis weight: F=0.91 1; p=0.443; with testis weight: F=3.363, p=0.073). 

Sperm production showed a parabolic relationship with time of year (see Fig. 5.10). 

Figure 5.8 Relationship between testes weight and body mass. 
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Figure 5.9 Difference in mean testis weight in paired samples of males from arable 
and other landscapes. Bars below the line indicate where mean testis weight is higher 
in the male from the arable landscape. 
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Figure 5.10 Variation in percentage of epididymal lumen area containing sperm. 

Horizontal axis represents the month in which each hare died. 
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Body condition and moiphometr cs 

Male hares in arable landscapes were significantly heavier than their 'other' 

counterparts (paired t test: t=-2.719; p=0.012). This possible difference in body 

condition between arable and 'other' landscapes was not reflected in the subjective fat 

scores recorded at post mortem (Sign tests: p>0.05 in all cases). Body lengths, from 

head to tail (inclusive), and ear lengths were significantly higher in males from arable 

areas (headbody-tail length: n=23, t=-2.243, df=22, p=0.035; ear length: n=26, t=-2.237, 

df=25; p=0.034). 

Otherfactors affecting reproductive status 

Generalised linear models for female reproductive status 

Since no significant impact of landscape on reproductive condition had been revealed 

by applying paired analysis to a small number of females, a generalised linear model 

was constructed using data from a larger sample of females to determine the general 

impact of other factors which might be affecting reproductive status but were masked 

by analysing the data based on the surrounding landscape. All females with smears 

classified as positive or negative for the presence of spermatozoa or spennatids were 

included in the analysis and the breeding status of each female was classified in 

category 1-9 (see Table 5.6). 

Ten variables were entered into the initial model (age, body mass, number of foetuses, 

gut, kidney, lateral, ovary and uterine fat indices, head-body length and hind foot- 

length). Non-significant variables were removed one at a time and five variables (body 

mass, number of foetuses, gut and ovary fat and head-body length) remained in the final 

model (see Table 5.7). 
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Table 5.6 Features used to classify female reproductive status. 

Category Features 
1 

2 
3 
4 
5 
6 
7 
8 
9 

Nuliparous 
Parous but no sperm, pregnancy or lactation 
Mated (sperm present) but not pregnant 
Pregnant 
Pregnant and lactating 
Lactating (not pregnant) 
Mated (sperm present) and lactating 
Mated (sperm present) and pregnant 
Mated (sperm present), pregnant and 
lactating 

Table 5.7 Significant variables and associated statistics in GLM for reproductive 
status (n=259). 

Variable Estimate Standard error t t) 
Body mass 1.630 0.445 3.66 <0.001 
Foetuses 1.379 0.129 10.69 <0.001 
Gut fat 0.409 0.157 2.60 0.010 
Head-body -0.2035 0.0754 -2.70 0.007 
length 
Ovary fat -0.359 0.130 -2.76 0.006 

The effect ofpopulation density on reproduction 

Data from nine estates where more than 30 hares had been dissected on one day were 

analysed to detennine the relationship between the population density of hares and litter 

size. This relationship has implications for the formulation of specific habitat 

management procedures since even the creation of refuge areas known to benefit hares 

may create cluster populations with a subsequent long-term negative impact on 

recruitment. Only females which had been recorded as pregnant were classified as 

'breeding' for the purpose of this analysis; females identified as mating from vaginal 

smears or lactating were omitted. The number of breeding females was expressed as a 

proportion of the total number of hares examined at each estate and this was used to 

estimate the number of breeding hares shot on the day. This figure was then related to 
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the total area of land over which the shoot took place to determine the number of 

breeding females per 100 hectares for each estate (see Table 5.8). The area of the shoot 

was calculated in one of two ways, either through direct measurement on a map using 

the BITPAD program or communicated verbaffy by the keeper on the estate. Mean 

litter size was also calculated for each estate (see Table 5.9). Population density was 

negatively associated with, but did not have a significant impact on, fitter size when all 

estates were included (Spearman-Rank: r=-0.322, n--9, p=0.398) (see Fig. 5.11). 

However, a large number of hares were shot on Estate 4 in a comparatively small area 

creating an outlier on the graph which, when removed resulted in a significant negative 

relationship between these parameters (Spearman-Rank: r=-0.756, n--8, p=0.030). 

Figure 5.11 Relationship between hare population density and litter size. 
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Table 5.9 Mean number of young per female on each of nine estates. 

Estate Mean number of Standard deviation 
young/female 

1 0.78 0.74 
2 0.58 0.58 
3 0.91 0.77 
4 1.61 1.24 
5 1.30 1.34 
6 0.94 0.83 
7 0.63 0.72 
8 0.62 0.64 
9 1.29 1.01 

Previous analysis indicated that testes weights were significantly higher in males in 

arable landscapes when compared with males from other landscapes. Since hares are 

found at higher densities in arable areas compared to other areas, I used data from the 

same mne estates to determine the relationship between the population density of hares 

and testis weight. 

The number of males was expressed as a proportion of the total number of hares 

examined at each estate and this was used to estimate the number of males shot on the 

day. This figure was then related to the total area of land over which the shoot took 

place to determine the number of males per 100 hectares for each estate (see Table 

5.10). Mean testis weight was also calculated for each estate (see Table 5.11). 

Population density was negatively associated with, but did not have a significant impact 

on, testis weight when all estates were included (Spearman Rank: r---O. 142, n----9, 

p==0.715) (see Fig. 5.12). 
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Table 5.11 Mean testis weight of males on each of nine estates. 

