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Professor Michael Bruen (UCD) 
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Mr. John Clarke (UCD) 
Mr. Tom Drinan (UCC) 
Mr. Hugh Feeley (UCD) 
Ms. Joanne Finnegan (NUIG) 
Dr. Conor Graham (UCC) 
Dr. Simon Harrison (UCC) 
Dr. Mark Healy (NUIG) 
Professor John O’Halloran (UCC) 
Mr. John Regan (NUIG) 
Dr. Michael Rodgers (NUIG) 
Project Manager: 
Mr. Sean Blacklocke (UCD) 

 
COMPLETION DATE 
December 2013 

 
OBJECTIVES 

• Undertake a review of international and national literature on potential impacts of 
forestry on surface water quality with respect to acidification, eutrophication and 
sedimentation at the various stages in the forest life cycle. 

• Compile a database of relevant data from previous projects dealing with forest- 
surface water interactions and explore the data for relationships between factors. 

• Undertake temporal and spatial assessment of the inputs from forest activities and 
impacts (acidification, eutrophication, sedimentation) from planting to felling, on 
the hydrochemical and ecological quality of water taking into account mitigation 
measures. 

• Quantify nutrient and sediment losses to water in relation to the nature, scale and 
duration of forestry activities in a sub-set of instrumented catchments. 

• Test  the  effectiveness of  buffer  strips  in  ameliorating inputs  of  nutrients  and 
sediments from forest operations and consider design guidelines for the planning, 
construction and maintenance of buffer strips. 

• Evaluate the likely impact of expansion of forest cover in Ireland on hydro-ecology. 

http://www.ucc.ie/academic/zeps/pages/staff/harrison_s.htm
http://www.ucc.ie/academic/zeps/pages/staff/harrison_s.htm
http://www.nuigalway.ie/civileng/staff/mark_healy.html
http://www.ucc.ie/academic/zeps/pages/staff/harrison_s.htm
http://www.nuigalway.ie/civileng/staff/mr.html
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PROGRESS AGAINST OBJECTIVES AND DELIVERABLES 
 

Presented in this report are highlights of progress on HYDROFOR work packages (WP) for the 
period May 2012 through to December 2012 and work planned through to the completion 
of the project on 31st December 2013. A chart which graphically depicts progress on each 
individual task associated with each of the 20 work packages is provided in Appendix A. 

 
 

WP1 PUBLICATIONS, PUBLIC DISSEMINATION AND DATA MANAGEMENT 
 

Table 1.1 lists the project’s peer-reviewed journal articles completed this reporting period. 
 

Table 1.1 HYDROFOR journal articles submitted for publication: May 2012-December 2012 
 
 

Authors 

 
 

Year 

 
 

Title 

 

 
Journal 

(volume) 

 
 

Relevant Pages 

Drinan, T., 
O’Halloran, J., 
Harrison, S. 

2013 The impact of conifer plantation 
forestry on the Chydoridae 
(Cladocera) communities of 
peatland lakes 

Hydrobiologia 
(700) 

203–219 

Drinan, T.J., 
Graham, C.T., 
O’Halloran, J., 
Harrison, S.S.C. 

2013 The impact of catchment conifer 
plantation forestry on the 
hydrochemistry of peatland lakes 

Science of the 
Total 
Environment 
(443) 

608–620 

Drinan, T.J., 
Foster, G.N., 
Nelson, B.H., 
O’Halloran J., 
Harrison, S.S. 

2013 Macroinvertebrate assemblages of 
peatland lakes: Assessment of 
conservation value with respect to 
anthropogenic land-cover change 

Biological 
Conservation 
(158) 

175–187 

Drinan, T.J., 
O’Halloran J., 
Harrison, S.S.C 

2013 Variation in the physico-chemical 
and biological characteristics 
between upland and lowland 
(Atlantic) blanket bog lakes in 
western Ireland 

Biology and 
Environment: 
Proceedings of 
the Royal Irish 
Academy (113B) 

TBD 

Drinan, T.J., 
Graham, C.T., 
O’Halloran, J., 
Harrison, S.S.C. 

TBD Nutrients and fish: the influence of 
bottom-up and top-down forces on 
littoral macroinvertebrates in 
peatland lakes 

Freshwater 
Biology (TBD) 

TBD 

Feeley, H., 
Bruen, M., 
Blacklocke, S., 
Quinn, M.K. 

2013 A regional examination of 
episodic acidification 
response to reduced acidic 
deposition and the influence 
of plantation forests in Irish 
headwater streams 

Science of the 
Total 
Environment  
(443) 

173-183 
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Table 1.1 Continued 
HYDROFOR journal articles submitted for publication: May 2012-December 2012 

 
 

Authors 

 
 

Year 

 
 

Title 

 

 
Journal 

(volume) 

 
 

Relevant Pages 

Finnegan, J., 
Regan, J.T., de 
Eyto, E., Ryder, 
L., Tiernan, D., 
Healy, M.G. 

2012 Nutrient dynamics in a 
peatland forest riparian 
buffer zone and implications 
for the establishment of 
planted saplings 

Ecological 
Engineering  
(47) 

155 – 164 

Finnegan, J., 
Regan, J.T., 
Lanigan, G.J., 
Fenton, O., 
Healy, M.G. 
 

  TBD Greenhouse gas emissions 
from forestry in Ireland 

Environmental 
Science and 
Pollution 
Research (TBD) 

TBD 

Finnegan, J., 
Regan, J.T., O’ 
Connor, M., 
Healy, M.G. 

  TBD Implications of applied best 
management practice for 
peatland forest harvesting 

Ecological 
Engineering 
(TBD) 

TBD 

Finnegan, J., 
Regan, J.T., 
Fenton, O., 
Lanigan, G.J., 
Healy, M.G. 

  TBD The effect of management 
changes on watertable 
position and nutrients in 
shallow groundwater in a 
harvested peatland forest 

Journal of 
Environmental 
Management 
(TBD) 

TBD 

Graham, C.T., 
Drinan, T., 
Harrison, S.S.C., 
O’Halloran, J. 

 TBD Effect of plantation forestry on 
brown trout growth, energetics 
and community structure in 
peatland lakes in the west of 
Ireland 

Forest Ecology & 
Management 
(TBD) 

TBD 
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 Table 1.2 lists the remaining intended journal articles scheduled for completion. 

