


English Nature Research Report 

No. 76 

Site management and climate 

Adrian Fowler & Valerie Brown 

Authors’ Address: 

Department of Biology, Imperial College, Silwood Park, Ascot, Berks. SL5 7PY. 

Nominated Officer: Dr Andrew Farmer 

Further copies of this report are available from the nominated officer at English Nature, 
Northminster House, Peterborough, PE1 1UA. 



CONTENTS 

PART I 

Chapter 1 Climate and climate change 

1.1 Climate 

1.2 Climate and plant distribution 

1.3 Climate change 
1.3.1 Greenhouse gases 
1.3.2 Predictions of climate models 
13.3 Sea-level rise 

1.4 Increasing CO2 and plant physiology 

1.5 Consequences of climate change for the UK 
1.5.1 General ecological effects 
1.5.2 Effects on natural vegetation 
1.5.3 Effects on forestry 
1 S.4 Effects on invertebrates 
1.5.5 Other effects of climate change 

a) Soils 
b) Caastal habitats 

13.6 Resume 

Chapter 2 Microclimate 

2.1 Introduction and definitions 
2.1.1 Solar radiation 
2.1.2 Air temperature 
2.1.3 Air humidity 
2,1.4 Soil microclimates 
2.1.5 Wind 

2.2 Measuring microclimate 
2.2.1 Temperature 
2.2.2 Radiation 
2.2.3 Humidity 
2.2.4 Wind 
2.2.5 Recording microclimatic data 

Chapter 3 Vegetation structure 

3.1 Introduction and definitions 

1 

1 

2 

4 
4 
4 
6 

6 

8 
8 
8 
9 
10 
11 
11 
11 
11 

13 

13 
14 
14 
15 
15 
16 

17 
17 
18 
19 
20 
20 

21 

21 

3.2 Vegetation dynamics 22 



3.3 Factors affecting vegetation structure 
3.3.1 Abiotic factors 

a) Fire 
b) Drought 
c)  Nutrient availability 

e) Aspect 

a) The seed rain 
b) Soil seed banks 
c) Crazing 
d) Insect herbivory 
e) Litter 
f) Bryophytes 

d) Topography 

3.3.2 Biotic factors 

Chapter 4 Vegetation types 

4.1 Grasslands 
4. I. 1 Introduction 
4.1.2 Calcareous grasslands 

a> Nature and extent 
b) Ecology 

i) Flora 
ii) Invertebrate fauna 

4.2 Heathlands 
4.2.1 Nature 
4.2.2 Extent 
4.2.3 The flora 

a) Dominant plant species 
b) Dry heath 
c) Wet heath 

4.2.4 Vegetation dynamics 
4.2.5 The fauna 

a> Invertebrates 
b) Vertebrates 

4.3 Forests 
4.3.1 Trees 
4.3.2 Evergreen and deciduous forests 
4.3.3 The flora 
4.3.4 The fauna 

a) Vertebrates 
b) Invertebrates 

4.35 Coppiced woodlands 
a> The flora 
b) The fauna 

23 
23 
23 
24 
24 
24 
25 
26 
26 
26 
27 
29 
30 
30 

31 

31 
31 
32 
32 
32 
32 
32 

33 
33 
34 
34 
34 
35 
35 
35 
36 
36 
37 

37 
37 
38 
38 
38 
38 
39 
39 
39 
40 



Chapter 5 Effects of vegetation structure on the fauna 41 

41 
5-1.1 Diet breadth 41 
5.1.2 Host-plant selection 42 
5.1.3 Insect distribution and abundance 43 
5.1.4 Species composition in relations ta other attributes 43 

5.1 Effects of plant species composition 

5.2 Effects of vegetation structure 
5.2.1 Insect herbivore communities 

a) Species hversity 
i) Monocultures 
ii) Managed plant communities 

b) Insect life-cycles strategies 
5.2.2 Spider communities 

a) Species composition 
b) Spider diversity 

i) Correlative studies 
ii) Experimental studies 

5.2.3 Bird communities 

44 
44 
44 
45 
46 
47 
48 
48 
49 
50 
50 
50 

Chapter 6 Vegetation and microclimate 52 

6.1 The microclimate of plant surfaces 
6.1.1 Leaf surfaces 
6.1.2 Leaf size 
6.13 Leaf shape 
6.1.4 Leaf reflectance 
6.1.5 Leaf orientation 

52 
52 
52 
54 
54 
55 

6.2 Effects of vegetation cover on microclimate 56 

6.3 Effects of different vegetation types 
on microclimate 

6.3.1 Grasslands 
6.3.2 Heathlands 
6.3.3 Forests 
6.3.4 Vegetation edges and gaps 

57 

57 
59 
60 
61 

Chapter 7 Effects of microclimate on plants and animals 63 

7.1 Plants 
7.1.1 Established vegetation 

a) Temperature 
b) Radiation 
c) Humidity 
d) Wind 

a) Temperature fluctuations 
b) Light quality 
c )  Microtopography and water relations 

7.1.2 Gemination 

63 
63 
65 
66 
67 
67 
68 
68 
69 
70 



7.1,3 Seedling establishment 
a) Shade 
b) Competition 
6) Drought, burial and predation 
d) The nurse effect 

