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TOPIC 2 – BOUNDARY AND LINEAR FEATURES 
 

     uestion 5:  What is the relationship between plant diversity in 10m and 30m 

hedge plots, hedgerow characteristics/management and adjacent land use? 

Sandrine Petit, Rick Stuart & Colin Barr 

DUE START DATE:  
• June 2002 

DUE FINISH DATE:  
• September 2002 

DEFINITIONS 
• ‘Plant diversity’ is defined here as the mean number of plant species per plot. 

• ‘Characteristics’ (of hedges) – this is taken to mean all ‘attributes’ recorded in the 
field when mapping hedges. 

POLICY CONTEXT STATEMENT 
1 Hedgerows are important components of the patchwork landscape of much of lowland 

Britain.  In many situations, they may constitute the only vertical structures and the 
only woody vegetation.  Their historical, landscape and ecological importance has 
never been as high on the political agenda as now and there is a strong need for 
information about hedgerows, and the processes that lead to their survival in good 
condition.  A significant aspect of hedgerows is the associated ground flora (or hedge-
bottom flora) which, in many agricultural landscapes, may provide the only semi-
natural vegetation for miles around.  The sympathetic management of this valuable 
resource has important policy implications but it is by no means clear which are the 
major drivers in the maintenance of species rich hedgerow ground flora.  The 
information necessary to formulate agri-environment policies is, at best, piecemeal and 
often absent altogether. 

2 Nevertheless, in a review of hedgerow research, Barr, Britt & Sparks (1995), reflecting 
the views of several researchers, concluded that there was little evidence for a 
relationship between the diversity of woody species in the hedgerow and the diversity 
of the ground flora.  Further, change in the hedge bottom flora was thought to be 
associated most strongly with adjacent land use. 

3 The first of the Countryside Survey-type surveys, The Ecological Survey of GB, 
completed in 1977/8, recorded vegetation in up to two linear plots adjacent to 
hedgerows in those sample 1 km squares where hedgerows were present.  These plots 
were surveyed again in 1990 and in 1998.  By 1998 (CS2000), both the draft hedgerow 
protection legislation, and the UK Habitat Action Plan for Ancient and/or Species-rich 
hedgerows, required knowledge of the number of native woody species in a 30 metre 
length of hedge, as measures of species richness.  Accordingly, MAFF (as was) funded 
a work as part CS2000 Module 3 whereby the woody vegetation in up to ten 30 m plots 
per 1 km square was recorded, in England and Wales.  Funding from the Natural 
Environment Research Council allowed similar recording in some squares in Scotland.  
Two of these 30 m woody diversity plots (D plots) in each square were co-registered 
with the existing 10 metre plots (H plots).  Thus, in CS2000 for the first time in the CS 
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series, information from ground flora plots and adjacent woody hedgerow canopies had 
been recorded, and in a relatively large number of plots. 

4 The dataset from CS2000 gives an opportunity to examine the relationships between 
ground flora, woody species, physical hedge characteristics and management, and 
adjacent land use.   

SCIENCE OUTPUTS 

Part1 

Assemble a database for each H plot, including (a) condition measures from 
analysis of the plot vegetation, (b) woody species information from associated D 
plot, (c) all characteristics/management data, as defined below (under Q7) and (d) 
adjacent land use (usually on the ‘field side’).  
 
Initial manipulations 
 

5 GIS data capture of vegetation plots 

During CS2000 Module 1 the locations of vegetation plots recorded in the survey 
square were recorded in two ways in enclosed landscapes: 

• surveyors marked a ‘plot location sheet’, a 1:10,000 scale, basic map of the survey 
square with locations of every plot surveyed marked on by the field-surveyor. On 
the same sheet, surveyors were instructed to circle plots completed from a list of 
possible plots.  

• surveyors sketched a detailed diagram of location on the reverse of each plot 
recording sheet  

 

6 All quadrat plots were digitised as ‘point’ data into ArcInfo GIS in 1998/9 as part of 
CS2000 Module 1.  

 

7 For expediency plots were digitised from the ‘plot location sheet’ and digitisers were 
instructed to use the list of circled  plots to double -check all plots were captured. It was 
accepted that accuracy may be compromised by digitising from the summary location 
sheet but certain groups of associated plots were always located in the same field 
(polygon) or on the same side of a linear feature, for example X and B plots, D and H 
plots.  