Table 1.2 HYDROFOR journal articles scheduled for submission in 2013 
 
 

Lead Author 

 
 

Title 

Sean Blacklocke Review of approaches to characterise spatial statistical relationships 
between forestry operations and associated water quality impacts 

Sean Blacklocke Performance of empirical models to predict water quality impacts from forestry 
operations in Ireland 

Sean Blacklocke Geographic associations between felling operations and water quality stations and 
results in Ireland  

   John Clarke Water quality impacts associated with the windrowing of forested 
catchments in upland peat areas in Co. Wicklow, Ireland 

John Clarke Review of the impacts of forest operations on the ecological quality of water: 
3 Hydrology and water quality impacts from forest planting operations 

John Clarke Water quality impacts associated with the harvesting of forested catchments 
in upland peat areas in Co. Wicklow, Ireland 

John Clarke Review of the impacts of forest operations on the ecological quality of water: 
2 Hydrology and water quality impacts from forest harvesting operations 

Hugh Feeley Review of impacts of forest operations on the ecological quality of water.     
1 Biology and water quality impacts associated with mature conifer forest 
plantations 

Hugh Feeley The seasonal response of macroinvertebrates to the effects of episodic 
organic acidity in formally episodic mineral acidic headwater streams 

Conor Graham Impact of plantation forestry on the diet of salmonids in peatland lakes 

Conor Graham Effect of commercial plantation forestry on forestry food webs: insights from stable 
isotope analyses of carbon, nitrogen and sulphur 
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Table 1.3 lists HYDROFOR’s other public dissemination activities for the period May 2012 to 
December 2012. 

 
Table 1.3 HYDROFOR public dissemination activities: May 2012 to December 2012 

 
Activities 

 
Leader(s) 

 
Title 

 
Date 

 
Place 

 
Audience 

Conference 
presentation 

Finnegan, J. Use of brash 
mats for 
clearfelling of 
forestry on 
peat: An Irish 
perspective 

3-8 June 2012 The International 
Peat Congress, 
Stockholm, Sweden 

Practitioners, 
Academics 

RBD meeting 
presentation 

Blacklocke, S. An Overview of 
the HYDROFOR 
Project 

8 October 2012 Glen of the Downs, 
Ireland 

Practitioners 

Conference 
presentation 

Graham, C.T. Effect of 
plantation 
forestry on 
brown trout 
growth, 
energetics 
and 
community 
structure in 
peatland 
lakes in the 
west of 
Ireland 

27-31 August 2012 Second 
International 
Conference on 
Biodiversity in 
Forest Ecosystems 
and Landscapes, 
IUFRO. University 
College Cork 

Academics 

Conference 
workshop 
presentations 

Clarke, J. 
Feeley, H. 
Finnegan, J. 
Harrison, S. 

Forestry and 
Water 
Interactions 

17 May 2012 International Water 
Association First 
World Congress on 
Water, Climate and 
Energy: Forestry 
and Water 
Interactions 
Workshop, Dublin, 
Ireland 

Practitioners, 
academics 

 
Construction of the HYDROFOR Project database remains on going and will not be entirely 
complete until the beginning of next year. The database has been populated with all data 
generated by the HYDROFOR Project as of December 2012, and plans are still in place to further 
populate the database with selected relevant data from the following projects: 
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• FORWAT  
• AQUAFOR 
• WATERAC 
• SILTATION 
• STIMULUS (Burrishoole) 
• FOREM/FORFLUX 
• PEnrich 
• Critical 
• SUAS 

 
Hydrochemical data entries include: 
 

• Surface Water Flow (m³/s) 
• Surface Water Temperature (°C) 
• Surface Water pH  
• Surface Water Alkalinity (mg/l calcium carbonate equivalents) 
• Surface Water Total Hardness (mg/l calcium carbonate equivalents) 
• Surface Water Soluble Reactive Phosphorus (mg/l) 
• Surface Water Total Phosphorus (mg/l) 
• Surface Water Total Organic Nitrogen (mg/l) 
• Surface Water Ammonia (mg/l) 
• Surface Water Nitrate (mg/l) 
• Surface Water Nitrite (mg/l) 
• Surface Water Dissolved Organic Carbon (mg/l) 
• Surface Water Aluminium (µg/l) 
• Surface Water Total Monomeric Aluminium (µg/l) 
• Surface Water Inorganic Monomeric Aluminium (µg/l) 
• Surface Water Sodium (mg/l) 
• Surface Water Potassium (mg/l) 
• Surface Water Magnesium (mg/l) 
• Surface Water Calcium (mg/l) 
• Surface Water Chloride (mg/l) 
• Surface Water Sulphate (mg/l) 
• Surface Water Total Suspended Solids (mg/l) 
• Surface Water Silicate (mg/l) 
• Surface Water Conductivity (μs/cm) 
• Surface Water Turbidity (NTU) 
• Surface Water Colour (mg/Pt. Co.) 
• Surface Water Chlorophyll a (µg/l) 
• Surface Water Dissolved Oxygen (mg/l) 
• Surface Water Dissolved Oxygen (% saturation) 
• Surface Water Manganese (mg/l) 
• Surface Water Iron (mg/l) 
• Surface Water Biochemical Oxygen Demand (mg/l) 
• Surface Water Chemical Oxygen Demand (mg/l) 
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Riparian area soil and subsurface water quality parameters include: 
 

• Sample Site Depth to Water Table (m) 
• Temperature (°C) 
• pH  
• Intended Concentration (mg/l) 
• Concentration of Phosphorus as Phosphate (mg/l) 
• Sample Weight (g) 
• Equivalent Dry Weight (g) 
• Total Wet Weight (g) 
• Total Dry Weight (g) 
• Weight after Heated to 550° C (g) 
• Dissolved Reactive Phosphorus (μg/l) 
• Sorbed Phosphorus (mg) 
• Sorbed Phosphorus (mg/g) 
• Average Dissolved Reactive Phosphorus (mg/l) 
• Average Sorbed Phosphorus (mg/g) 
• Containers Weight (g) 
• Water in Peat (l) 
• Water Extractable Phosphorus (µgP/gpeat) 
• Organic (g) 
• Organic Part (%) 
• Mineral (g) 
• Mineral Part (%) 
• Moisture Content (%) 

 
Biological indicators in the database include: 
 

• Riparian buffer vegetation species and growth 
• Benthic macroinvertebrate species populations 
• Littoral macroinvertebrate species populations 
• Zooplankton populations 
• Salmonid populations 
• Salmonid gut contents 
• Salmonid migratory patterns 