Estate Mean testis weight Standard deviation 
1 10.01 1.65 
2 8.51 1.54 
3 9.98 1.99 
4 9.36 1.45 
5 9.74 1.65 
6 9.29 1.55 
7 9.44 2.17 
8 8.92 1.49 
9 9.27 1.40 

Figure 5.12 Relationship between hare population density and testis weight. 
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The effect of phyto-oestrogens on reproduction 

Sixteen of the 50 hares for which histological preparations of uterine tissue had been 

made showed evidence of hyperplasia when examined. There was no evidence of any 
hyperplasticity in 23 of the tissue sections and II sections were too poor (dehydrated or 

damaged) for photography and/or diagnosis to be possible. 

No equol, daidzein, genistein or coumestrol were present in any of the 17 serum 

samples analysed for isoflavones and lignans. Enterolactone, however, was present in 

all samples across a wide range of levels (see Table 5.12). A logistic regression model 

(-2LL = 19.462, Xý =2.468, d. f. =I, p=0.2857) correctly classified 75% of sections for 

the presence or absence of hyperplasia using enterolactone level as the predictor 

variable but there was no significant difference in enterolactone level between those 

hares with and without hyperplasia (Mann-Whitney: n=39, U= 20.0, p=0.313). High 

enterolactone level did not affect reproductive output; the number of foetuses produced 

by female hyperplastic hares did not differ significantly from the number of foetuses 

recorded in those hares with no hyperplasia (Mann-Whitney: n=14, z=-0.346, U=21.5, 

p=0.755). 

Cystic endometrial hyperplasia in humans is associated with females aged 41-50, 

undergoing ovarian changes prior to the menopause. However, age did not significantly 

predict incidence of hyperplasia in hares (-2LL =21.93, d. f=l, p=0.0940). 
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Table 5.12 Serum enterolactone levels (ng/ml) and incidence of hyperplasia in 17 hares. (H= hyperplasia; N= no hyperplasia; blank = poor tissue section). 

Hare number Enterolactone level Hyperplasia 

diagnosis 
34 128.4 H 
41 127.7 N 
46 50.2 H 
51 86.8 H 
93 55.9 N 
108 72.4 H 
209 75.3 H 
237 102.7 H 
243 39.9 N 
299 70.9 N 
309 1964.9 H 
328 61.8 N 
531 63.4 N 
634 93.1 N 

635 182.8 

705 111.8 H 

759 77.5 H 

5.4 Discussion 

V- 

T emales: reproductive condition and the impact of landscape 

The high percentage of reproductively active females (83% based on smears, lactation 

and confirmed pregnancy) suggests that hare populations are not linifted by the ability 

of individual female hares to reproduce. The presence of foetuses of all ages also 

indicates that any significant limiting factor connected with recruitment is acting at the 

postnatal rather than neonatal stage of life. Although only 58% of hares collected in 

February were pregnant compared to the figure of 86% quoted by Broekhuizen & 
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Maaskamp (1981), the start of the reproductive season is known to vary with 
temperature (Flux, 1967) and the range of litter sizes in the sample, of 1-4 young, are 

comparable with published data (Hewson, 1964; Flux, 1967; Lloyd, 1968; Hewson & 

Taylor, 1975; Broekhuizen & Martinet, 1979; Frylestam, 1980; Broekhuizen & 

Maaskamp; 1981; McLaren, 1996). 

The absence of any significant difference in variables used to represent reproductive 

output between arable and 'other' landscape, suggests that reproductive limitation, if it 

exists, cannot be detected at the broad resolution of landscape or is determined by other 

factors affecting hare numbers and hidden if analysis is conducted at the landscape 

level. Variables representing body condition, and morphometric parameters were 

significant when the generalised linear model to explain variation in the reproductive 

status of females was constructed. This indicates that a factor responsible for limiting 

hare numbers is likely to be present at a more refined level of habitat management that 

might have an impact on a secondary factor. Such a factor might be food resources or 

nutrition, previously identified as a limiting factor for hares in arable land (McLaren, 

1996) which, in turn and known to reduce the general body condition of hares. I 

suggest that the limitations imposed by sample size, which confine this study to the 

investigation of comparative reproduction in two very broad landscape types, mask the 

significant factors affecting reproductive status. For females therefore, my first 

hypothesis that the decline in hare numbers and the disparity between hare numbers in 

arable and other landscapes is 4 result of reproductive limitation imposed by the 

surrounding landscape at a broad level is rejected. Declining hare numbers at this level 

are unlikely to be related to limitations imposed on reproductive output by landscape 

per se or reproductive limitations operating in isolation. 
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Males: reproductive condition and the impact of landscape 

The significant factors affecting reproductive condition in male hares are concomitant 

with those affecting females but exert a stronger effect and are revealed at the broad 

level of landscape. Males in arable areas are in significantly better condition (higher 

testis weight, body mass and body lengths), than their counterparts in other landscapes 

and this may have a significant impact on their reproductive activity. This may provide 

partial explanation for the fact that a higher proportion of pregnant females were found 

in arable landscapes compared to other areas. In addition, the importance of factors 

linking landscape and body condition, identified in females, is confirmed. 

The impact of the significant difference in body condition in male hares between 

landscapes is open to interpretation since my analyses did not reveal a significant 

relationship between testes weight and sperm production. However testes weight and 

body mass were significantly related. The significant relationship between male 

reproductive success and body size is well documented (Reiss, 1989) and in many 

species, assortative mating for size takes place. Significantly low body condition in 

males from 'other' landscapes may therefore suggest that hare numbers are limited or 

declining here due to limitations on male reproductive success rather than female 

reproductive activity which might be proposed and investigated first. It may be that 

young fathered by males in poorer body condition (i. e males in pastoral land) may 

simply not be in good enough condition themselves to survive. Therefore, the disparity 

in hare numbers between arable and pastoral landscapes may be the result of post-natal 

limitation as suggested by the data for females. It is clear though that based on body 

condition and morphometric parameters, there are significant differences in the 

145 



reproductive success of males from arable and pastoral landscapes and my first 

hypothesis is therefore accepted. 

