Headwater stream quality (Countryside Survey)
Experimental Design/Sampling Regime
In CS macroinvertebrates were sampled using standard protocols (Murray-Bligh 1999; Murphy & Weatherby 2008). The sample area in each stream (one per square, where present) was a single area of stream-bed whose major habitat types can be sampled within the recommended sampling period of three minutes of active sampling, supplemented by a one minute hand search. The length of stream surveyed would normally vary from 5 to 15m, depending on the feature width. Samples were collected using a standard Freshwater Biological Association pattern pond net and returned to CEH for later sorting and identification. Supplemental physical measurements (width, depth, substrate composition) required to run RIVPACS, were recorded at each sample site. The Biological Monitoring Workers Party (BMWP) score (an index for measuring the biological quality of rivers using selected families of macroinvertebrates as biological indicators) (Armitage et al., 1983) were calculated for each site. The BMWP scores (1-10) are based on the principle that macroinvertebrates differ in their perceived sensitivity or tolerance to organic pollution (i.e. nutrient enrichment). RIVPACS (River Invertebrate Prediction and Classification System) a computer model for calculating an expected ‘reference’ macroinvertebrate community (Expected BWMP) for a watercourse site based on its physical characteristics was used for all sampled sites.  
O/E BWMP scores were determined for 478 headwater stream sites across two survey years (1998 and 2007). These sites were surveyed in both years and were located in headwater stream sites downstream of the source marked on 1:50,000 maps (making them appropriate for the use of RIVPACS.
Please see Dunbar et al. (2010) for further details on sampling and methods. 
Data pooled across two survey years (1998 and 2007) was used to model the relationships between headwater stream quality and catchment/stream characteristics (as described in table 2). Modelled estimates of stream water quality (Observed BWMP score, see Table 1) were based on a Boosted Regression Tree modelling approach (described in Norton et al. 2016). The model was initially trained on a sub-set of data and tested on the remainder before being extrapolated to 1km squares (containing headwater streams) at the national scale. Expected BWMP scores were calculated by using the RIVPACS scores for sampling sites averaged by land class (Bunce et al. 2007) for the randomly generated river sampling site in each unmonitored grid square. Data are presented as a 1km raster image which represents the water quality measure for each headwater stream and its’ location as a coloured 1km square. Areas not containing a Strahler order 1-3 headwater stream were not included in the models.
Table 1.  Water quality measure
	Headwater stream quality measure
	Observed/expected Biological Monitoring Working Party* invertebrate taxa score


*Biological Monitoring Workers Party (BMWP) score is an index for measuring the biological quality of rivers using selected families of macroinvertebrates as biological indicators (Armitage et al., 1983).
Table 2.  Model parameters for Boosted Regression Tree model of headwater stream quality.
	1) % Arable, 2) % Improved Grassland, 3) % Urban in 1km square from LCM*

	4) % woody cover along the stream within a 1km square (LCM)

	5) Slope - over a 1km length centred on the sampling site i.e. from a point 500 m upstream to a point 500m downstream

	6) Altitude of sampling site

	7) Strahler stream order (1,2 or 3) **

	 8) Easting and 9) Northing

	10) Survey year


*Morton et al. (2011)
**These streams are classified as headwater streams
Spatial Reference
Coordinate System: OSGB 1936/British National Grid (EPSG:27700)
Data attributes
The dataset has the following attribute:
[bookmark: _GoBack]Value – Observed BWMP score divided by the Expected BWMP score
Collection Methods
Samples were collected using a standard Freshwater Biological Association pattern pond net along a single area of stream-bed whose major habitat types can be sampled within the recommended sampling period of three minutes of active sampling, supplemented by a one minute hand search. The length of river surveyed would normally vary from 5 to 15m, depending on the stream width. Supplemental physical measurements (width, depth, substrate composition) required to run RIVPACS, were recorded. Field protocol described in more detail in Murphy and Weatherby (2008).
Fieldwork and Laboratory instrumentation
N/A
Calibration steps and values
See Murphy and Weatherby (2008), Dunbar et al (2010) for further details.
Analytical Methods
Macro-invertebrate samples were processed in the lab to record species number, number of BMWP Scoring taxa (TAXA) and RIVPACS status class. To control for changes in level of identification and underlying taxonomy, the species data were harmonised across all the different surveys to a common modern taxonomy. A second exercise, termed standardisation, was used to derive a mutually exclusive list of taxa for the calculation of species richness.
See Dunbar et al (2010) for further details.

Quality Control
The Defra/NERC Joint Codes of Practice were followed throughout.
See Dunbar et al (2008, 2010) for further details.



References/Supporting documents

Armitage, P.D., Moss, D., Wright, J.F. et al. (1983) The performance of a new biological water-quality score system based on macroinvertebrates over a wide range of unpolluted running water sites. Water Research 17, 333-347.
Bunce et al. 2007 ITE land classification of Great Britain 2007 doi:10.5285/5f0605e4-aa2a-48ab-b47c-bf5510823e8f
Dunbar, M., Murphy, J., Clarke, R., Baker, R., Davies, C., Scarlett, P. 2010 Countryside Survey: Headwater Streams Report from 2007. Technical Report No. 8/07 NERC/Centre for Ecology & Hydrology 67pp. (CEH Project Number: C03259). http://countrysidesurvey.org.uk/outputs/headwater-streams-report-from-2007
Morton, R.D., Rowland, C., Wood, C., Meek, L., Marston, C., Smith, G., Wadsworth, R., Simpson I. (2011).  Land Cover Map 2007 (1km raster dominant Target Class, GB).  NERC-Environmental Information Data Centre. doi:10.5285/337f9dea-726e-40c7-9f9b-e269911c9db6.
Murphy, J. Williams, P. Scarlett, P. & Clarke, R. 2008 Quality Assurance Report: surveying condition for headwater streams and ponds. http://countrysidesurvey.org.uk/sites/default/files/pdfs/QA_FRESHWATER.pdf
Murphy, J. and Weatherby, A. 2008 Freshwater Manual. Technical Report No.5/07/NERC/Centre for Ecology and Hydrology 71pp http://countrysidesurvey.org.uk/sites/default/files/pdfs/reports2007/CS_UK_2007_TR5.pdf
Norton, L., Greene, S., Scholefield, P., Dunbar, M. (2016) The importance of scale in the development of ecosystem service indicators? Ecological Indicators 61; 130-140 http://dx.doi.org/10.1016/j.ecolind.2015.08.051.