 
Linking of plots to linear features 
 

8 Using the ArcInfo GIS spatial files, vegetation plots were overla id and associated with 
the nearest ‘woody’ linear features.  

9 Checks revealed that 1% (32 out of 3031) of H or D plots were not associated with 
linear features. On checking FABs most were due to the plot location sheet showing a 
plot but the plot was never recorded in the field. In 52 cases the plot was recorded, a 
plot photograph shows a hedge feature but the field data sheets do not record ‘hedge’ 
codes for the linear feature. These plots had to be discarded as no further data was 
available for the features. 

10 Other checks revealed that in the GIS, 61 associations of plots were not referenced to 
the same linear feature. The example presented in Fig 5.1 shows that this is a result of 
inaccurate recording of the exact location of the plot on the ‘plot location sheet’ or 
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inaccurate digitising of the point. In practice, this can occur with as little as 2m 
inaccuracy, especially at the junctions with other features. All cases were manually 
checked and correct references updated. 

 
 
 
 
 
 
 
 

Figure 5.1:  Linking plots to linear features. The GIS vegetation plot 
coverage was overlaid with the linear coverage. In this example plot 
H2 is associated with a hedge (nearest feature) shown in green 
whereasD2 is associated with a fence (nearest feature) shown in black 
due to inaccurate recording of the location either during field-work or 
digitising. In this example the plots are located 20m apart which may 
have resulted from accurately digitising plots marked 2mm apart on a 
1:10 000 scale map. In this example D2 was  corrected to the be 
referenced to the same hedge feature as H2. 
 
 
 
 
 

 
 
Composition of the database 
  
1. Species richness in D plot 
  

11 The associated H and D plots had to be identified manually by checking GIS data and 
the surveyor-drawn sketch map on the reverse of the individual vegetation sheets 
located in the field assessment booklet (see previous section).  

 
2. Hedge characteristics and management 
  

12 The CS2000 database was queried to extract hedgerow characteristics and management 
information; this information was then summarised into 4 distinct variables. 

 

• Hedge type refers to the allocation of the linear feature in CS2000 and we 
considered here three categories; Recently managed hedge (84%), Other hedge 
(8%) and Remnant hedge (8%) 

 

• Hedgerow height was used as recorded in the database with 4 height classes; less 
than 1 m high (4%), 1-2 m high (47%), 2-3 m high (33%) and more than 3 m high 
(11%). The information was missing for 5% of the hedges (not recorded by 
surveyors).  

  

• Stockproofness was used as recorded in the database; stockproof (33%) not 
stockproof (50%). The information was missing for 17% of the hedges under focus 
in this analysis (not recorded by surveyors)    
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• We compiled all existing information to create a summary variable for evidence of  
recent management (management technique, shape of hedge). There was evidence 
of management for 60% of hedges, sign of lack of management for 31%. For the 
remaining 39% of hedges,  no information on management was available.  

 
3. Adjacent land-use 
 

• Plot location: the Broad Habitat of the field the plot is located in was identified by 
overlaying plot data and the area data. We differentiated plots located in BH4 
(Arable , 40%), BH5 (Improved grassland, 45%), BH3 (Linear, 6%), BH6,7 or 8 
(Permanent grassland, 3%) and a category other for the rest (6%). 

 

• The Broad Habitat on either side of the linear feature was identified in the GIS. It 
was not possible to identify ‘field-side’ and ‘opposite’ side from the GIS analysis 
so Side A and side B Broad Habitats were recorded. We transformed this 
information into combinations e.g. Arable / Arable; Grassland / Arable; Grassland 
/ Grassland and so on. There were 9 possible combinations.  

 

• Adjacency to streams / ditches: linear features had been previously linked in the 
GIS to linear physiography spatial data. Codes relating to streams and ditches were 
linked from these data.  

 
4. Landscape context 
 

13 We extracted from CS2000 spatial database four variables describing the BH 
composition of the square were H plots were recorded, which would be the most 
relevant to explain hedgerow species diversity. There were  

• Hedgerow density in square 

• Area of grassland in square (BH5, 6, 7 and 8) ,  

• Area of Arable in square (BH4) and (iv)  

• Area of Woodland in square (BH1 and 2). 
 