 
Selected pertinent hydrochemical, geological and biological datasets are further accompanied 
by a set of ‘pathways’ variables generated by the HYDROFOR project team. Among these 
variables are: 
 
• Streamflow Distance between Surface Waterbody Sample Site & Nearest Downstream EPA 

Monitoring Site (km) 
• Surface Waterbody Sample Site Altitude (m) 
• Surface Waterbody Sample Site Geology 
• Surface Waterbody Sample Site Soil 
• Surface Waterbody Type 
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• Surface Waterbody Area (km²) (lakes) 
• Surface Waterbody Mean Depth (m) (lakes) 
• Surface Waterbody Slope (degrees) (streams, drains) 
• Surface Waterbody Order (streams) 
• Surface Waterbody Primary Geology 
• Surface Waterbody Secondary Geology 
• Surface Waterbody Primary Soil 
• Surface Waterbody Secondary Soil 
• Subcatchment Subcompartment Intersect Area (km²) 
• Subcatchment Subcompartment Intersect Slope (degrees) 
• Subcatchment Subcompartment Intersect Primary Geology 
• Subcatchment Subcompartment Intersect Secondary Geology 
• Subcatchment Subcompartment Intersect Primary Soil 
• Subcatchment Subcompartment Intersect Secondary Soil 
• Forestland Subcatchment Subcompartment Intersect Aspect 
• Forestland Subcatchment Subcompartment Intersect Area (km²) 
• Forestland Subcatchment Subcompartment Intersect Slope (degrees) 
• Forestland Subcatchment Subcompartment Intersect Primary Species 
• Forestland Subcatchment Subcompartment Intersect Primary Species Mean Age (years) 
• Forestland Subcatchment Subcompartment Intersect Secondary Species 
• Forestland Subcatchment Subcompartment Intersect Secondary Species Mean Age (years) 
• Forestland Subcatchment Subcompartment Intersect Primary Geology 
• Forestland Subcatchment Subcompartment Intersect Secondary Geology 
• Forestland Subcatchment Subcompartment Intersect Primary Soil 
• Forestland Subcatchment Subcompartment Intersect Secondary Soil 
• Non-Forestland Subcatchment Subcompartment Intersect Aspect 
• Non-Forestland Subcatchment Subcompartment Intersect Area (km²) 
• Non-Forestland Subcatchment Subcompartment Intersect Slope (degrees) 
• Non-Forestland Subcatchment Subcompartment Intersect Primary Species 
• Non-Forestland Subcatchment Subcompartment Intersect Secondary Species 
• Non-Forestland Subcatchment Subcompartment Intersect Primary Geology 
• Non-Forestland Subcatchment Subcompartment Intersect Secondary Geology 
• Non-Forestland Subcatchment Subcompartment Intersect Primary Soil 
• Non-Forestland Subcatchment Subcompartment Intersect Secondary Soil 
• Subcatchment Subcompartment Intersect Canopy Cover (%) 
• Subcatchment Subcompartment Intersect Forestland Cover (%) 
• Nearest Rainfall Station Type 
• Linear Distance between Surface Waterbody Sample Site and Nearest Rainfall Station (km) 
• Raining During Sampling/Measurement? 
• Total Rainfall - Preceding 48 Hours (mm) 
• Total Rainfall - Preceding Week (mm) 
• Total Rainfall - Preceding 30 Days (mm) 
• Total Rainfall - Preceding Year (mm) 
• Linear Distance between Surface Waterbody Sample Site & Nearest Temperature Station (km) 
• Mean Temperature - Sample Day (°C) 
• High Temperature - Sample Day (°C) 
• Low Temperature - Sample Day (°C) 
• Mean Temperature - Preceding 48 Hours (°C) 
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• Mean Temperature - Preceding Week (°C) 
• Mean Temperature - Preceding 30 Days (°C) 
• Mean Temperature - Preceding Year (°C) 
• Linear Distance between Surface Waterbody Sample Site and Nearest Wind Station (km) 
• Mean Wind Speed - Sample Day (knots) 
• Mean Wind Speed - Preceding 48 Hours (knots) 
• Mean Wind Speed - Preceding Week (knots) 
• Mean Wind Speed - Preceding 30 Days (knots) 
• Mean Wind Speed - Preceding Year (knots) 
• Prevailing Wind Direction - Sample Day  
• Prevailing Wind Direction - Preceding 48 Hours 
• Prevailing Wind Direction - Preceding Week  
• Prevailing Wind Direction - Preceding 30 Days 
• Prevailing Wind Direction - Preceding Year 
 
Finally, information indicating the nature, magnitude and location of mitigation measures 
accompany the hydrochemical and biological data entries associated with the forestry 
operations under study (e.g., harvesting, windrowing). 
 
The draft database will be turned over the EPA for distribution to the Steering Committee and 
review by the administrators of SAFER immediately subsequent to an in-person presentation of 
its contents by the project team. It is anticipated that such a meeting will take place in 2013. 
 
A comprehensive statistical analysis of these data is scheduled to continue into 2013 and will be 
on going until the conclusion of the project. Projected outputs of this comprehensive statistical 
analysis include publication of the following articles in peer-reviewed journals: 
 

Blacklocke, S. et al. Review of approaches to characterise spatial statistical relationships 
between forestry operations and associated water quality impacts. 
 
Blacklocke, S. et al. Performance of empirical models to predict water quality impacts 
from forestry operations in Ireland. 
 
Blacklocke, S. et al. Geographic associations between felling operations and water quality 
monitoring stations and results in Ireland. 
  

WP2 PLANTING 
 
WP2A1 (Scope Change) Assessment of long-term impacts at an afforested planting site 
 
In the summer of 2012, it was agreed with the HYDROFOR Steering Committee that suitable 
afforest sites would not be available for completing this work package as originally scoped. It 
was decided that the project team would instead instrument a decade-old afforestation site 
located at the northern tip of Lough Conn near Crossmolina in County Mayo. This site was 
instrumented during its planting in 2003 by the PEnrich project led by Professor Emeritus Ted 
Farrell of University College Dublin. Those data have been shared with the HYDROFOR Project 
and will be analysed in relation to the data collected during re-instrumentation of the site in 
the spring and summer of 2013. 
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The monitoring stations at the Crossmolina site of the PEnrich Project (Figure 2.1) will be 
resampled identically as they were during the September 2002 to June 2004 PEnrich sampling 
period across three storm events in 2013. This will involve passive sampling at the upstream 
and midstream stations as well as at the drainage outlets. The natural stream outlet will be 
instrumented with a flow meter and automatic sampler for composite sampling the storm 
events. Parameters analysed will include TP, TRP, DRP, pH, conductivity, major cations, anions, 
alkalinity and ammonium. As mounding and re-engineered drainage was completed at the site 
in March 2003, this effort will expand upon PEnrich findings on the longer-term water quality 
impacts of afforested agricultural land. 
 

