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Mr. John Clarke (UCD) 
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Ms. Joanne Finnegan (NUIG) 
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Professor John O’Halloran (UCC) 
Mr. John Regan (NUIG) 
Dr. Michael Rodgers (NUIG) 
Project Manager: 
Mr. Sean Blacklocke (UCD) 
 
COMPLETION DATE 
August 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. 
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PROGRESS AGAINST OBJECTIVES AND DELIVERABLES  
 
Significant progress was made over this reporting period on the following Work Packages 
(WP): 
 

• WP2B1: Assessment of impacts and measures at reforested planting sites: The first 
of three sites was selected and instrumented. 

 
• WP3A1: Examination of effects of atmospheric variables on river water quality in a 

mature forested catchment: Instrumented sampling commenced at this site. 
 

• WP3A2: Assessment of impacts on rivers at mature forest sites: Sampling was 
completed, the bulk of biological samples were analyzed, and the passive sampling 
apparatus and methodology were evaluated. 

 
• WP3A3 Assessment of longitudinal impacts of mature forests on rivers: An article 

detailing the findings of this effort was accepted for peer‐reviewed journal 
publication. 

 
• WP3B1‐2 Assessment of impacts of mature and felled forests on small peatland 

lakes: An article detailing some of the findings of this effort was accepted for peer‐
reviewed journal publication. 

 
• WP4 Instrumented assessment of impacts and measures at harvesting sites: 

Collection of the full suite of pre‐fell data was completed at Glenamong and 
Altaconey.  

 
The remainder of this report provides additional details on the progress made on these and 
the other work packages from the period December 2010 to the end of April 2011 and work 
planned for the next reporting period.  
 
WP1 Administration and Public Dissemination 
 
Tables 1.1 and 1.2 list respectively the project’s peer‐reviewed journal articles and public 
presentations completed this period. 
 
Table 1.1 HYDROFOR Journal Articles for Period December 2010 to April 2011 
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Table 1.1 HYDROFOR Public Presentations for Period December 2010 to April 2011 

 
 
Table 1.3 lists the journal articles scheduled to be generated during the next reporting 
period.  
 
Table 1.3 HYDROFOR Journal Articles Scheduled for Completion for Before December 2011 

 
 
Sean Blacklocke will also be giving a podium presentation at the International Water 
Association’s Diffuse Pollution Specialty Group’s Annual Conference in Rotorua, New 
Zealand in October 2010 entitled Defining Spatial Relationships between Forestry Operations and 
Surface Water Quality in Ireland. 

The draft consolidated database is expected to be made available for posting to the SAFER website 
in August 2011. It will include refined descriptive variables for each HYDROFOR study subcatchment 
as well as these sites’ coinciding water quality sampling results. In addition, FORWAT sampling sites 
will be included with water quality sampling results and partially refined variables on the relevant 
subcatchments. 

 WP2  PLANTING 
 
WP2A1 Assessment of the Impacts and Measures at Aforested Planting Sites 
 
It was agreed during the HYDROFOR Project study partners workshop held in April 2010 that 
Forestry Service officials overseeing licensing and administration in the Wicklow Mountain 
and surrounding regions would be pursued in order to generate a list of candidate new 
planting sites for instrumentation. This was decided in part as a result of the fact that 
attempts at coordinating site instrumentation with private foresters were complicated by 
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these enterprises’ uncertainty about securing licensing for their proposed planting 
operations. 
 
WP2B1 Assessment of Impacts and Measures at Reforested Planting Sites  
 
The first of three reforested planting sites was selected early this year and instrumentation 
of this site is underway. Figure 2B1.1 is a diagram of this site, which is located in the 
Oakwood Forest in County Wicklow. 
 

 
Figure 2B1.1 Oakwood Reforestation Instrumented Site 
 
Pre‐planting sampling is scheduled to commence in June of 2010 with during/post planting 
sampling scheduled for August 2010. It is anticipated that the second site identified over 
this period for instrumentation on Annalecka Brook in the Wicklow Mountains will also yield 
all pre‐planting and some during/post‐planting samples before December 2010. 
 
WP3  MATURE FOREST 
 
WP3A1 Examination of Influences of Atmospheric Variables on Mature Forest Sites   
 
The FutMon Site was outfitted with a rectangular weir and instrumented earlier this year. 
Figure 3A1.1 is a photograph of this sampling site. 
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Figure 3A1.1 HYDROFOR Instrumentation at the FutMon Site 
 
 The first set of samples coinciding with Spring meteorological conditions has been taken at 
this site. In addition, a modem that will allow real‐time access via the internet has been 
ordered and will be installed on the Coillte meteorological station at this site in Summer 
2010. 
 