5. Agri-environment scheme  

14 The FOCUS workshop of May 2002 recommended exploring impacts of agri-
environment schemes, for example what impact does Countryside Stewardship have on 
plant diversity? The dataset compiled from data collated as part of Topic 7 was used to 
identify H plots within the dataset that are located in land under selected agri-
environment schemes. The results of GIS analysis shows low sample sizes of 39 plots 
located on land in Countryside Stewardship agreement in England, 12 plots in ESA 
agreement in England and only 3 plots in ESA in Wales. Given this small sample size, 
we did not use ‘under agri-environmental scheme’ as a variable in the following 
analyses. 

 

Part 2 

Using multivariate statistics, this database will be explored to identify relationships 
between ground-flora diversity, woody species diversity, hedge management 
(inferred from characteristics data) and adjacent land use. 
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General remarks 
 

• Species richness for H plots are made up of woody species and herbaceous layer 
components. The woody species were identified per plot and the number 
subtracted from the species richness to obtain a ‘herb layer’ species richness figure 
and a ‘woody’ species richness figure.   

• Because the number of H plots recorded in Scotland was low (44 plots) and these 
plots were scattered across Environmental Zone 4 (lowlands) and Environmental 
Zone 5 (uplands), two very different environments, they were excluded from the 
following analyses.  

 
 
 
 
Plant diversity in H plots   
 

15 There were differences in species richness in the 3 Environmental zones of England & 
Wales (Table  5.1 ), the lowest species richness being recorded in the Easterly lowlands 
(Environmental Zone 1) and the highest in the Uplands (Environmental Zone 3). This 
difference is mainly the result of a richer hedge bottom flora; woody species richness 
differed significantly only between Environmental Zones 1 and 2 (smaller sample size 
in Environmental Zone 3). 

 
Table 5.1: Mean and standard error of species richness recorded in H plots per environmental zone, as 
overall species richness and split as herbaceous species richness and woody species richness.  

  n Mean SE (Mean) t test  p 
Overall species 
richness 
 
 

EZ1 
EZ2 
EZ3 

201 
190 
49 

11.48  
13.00   
15.08               

0.322   
0.366    
0.629    
 

t EZ1/EZ2   -3.12  
t EZ2/EZ3   -2.73 
t EZ1/EZ3  -4.85 

0.002 
0.008 
0.000 

Herbaceous 
species richness 
 
 
 

EZ1 
EZ2 
EZ3 

201 
190 
49 

8.38    
9.33   
11.49           

0.3     
0.325     
 0.615 

t EZ1/EZ2   -2.14  
t EZ2/EZ3   -3.11 
t EZ1/EZ3  -4.55 

0.03 
0.003 
0.000 

Woody species 
richness 
 
 

EZ1 
EZ2 
EZ3 

201 
190 
49 

3.10  
3.67       
3.59       

0.122 
0.143 
0.272 

t EZ1/EZ2   -3.06  
t EZ2/EZ3   0.27 
t EZ1/EZ3  -1.65 

0.002 
ns 
ns 
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Figure 5.2: Distribution of overall species richness in the 3 Environmental Zones of England and  
Wales. Boxes represent the 1st and 3rd quartile, the horizontal bar is the median; the vertical bar indicate 
the lowest and highest value in the dataset.  
 
 
Relationship between H plots and D plots 
 

16 We detected significant correlations between overall species richness and woody 
species richness in H plots and species richness in D plots (Table ). However, our 
analysis of the CS2000 database also confirms the lack of evidence of a significant 
relationship between hedge bottom flora diversity (H plot) and the woody species 
diversity, either recorded in D plot or in H plot (Table 5.2). 

 
Table 5.2 : Coefficients of correlation between 4 indices of species richness (England and  Wales, 
n=440) 

 D plot overall 
species richness 

H plot overall 
species richness 

H plot herbaceous 
species richness 

H plot overall species richness 0.249    
H plot herbaceous species richness -0.02 (ns) 0.925  
H plot woody species richness 0.707 0.428 0.054 (ns) 
 
 
 
Table 5.3 :H Plot frequency distribution according herbaceous and woody species richness (England 
and  Wales, n=440) . n = number of plots and Chi2 value; ns = not significant.  

