We thank the reviewers for their insightful and constructive comments and provide responses to the comments below. The reviewer comments are in black text and our responses are in blue text. 

Referee 2

· Alterations in revised manuscript based on Reviewer 1’s comments are highlighted in Cyan

First, the dynamics of both alkalinity and nutrients were only shown as time-series, occasionally besides stage or discharge (Figs. 4-8). However, this kind of presentation makes it difficult to identify the patterns hypothesised in the text. Plotting the water quality results against the hydraulics would provide a better way to see the suggested nonlinear or hysteresis responses.

Due to the constraints of monthly sampling, it was felt that directly plotting water quality results verses the hydraulics did not really provide any useful insights. Figures 5 and 6 are provided more for an indication of nutrient values in the rivers rather than for an analytical purpose.  For example, the figures below which display flow verses concentration in the Owenshree (SA1) River reveal no clear relationship between flow and concentration.
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It is agreed that monthly sampling in the rivers does not provide accurate information on the short term water quality fluxes in the river. However, it does provide an overall picture of the average flux. With this sampling frequency, the best way to observe behaviour is alongside a turlough time-series as is acts slower and a sample acts in a cumulative way rather than a snapshot of water quality which would be provided in the rivers. It was for this reason that the monthly sampling frequency was deemed reasonable for this project as it is focussed on an appropriate temporal dynamic with respect to the turloughs. 

Future research in this catchment will focus more on the rivers and it is hoped to use autosamplers during storm events to better characterise the concentration-hydraulic relationship in the rivers. 


Second, the intrinsic variability of water quality parameters was neglected entirely. Local TN and TP samples seem to have a significant variability that is not explained by the hydraulic load and thus the model (Figs. 5-6). This by far exceeds the extent of loss processes detected by comparing the measured fluxes to the results of the conservative modelling, making the loss estimates very uncertain and even questionable. Therefore, it would be worth to make a quantitative assessment of the unexplained variability and present the retention figures relative to the outcome (if they are still meaningful).

As shown in the previous response, an assessment of the variability of nutrients in the river flow was carried out – but was not shown in the submitted manuscript. The assessment did not find any relationship between N and river flow but did find a small relationship between P and flow. 

Due to the frequency of sampling it is difficult to carry out a better assessment of the variability in the rivers. However, as the turloughs act as dampeners to the system, removing much of the variability once the water has reached them, it was deemed that the variability in the rivers was not detrimental to the study of the turloughs. 

The variability of water within the turloughs themselves has been investigated previously by Gill (2010). In this study, detailed water quality sampling was carried out at multiple locations and multiple depths within turloughs. The findings of this study indicated that turloughs could be regarded as fully mixed with respect to nutrient concentration at any one time. 

This issue of river variability compared to the turloughs was mentioned near the end of the 1st paragraph in Section 4.2.2 of the manuscript. 


Specific Remarks:
P 95 L 20: As it’s 2015 now (and was almost 2015 when the manuscript was submitted), it would be preferable to actualise this statement. If there are no recent data on whether the good quality status was reached or not, at least the distant perspective could be removed from the ponderation on water quality.

Unfortunately there has been no recent published report from the EPA updating the progress with respect to the WFD but it is quite certain that many catchments will fail to achieve the goals of the directive. The text has been adjusted to reflect this. 

P 96 L 4: People who haven’t been to Ireland will not know that ‘Co.’ stands for ‘County’
and it’s an Irish administrative unit.

Text altered accordingly. 

P 96 and onwards: Although these places, mountains and rivers have beautiful Irish names, in my opinion the text would be more concise and much easier to read if these appeared only on first mention or when they have definite distinguishing power. A good practice would be to extend the abbreviated river names appearing in 4.1.1 to the whole text. In addition, as the Slieve Aughty Mountains and the Gort Lowlands are the only mountains and lowlands appearing in the text, respectively, they could be referred to as simple as ‘mountains’ and ‘lowlands’ after the first introduction.

Text has been altered as per Reviewer’s comments. 


P 97 L 1-7: Probably too many directives are mentioned here. In a scientific sense it would be enough to state that ecology in turloughs is special and threatened and to add one reference.

The authors prefer to leave both EU Directive references as they are both deemed to be of great relevance to the turloughs, and indeed this study. The Habitats Directive is very important in terms of conservation of the turloughs and the Water Framework Directive is relevant in terms of nutrient pollution (and it is mentioned elsewhere in the text).

P 98 L 1-2: I am puzzled by the meaning of ‘faster discharge rates’. Do you mean ‘higher discharge’?

Yes that is what was meant; the text has beem altered the text to reflect this. 

P 98 L 9-10: The phrase ‘source of nutrients into the : : : catchment is : : : agricultural’ is somewhat complicated. A simpler way of saying this would be ‘Most of the allogenic nutrient load comes from agricultural sources’.

Text has been altered accordingly. 