WP3A2 Assessment of Impacts at Mature Forest River Sites 
 
Significant progress was made over the past six months with the sample collection, 
laboratory and data analysis of the three areas selected for site location under this subtask: 
Kerry, Wicklow and Mayo. 
 
In terms of the hydrochemical analysis water was collected by grab sampling and/or using 
passive samplers from July 2009 – November 2011, capturing both low and high flow events 
at all sites nationwide (i.e. east, west and south‐west). This fieldwork is finished. Preliminary 
analysis of several flood events in the east, selected at random, suggests the events are 
driven mainly by organic acidity across both forest and moorland sites. See Figure 3A2.1. 
The analysis of the west and south‐west chemical data has yet to be carried out. 
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Figure 3A2.1 Main sources of acidity for four flood events in the Wicklow Mountains 
randomly selected between July 2009 and November 2010  
 
Preliminary analysis of the chemical data collected in the 1990s compared to the present 
highlights a possible shift in the mean pH recorded between the two periods by almost 1‐
unit. However, the range of pH recorded is similar between the two periods. There also 
appears to have been a marked decrease in both non‐marine SO4

2 and NO3 since the early 
1990s, with a decrease in the range recorded, as shown in Table 3A2.1. Such information 
may be indicating a shift in driver of acidity in the east from an anthropogenic (SO4

2/NO3) 
source to predominantly organic acids. This would agree with finding across Europe and 
especially in the U.K (see UKAWN 20‐year report). 
 
Table 3A2.1 Preliminary summary hydrochemical data for the periods 1990‐92 & 2009‐10 

 
 
The progress (all regions combined ‐ east, west and south‐west) of macroinvertebrate 
sampling, sorting and identification is highlighted in Table 3A2.2.  
 
Table 3A2.2 The status of the biological sampling for WP 3A2 to date 
Sample Round: 
Month: 

Rd 1  
Oct 09 

Rd 2  
Feb 10 

Rd 3  
May 10 

Rd 4  
Jul 10 

Rd 5  
Sep 10 

Rd 6  
Mar 11 

Sampling Y Y Y Y Y Y 
Sorting Y Y Y Y N N 
Identification Y Y Y N N N 
Y = Completed, N = Incomplete 
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Preliminary examination of acid‐sensitive Ephemeroptera shows richness and abundances 
to be consistently low at all moorland sites and several forested sites, with the exception of 
July when abundances, and on occasion richness increases, possibly indicating recruitment. 
Even WM9 (a high % forested, high slope site) which had no Baetis species present from 
October 2009 to April 2010 recorded Baetis sp. in July 2010. They were again absent in 
September 2010. This suggests temporary ecological recovery, which was also seen in the 
longitudinal work (see WP 3A3 below), likely related to adaptive life cycles.  
 
Kelly‐Quinn and others previously noted that the drop in pH in many forested streams in the 
east was rapid followed by a slow steady increase over a period of hours and sometimes 
days. This was a result of anthropogenic sources of acidity (e.g. SO4

2 and NO3) and high 
catchment run‐off. Since the 1990s there seems to have been a marked decrease in 
anthropogenically derived acidity, there is a need to further characterise acidic episodes in 
forested and moorland streams with respect to the rate of change in pH and the duration of 
any decline (this is to be undertaken over the next 6 months using continuous pH 
monitoring). 
 
Before December 2011, finished will be the laboratory work related to the biological 
element and completed will be the analysis of the data from both the biological and 
hydrochemical elements collected to date. Provisions have also been made to install in situ 
pH probes and flow measurement devices for continuous monitoring of pH and flow 
through a number of flood events at selected sites. 
 
WP2A3  Assessment of Impacts below Mature Forest River Sites 
 
As noted previously, a discussion of the results from this work package has been accepted 
for publication in the peer‐reviewed academic journal Hydrobiologica.  
 
Despite widespread recognition of plantation forest effects on stream organisms and 
ecological integrity, no study had been identified that considered the length over which the 
effects persist. A knowledge gap was filled with this study by investigating longitudinal 
changes in the composition and structure of macroinvertebrate communities in streams 
downstream of conifer plantation forests in comparison to non‐forested moorland (control) 
streams to detect at what distance from the forest ecological recovery begins to occur. 
 
