Appendix 4. The following is a copy of the final report to the UK Natural Environment Research Council on a project funded by them under the GANE thematic research program.  The report is included because it adds substantially to the evidence base for attributing observed vegegtation change to potential causes but is also difficult to get hold of.

Although not included as a chapter it provides useful contextual material for the thesis results. The research was led by Simon Smart, who also executed all the analyses and wrote 100% of the report.  The research was carried out between 2001 and 2003, in parallel with the work presented in thesis chapters.

GANE PROJECT – NER/T/S/2000/00209. LARGE SCALE VEGETATION CHANGE AND N INPUTS: QUANTIFYING THE CONTRIBUTION OF COMPETING CAUSES
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APPROACH

The project used a range of large-scale sample, census and modelled data to explore the relationships between changes in plant species composition across Great Britain (GB), atmospheric N deposition and agricultural management. Hypotheses related to the effects of different N species at different scales, the role of sheep grazing in upland Britain and interactions with expected controls on the responsiveness of the vegetation to increased fertility. 

Vegetation response data was taken from 3,091 fixed sampling plots recorded as part of the Countryside Surveys of GB in 1990 and again in 1998. Analyses were based on three types of stratification: a) Plots were allocated to the empirical Critical Loads for Nitrogen habitat types (Werner & Spranger 1996) based on their species composition in 1990. Analyses were then carried out on all plots that could be allocated to a habitat type thereby excluding un-responsive arable land and improved grasslands. b) Plots were also divided into upland and lowland datasets, reflecting known differences in the identity of drivers of vegetation change between the two regions. c) Lastly, separate analyses were carried out on plots grouped by the landscape feature they sampled, either roadverges, streamsides (uplands only), remnant fragments of semi-natural habitat and larger areas of habitat in fields and unenclosed land. The key outcomes of this research and their significance are outlined below.

OUTPUTS AND DELIVERABLES

Fine grained models of vegetation change related to nitrogen deposition

Results


Deviance reduction tests were used to determine the minimum number of predictors that explained the maximum amount of vegetation change between 1990 and 1998. The response variable derived from botanical plot data at each time point was a cover-weighted Ellenberg fertility score (Hill et al 1999, Schaffers & Sykora 2000). In all cases, linear and then quadratic terms were tested because of the possibility of no change below some threshold level of a predictor. Upland analyses included modelled estimates of sheep density per 1km square in 1988 (Dragosits et al 1998), climate variables and altitude as main effects and interaction terms with other predictors. In an attempt to add sensitivity to local ammonia emission sources, aerial photograph interpretation and GIS processing was used to identify the number of farm buildings in and around each 1km square and then to calculate the distance between each vegetation plot and the nearest potential emission source. Soil pH in 1978 was also included as a main effect in a separate analysis of the subset of plots sampled for soil during the 1978 and 1998 surveys. 

Table 1. Results of deviance reduction tests to determine the best predictors of GB change in Ellenberg fertility score between 1990 and 1998.

	Stratum
	Best predictor of vegetation change
	F value
	Df
	p

	

	a) UPLANDS – Plots in larger areas of unenclosed habitat (r-squared = 6.5%)

	
	
	
	
	

	
	Conversion to arable or ley
	11.84
	619
	0.0006

	
	NHx deposition
	8.55
	152
	0.004

	
	
	
	
	

	b) UPLANDS – small biotope fragments (r-squared = 11.9%)

	
	
	
	
	

	
	Conversion to arable or ley
	26.54
	633
	<0.0001

	
	Modelled sheep density
	3.93
	147
	0.0493

	

	c) UPLANDS – stream and riversides

	
	
	
	
	

	
	No significant effects
	
	
	

	
	
	
	
	

	d) LOWLANDS – fields and larger areas of habitat (r-squared = 13.2%)

	
	
	
	
	

	
	Conversion to arable or ley
	23.73
	364
	<0.0001

	
	NHx deposition
	11.99
	172
	0.0007

	
	Variability of Ellenberg fertility values in local species pool
	7.58
	125
	0.0068

	

	e) LOWLANDS – small biotope fragments (r-squared=1.15%)

	
	
	
	
	

	
	Conversion to arable or ley
	8.09
	577
	0.0046

	
	
	
	
	

	f) LOWLANDS – road verges (r-squared = 0.01%)

	
	
	
	
	

	
	Plots adjacent to major roads 
	4.10
	222
	0.0440

	

	g) Lowland rivers and streams – Not attempted because no information was available to quantify in-channel nutrient loads


Significance

In all cases explained variation was very low so that these results do not provide the basis for robust predictions. However, the primary goal of signal detection and attribution was successful in so far as effects due to N deposition were detected and isolated from the independent effects of other hypothesised predictors of large-scale vegetation change. The emergence of ammonia (NHx) as the single best N species highlights agricultural sources as having played a major role in the diffuse eutrophication of British semi-natural vegetation. The very low variance explained is partly a reflection of the known  difficulty in modelling spatial variation particularly in ammonia deposition at small scales. N deposition estimates were only available at 5km square resolution and therefore incapable of explaining variation between plots within each 1km sample squares. Given that there was a detectable N deposition signal even at the coarse resolution of the analysis shown here, there is clearly a pressing need for deposition models that can unlock spatial variation at the sub-kilometre square level but that are applicable across the national sampling domain.