 
Figure 2.1 Locations of PEnrich sites for HYDROFOR instrumentation 

 
A visit has been made to the site to acquire access from the property owner and his 
surrounding neighbours. Field work is scheduled to commence in March 2013. 
 
Finally, upon request, the HYDROFOR Project will assist the County Mayo Native Woodland 
Scheme Project in its proposed efforts to set up a long-term monitoring framework to assess 
the extent to which native woodlands (such as the one envisaged in the Project) can serve to 
protect and improve water quality and aquatic ecological conditions in proximal rivers in 
Ireland. It is anticipated that the nature of the assistance will include desktop contributions to 
site surveys, ambient monitoring site positioning and perhaps hydrological calculations and 
projections of through-flows. 
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WP2B1 (Supplemented Scope) Assessment of impacts and measures at reforested planting sites 
 
A total of two replanting sites were originally scoped to be instrumented under Work Package 
2B1. Instrumentation of the Annalecka and Oakwood plantations was completed during this 
reporting period. Analysis of the samples collected has been completed, and the findings will 
be reported, in part, in a journal article to be submitted for publication in 2013 following the 
conclusion of sampling at an additional instrumented site: 
 

Clarke, J. et al. (year TBD) Water quality impacts associated with the windrowing of 
forested catchments in upland peat areas in Co. Wicklow, Ireland. (Journal TBD). 

 
An additional instrumented replanting site at Kilkoagh Forest in County Wicklow was added to 
the scope of work in 2012 under Work Package 2B2.  Monitoring of storms before, during and 
after the windrowing operation was on going during this reporting period. One final post-
windrowing storm is scheduled to be sampled in the spring of 2013. In addition to sampling at 
the site’s subcatchment pour point, a silt trap was installed immediately upstream of the pour 
point and another instrument installation was placed immediately upstream of the trap. Figure 
2.2 is an illustration of the site’s configuration.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2 Kilcoagh windrowing site – instrument & silt trap positioning and flow pattern 

Unlike the subcatchment delineations made at Annalecka and Oakwood, the subcatchment 
pour point drains an area that is being delineated from a streamlet not considered a first-order 
stream in the national classification system. Thus, as shown in Figure 2.2, flow patterns within 
the windrowing site itself had to be established to delineate and thus characterise this 
subcatchment. Also as shown in Figure 2.2, the flow pattern estimates based on the twenty-
meter grid digital elevation model were too imprecise to be useful in these delineations. As 
such, the project team acquired a five-meter grid digital elevation model from a private vendor 
for the purpose of delineating this subcatchment. The same was done for the Annalecka and 
Oakwood plantation sites and for the River Ow felling sites. These higher-resolution digital 
elevation models will be used in the runoff modelling exercises pursuant to both Work Package 
2B1 and Work Package 4A1 (instrumentation and modelling of felled subcatchments). 
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In the search for a fourth windrowing site amendable to installation of reengineered drainage 
pursuant to runoff mitigation, over 70 additional sites scheduled for windrowing during 2012 
were identified with the assistance of Coillte. With this batch of candidate sites, the project 
team attempted to identify subcatchments in which drainage from plots slated for windrowing 
might be altered in such a way as to mitigate the sedimentation and eutrophication impacts to 
receiving waters suspected to be inherent in these types of operations. These sites were 
mapped using the ArcHYDRO tool in ESRI ArcMap GIS software in order to show the spatial 
juxtapositions of the to-be-windrowed plots with their receiving water bodies. Although 
somewhat labour intensive, the added rigour associated with the use of this tool in this 
particular site screening process allows estimates of the flow patterns throughout the 
candidate sub-catchments to be made so that optimal positioning of potential re-engineered 
drainage and instrument installations can be made. As these estimates required ground 
confirmation, sites with the potential to be suitable subsequent to the AcrHYDRO tool 
screening process had to be visited. Over 40 sites were visited, but no sites proved suitable for 
assessing the effectiveness of altered drainage as a pollution control measure. Given the 
timeline for post-windrowing operation sampling and the already extended project termination 
date of 31st December 2013, the project team discontinued the search in December 2012. 
 
WP3 MATURE FOREST 
 
WP3A1 Examination of Influences of atmospheric variables on a mature forest site 

 
The HYDROFOR Project’s FutMon site was instrumented in 2010 and has been sampled on five 
occasions to date under distinctive atmospheric conditions shown in Table 3.1. The data 
detailing the water quality and flow during these storms are being collated with the site’s 
atmospheric data, which is being collected at a Coillte weather station located in the same 
forest within a few kilometres of the HYDROFOR water quality monitoring instruments.  
 
In order to both ease the burden of meteorological data collection at this site as well as 
facilitate the targeting of future storms with outstanding atmospheric conditions under which 
no water sampling has been done thus far, the project team installed a datalogger at the site’s 
Coillte weather station in summer 2010. This unit pushes the station’s data to a web site 
where it can be observed in real time and downloaded from a remote location.  
 
Table 3.1 Range of Atmospheric Conditions Targeted for FutMon Sampling 

antecedent conditions (15 days) Easterlies Westerlies 

Winter/Spring <12° Wet Dry 

Winter/Spring <12° Dry Wet 

Summer/Fall >12° Wet Dry 

Summer/Fall >12° Dry Wet 

 
These data have not yet been analysed, as at least two samplings under westerly winds have 
yet to be collected due to the scarcity of such conditions. 
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WP3A2 Assessment of impacts at mature forest river sites 
 
Work Package 3A2 was completed during this reporting period. Below are some of the 
generalised key conclusions of this effort: 
 

• Wicklow Mountain forests are highly acid-sensitive due to geology and topography. 
• There is a positive relationship between forest cover and acidification (some exceptions). 
• Drivers of acidification are different now from 1990s (i.e., organic acidity only now). 
• Acidification impacts where they occur appear seasonal. 

 
The final outputs of Work Package 3A2 include the following journal articles: 
 

Feeley, H.B., Woods, M., Baars. J., Kelly-Quinn, M. (2012) Refining a kick sampling 
strategy for the bioassessment of benthic macroinvertebrates in headwater streams. 
Hydrobiologia (683(1)) 53-68. 
 