 1-8 herbaceous species 
(n = 211) 

9 to 11 herbaceous 
species (n = 139) 

>=12 species herbac. 
species (n = 90) 

1 or 2 woody species 
 (n = 166)  
 

n = 88, Chi2 = 0.89, ns n = 51, Chi2 = 0.04, ns n = 27, Chi2 = 0.79, ns 

3 or 4 woody species 
 (n = 158) 
 

n = 74, Chi2 = 0.04, ns n = 49, Chi2 = 0.02, ns n = 35, Chi2 = 0.15, ns 

5 and more woody 
species ( n = 116) 
 

n = 49, Chi2 = 1.42, ns n = 39, Chi2 = 0.22, ns n = 28, Chi2 = 0.77, ns 
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17 This lack of relationship between the hedge bottom flora richness and the woody 
species richness in H plots was confirmed by a Chi2 analysis where the frequency of 
plots exhibiting low, medium or high species richness the hedge bottom flora was 
plotted against plots sharing exhibiting low, medium or high species richness and the 
frequency distribution compared to the distribution that would be expected by chance. 
This analysis shows that the distribution of plots in the matrix is not significantly 
different to the frequency that would be expected by chance (Table 5.3) 

 
Effect of hedge characteristics and management on hedge bottom flora 
 

18 We only detected a weak effect of hedgerow structural and management characteristics 
on the herbaceous species richness recorded in H plots. Results seem to indicate that 
high, overgrown hedges shelter less herbaceous species than managed hedges of 
intermediate height. We could not find an apparent effect of the evidence of recent 
management on herbaceous species richness, however, it should be noted again that 
hedge characteristics and management information was missing for a significant 
number of plots (Table 5.4).  

 
 
Table 5.4: significant correlations (sign of correlation within brackets) between herbaceous species 
richness in H plots and hedgerow management variables. There were no significant relationships in 
Environmental Zones 2 and 3 

 E&W EZ1 
Hedge type - Managed hedge (+) 

 
Height 2-3 m and >3m (-) 

1-2m (+) 
>3m (-) 
1-2 m (+) 

 
Stockproofness 
 

 
- 

 
- 

Evidence of  
recent management 

- - 

 
 
 
Effect of adjacent land use and landscape context on hedgerow species richness 

 

19 The location of plots in terms of Broad Habitat affected species richness, plots located 
in grasslands being significantly richer and plots located in Arable significantly poorer 
in species. 

 

20 We could detect a comparable effect of adjacent land use on both sides of the hedge 
were H plots were recorded. Species richness was positively correlated to plots 
recorded in hedgerows bordered by grasslands or linear feature (e.g. road verge) and 
negatively correlated to plots recorded in hedges bordered by Arable on both sides. 

 

21 Species richness was positively correlated to the density of hedgerow and the area of 
grasslands in the square and negatively correlated to the area of Arable in the square.  
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Table 5.5 : Coefficients of correlations for significant relationships found between the overall species 
richness in H plots and land use variables described above, for England and  Wales (n=440) and per 
Environmental Zone (EZ1 n=201; EZ2 n = 190 and EZ3 n=49). Ns = not significant, n/a = not 
applicable (no data available). 

 E&W EZ1 EZ2 EZ3 
BH location of plot     

Arable & Horticultural 
Improved Grassland  

-0.269** 
0.284** 

-0.283** 
0.309** 

-0.142* 
0.169* 

ns 
ns 

 
Adjacent land use 

Linear / grassland 
Arable / Arable 

 
 
0.210** 
-0.213** 

 
 
0.267** 
-0.188* 

 
 
ns 
ns 

 
 
ns 
n/a 

Grassland / Grassland 
 
Landscape context 

Area of grassland in square 
Area of Arable in square 
Hedgerow density in square 

 

0.167** 
 
 
0.350** 
-0.326** 
0.152* 
 

ns 
 
 
0.358** 
-0.287** 
ns 

0.158* 
 
 
0.197* 
-0.223* 
0.143* 

ns 
 
 
0.285* 
ns 
0.305* 

 
 

 
Combined effect of all variables on species richness in hedges 
 

22 In order to analyse the combined effects of the different types of variables presented 
above in explaining differences in species richness found in hedges, we carried out 
stepwise multiple regression analyses in Minitab. This technique enables to extract the 
factors explaining variation in the response variable and takes into account the potential 
correlations existing between the different explanatory variables. Results are presented 
in Table 5.4 for England and  Wales and for each Environmental Zone separately.  