P 98 L 19 and onwards: Equipment and software vendors are usually identified by referencing their city and country after the name, just like: ’Walingford Software (Wallingford, UK)’. This is especially important when the name is so general that it would be difficult to search for it on the web, just like in the case of ‘Environmental Measurement
Ltd.’ on page 99.

Equipment vendor references have been corrected. 

P 99 L 1-2: What does ‘nutrient behaviours of water’ mean?

Text has been altered to improve clarity. 

P 99 L 25: Please explain the ‘mid-section velocity depth surveying method’ or supply a reference.

Reference has been provided 

P 101 Eq 1: It is strange to see dMsj=dt for an external source term. Why not use a flux/load notation directly? The concept that Msj would be the cumulated load seems to be strange somehow.

This is the notation provided by Wallingford software for their modelling process. As such the authors would prefer to leave it unchanged. 

P 101 Eq 2: C was capital in Eq 1., small in Eq 2., but I guess that they both stand for concentration.

Text has been altered accordingly.

P 109 L 1-15: This should be removed or placed into the introduction in a shortened form, because these are not conclusions.

We assume the reviewer means p119? (The conclusions) In which case, the bulk of the text has been moved to the Introduction in a shortened from. 


Fig 3: This figure could be united with Fig 1, where the extensive legend is anyway too small to read.

Figures 1 and 3 have been improved but the authors feel it would be better to leave the plots separate as there is too much information for a single plot. 


Fig 5-Fig 7: You shouldn’t connect observation points with lines because the sampling was too rare compared to the potential variability (especially for TN), so lines suggest a false pattern. Based on Fig 4 alkalinity varies more slowly, so there a connecting spline is less misleading.

Figures have been altered accordingly.

Fig 7: It would have been more educative to plot C besides volume, instead of the mass flux, because then the dependence between the two factors would be weaker than in the present setup, and the reader could more clearly recognise the suggested dilution pattern (page 107) in the affected turloughs. As the labels are too small now due to the large amount of information shown, it would be enough to plot some selected sites from the diluting and non-diluting categories.


Using concentration rather than mass flux is a good point, and was the original idea for these plots. However it was found that mass flux conveys the general pattern better than concentration due to erratic concentration values at low water levels. For instance, as shown on the plots below, the concentration in the turloughs can be seen to dip as expected during the flooded period but the concentration of nutrients at low levels can raise by a small or large degree. 
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These spikes are in accordance with what is found in many turloughs during relatively dry periods following a recession. It is thought that these increases are likely due to the enhanced sensitivity of the turloughs to their river inputs during dry periods. During these periods, the turloughs have less capacity to dilute any incoming nutrient plumes and so spikes in nutrient concentrations should be expected. Cunha Pereira (2011) observed similar increases and suggested they were due to the possible release of nutrients and organic matter to the water column owing to the increased soil-water interactions (per unit water volume). 

As these post-recession nutrient effects are not being focussed on in this paper, and are deemed to be a less significant process in the turloughs (as the volumes are low when the spikes occur and would not impact the overall system to a large degree), it was decided to make the make the plots clearer for the reader by removing the low water anomalies. This was done by changing concentration values to mass flux. 

Figure 7 has been altered to show some selected sites rather that that all sites as suggested. 

Fig 9-10: The modelled time-dependence of C causes only a tiny distortion compared to the time-invariant L(t) = Cconst _Q(t) model (L: load). The difference is comparable to the accuracy of modelled Q(t) based on Gill et al. (2013). So is it finally worth to bother with the time-dynamics of C? What are those downward pointing spikes in modelled C(t)?

While the difference may be on a similar scale to inaccuracies in the model, we believe this to be not so pertinent in this case as the aim of the modelled concentration scenario is to show whether the model gives a similar response to the observed response (from the field results) -  which it does. 

The downward pointing spikes in modelled C(t) are an artefact of the modelling. The software struggled to simulate nutrient flux moving through the permeable pipes which connect the subcatchments and the main conduit network. This slight instability was most evident during rainfall events and caused the concentrations to drop briefly. Blackrock turlough was the worst affected as it is influenced by rainfall the fastest. Further down the network, the instability in C(t) was damped out. 

Fig 11: I think that this figure is rather speculative for 3 reasons: First, samples are quite sparse, so it is misleading to connect them with a spline. Second, the proposed retention is very small compared to the intrinsic variability of TN (with this sampling frequency), which suggests that the estimate may be very uncertain. Third, denitrification does not fully explain the behaviour suggested by the lines: why does the concentration rise with about half of the previous decrease after B?

The spline has been duly removed, but again, the authors believe the intrinsic variability to be less of an issue as the turlough damps out much of the variability - particularly in the turlough shown in this figure as it is the last turlough in the network / series. 

The reason for the increase in concentration after point B has been explained in the reply to the Figure 7 comment. 
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Cunha Pereira, H.: Hydrochemistry and Algal Communities of Turloughs (Karst Seasonal Lakes), Centre for the Environment, Trinity College Dublin, 2011.
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