The results also indicated a significant effect of sheep grazing in upland small habitat fragments. In fact, analyses by country in GB showed that modelled sheep density was better able to explain vegetation change in England & Wales CS squares, while NHx was a stronger predictor in Scotland.


A key strength of these analyses was in combining N deposition estimates with variables related to constraints on the vegetation response.  Incorporating a measure of the variation in Ellenberg fertility values among the total pool of species recorded in each 1km square, enabled a test of the hypothesis that increase in Ellenberg fertility values within plots was more likely where species typical of low and high fertility were both present in the local species-pool. This hypothesis was supported in the analyses of lowland fields and larger areas of responsive habitat suggesting that vegetation change may well be limited by the abundance of responsive species in local pools. This implies that a non-linear response should be seen in areas of increased N deposition and subsequent change in the make-up of the available species pool. This hypothesis is eminently suited to further experimental testing.    


Available predictors largely failed to explain significant variation on lowland small-biotope fragments and road verges. In fact, previous analyses of CS plot data suggested that these landscape elements may have been responding to reduced disturbance (Smart et al in press) in the eight year interval. Hence the magnitude of successional change may have been sufficient to have obscured components of variation linked solely to N deposition. Further analyses would certainly be worthwhile. A very small amount of change in Ellenberg fertility value on roadverges was explained by adjacency to major roads versus B, C and unclassified roads. However the sign of the relationship was unexpected and indicated that reductions or smaller increases in the botanical indicator were associated with major roads.             

Improved knowledge and understanding of the relative contribution of atmospheric deposition of nitrogen and agricultural land management to vegetation change across the GB

Results


Analyses successfully differentiated between the pervasive but low magnitude signal due to NHx deposition and the localised effects of conversion of semi-natural habitat types to intensive agriculture. The results are shown in Fig 1. Arable cultivation was defined as simply the appearance of crop species in 1998 in plots located in empirical N Critical Loads habitat types in 1990. Ley establishment was defined as a change from <10% Lolium perenne in 1990 to >=40% in 1998. 

Figure 1. Relationship between NHx deposition (1996 modelled estimate per 5km square) and change in cover-weighted Ellenberg fertility score between 1990 and 1998. Plots that saw conversion of semi-natural habitat to arable or sown Lolium ley are highlighted.
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Significance


The results of this analysis highlighted the rarity of cultivation as an impact affecting semi-natural habitats during the period. Not surprisingly, when conversion did occur this led to a large positive change in cover-weighted Ellenberg value and this effect was significantly greater in magnitude than the ambient signal due to NHx deposition (residuals differed significantly between converted and unconverted; F=44.46, p<0.001). Conversion affected the neutral & acid grasslands much more than the other habitat types (5% of neutral & acid grassland plots converted between 1990 and ‘98) and hence impacted vegetation more easily brought into production. The majority of the GB extent of responsive habitat types was unaffected by conversion. 

An evaluation of the currently used critical load values for semi-natural vegetation in GB       

Results


Since a national N deposition signal was detected for GB vegetation change, regression analysis was used to quantify the relationship with vegetation change within groups of plots defined by their Critical Loads habitat type (Werner & Spranger 1996). Analyses focussed firstly on each of the 14 habitat types and then on four groups formed from the 14 (Table 2).  Significant relationships were only found for the grassland group and the heaths & bogs group.

Table 2. Mixed model ANOVA results with NHx as the main effect and cover-weighted Ellenberg fertility score per plot as the response variable.

	Critical Load habitat group (empirical N)
	Df
	F value
	p

	Fens
	99.7
	1.32
	0.2525

	Grasslands
	290.7
	14.08
	0.0002

	Heaths & Bogs
	123.2
	6.57
	0.0115

	Woodlands
	123.6
	1.32
	0.2534



Linear and quadratic terms were tested because of possible threshold effects but only linear terms were significant (Fig 2). The most liberal estimates of the point at which Ellenberg fertility score starts to increase is where the lower 95% confidence band cuts the deposition axis. This gave a value of 6Kg N ha per year for the heaths & bogs group and 10.5 Kg N ha per year for the grassland group. Several caveats apply to these results however. Firstly, very little variation was again explained by these relationships (2% for grasslands and 2.7% for heaths & bogs) even though a statistically significant signal was detected. Second, because modelled N deposition estimates were resolved at the 5km square level, the estimates of slopes and intercepts are influenced by the lack of any variation in deposition between plots in each 1km square. If random error was introduced about each deposition estimate then this would act to reduce the intercept and increase the slope. Hence, the deposition value at y=0 would increase. Lastly, it seems difficult to accept that a linear relationship should best describe vegetation response since this logically predicts declining Ellenberg fertility scores below y=0.