 

23 In England and  Wales overall, variables compiled for this analysis explained 15% of 
the observed variation in hedge overall species richness, 12% being explained alone by 
the area of grassland occurring in the 1 km square where the H plot was recorded.  

 

24 The trend is similar in Environmental Zone 1, where the area of grassland in the square 
explains more than 2/3 of the variation in species richness - grassland appears in two 
other significant variables, as part of the adjacent land use on both sides of the hedge 
and as the habitat were the H plot was recorded.  

 

25 Little variation in species richness was accounted by land use variables and hedge 
characteristics in Environmental Zones 2 and 3. There was a weak positive effect of the 
density of hedge found in the square. 
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Table 5.6: Results of stepwise multiple regression analysis for predicting the overall species richness 
in H plot. For each significant variable, the regression coefficient, the cumulative percentage of 
variation explained (adj R2) and the significance level (t value and associated probability). 

Variables Regression 

coefficient 

Cumulative  

adj. r2 

t  p 

England and  Wales 

Grassland area in square 

Adjacency grass and linear  

Hedge 1-2m high 

Woodland area in square 

Environmental Zone 1 

Grassland area in square 

Managed hedge 

Plot in Improved grassland 

Environmental Zone 2 

Arable area in square 

Hedge density in square 

Environmental Zone 3 

Hedge density in square 

 

0.04 

1.07 

1.05 

0.04 

 

0.05 

2.07 

2.05 

 

-0.05 

0.002 

 

0.005 

 

 

12.0 

13.4 

14.3 

15.0 

 

12.3 

14.8 

17.1 

 

4.45 

6.45 

 

7.34 

 

 

7.82 

2.26 

2.42 

2.12 

 

3.40 

2.92 

2.54 

 

-3.33 

2.24           

 

2.19 

 

0.000 

0.02 

0.02 

0.04 

 

0.001 

0.001 

0.004 

 

0.001 

0.003 

 

0.03 

 
 
 
 
 
SUMMARY 
 

26 The ground flora of hedges located in Environmental Zone 1 was typically less diverse 
than the ground flora of hedges located in Environmental Zone 2, itself less diverse 
than species richness recorded in Environmental Zone 3. This trend reflected on the 
trend in overall species richness (similar). A comparable trend existed for woody 
species diversity, although less pronounced.  

 

27 We found no evidence of a highly significant relationship between woody species 
diversity in H and D plots and the diversity of the hedge ground flora as recorded in H 
plots. This confirms at a national scale the results of the review of Barr et al (1995).  

 

28 We detected only a weak effect of hedgerow characteristics and management on the 
diversity of the ground flora. However, (i) it is questionable that the variables recorded 
in CS would allow to detect such an effect and (ii) it should be noted that this 
information was missing for a substantial number of hedges. The effect of agri-
environmental measures could not be assessed given the small number of H plots 
located within schemes. 

 

29 There was a significant effect of adjacent land use on hedgerow species richness, 
whether measured as the land use where the plot was located, land use present on both 
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sides of the hedgerows or the overall BH composition of the 1km square. Grassland 
was consistently positively correlated to species richness and arable land consistently 
negatively correlated to species richness. This is consistent with the fact that hedges 
sampled in Environmental Zone 1 (arable landscape) were poorer in species than 
hedges sampled in the more pastoral landscapes of Environmental Zones 2 and 3.  

 

30 When looking at the combined effect of all variables compiled, it appears that  
information on hedge characteristics, management and surrounding land use explained 
typically 17% of the variation of the overall species richness in Environmental Zone 1 
and less than 8% in Environmental Zones 2 and3.  

 

31 Adjacent land use and landscape context accounted for most of the variation observed, 
with a notable positive effect of the area of grassland in the 1 km square where the H 
plot was recorded. 

 

FURTHER WORK AND RECOMMENDED CHANGES TO CS METHODS 
 

32 It is important to ensure recording compatibility for associated features (different plots, 
plot and associated linear feature) both in the field and when recording data in the GIS. 

33 Information on hedge characteristics and management need to be reassessed in the light 
of their future use. 

34 New field recording technology should make it compulsory for surveyors to record all 
the information required to overcome the problem of missing information on hedge 
characteristics. 
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