Feeley, H.B., Davis, S., Bruen, M., Blacklocke, S., Kelly-Quinn, M. (2012) The impact of a 
catastrophic storm event on benthic macroinvertebrate communities in upland 
headwater streams and potential implications for ecological diversity and assessment of 
ecological status. Journal of Limnology (71(2)) 73-82. 
 
Feeley, H.B., Bruen, M., Blacklocke, S., Kelly-Quinn, M. (2013) A regional examination of 
episodic acidification response to reduced acidic deposition and the influence of 
plantation forests in Irish headwater streams. Science of the Total Environment (443) 
173-183. 
 
Feeley, H.B., et al. (year TBD) The seasonal response of macroinvertebrates to the 
effects of episodic organic acidity in formally episodic mineral acidic headwater streams 
(journal TBD). 

 
WP3A3 Longitudinal effects of mature forested subcatchments 
 

Work Package 3A3 was completed in 2011. The statement below summarises the findings from 
this work package: 
 

• The extent of plantation forestry impact on benthic macroinvertebrate communities in 
soft water streams is confined to less than 2.5 kilometres downstream (limited sites). 

 
The following journal article describes in more detail the work undertaken and how and why 
this conclusion was determined: 
 

Feeley, H., Kerrigan, C., Fanning, P., Hannigan, E., Kelly-Quinn, M. (2011) Longitudinal 
extent of acidification effects of plantation forest on benthic marcorinvertebrate 
communities in soft water streams: evidence for localised impact and temporal 
ecological recovery. Hydrobiologia (671) 217-226. 
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WP3B1 Hydrochemical impacts of forests and forestry on small peatland lakes 
 
Work Package 3B1 was completed during this reporting period. The results of this work 
package, in conjunction of those of Work Package 3B2, yielded the following conclusion by the 
leader of these efforts: 
 

“The chemical efflux associated with conifer plantation forestry is leading to 
profound changes in the biological communities of these rare, species-rich 
lentic habitats.” 

 
The final outputs of Work Package 3B1 include the following journal articles: 

Drinan, T.J., Graham, C.T., O’Halloran, J., Harrison, S.S.C. (2013) The impact of catchment 
conifer plantation forestry on the hydrochemistry of peatland lakes. Science of the Total 
Environment (443) 608–620. 
 
Drinan, T.J., O’Halloran J., Harrison, S.S.C. (2013) Variation in the physico-chemical and 
biological characteristics between upland and lowland (Atlantic) blanket bog lakes in 
western Ireland. Biology and Environment: Proceedings of the Royal Irish Academy 
(113B) pages TBD. 
 

WP3B2 Impacts of forests and forestry on benthos and zooplankton in small peatland lakes 
 
Work Package 3B2 was also completed during this reporting period. Among the key findings of 
this work package are the following: 
 

• Plantation forestry-mediated eutrophication outweighs the top-down predatory effects 
of fish in structuring littoral macroinvertebrate communities of peatland lakes.  

• The lack of a stronger top-down control by fish (brown trout) on littoral 
macroinvertebrates is likely due to the increased Sphagnum growth decoupling 
predator-prey interactions by providing greater refuge for prey.  

• Anti-predatory adaptations of prey, preferential consumption of alternative prey and the 
lack of a specialised feeding mode by brown trout on any given macroinvertebrate taxa 
are also likely to have reduced the magnitude of top-down forces on littoral 
macroinvertebrates.. 

 
The final outputs of Work Package 3B2 include the following journal articles: 
 

Drinan, T., Nelso, B. Tickner, M., O’Donnel, G.O., Harrison, S.C., O’Halloran, J. (2011) First 
discovery of larvae of the Downy Emerald Cordulia aenea (L.) in Ireland and the species’ 
use of lakes in treeless blanket bog in Connemara, Co. Galway. Journal of the British 
Dragonfly Society (27(1)) 1-12. 
 
Drinan, T.J., Foster, G.N., Nelson, B.H., O’Halloran J., Harrison, S.S. (2013) 
Macroinvertebrate assemblages of peatland lakes: Assessment of conservation value 
with respect to anthropogenic land-cover change. Biological Conservation (158) 175-187. 
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Drinan, T.J., Graham, C.T., O’Halloran, J., Harrison, S.S.C. (2013) The impact of conifer 
plantation forestry on the Chydoridae (Cladocera) communities of peatland lake. 
Hydrobiologia (700) 203-219. 
 
Drinan, T.J., O’Halloran J., Harrison, S.S.C. (2013) Variation in the physico-chemical and 
biological characteristics between upland and lowland (Atlantic) blanket bog lakes in 
western Ireland. Biology and Environment: Proceedings of the Royal Irish Academy 
(113B) pages TBD. 
 
Drinan, T.J., Graham, C.T., O’Halloran, J., Harrison, S.S.C. (year TBD) Nutrients and fish: 
the influence of bottom-up and top-down forces on littoral macroinvertebrates in 
peatland lakes Freshwater Biology. (journal TBD). 

 
WP3B3 Impacts of forests and forestry on selected biological functions in peatland lakes 

 
Tasks associated with Work Package 3B3 are complete with the exception of completion of the 
final drafts of the journal articles containing the effort’s results. Below is a summary of the 
findings to date to be published: 
 
Forestry effects on lenthic salmonids’ energetics: 

• There was no observable negative impact of forestry on brown trout density. 
• Differences in community structure between control & forested lakes were apparent. 
• Trout were consistently larger in the sites with high levels of forestry. 
• No forestry related impact on trout growth over the study period was observed. 
• High temperature regimes appear to result in metabolic stress. 
• Forestry related enhancement of trout may come at the detriment of other salmonids. 

 
Forestry effects on lenthic salmonids’ diet: 

• Neither habitat where captured nor age had a significant impact on diet composition. 
• A significant difference in diet between lakes was observed. 
• There is greater dietary reliance on zooplankton in forested sites. 
• A reduction in profundal putative prey was observed at forested sites. 
• No negative impacts werenobserved on littoral macroinvertebrates or zooplankton. 

 
Forestry effects on life history choice of trout: 

• No impact from forestry was observed on rate of anadromy of brown trout. 
 