Figure 2. Model relationship between NHx deposition (1996 modelled estimate per 5km square) and change in cover-weighted Ellenberg fertility score between 1990 and 1998. 95% confidence intervals are for the model rather than the data and were calculated to take account of the random effect of each 1km sample square.
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a) Grasslands (n=1372)
b) Heaths & Bogs (n=700).
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Significance

There is clearly a large-scale positive relationship between NHx and shifts in favour of vegetation associated with higher fertility. The steeper slope for grassland than heaths & bogs is also consistent with the greater resistance of heath and bog ecosystems but very high residual variance means that the scientific contribution of these analyses lies in the realm of signal detection at the national scale rather than deepening our understanding of the mechanics of the vegetation response. Again, though there is scope for further work to search for threshold effects and in particular to incorporate information on volumes of fertiliser applications in addition to the agricultural emission factors incorporated in current N deposition models.

Identification of indicator species/species groups

Results


Both multivariate analyses (CANOCO) and univariate techniques (logistic regression) were used to identify significant relationships between individual species responses and N deposition. Analyses were carried out for the 1978 to 1990 and the 1990 to 1998 intervals covered by the GB Countryside Survey using increase or decrease in abundance as the response variable. The best relationships were extracted from responses seen between 1978 and 1990. Positive indicators ie species more likely to have increased in abundance at high N deposition, included Holcus lanatus, Senecio jacobaea, Stellaria media and Poa trivialis. Negative indicators included Calluna vugaris, Aulacomnium palustre and Erica cinerea. When grouped by their Ellenberg fertility values (Siebel values for mosses), negative indicator species tended to have lower values than positive indicators (Fig 3).    
Figure 3. Indicator species for N deposition were generated by logistic regression of increase or decrease in estimated cover in CS plots versus modelled estimates of total N deposition in. Statistically significant species (positive or negative relationship at p<0.1) were then grouped by their Ellenberg fertility value or Siebel value for mosses.  Hence the y-axis records the number of indicator species at each indicator value for each group.
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Significance


These analyses have the advantage that they focus on species level responses rather than on an abstract, derived indicator variable. Hence, indicator species can be identified and monitored in existing stands of semi-natural vegetation. Because of their potential use as monitoring tools across GB, further analyses are planned to examine interactions with grazing and climate in particular. In short this is a very promising area for further work while existing results make a unique contribution to the search for bio-monitoring tools because they are based on quantitative measurements of fine-grained vegetation change but at the national scale. 
References:

Dragosits, U., Sutton, M.A., Place, C.J., Bayley, A. (1998) Modelling the spatial distribution of ammonia emissions in the UK. Env. Poll. 102, S1, 195-203.

Hill, MO, Mountford, JO, Roy, DB, Bunce, RGH (1999). Ellenbergs’ indicator values for British plants. ECOFACT Volume 2, Technical Annex. ITE Monkswood, Huntingdon. London: Department of the Environment, Transport and the Regions.

Schaffers, AP, Sykora, KV (2000) Reliability of Ellenberg indicator values for moisture, nitrogen and soil reaction: a comparison with field measurements. J.Veg.Sci. 11: 225-244.

Smart, SM, Clarke, RT, van de Poll, HM, Robertson, EJ, Shield, ER, Bunce, RGH, Maskell, LC (in press) National-scale vegetation change across Britain; an analysis of sample-based surveillance data from the Countryside Surveys of 1990 and 1998. J.Env.Man.
Werner, B. Spranger, T. (1996) Manual on methodologies and criteria for mapping critical levels/loads.  UN ECE Convention on Long-range Transboundary Air Pollution. Federal Environment Agency. Umweltbundesamt. Berlin. 

Contact: Simon Smart, CEH Merlewood, Grange-over-Sands, Cumbria LA11 6JU

Email: ssma@ceh.ac.uk 

Tel: 015395-32264
� EMBED STATISTICAGraph  ���





� EMBED STATISTICAGraph  ���








[image: image5.emf]-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

2.5 4.5 6.5 8.5 10.5 12.5 14.5 16.5 18.5 20.5 22.5 24.5

NHx (Kg N ha per yr)

Modelled change in cov-weighted 

Eberg fertility 90-98

[image: image6.emf]Ellenberg/Siebel fertility value


No of observations


0


1


2


3


4


5


6


7


8


9


10


11


12


13


1


2


3


4


5


6


7


negative


positive




Ellenberg/Siebel fertility value

No of observations

0

1

2

3

4

5

6

7

8

9

10

11

12

13

1 2 3 4 5 6 7

negative

positive

_1108232443

_1108386798