Habitat management to manipulate population density: possible effects on reproduction 

Although low in comparison to published data for other countries (Broekhuizen & 

Maaskamp (198 1) quoted a mean figure of 2.1 young per female in a February sample), 

my figures for the mean number of young per female on the nine estates are comparable 

to figures of 0.5-1.3 generated by McLaren (1996) using East Anglia hare populations. 

This supports the use of my crudely calculated figures for further analyses relating litter 

size to population density. 

Frylestam (1980) demonstrated a significant negative relationship between the 

population density of hares in an area and litter size. This was not initially evident in 

my sample taken from nine estates but removal of the outlying data point revealed a 

significant relationship between the parameters. Hence my second hypothesis that hares 

are reproductively limited as a result of the impact of landscape and habitat 

management on the population density of hares may only be accepted for female hares 

if the outlier is removed. Clearly a larger sample of estates are needed to produce a 

more accurate picture of the relationship between these parameters but my data suggest 

a possible negative trend. 

Significantly higher testes weights in males from arable landscapes when compared 

with males from other landscapes suggested a possible relationship between male 

reproductive activity and hare population density. Testis weight is widely used to 

estimate or measure the intensity of sperm competition; the more intense the level of 
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sperm competition the greater the testes size (Birkhead, 2000). My analysis did not 
indicate that sperm competition was operating in the hare populations on the nine 

estates but testes weight, as litter size, exhibited a negative, though not significant, 

trend with increasing population density. 

The possible negative effects of increasing hare population density on reproduction 

should be considered when habitat management plans for hares are produced or altered 

in the future with the aim of increasing hare numbers according to the Biodiversity 

Action Plan. The planting of large areas of habitat such as winter cereals which hares 

preferentially seek as a food source has increased in recent years and hares have been 

noted to cluster in these areas particularly where they fonn an alternative to the 

dominant habitat. High density clustered populations may be more vulnerable to 

reduced litter sizes and this might explain why hare numbers have declined in pastoral 

landscapes and have more recently been noted to decline in some arable areas. 

Subsequently, in the long-term, plans initially produced with the aim of increasing hare 

numbers, may result in the exacerbation of a decline. Habitat management plans which 

include hares must consider how areas of alternative habitat such as those suggested in 

Chapter 4, or new planting regimes can be incorporated into the landscape or how 

existing habitat areas can be managed so that schemes focused on increasing hare 

numbers do not have the reverse effect. 

Increasing phyto-oestrogens: are they responsiblefor limiting hare numbers? 

Endometrial hyperplasia was identified in a small number of hares but does not appear 

to have a significant impact on reproductive activity. This is in agreement with 

Bensinger et al. (2000) who noted signs of endometrial hyperplasia in hares but 
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concluded from placental scar counts that this had not had a significant impact on 
fertility. My third hypothesis that hares are reproductively limited by phyto-oestrogens 

is rejected. 

The absence of isoflavones in any of the serum samples is unexpected since these 

chemicals occur throughout many plants which hares would be expected to consume 

Examination of the guts of the relevant hares might reveal why no isoflavones were 

detected and also provide an explanation for the presence of enterolactone. 

Enterolactone is a weak oestrogen however, and would need to be present in much 

higher levels than found in my sample over a protracted period of time to have the 

potential to initiate sterility (M Morton pers comm. ) hence no obvious negative effect of 

ingesting phyto-oestrogens has been identified in hares at this stage. The ftiture impact 

of phyto-oestrogens depends on future planting regimes and habitat management since 

an increase in the planting of 'potent' phyto-oestrogen containing species will only 

serve to increase the vulnerability of hares and other herbivores to the effects of these 

chemicals. 

Identifying limitingjactors: theproblems associated with a low or declining population 

The primary aim of this study was to assess the impact of landscape type and habitat 

management on the reproductive status of hares and subsequent recruitment to hare 

populations. The initial plan for the study was that hares would be collected from all 

four landscape types throughout the year for these assessments to be made. In practice, 

this proved difficult on two counts. Firstly, large numbers of hares were available only 

from shooting estates, where driven shoots were non-nally held once a year in late 

January or during February. Hence the sample of hares collected was strongly biased 
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towards this late-winter period preventing comparison with other European studies 
(Frylestam, 1980; Broekhuizen & Maaskamp, 1981) where hares have been collected 
throughout the year and where intra-year variation in hare number is considered. 
Secondly, most estates holding hare shoots are in arable landscapes where hare numbers 

are high enough to support a shoot, and all estates from which large numbers of hares, 

(>30 individuals), were obtained for this study were on land classified as arable. Hare 

carcasses from 'other' landscapes (pastoral, marginal upland and upland) were largely 

obtained as the result of volunteers collecting road kills. As a result, these carcasses 

showed a widespread distribution across Britain, but represented just 11% (107) of the 

total carcass collection (975) despite extending the study by a year to allow more 

carcasses to be collected and examined. 

The problem of small numbers of non-arable carcasses was overcome for the purpose of 

inter-landscape analyses by the use of paired samples. Despite the large overall number 

of available carcasses, only 29 pairs of females and 29 pairs of males could be 

accurately paired for use and this needs to be considered when the data are interpreted 

and the conclusions are applied to larger samples. 

Such problems typify the fact that collecting data is hard for a species that is low in 

numbers or declining in a particular landscape. Carcass collection is continuing beyond 

this study to build on the analyses discussed here with the hope of assessing the impact 

of landscape on reproductive success in more specific landscape types. 
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5.5 Summary 

A sample of 975 hare carcasses was collected from across Britain between 1996 and 

2000 to determine if reproductive activity was limiting hares and could provide an 

explanation for the disparity in hare numbers between arable and pastoral landscapes or 

the decline in hares in arable landscapes noted in the second National Hare Survey. 