The final output of Work Package 3B3 will consist of the following four journal articles to be 
completed in 2013: 

 
Graham, C.T., Drinan, T., Harrison, S.S.C., O’Halloran, J. (year TBD) Effect of plantation 
forestry on brown trout growth, energetics and community structure in peatland lakes in 
the west of Ireland. (journal TBD). 
 
Drinan, T.J., Graham, C.T., O’Halloran, J., Harrison, S.S.C. (year TBD) Nutrients and fish: 
the influence of bottom-up and top-down forces on littoral macroinvertebrates in 
peatland lakes. Freshwater Biology (volume TBD). 
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Graham, C.T. et al. Impact of plantation forestry on the diet of salmonids in peatland lakes. 
 
Graham, C.T. et al. Effect of commercial plantation forestry on forestry food webs: 
insights from stable isotope analyses of carbon, nitrogen and sulphur. 

 
WP4 FELLING 

 
WP4A1 Instrumented assessment of impacts and measures at harvesting sites 
 
Work Package 4A1 was scoped to instrument felling operations at four sites: Glenamong, 
Altaconey, Ow1 and Ow2. All tasks associated with the Glenamong and Altaconey sites were 
completed during this reporting period. In the most general terms, and consistent with 
preliminary analysis of data collected at the Ow sites, the Glenamong and Altaconey 
instrumentations showed high acute elevations of nutrients and suspended solids during 
felling operations but relatively rapid (within a few months) returns to baseline levels 
subsequent to the cessation of felling operations. 
 
The publications in which these findings are anticipated to appear consist of the following: 
 

Finnegan, J., Regan, J.T., Lanigan, G.J., Fenton, O., Healy, M.G. (year TBD) Greenhouse 
gas emissions from forestry in Ireland. Environmental Science and Pollution Research 
(volume TBD) 
 
Finnegan, J., Regan, J.T., O’ Connor, M., Healy, M.G.  (year TBD) Implications of applied 
best management practice for peatland forest harvesting. Ecological Engineering 
(volume TBD). 
 
Finnegan, J., Regan, J.T., Fenton, O., Lanigan, G.J., Healy, M.G. (year TBD) The effect of 
management changes on watertable position and nutrients in shallow groundwater in a 
harvested peatland forest.  Journal of Environmental Management (volume TBD). 
 

Field sampling at the Ow2 site is complete and only one additional round of sampling at the 
Ow1 site remains. Analysis of these data continues and will be completed in 2013. The findings 
from both sites will be reported in at least one journal article which is near completion: 

 
Clarke, J. et al. Water quality impacts associated with the harvesting of forested 
catchments in upland peat areas in Co. Wicklow, Ireland. 

 
As detailed in the previous technical progress report (Report #8 for the period December 2011 
to April 2012), storm-induced hydrological changes in the Ow1 subcatchment coupled with a 
second unforeseen cancellation of scheduled felling resulted in the project team having to 
relocate and reconfigure its instruments and reinitiate sampling in early 2012. It is noteworthy 
that at least one Coillte representative has expressed concern that the banks of the stream 
reach in which the project team was relegated to instrument were inordinately erosive. The 
project team responded to this concern in writing on 7th August 2012, explaining that there 
were no alternatives to the siting of the instruments. An invitation was also extended to Coillte 
to visit the site together to discuss the matter further. Another attempt to redress the matter 
with Coillte at the site will be made before the instruments are removed in 2013. 
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WP4A2 (Scope Change) Projected trends in felling coup size throughout Ireland 
 

In lieu of sampling fell sites of varying sizes relative to their subcatchments as originally intended, the 
HYDROFOR Project team will undertake a study of recent and projected trends in felling coup sizes 
throughout Ireland. This study will inform the forestry programmes of measures development process 
with respect to the extent and regions in which larger-scale felling operations in Ireland are resulting in 
long-term surface water quality impacts. Given the difficulty the project team had in identifying felling 
plots that were more than ten percent of their associated subcatchments over the course of the past four 
years, one conclusion from such a study may be that large relative coup sizes thought to be significant in 
affecting water quality and aquatic ecology (i.e., those greater than twenty to forty percent) may have 
been a problem of the past, but they are not projected to be a problem in the future, at least in certain 
regions of Ireland (e.g., Wicklow Mountains region). Such information could be of great value to forestry 
and water quality managers and planners in making decisions about how to prioritise the use of limited 
management resources. 

Pursuant to the completion of this proposed study, the project team is acquiring the Coillte geographic 
datasets for felled plots for 2002 to 2012, which show where each felled plot for each year was located. 
Similar Coillte geographic data on the locations and other relevant characteristics of fell plots and their 
associated maturation dates (i.e., projected fell dates) are also being requested from Coillte for the years 
2013 to 2052 via the ‘sales proposals’ dataset. With these data, key summary statistics broken out by 
regions, with relevant regional distinctions to be determined via initial data analyses, will be produced 
along with graphics of previous and projected trends in felling operations throughout Ireland’s various 
forestry regions. Conclusions regarding management implications are also being included in the study, 
such as identification of regions of the country in which measures to limit the hectarage of felling in first 
or second order subcatchments will likely have no significant effect on water quality. 

A portion of the requisite data for this effort has already been procured. The remainder of the data is 
expected to be obtained from Coillte in early 2013, at which time this desktop analysis will commence. 

It is important to note that due to the confidential nature of the information contained in the datasets 
that will be used to complete this work package, publication of the findings of this analysis may be 
limited or may have to be entirely foregone. 

WP4B1-5 Effectiveness of buffer strips to reduce runoff pollution from harvesting operations 
 
All tasks under Work Packages 4B1 to 4B5 were completed during this reporting period. The 
following is a summary of findings from this set of work packages: 
 

• Nutrients: SRP concentrations were higher or equal under the brash mats in the riparian 
zone when compared to all other areas. 

• Soil Analysis: Water extractable phosphorus and desorption-adsorption testing also 
confirmed the high concentrations of P under the brash mats. 

• Saplings: Riparian zone was capable of providing nutrients for survival of planted 
saplings and fertilizing the peat with degrading brash material. 
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The first of these results has been published as follows: 
 
Finnegan, J., Regan, J.T., de Eyto, E., Ryder, L., Tiernan, D., Healy, M.G. (2012) Nutrient 
dynamics in a peatland forest riparian buffer zone and implications for the establishment 
of planted saplings. Ecological Engineering (47) 155 – 164. 

 
The  remainder  of Work  Package  4B  results  are  anticipated  to  be  published  in  2013  in  the 
journals noted below: 
 

Finnegan, J., Regan, J.T., O’ Connor, M., Healy, M.G.  (year TBD) Implications of applied 
best management practice for peatland forest harvesting.  Ecological Engineering 
(volume TBD). 