Strict criteria were followed in site selection. All sites were similar in elevation, stream 
order, geology and soil type, with no inflowing tributaries in the first 2.5km and no major 
land‐use other than plantation forest and moorland. Paired forested and non‐forested 
streams had to be in close geographical proximity (e.g 1‐2km) and ideally have the same 
aspect and weather patterns. Only four streams were located which met these 
requirements. Two were forested in the upper reaches and were known to be impacted by 
forest mediated acidification and two were moorland non‐forested (control) streams. Two 
of the streams were on the east coast of Ireland in Co. Wicklow, the other two in the south‐
west of the country in Co. Cork. Sites were located at 500m intervals between 0km and 
2.5km from the stream sources. Sites at 0km, 0.5km and 1km on forested streams were 
within the forest plantation, the others were all downstream of the forest. Shading was not 
a factor in forested streams. 
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In early summer (June) 2008 four sites (0km, 0.5km, 1km and 1.5km from the source) on 
each stream were sampled. In early spring (February) 2009, two additional sites at 2km and 
2.5km were also sampled. Three replicate, 1‐minute, multihabitat kick samples were taken 
using a standard Freshwater Biological Association (FBA) pond net (230x225mm frame, 
mesh 0.9mm). All habitats were sampled in proportion to their relative representation in a 
50m stretch of river. The Ephemeroptera, Plecoptera, Trichoptera and Crustacea were 
identified to species level, with Diptera and Coleoptera identified to family level. 
 
A randomised block design was used, where differences between region (east and south‐
west) were not tested due to unavailability of suitable replicate streams in each region. 
Taxonomic richness and ephemeropteran richness were compared at each sampling 
distance individually (e.g. 0km, 0.5km, 1km, etc.) for all streams combined across land‐use 
(i.e. forest and non‐forest) using a 1‐factor analysis of variance (ANOVA) in PRIMER 6 + 
PERMANOVA+ 1.0.2) which generates an F‐ratio and P‐value 4999 permutations, based on 
Euclidean distance for univariate analysis. Differences in taxonomic community composition 
and structure at each distance point sampled were also tested using the same 1‐factor 
design as above, but using permutational multivariate analysis of variance (PERMANOVA) in 
PRIMER 6 + PERMANOVA+ 1.0.2 and then visualized on a non‐metric multidimensional 
scaling (nMDS) plot on the basis of Bray‐Curtis similarities of untransformed data. Similarity 
profile (SIMPROF) tests were used to indicate significant a priori unstructured hierarchical 
groupings (p<0.05) of similar macroinvertebrate community composition and structure 
amongst sites in each season examined.   
 
These results indicated that the longitudinal extent of substantial acid impact on 
macroinvertebrate communities in soft water streams draining plantation conifer forest on 
peaty soils does not persist beyond two and a half kilometres downstream, as illustrated in 
Figure 3A3.1. The sites initially within and downstream of the forest (i.e. 0.5km to 1.5km) 
largely supported acid‐tolerant communities, differentiating in macroinvertebrate 
composition and structure from their paired non‐forested sites and thus, indicating a 
localised ecological impact. Both forested streams examined showed an increase in 
taxonomic richness with increasing distance from the forest plantation, with forested sites 
achieving an equal and higher taxonomic richness than their corresponding non‐forested 
streams, especially at the 2km and 2.5km sites in spring. However, the distance at which 
local impact ended and ecological recovery was detected was highly dependent on the 
sampling season, with taxonomic richness improving within a shorter distance in summer 
compared to spring.  
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Figure 3A3.1. Longitudinal change in mean taxonomic richness (a = summer and b = 
spring) and mean ephemeropteran richness (c = summer and d = spring) (individuals min‐1; 
+/‐ standard error) in a downstream direction for non‐forested and forested streams 
 
In terms of the whole community composition and structure the forested and non‐forested 
sites were most similar in summer. See Figure 3A3.2. The most impacted was the forested 
0.5km site. This site had the lowest taxonomic richness of all sites sampled in summer. In 
contrast most of the forested sites in spring clustered with the uppermost (0km and 0.5km) 
non‐forested sites and were characterised by low numbers of acid‐sensitive taxa (e.g. 
Ephemeroptera). The most impacted sites were the 1km and 1.5km forested sites. These 
sites were pre‐dominated by acid‐tolerant Plecoptera and an absence or paucity of acid‐
sensitive taxa, especially species such as B. rhodani, R. semicolorata and Simulium spp. The 
short distance of stream showing ecological effects of acidification on the community 
composition, especially in summer, highlights the localised nature of the impact within the 
streams examined.  
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Figure 3A3.2 Non‐metric multidimensional scaling (nMDS) ordination of 
macroinvertebrate community composition and structure of non‐forested and forested 
streams in summer 2008 and spring 2009 (cluster groupings indicated by SIMPROF tests 
(p<0.05))  
 