Eighty-three percent of females were reproductively active (either mated, lactating or 

pregnant at the time of death). Due to a low number of carcasses from areas not 

classified as arable, comparative tests were conducted between arable and 'other' 

landscapes (pastoral and marginal upland). There was no difference in the size or 

number of litters produced by females from different landscape types and a wide range 

of foetal ages were represented. 

Body condition indices and morphometric parameters (including testes weight) were 

significantly higher in male hares from arable landscapes than in hares from other areas. 

This suggests that males in arable areas will achieve greater reproductive success than 

their counterparts in other landscapes and subsequently father young who will 

themselves be in adequate condition to survive to reproductive age. 

Analyses relating population density and mean litter size suggest a possible negative 

relationship between these parameters. Further carcass collection to increase sample 

size is necessary to determine the strength of this relationship which might have 

implications for hare populations congregating at high densities in 'refuge' habitats. 

150 



Endometrial hyperplasia was diagnosed in a sample of animals but did not appear to 

have a significant impact on their reproductive activity or output. Enterolactone (a 

weak phyto-oestrogen) was discovered in the bloodstream of these females but levels of 

enterolactone were comparable in hyperplastic and non-hyperplastic individuals. No 

isoflavones (more potent phyto-oestrogens) were isolated from blood samples. There is 

no evidence to suggest that the ingestion of phyto-oestrogens is significantly limiting 

reproduction in hare populations at the present time. 
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Discussion 

6.1 Trends in hare numbers 

The first aim of this study was to determine trends in hare numbers in Britain during the 

20th century. In Chapter 21 presented data from local mammal reports, questionnaires 

and records of hares spanning 1940-1996 and in Chapter 3,1 assessed how hare 

numbers had changed during the 1990s. 

My first hypothesis was that hare numbers had declined in Britain during the 20th 

century, a trend originally indicated by game bag data (Tapper, 1992). Trends in all 

three data sources used in Chapter 2 tended towards supporting this statement, but hare 

numbers fluctuated widely between counties and landscape types and within these areas 

over time and no clear directional trend was visible when the three data sources were 

compared with game-bag and hunting data. I conclude that hare populations have 

shown an overall tendency towards decline in the last 100 years but that the noise in the 

experimental system generated by comparing data collected using different protocols 

reduces the clarity of any clear trends that might exist. Standardisation of mammal 

recording is essential for future trends in mammal numbers to be detected with a greater 

degree of accuracy. 

Secondly, I tested the hypothesis that trends in hare numbers during the 20th century 

differed between arable and pastoral landscapes and this was supported when 

Generalised Additive Models were applied to records of hares. Once again, noise 

within the system masks clear trends when data are plotted but the hare records do 
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provide the opportunity for exploring trends in hare numbers in both arable and pastoral 

landscapes, an opportunity not afforded by game-bag data and hunting statistics 

predominantly collected from arable strongholds. It is clear therefore, assuming 

standardised recording protocol are adopted across the country, that long-term data sets 

of mammal records provide a useful source of baseline data for assessing national and 

regional trends in species numbers and also changes in species number within more 

specific landscape and habitat borders. 

In Chapter 3,1 tested my third and fourth hypotheses that hare populations stabilised 

during the 1990s and that hare numbers remained lower in pastoral landscapes than in 

arable landscapes. Data presented in Chapter 2 suggested that hare numbers might have 

begun to stabilise or even increase in some counties in the first half of the 1990s and 

this idea of numbers stabilising had also been suggested based on the analysis of game- 

bag data (Tapper, 1999). In addition, agri-environment schemes, discussed in Chapter 4 

had been introduced in the early 1990s and might have been expected to have induced 

an increase in hare numbers or, at least, reduced the rate of decline. However, there was 

no reason to assume that such schemes would have had a significant effect on reducing 

the considerable difference between hare numbers in arable and pastoral landscapes. 

In contrast to these expectations my analyses indicate that hare numbers continued to 

decline during the 1990s, but within arable rather than pastoral landscapes. My fourth 

hypothesis was accepted, since, despite declines in hare numbers in arable areas, hare 

numbers are still significantly higher here when compared with hare numbers in 

pastoral landscapes. Declines in hare numbers in arable areas give cause for concern 

since these have previously been strongholds for hares. In recent years, hare 
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populations in pastoral areas have been the focus of researcher attention. Declines in 
hare numbers in arable land suggest that a more balanced approach, encompassing hares 

in arable and pastoral areas may be necessary if the aims of the Biodiversity Action Plan 

are to be achieved. 

6.2 Population limitation: the effect of landscape and habitat management 

The second aim of this study was to investigate the effect of landscape and habitat 

management on hare populations. The 20th century was a time of change not only in the 

abundance, but also in the distribution of hares in Britain. Despite the fact that hares 

were beginning to decline in the south-west in early decades, Corbet (1966) still 

described hares as 'common on arable and pastoral land alike'. Data from the first hare 

survey (1991-1993) and Chapter 3, confirm a current significant disparity in hare 

numbers between these landscapes lending support to the first part of my fifth general 

hypothesis that current landscape and habitat management limit hares. More detail 

however can be gleaned by examining two related hypotheses. 