 
Finnegan, J., Regan, J.T., Fenton, O., Lanigan, G.J., Healy, M.G. (year TBD) The effect of 
management changes on watertable position and nutrients in shallow groundwater in a 
harvested peatland forest. Journal of Environmental Management (volume TBD). 
 

 

DESCRIPTION OF PROJECT MANAGEMENT ISSUES INCLUDING STAFFING & EQUIPMENT 
 
A time extension was granted to the project during this reporting period extending the project 
timeline  from  1st May  2013  to  31st  December  2013.  The  need  for  the  no‐fee  extension was 
attributable to the difficulty in identifying study sites appropriate to the scope of work for Work 
Packages 2A1 and 4A2. 
 
A  review of  remaining  labour,  travel  and  subsistence,  and  consumables  (including equipment) 
budgets was done  in December 2012. Adequate budgetary resources are available to complete 
the scoped tasks in full. Personnel are also currently in place to meet labour demands through to 
31st December 2013. 
 
Professor  Michael  Bruen,  Dr.  Mary  Kelly‐Quinn,  Sean  Blacklocke  and  John  Clarke  have  all 
expressed intent to remain available to the project as needed subsequent to its formal conclusion 
on 31st December 2013.  It  is anticipated that minor report revisions may be needed along with 
some final administrative housekeeping during the first months of 2014. Further,  it  is expected 
that John Clarke will be completing journal articles through to the end of 2014. 

 
 

SUMMARY OF OBJECTIVES FOR THE REPORTING PERIOD JANUARY TO JUNE 2013 
 
The following are the key objectives scheduled to be met before July 2013: 
 

 Submit six additional articles to peer‐reviewed journals. 
 Complete sampling under Work Package 2A1 (i.e., three storms at the PEnrich Sites). 
 Agree the parameters for the project’s final workshop to be held in November. 
 Populate database with 90% of all intended data. 
 Complete sampling under Work Package 2B1 (Kilkoagh), 3A1 (FutMon) and 4A1 (Ow1). 
 Acquire Coillte sales proposal data and EPA monitoring site data per Work Package 4A2. 
 Agree with Coillte the extent to which historic and projected fellings can be published. 
 Contribute to proposal for County Mayo Native Woodland Scheme Project upon request. 



HYDROFOR Project Progress to Date and Six‐Month Projections ‐ December 2012 0% 100%

WP Task/Subtask % Com.

1A1 Administrative reporting and communications (including full final report and summary report) 65%

1B1 GIS mapping & site characterisations 55%

1C1 Consolidated database construction ‐ phase I (HYDROFOR data to date) 100%

1C1 Consolidated database 2 construction ‐ phase II (HYDROFOR data complete plus supplementary data) 25%

1D1 Planting literature review  85%

1D2 Mature forest literature review  100%

1D3 Harvesting literature review  85%

1E1 Comprehensive statistical modelling (all data in consolidated database) 5%

1E1 Publication drafting of comprehensive statistical modelling  0%

1E2 Water quality / hydrological modelling (Oakwood, Annalecka, Kilkoagh, Ow1 & Ow2 sites) 20%

1E2 Water quality / hydrological modelling publication drafting 0%

2A1 Hydrochemical monitoring PEnrich sites via instrumentation  0%

2A1 Hydrochemical monitoring PEnrich sites via grab sampling  0%

2A1 Hydrochemical labratory analysis of stream‐instrument and drain‐grab samples from PEnrich sites 0%

2A1 Statistical analysis of 2A1 (PEnrich) hydrochemical data 0%

2A1 Publication drafting of 2A1 (PEnrich) results 0%

2B1 Hydrochemical monitoring reforested planting streams via instrumentation  95%

2B1 Hydrochemical monitoring reforested planting drains via grab sampling  95%

2B1 Hydrochemical labratory analysis of stream‐instrument & drain‐grab samples from reforested planting/control sites 95%

2B1 Statistical analysis of 2B1 (reforested planting) data 80%

2B1 Publication drafting of 2B1 (reforested planting) results 50%

3A1 Hydrochemical and meteorological monitoring of FutMon Site 85%

3A1 Hydrochemical laboratory analysis of FutMon Site samples 85%

3A1 Statistical analysis of 3A1 (FutMon site) data 0%

3A1 Publication drafting of 3A1 (FutMon site) results 0%

3A2  Hydrochemical monitoring mature forest / control streams via grab/passive sampling ‐ Kerry old red sandstone  100%

3A2  Hydrochemical monitoring reserve mature forest / control streams via grab/passive sampling ‐ Kerry old red sandstone 100%

3A2  Hydrochemical laboratory analysis of stream‐grab and stream‐passive samples from mature forest / control sites ‐ Kerry old red sandstone 100%

3A2  Biological monitoring mature forest / control streams via kick sampling ‐ Kerry old red sandstone  100%

3A2  Biological monitoring reserve mature forest / control streams via kick sampling ‐ Kerry old red sandstone  100%

3A2  Biological laboratory analysis of kick samples from mature forest / control stream sites ‐ Kerry old red sandstone 100%

3A2  Biological laboratory analysis of reserve kick samples from reserve mature forest / control stream sites ‐ Kerry old red sandstone 100%

3A2  Hydrochemical monitoring mature forest / control streams via grab/passive sampling ‐ Wicklow granite  100%

3A2  Hydrochemical laboratory analysis of stream‐grab and stream‐passive samples from mature forest / control longitudinal sites ‐ Wicklow granite 100%

3A2  Biological monitoring mature forest / control streams via kick sampling ‐ Wicklow granite  100%

3A2  Biological laboratory analysis of kick samples from mature forest / control stream sites ‐ Wicklow granite 100%

3A2  Hydrochemical monitoring mature forest / control streams via grab/passive sampling ‐ Mayo metamorphic 100%

3A2  Hydrochemical monitoring reserve mature forest / control streams via grab/passive sampling ‐ Mayo metamorphic 100%

3A2  Hydrochemical laboratory analysis of stream‐grab and stream‐passive samples from mature forest / control sites ‐ Mayo metamorphic 100%

3A2  Biological monitoring mature forest / control streams via kick sampling ‐ Mayo metamorphic 100%

3A2  Biological monitoring reserve mature forest / control streams via kick sampling ‐ Mayo metamorphic 100%