The absence of Ephemeroptera and conversely the predominance of stoneflies (e.g. A. 
sulcicollis, L. inermis and B. risi) recorded in this study clearly indicated the extent of acid 
impact within the forested streams. The increase in certain species of Ephemeroptera, 
especially B. rhodani and R. semicolorata, in summer and in spring reflects a finite impact of 
acidity arising from the forest upstream. This most likely relates to a longitudinal 
improvement in the physico‐chemical gradient highlighted by Clenaghan et al. in 1998 or 
perhaps a dilution of acid fluxes with increasing distance downstream of the plantation 
forest. The lack of any inflowing tributaries or land‐use change other than plantation forest 
or moorland in both catchments assessed supports both conclusions and possibly a 
combination of both.  
 
The differences in total taxonomic and ephemeropteran richness between seasons may 
reflect the difference in seasonal acidic episodes known to occur in acid sensitive streams, 
with acidic events in winter and early spring known to be more prolonged and severe than 
that of late spring and summer. The higher taxon and ephemeropteran richness recorded in 
summer within and just below the forest reflected a reduction of flood events and/or 
severity of acid episodes. Ephemeroptera were absent or reduced at many sites in spring, 
when rainfall levels are generally higher and more prolonged. Furthermore, the results 
highlight the transient nature of ephemeropteran species in acid‐sensitive streams in 
Ireland, with B. rhodani absent at many sites although it was present the previous summer.  
 
The results of this study suggest that it is possible for streams draining conifer forest 
plantations in soft water streams to show seasonal ecological recovery within a short 
distance downstream of the forest, although the distance is variable with the season. 



12 
 

WP3B1‐2  Assessment of the Impacts of Mature & Felled Forests on Small Peatland Lakes 
 
Data generation under this work package has concluded. Efforts toward completion of this 
work package focused on the drafting of journal articles over this reporting period. The first 
of these, as noted previously, has been published in the Journal of the British Dragonfly 
Society. Several additional articles are expected to follow before December 2010. 
 
WP3B3 Assessment of the Impacts of Mature and Felled Forests on Salmonids 
 
Data generation under this work package progressed well over this reporting period. Table 
3B3.1 below details the samples taken to date and those remaining to conclude the field 
work portion of this effort this year. 
 
Table 3B3.1 Sampling Progress under WP 3B3.1 

 
As noted previously, several journal articles presenting the results of the analysis of these 
data are scheduled to be drafted before December 2010. 
    
WP4 HARVESTING  
 
WP4A1 Instrumented Assessment of Impacts and Measures at Harvesting Sites  
  
Pre‐clearfelling data at the River Ow fell sites is complete, but due to the fact that felling has 
been delayed until Summer 2010, another round of pre‐felling data will be collected in May 
and June of 2010 at these sites. During/post‐felling data are also anticipated to be 
generated during the upcoming reporting period contingent on the currently scheduled 
summer felling commencing by August 2010. 
 
A number of baseline and storm events have been monitored in the Glennamong study and 
control site (Figure 4A1.1). Both sites are approximately 8‐ha in area and are fully 
instrumented with a H‐Flume for measuring the flow, and a data‐sonde for measuring pH, 
temperature, conductivity and dissolved oxygen.  A weather station is in place at the study 
site.  Pre‐felling data collection commenced in March 2010 and continued until February 
2011. The study site is currently being clearfelled and this is expected to take up to 2 
months. Data collected Pre‐clearfell for the two sites are shown in Figures 4A1.2‐4A1.9.   
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Figure  4A1.1 Glennamong River study and control site  
                

 
Figure  4A1.2 Flow from Glennamong River study and control site ‐ March to November 
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Figure 4A1.3 Close up of flow from Glennamong River study and control site from October 
to November, highlighting the matching flows from both sites 
 

 
Figure 4A1.4  Average daily flow‐weighted mean concentrations of suspended sediment 
(SS) measured in the control and study streams March to November 
 
The SS was also broken down into organic and mineral to show disturbance of the stream 
bed or peat particles being carried in from the catchment. 
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Figure 4A1.5 Average daily flow‐weighted mean concentrations of organic SS measured in 
the control and study streams March to November 
 
 