My sixth hypothesis that increasing habitat enhancement, habitat richness and habitat 

diversity can increase hare populations was accepted in part. Hares appear to benefit 

from landscape and habitat management that focuses not just on increasing the number 

of available habitats and food resources within an area but on the interaction between 

the abundance and distribution of habitats. A wide variety of habitats may be available 

to a hare population but if these habitats are spread over an extremely wide area, then 

the balance between the costs of travel to a particular habitat and the energetic benefits 

from the nutritional reward may simply mean that hares are tied to one or two types of 

habitat in what appears to be a heterogeneous landscape. The value of creating patches 
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of alternative habitat within large monotypic habitat areas was noted by Hutchings & 

Harris (1996) and my analyses indicate that these refuge areas are still of great 

importance. I suggest that in areas of monotypic habitat where such alternative habitat 

areas are not available, hares are limited by landscape and habitat management and that 

future management should concentrate on the provision and spatial distribution of such 

areas. 

The provision of environmentally or conservation-friendly landscape and habitat 

management has been introduced on a broad national scale in the fonn of agri- 

environment schemes, including set-aside. My seventh hypothesis was that such 

schemes had a positive effect on hare populations in the 1990s. My analyses using data 

relating to some of the schemes suggested that this should be rejected, but this may not 

be the case. Realistically, I suggest that since it would be difficult to determine how 

hare populations would have declined without agri-environment schemes in place, the 

impact of these schemes may have reduced the rate of decline and this reduction 

remains undetected. Such effects will only be seen with regular long-term monitoring. 

What this study has highlighted is that habitat management is not the only factor 

limiting hare numbers. Although hares are heavily dependent on landscape and habitat 

management and populations will fluctuate with agricultural change (McLaren, 1996) 

the problem of declining hare numbers will never be completely reversed by 

concentrating on improving habitat management in isolation. 

6.3 Population limitation: are hares reproductively imited? 

The final aim of this study was to consider the more specific effects of landscape and 

habitat management on hare populations rather than the gross impact of these processes 
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and test the general hypothesis that hares in Britain are reproductively limited as a result 

of landscape and habitat management. At the broad level of landscape this is not the 

case and I conclude that any reproductive limitations which result in reduced 

recruitment to hare populations are imposed at the postnatal rather than neonatal stage, 

i. e. hare populations are limited by low leveret survival rather than low leveret 

production. There is no evidence to suggest that hares in 'other landscapes' are under 

greater reproductive stresses than their arable counterparts but it is clear that the body 

condition of hares has a prominent impact on reproductive success. Habitat 

management procedures therefore need to be designed to provide food resources with 

adequate nutritional value to maximise body condition and enable reproductive success 

to reach an optimum. Some suggestions as to how this might be achieved have already 

been proposed by McLaren (1996) in his study of hares in arable landscapes. Testing 

my ninth hypothesis that hares are reproductively limited as a result of the impact of 

landscape and habitat management on hare population density reinforces the suggestion 

that the spatial distribution of habitats as highlighted in Chapter 4 must be considered if 

refuges are to be maintained without exerting a negative effect on recruitment. 

My final hypothesis that hares are reproductively limited due to the ingestion of phyto- 

oestrogens from plant material was rejected and there was no significant relationship 

between the levels of phyto-oestrogen within the bloodstream and the presence or 

absence of hyperplasia. This might be explained if the possibility of a time delay is 

considered between the ingestion of the phyto-oestrogen and a trigger which causes the 

onset of hyperplasia. It is possible that a hare may ingest the phyto-oestrogen which 

will exert an oestrogenic effect but that the appearance of hyperplasia may require 

changes in the level of another hormone, for example progesterone which acts as a 
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trigger hormone following a sterile mating (P. Stott, pers comm. ). This is a speculative 

conclusion and further work is required to establish its validity. 

6.4 Are hares a good model species for the study of population limitation? 

The volume of previous work on hares, in particular the large number of available 

records provide the impression that hares are a good model species for study. Similarly 

the decline in hare numbers and the difference in hare number across landscapes 

suggests that hares are limited at least in part by habitat and hence are a good species for 

investigating the specific effect of limitations imposed by landscape and habitat 

management. To some extent, this study has confirmed the importance of these factors 

in limiting hare numbers. However, there are also strong indications that other factors 

limit hare numbers. Determining these additional factors, how they affect hare 

populations and how they interact with the effects of landscape and habitat management 

is complicated, not least because of the compounding anthropogenic factors associated 

with hares and their status as a quarry species. 

In Britain, hares are affected by three field sports, coursing, hunting with packs of 

hounds and shooting. Hutchings and Harris (1996) suggested that the higher hare 

numbers noted in areas where hunting took place were the product of a greater tolerance 

of farmers and land owners who were prepared to cope with hare damage to crops or the 

risk of poachers, due to the revenue created from field sports. If this is true then it is 

just one example of how clear correlations between changes in hare populations and the 

likely factors creating them, can be masked by human impact which cannot always be 

quantified. 
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An allied example pertains to the suggestion made in Chapter 4 that hare numbers might 
be further limited by the continued expansion of Britain's road network. Such 

limitation could be imposed as a direct result of habitat fragmentation or increased hare 

casualties on roads but I suggest that an increase in the number of roads is more likely 

to affect hares because of the additional access it provides to previously inaccessible 

areas of habitat. Such access provides an opportunity for activities such as illegal 

coursing and poaching which can cause severe damage to crops and land. As a 

consequence, landowners may cull hares to protect their crops. Illegal coursing and 

poaching is particularly prevalent in eastern, arable areas of Britain and these activities 

and/or associated culling may have contributed to the decline in hare numbers now 

identified in arable areas. Again the impact of such anthropogenic effects varies across 

the country and is virtually impossible to quantify. As a consequence, it may be that the 

amount of additional information that could be concluded from any further work on the 

effect of habitat on limiting hare numbers, is itself limited. 