3A2  Biological laboratory analysis of primary kick samples from mature forest / control stream sites ‐ Mayo metamorphic 100%

3A2  Biological laboratory analysis of reserve kick samples from reserve mature forest / control stream sites ‐ Mayo metamprphic 100%

3A2  Statistical analysis of 3A2 (mature forest cover percentages) data 100%

3A2  Publication drafting of 3A2 (mature forest cover percentages) results 100%

3A3 Hydrochemical monitoring mature forest / conrol streams via grab/passive sampling ‐ Kerry old red sandstone  100%

3A3 Hydrochemical monitoring mature forest / conrol streams via grab/passive sampling ‐ Wicklow granite  100%

3A3 Hydrochemical laboratory analysis of grab/passive samples from mature forest / control sites ‐ Kerry old red sandstone and Wicklow granite 100%

3A3 Biological monitoring mature forest / control streams via kick sampling ‐ Kerry old red sandstone  100%

3A3 Biological monitoring mature forest / control streams via kick sampling ‐ Wicklow granite  100%

3A3 Biological laboratory analysis of kick samples from mature forest / control stream sites ‐  Cork/Kerry old red sandstone, Wicklow granite 100%

3A3  Statistical analysis of WP3A3 (mature forest cover percentages and longitudinal effects) data 100%

3A3  Publication drafting of WP3A3 (mature forest cover percentages and longitudinal effects) results 100%

3B1 Hydrochemical monitoring of dissolved/particlate inputs from control, mature and felled forests to small peatland lakes  100%

3B1 Statistical analysis of 3B1 work package data 100%

3B1 Publciation drafting of 3B1 results 100%

3B2 Biological monitoring of impacts from control, mature and felled forests on small peatland lakes ‐ benthic littoral macroinvertebrates sampling  100%

3B2 Biological monitoring of impacts from control, mature and felled forests on small peatland lakes ‐ littoral zooplankton sampling  100%

3B2 Statistical analysis of 3B2 work package data 100%

3B2 Publication drafting of 3B2 results 100%

3B3 Chydorid feeding and growth experimentation on lakes with heavy, moderate and low forestry impact as indicated by water chemistry 100%

3B3 Impact assessment on population structure, growth, energetics & diet of salmon and trout in lakes  100%

3B3 Impact assessment on population structure, growth, energetics & diet of salmon and trout in lakes ‐ fish sampling 100%

3B3 Impact assessment on population structure, growth, energetics & diet of salmon and trout in lakes ‐ benthic/littoral/pelagic invert. sampling 100%

3B3 Impact assessment on trophic pathways in lakes via stable isotope analysis (carbon & nitrogen)  100%

3B3 Impact assessment on trophic pathways in lakes via stable isotope analysis (sulfur)  100%

3B3 Impact assessment on density/growth/engergetics/food supply/diet of salmonids  100%

3B3 Impact assessment on density/growth/engergetics/food supply/diet of salmonids ‐ fish sampling 100%

3B3 Impact assessment on density/growth/engergetics/food supply/diet of salmonids ‐ puatative prey sampling 100%

3B3 Impact assessement on life history of brown trout with respect to anadromy  100%

3B3 Impact assessement on life history of brown trout with respect to anadromy ‐ fish sampling 100%

3B3 Impact assessement on life history of brown trout with respect to anadromy ‐ fish sampling (genetic species id) 100%

3B3 Statistical analysis of 3B3 work package data 100%

3B3 Publication drafting of 3B3 results 50%

4A1  Hydrochemical monitoring felled streams ‐ Ow1  90%

4A1  Hydrochemical monitoring felled streams ‐ Ow2  100%

4A1 Hydrochemical laboratory analysis of felled streams ‐ Ow1 & Ow2 90%

4A1 Statistical analysis of 4A1 Ow sites data 85%

4A1 Publication drafting of 4A1 Ow sites results 25%

4A1 Hydrochemical and meteorological monitoring felled/control/virgin‐peat streams via instrumentation ‐ Glenamong site  100%

4A1 Statistical analysis of 4A1 Glenamong data 100%

4A1 Publication drafting of 4A1 Glenamong site results 100%

4A2 Contributions to Mayo Native Woodland Scheme Project design 0%

4A2 Statistical analysis of 4A2 felling trend and epa monitoring sites data 0%

4A2 Publication drafting of 4A2 felling trend and epa monitoring sites results 0%

4B1 Assessing buffer vegetation's  impact on composition and quantity of constituents in throughflow ‐ hydrochemical assessment  100%

4B1 Assessing buffer vegetation's  impact on composition and quantity of constituents in throughflow ‐ biological assessment  100%

4B1 Statistical analysis of 4B1 data 100%

4B1 Publication drafting of 4B1 results 100%

4B2 Monitoring DRP and particulate P movement through buffer ‐ hydrochemical assessment of buffer throughflow  100%

4B2 Monitoring DRP and particulare P movement through buffer ‐ assessment of buffer surface and subsurface  100%

4B2 Statistical analysis of 4B2 data 100%

4B2 Publication drafting of 4B2 results 100%

4B3 Monitoring nutrient uptake and sediment removal as a function of buffer width ‐ hydrochemical assessment of buffer throughflow  100%

4B3 Monitoring nutrient uptake and sediment removal as a function of buffer width ‐ assessment of buffer surface and subsurface  100%

4B3 Statistical analysis of 4B3 data 100%

4B3 Publication drafting of 4B3 results 100%

4B4 Monitoring pH change through buffer ‐ hydrochemical assessment of buffer throughflow  100%

4B4 Monitoring pH change through buffer ‐ assessment of buffer surface and subsurface  100%

4B4 Statistical analysis of 4B4 data 100%

4B4 Publication drafting of 4B4 results 100%

4B5 Assessing the extent to which decaying brash mats contribute to P loadings to proximal streams ‐ hydrochemical assessment of brash thruflow  100%

4B5 Assessing the extent to which decaying brash mats contribute to P loadings to proximal streams ‐ chemical analysis of brash  100%

4B5 Assessing the extent to which decaying brash mats contribute to P loadings to proximal streams ‐ hydrogeological assessment of thruflow  100%

4B5 Statistical analysis of 4B5 data 100%

4B5 Publication drafting of 4B5 results 100%

blk= black text is desktop work
blu= blue text is hydrochemical field and lab work
grn= green text is biological field and lab work
gry= grey text is geological/hydrogeological field and lab work

Progress to Date (coloured) & Six‐Month Projection        
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