 
Figure 4A1.6 Average daily flow‐weighted mean concentrations of mineral SS measured in 
the control and study streams March to November 
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Figure 4A1.7 Average daily flow‐weighted mean concentrations of dissolved reactive 
phosphorus (DRP) measured in the control and study streams March to November 
 

 
Figure 4A1.8 Average daily flow‐weighted mean concentrations of nitrate‐N (NO3‐N) 
measured in the control and study streams March to November 
 

Average daily DRP concentration in control site 

Average daily DRP concentration in control site 

DRP (mg/l) 
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Figure  4A1.9 Average daily flow‐weighted mean concentrations of Ammonium‐nitrogen 
(NH4‐N) measured in the control and study streams March to November 
 
Preliminary results indicate that the control and study stream are draining areas of the same 
size and that the response to heavy rainfall is similar in both streams. Both streams display 
similar concentrations of SS, SRP, NO3‐N and NH4‐N during storm events. pH in both streams 
is low and normally is about 3.8.  
 
Clearfelling is now almost complete onsite and a number of storms were collected during 
clearfelling. These results showed that there is an increase in suspended sediment, as 
expected. Little change was noted in concentration of SRP, NO3‐N and NH4‐N during storm 
events. Data collected Post‐clearfell for the two sites are shown in Figures 4A1.10 – 4A1.14. 
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Figure  4A1.10 Flow from Glennamong River study and control site ‐ March 10 to April 11 
 

 
Figure 4A1.11 Flow for storm sampled from Glennamong River study and control site on 
31st March  
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Figure 4A1.12 Average daily flow‐weighted mean concentrations of organic SS measured 
in the control and study streams March 10 to April 11 
 
 

 
Figure 4A1.13  Average daily flow‐weighted mean concentrations of organic SRP measured 
in the control and study streams March 10 to April 11 
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Figure 4A1.14 Average daily flow‐weighted mean concentrations of organic NH4‐N 
measured in the control and study streams March 10 to April 11. 
 
WP4A2 Assessment of Impacts and Measures at Harvesting Sites via Grab Sampling  
 
Exhaustive candidate site identification exercises to date have not yielded adequate sites to 
execute this work package as originally intended. Efforts are to be undertaken before 
December 2010 to either identify sites further afield of the Wicklow Mountain area or re‐
scope this work package. 
     
WP4B1‐6  Assessment of Effectiveness of Buffer Strips to Mitigate Harvesting Impacts   
 
The extensive instrumentation of the Altaconey site is now complete. Figure 4B.1 
summarises measures taken to date. 
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Figure 4B.1 Measures Taken to Instrument the Altaconey Felling Site 
 
Results from the collection of subsurface flow since July 2009 from the standpipes show that 
there is an increase in P release in the regenerated area. This can be attributed to the brash 
mat degradation in this area. The layout of brash mats in the regenerated area is shown in 
Figure 4B2.  
 

 
Figure 4B2. Location of brash mats at Altaconey Felling Site 
 
Inverse Distance Weighted (IDW) analysis was carried out on the area using ArcGIS to show 
the high concentrations of DRP under the decaying brash mats. These are shown in Figures 
4B.3, 4B.4 and 4B.5 respectively for the three depths under examination. 
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Figure 4B.3 DRP concentration in µg/l at 20 cm depth 
 
 

 
Figure 4B.4 DRP concentration in µg/l at 50 cm depth 
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Figure 4B.5 DRP concentration in µg/l at 100 cm depth 
 
These results from the standpipes also show that DRP reduces from the forested area to the 
river edge. Figure 4B.6 shows a cross section of the regenerated area. The 1st brash mat 
coincides with the peak in the DRP concentration in the graph below it. 
 

 
Figure 4B.6 Cross section of DRP concentration in µg/l at 50 cm depth ‐ forest edge to river 
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A number of soil tests have also been carried out on the site. These data are being analyzed 
in conjunction with those already collected, which include: 
 

• Water Extractable Phosphorus (WEP) 
• Isotherms for adsorption capacity 
• Moisture content to determine the impact of the brash mat during clearfelling 
• Carbon and nitrogen content of the soil 
• KCL extraction for organic nitrogen content 
• Vegetation surveys to compare year after year of influence of clearfelling 

 
Pre‐clearfell results obtained in Altaconey show there is an increase in DRP concentration 
moving from the forest edge to under the brash mat. This reduces again closer to the river. 
These initial indications show that a regenerated buffer is successful in reducing P 
concentrations from the forest to the river bank.  
 