6.5 Further research 

There are a number of questions arising from this study that now require further 

research but primarily two areas of interest should be investigated. Firstly, this study 

has revealed that post-natal survival of hares to reproductive age may be limiting hares 

in arable and pastoral landscapes. Although catching leverets is difficult, clearly, 

studies are required to define the proportion of leverets surviving particularly in pastoral 

landscapes where hare numbers are so low and to determine the likely long-term impact 

on hare populations if losses are maintained at the same level. Attention should be paid 

to establishing the causes of leveret mortality so that all possible measures can be 

implemented to reduce these losses to a minimum or at least sustainable level. 
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My study has also revealed the possible role of habitat management in defining the 

nutritional rewards available to hares in different landscapes. This has been explored in 

detail for arable landscapes by McLaren (1996) but studies of energetics and the 

possible limitation imposed by food resources within pastoral landscapes are urgently 

required. Such a study may prove problematic since low numbers of hares are available 

from pastoral landscapes but with continued carcass collection it should be possible to 

conduct preliminary analyses in the not-too-distant future. 

Clearly such studies are necessary if the objectives of the Biodiversity Action Plan are 

to be met, particularly if a doubling of hare numbers is to be achieved by 2010. 

Whether we should really be concentrating on doubling hare numbers is another 

question. I would suggest that the current patchy distribution of hares and the wide 

variation in hare numbers even within a local area indicate that further research should 

focus on redefining the spatial distribution of hares before attempting to increase hare 

numbers or that such initiatives should proceed in parallel to achieve significant results. 
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APPENDIX 



BROWN HARE SURVEY OF GREAT BRITAIN 

The principle aims of the survey are: - 

To determine the current size of the brown hare population, to compare it with the estimate for the early 1990s and to determine whether the reduction in the levels of agricultural intensification and other landscape changes have had any benefits in helping improve hare populations. 

2 To determine the impact of habitat fragmentation on the hare population. 

3 To use this information to predict future hare population changes in response 
to different patterns of landscape management. 

To achieve these goals, we will be walking transects in pre-selected one-kilometre 
squares and recording all hares seen. To analyse the data objectively, we need to survey 
good and bad habitats, but will be avoiding urban areas, since hares are rarely seen in 
such areas. So please cover the square (s) you have been allocated even if you do not 
think you will find many hares, but choose your transect to avoid urban areas. If this is 
not possible, please return the square and you will be allocated a new one. 

Your first task is to walk the square to choose your transect, having obtained the 
cooperation of the relevant landowners. Familiarise yourself with the square and 
choose your transects as described on the sheet Guidelinesfor recording the habitat 
data. For England and Wales, the maps provided are the latest 1: 25,000 Pathfinder 
series, for Scotland they are either this series or the previous revision, depending on 
which is available. Even though these maps are the latest available, land use change in 
the countryside is proceeding at a fast pace, and so your map may already be slightly 
out of date. Once you have chosen your transect, mark it carefully in red on the first 
map. Remember that it is important that your transect is marked accurately on the map, 
since we need to measure this. Remember also that you need to take direct routes 
across fields and not along linear features. During the winter you will not cause any 
damage walking across fields, but ensure that you have permission. Also remember that 
you have to sample all the habitat types in the square, so do not try to select or avoid 
any of the habitats available. 

The aim of the survey is to record hares sitting in their forms (depressions scraped in the 

soil or ground vegetation), and these are found in the middle of fields, in hedgerows, in 

woodlands, etc. By slowly walking a transect around the square you will see hares 

lying in their forms or flush them as you approach. All you have to do is count and 

accurately record the positions of these hares. The method is very simple but it is vital 
that you take great care in recording the position of the hare, since this is essential to 

enable us to get an accurate population count. So please take care when making the 

measurements. It would be best if you have a trial walk before you start the survey, to 

ensure that you are doing things properly. Also, you are not in a hurry, and do not have 

to complete the transect within a certain time period, so do not rush things. The ke,,, ' is 

to keep the transect line straight and to know exactly where the transect line is. You 

will find that on average about 50 percent of the hares will be flushed within 15 metres 

of the transect line, 80 percent within 50 metres, and the rest within 100 metres, so you 

generally will be recording hares close to your transect. The survey period lasts from 

October 14 to January 14; and you are required to do one walk during the period. Pic 

walk should be done during the middle of the day. 

179 



GUIDELINES FOR RECORDING THE HARE DATA 

Plotting the transect 

You have been sent the most up-to-date map that we have at Bristol, but there may haN e been small changes in recent years. So make a preliminary visit to familiarise yourself 
with the square, note any changes that have occurred and then plot your transect. A 
guide to the ideal route is shown in Fig. 1. The transect route should have four main legs 
at right angles to each other (i. e. a square), all running approximately 150 metres inside 
the boundaries of the square. To mark out the legs of the transect, stand at the starting 
point (which can be on any side of the square to suit you) and locate a convenient object 
some way directly in front of you - this can be a prominent tree, field comer, pylon, or a 
gate through a hedge. You should then walk directly towards this land mark. In areas 
with very big fields there may be an absence of convenient markers. Then you may find 
it easier to tie pieces of coloured rag or polythene onto fences or hedges, and measul-e 
the distance from these to some convenient land mark that is shown on the map. Repeat 
this process on all four legs of your transect. Please ensure that your transect is clearly 
marked on the map, and that its position is recorded accurately. In practice you are 
likely to find that you cannot complete each leg of the route as a single straight line due 
to obstacles such as rivers, quarries, etc. and you may need to align section of each leg 
of the transect to take you to easy crossing points through hedges , etc. in such 
situations each leg of the transect will be broken into a number of straight segments as 
shown in Fig. 2, but these should be kept as close to the ideal in Fig. I, as possible, and 
you must still traverse different habitats at random and not select a route which you 
think might improve your chance of seeing hares. 