7.2 Invertebrates 
7.2.1 Microhabitats 

a) Soil cover and rocks 
b) Plants 

i> Leaves 
ii) Flowers 

e) Tree-trunks and logs 
d) Leaf-litter and debris 

a) Thermal balance 
7.2.2 Physiological effects of the microenvironment 

i) Size and shape 
ii) Colour 
iii) Insulation 
iv) Behaviour 

1. Posture 
2. Orientation 
3. Burrowing 
4. Evaporative behaviour 
5. Sun-shade alternation 
6. Flight 

i) Size and shape 
ii) Permeability 
iii) Behaviour 

b) Water balance 

e )  Wind and shelter 

Chapter 8 Case studies 

8-1 Woodlice: an example of a cryptozoic anirna 
8. I.. 1 Introduction 
8.1.2 Diurnal and seasonal rhythms 

8.2 Rare butterflies 
8.2,1 Dry grassland species 

a) Maculinea arion (Large blue) 
b) Lvsandra bellareus (Adonis blue) 
c) m e r i a  comma (Silver-spotted skipper) 
d) Thpelicus acteon (Lulworth skipper) 

Plebeius ar_pus (Silver-studded blue) 

Mellicta athalia (Heath fritillary) 

8.2,2 A heathland species: 

8.2.3 A woodland floor species: 

$2.4 Conclusions 

70 
70 
71 
71 
72 

72 
73 
73 
73 
73 
74 
74 
76 
76 
76 
77 
78 
80 
80 
80 
81 
81 
$1 
82 
82 
82 
83 
83 
83 
84 

86 

86 
86 
87 

88 
88 
88 
89 
89 
90 
90 

91 

91 



8.3 The Wart-biter 
8.3.1 Introduction 
8.3.2 Life-cycle and population dynamics 
8.3.3 Habitat requirements and disoribution 
8.3.4 Ontogenetic changes 
8.3.5 Body size and colouration 

92 
92 
92 
93 
94 
95 

Chapter 9 Effects of management on vegetation structure 96 

9.1 Introduction 96 

9.2 Grazing 
9.2.1 Time of year at which grazing takes place 
9.2.2 Intensity of grazing 
9.2.3 The type of grazing animal used 

97 
97 
98 
98 

9.3 Cutting 99 

9.4 Burning 
9.4.1 Grasslands 
9.4.2 Heathlands 

100 
100 
101 

9.5 Herbicides 103 

9.6 Management for invertebrates 
9.6.1 Grazing 
9.62 Cutting 
9.6.3 Fire 
9.6.4 Timing and frequency of management 

103 
104 
104 
105 
105 

PART I1 

Chapter 10 General conclusions, predictions, management 107 
recommendations and future research 

10.1 General conclusions 
10.1.1 Climate change 

a) Global warming 
b) Climate change effects 

i) Plants 
ii) Invertebrates 

10. 1.2 Microclimate 
10.1.3 Vegetation structure 
10.1.4 Effects of vegetation stfucture on the fauna 
10.1.5 Vegetation and microclimate 

a> Grasslands 
b) Heathlands 

107 
107 
107 
1 ox 
108 
108 
109 
109 
109 
110 
111 
111 



10.1-6 Micrmlimatic effects 
a) Plants 

i) Established vegetation 
ii) Seedling regeneration 

b) Invertebrates 
i) Thermal balance 
ii) Water balance 
iii) Wind 

10.2 Predicted effects of climate change 
10.2.1 General vegetation changes 

a) The direction of change 
b) The rate of change 

10.2.2 Changes in grassland and heathland habitats 
a) Introduction 
b) Autecological information 

i) General 
ii) Established plants 
iii) Seedling regeneration 

d) Changes in individual plant species 
i) Grasslands 
ii) Heathlands 

c) Changes at the habitat level 
10.2.3 Invertebrates 
10.2.4 Generalisations 

10.3 Management recommendations 
10.3.1 Introduction 
10.3.2 Conservation management 

a> Introduction 
b) Nature reserves 

i) Management 
ii) Locating 

c) Creating habitats 
10.3.3 Grassland management 

a) Introduction 
b) Management methods 
c)  Management principles 
d) Management for individual plant species 
e) Management for invertebrates 

10.3.4 Heathland management 
a) Introduction 
b) Management methods 
c) Management for individual plant species 
d) Management for invertebrates 
e) Management for vertebrates 

1F) Revised management of heathlands 

i) Reptiles 
ii) The Dartford warbler (Svivia u n m  

i> Burning 
ii) Cutting 

10.35 Buttexfly conservation 
10.3.6 Conserving the wart-biter 
10.3.7 Synthesis 

111 
112 
112 
112 
113 
114 
114 
115 
115 
115 
116 
115 
119 
119 
120 
121 
121 
122 
122 
122 
123 
123 
124 
125 

I. 26 
126 
127 
127 
127 
127 
128 
128 
129 
129 
129 
130 
131 
132 
133 
133 
134 
134 
135 
136 
136 
137 
138 
138 
138 
139 
140 
142 



10.4 Future research relevant to climate change 
10.4.1 Vegetation structure, microclimate 

and seedling establishment 
10,4.2 Monitoring of climate change effects 
10.4.3 Revised management in the light 

of climate change 

Bibliography 

Appendices 

142 
143 

144 
147 

150 

192 



LIST OF FIGURES 

Figure 1. Distribution of stemless thistle (Cirsium acaule) 
in the British Isles 

Figure 2. Mean monthly CO;! concentrations 
at Mama Loa, Hawaii 

Figure 3. Profiles of microclimate around leaf surfaces 

Figure 4. Temperature and relative humidity conditions 
within flowers 

Figure 5. The interaction of microclimate (temperature) and 
of time in determining insect activities on lily pads 

3 

5 

53 

75 

79 