Once your transect route has been decided, it should be drawn very accurately onto your 
map. All habitats and crop types within your one kilometre square should then be 
recorded onto the second map, using the Guidelinesfor recording the habitat data. Use 
as many different colour pens for this, and colour-code the different habitat types on the 
back of the map. This may sound a little complex but it is generally very easy. Most 

squares have only about half a dozen different habitat types and once you have marked 
on the hedgerows and other linear features, it is easy to shade in the different habitat 
blocks. 

Fig. 1. Ideal transect Fig. 2. Legs of transect 
divided into segments 
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Frequency and timing of the walks 

You should walk the transect during the periods October 14-January 14. Your Nvalk may start at any time between 10-00 and 12.30 GMT, and should be carried out at no more than a slow walking pace. The transect will be about 3000m long and so the 
survey should take between one and two hours, and should therefore be completed by 
14.30 GMT. These times are important, since during the middle of a winter day, hare's 
are most likely to be lying in their forms and hence easiest to count. 

Weather 

Do not carry out the survey in extreme weather conditions which affect visibility; these 
are likely to drive hares into cover or compromise your own safety. For the purposes of 
this survey, extreme weather conditions are: driving rain, very strong winds, thick fog 
reducing visibility to less than 100 metres, or heavy snowfall. In upland areas, it is 
particularly important to carefully consider your own safety. 

Equipment needed 

The maps you need are supplied; on map one mark the transect in a bright colour and 
clearly mark and label your habitat boundaries. Please also mark any hare sightings on 
this map. On map two, please complete the habitat survey as detailed in Guidelinesfor 
recording the habitat data; this requires that you have a set of coloured pens/pencils. 
You may also need some coloured cloth or strips of polythene to mark the transect and a 
clipboard would be very useful. 

Judging distances 

You need to be able to judge distances and also to measure some distances accurately 
by pacing. Accuracy here is important, so first check your average walking pace length. 
This should be done by counting the number of paces you require to complete a known 
distance rn preferably 100 metres. DO not measure a single pace or paces over a short 
distance, since this will be subject to considerable errors. You need to put the number 
of paces per 100 metres on your recording sheet. Also, since you have worked out the 

size of a normal pace, practice judging distances, since you need to be able to estimate 
distances of 25 metres, 50 metres and 100 metres reliably in the field. 

Locating hares 

Traverse the transect at a slow walking pace; do not try to go tOOfast. Scana semicircle 

of about 100 metres radius in front and to your sides. Whilst scanning to the sides be 

especially careful not to miss any hares lying or getting up directly in front of you. 

Also, when scanning further out, do not make the mistake of missing areas of the 

ground relatively close to you on either side of the line, as hares will sometimes sit 

tight, staying pressed to the ground even when you approach to within a few metres. On 

other occasions they may flush at over 50 metres. if you carry binoculars, only use 

these to check sightings. When you spot a hare in its form or see it as it runs off, make 

sure you fix on the form or the point of flushing , making a mental note of any physical 

features close-by such as conspicuous grass tussocksý clods5 etc. Then check that you 

are in fact directly on your transect line and note the time. When a hare has been 

while you are still in sight but keep an eve on it to 
flushed, it is unlikely to settle again I 

ensure that you know where it goes and do not count in twice. Also it may push off 

another hare, and you will have to record the position of any hares disturbed from v. oui- 
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transect, but ignore ones that get up so far off that You would not have spotted them from the transect. 

Continue along your transect until you are at right angles to where the hare was flushed. 
Whilst doing this it is important to keep an eye on the spot where the hare was flushed 
until you reach the closest point on your transect line. From there if the hare ývas less 
than 25 metres way pace out the perpendicular distances in pace on your data sheet. You will find it useful to leave a marker on the transect line so that you do not lose your 
position. Be warned; if you do not, you may have difficulty relocating the transect line. 
For distances over 25 metres, simply give an estimate of the distance to where the hare 
was lying up; this estimate should be either 25-50 metres, 50-100 metres or over 100 
metres. It is crucial that you estimate this distance from the nearest point on the 
transect line and not from where you first saw the hare. Then mark the approximate 
position of the ahre on your sightings map and add the number to correspond with that 
on the Hare data sheet. Finally make a note of the vegetation type where the hare was 
flushed, using the categories on the Guidelines for recording the habitat data, and 
record this and the other information required on the Hare data sheet before continuing 
along your transect. Remember that it is vital that you record the position of each hare 
accurately in relation to the transect, and if you do not you will bias the population 
estimates. 

Measure this 
perpendicular 
distance 

Hare 

Observer 

Only record brown hares; we do not want any information on mountain hares. Also, 

make sure that you do not confuse hares with rabbits, which can be a problem, 

especially near to hedgerows. Make sure you can tell the difference reliably in the field; 

you may find a pair of binoculars useful for confirming identification. 

Insurance 

You should be aware that, acting as a volunteer, you are not covered for personal 

accident and injury, by any policies currently held by the People's Trust for Endangered 

Species or the University of Bristol. Please make your own arrangements if you feel 

this is necessary. 
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GUIDELINES FOR RECORDING THE HABITAT DATA 

The maps provided are the latest available and should be reasonably up-to-date. However, there may have been recent changes to field boundaries, roads or new houses built. So first of all, mark these on one of the maps. Then mark on all the habitat 
features at least 50 metres in length or 500 square metres in area; ignore any areas 
smaller than this. All the habitat types have been numbered and described beloN\ : all 
you need to do is first of all mark surviving hedgerows and treelines in bright colours to 
ensure that they are clearly visible. Then use as many different colour pens as you like 
to mark the boundary of each field or habitat type. On the map simply use the numbers from the list to identify the type of habitat. Although there are many habitat types listed 
below, in most one-kilometre squares you will use less than ten of theses categories, so 
the task should not be too complex. 

Linear features 

1. Hedgerows: less than 4 metres high and less than 5 metres wide. Classify 
them as continuous if the gaps are less than 10m wide. 

2. Treelines: a line of single trees (minimum of three) greater than 4 metres 
high and less than two canopy widths apart. Hedgerows may be associated 
with treelines. 

3. Ditches: usually small, perhaps temporary water courses; see 4 and 5 below. 
4. Rivers and streams: flowing water with no evidence of canalisation, and 

usually permanent, continuous flowing water. Ditches are more likely to dry 
up and the water flow is more likely to be interrupted. 

5. Canals: confined to flow in a certain direction by man. 

Other habitat features 

6. Semi-natural broadleaved woodland: predominantly broadleaved trees 
more than 5 metres high with a semi-natural or natural growth. 

7. Broadleaved plantations (including orchards): tree species not native to 
the site and of even age. 

8. Semi-natural coniferous woodland: predominantly coniferous trees of any 
height with semi-natural or natural growth. 

9. Coniferous plantations: predominantly coniferous trees which have ben 

planted. 
10. Semi-natural mixed woodland: at least 25 percent broadleaved and 25 

percent coniferous trees with semi-natural or natural growth, trees over 5 

metres high. 
11. Mixed plantation: at least 25 percent broadleaved and 25 percent coniferous 

trees, planted. 
12. Young plantation: young trees, up to 3 metres high, both coniferous and 

broadleaved, which have been planted. 
13. Recently felled woodland: areas for which there is evidence that woodland 

has been felled recently. 
14. Parkland: area where tree cover is less than 30 percent, the majority of the 

trees between 30 and 70 metres apart and a minimum number of ten trees. 

15. Tall scrub: between 3 and 5 metres high. N. B. stands of trees less than 5 

metres high should be classified as woodland, not scrub. 

16. Low scrub: vegetation less than 3 metres high. 

17. Bracken: land dominated by bracken with at least 75 percent cover. 
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18. Coastal sand dunes: include all stages of succession where the vegetatio is grass-dominated or wet dune slacks. 
19. Coastal or mud flats: should be fairly obvious. 
20. Coastal shingle or boulder beaches: should be fairly obvious. To include outcrops of bare rock on foreshores. 
21. Lowland heaths: lowland areas with at least 25 percent dwarf shrubs. 22. Heather moorlands: as above but for upland sites. 
23. Blanket bog: areas of peat with the vegetation dominated by heather. 
24. Raised bog: at least half the peat area raised into as hallow dome. 
25. Marginal inundation: swamps or fens but not coastal marshes. 
26. Coastal marsh: predominantly salt marsh vegetation. 
27. Wet ground: areas of wet land found in association with other habitats, C. -c-r. wet areas in a grassland field or flushes in upland areas. 
28. Standing natural water: no evidence of damming. 
29. Standing manmade water: artificially created reservoirs and 

impoundments. 
30. Upland unimproved grassland: in upland areas, and will include some 

areas used for rough grazing and poor quality grassland such as purple moor 
grass. They have not been improved by the application of fertilisers, 
herbicides or by draining. 

31. Lowland unimproved grassland: may be regularly grazed or mown, but 
may be totally neglected. Should not have been improved by the application 
of fertilisers or herbicides to significantly alter the composition of the sward. 
To include herb-rich grasslands on downland, cliff tops etc. 

32. Semi-improved grassland: grassland which has been slightly modified by 
fertiliser or herbicide application, or by heavy grazing pressure and/or 
drainage. 

33. Improved grassland: grassland that has had regular treatments of artificial 
fertilisers and herbicides. N. B. this should not include monoculture 
grassland, i. e. grassland leys (see 34). 

34. Grassland leys: this is short-term grassland and will usually have been 

reseeded less than five years previously. It is characterised by evidence of 
ploughing, bare soil between the grass plants, a scarcity of broadleaf plants 
and is usually dominated by a single species of grass, often rye grass. There 

are usually less than 5-10 species per square metre. Category 33 consists of 
longer term grassland with a higher density of grass and broadleaf species 
usually in enclosed land. 

35. Amenity grassland: this includes well-maintained, non-agricultural grass, 

such as playing fields, recreation grounds and golf courses. 
36. Winter cereals: this includes wheat, barley or oats; be careful not to mistake 

these for grassland leys (category 34) or vice versa. 
37. Sugar beet: differentiate between walks when this is unharvested and walks 

when it has been harvested but substantial amounts of broken pieces of beet 

have been left. 
38. Carrots: should be out by the start of the survey, but some may remain. 

39. Other root crops (turnips, swedes, mangels): record as for sugar beet 

(category 37). 
40. Forage crops: may include brassicas, rape grown in cereal stubbles, ctc. If 

you laiow what it is, please specify. 
41. Rape: should be easy to identify; early drillings will be visible as sniall 

rosettes of brassica-type leaves. 
42. Other crops: please specify. 
43. Stubble: some stubble fields may still be present at the start of the survey. 
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44. plough: only include bare ground in this category; fields with remains of 
root crops left in them should be recorded as one of categories 37-39. 

45. Unquarried inland cliffs: unvegetated rock over 5 metres in height and at 
an angle of at least 60 . It includes scree. 

46. Vertical coastal cliffs: as above but in coastal areas and mostly unvegetated. 
47. Sloping coastal cliffs: at an angle of less than 60 and mostly vegetated. 
48. Quarries and open-cast mines: any excavation (gravel pits, chalk pits, 

etc. ). including unvegetated spoil heaps. 
49. Bare ground: bare soil or ground not covered by vegetation and which does 

not fall into categories 35-38. 
50. Built land: any urban areas including gardens and transport corridors. WIII 

include road and motorway verges and nurseries. For thiscategory do not 
bother to mark built up areas, roads, etc. on the map unless there has been 

some change since the map was printed, when it should only be necessary to 
mark the changes. 
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