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1 Scope  

This document provides a report on investigations into the wild Atlantic salmon mortalities that 

occurred in the lower Ballisodare catchment in late June to mid-July 2024.  
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2 Background  

Inland Fisheries Ireland (IFI) were made aware of initial reports of mortalities of wild Atlantic 

salmon and distressed salmon displaying signs of disease at the Ballisodare Fishing Club CLG 

(BFC) stretch of water in the lower Ballisodare system in Co. Sligo in early July 2024 (Figure 

1). These incidences commenced in late June, with the first records of small numbers of 

mortalities from the 28th June 2024. It was observed that certain dead and moribund fish 

presented with varying combinations of Saprolegnia-like fungal infections around the gills and 

dorsal region, haemorrhaging and some minor abrasive damage on the underside and 

apparent gill abnormalities which included paleness, excess mucous and damaged gill 

filaments. These observations were made concerning both fresh run fish and fish already in 

the lower stretches of the river from the sea pool to the town bridge. Only wild Atlantic salmon 

mortalities were recorded and no disease signs were observed in any other fish species in the 

river. 

 

 
Figure 1 Location of recorded Atlantic salmon mortalities in Lower Ballisodare system (designated in red) in 2024. 
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Water levels in the river had been low in the affected stretch in recent weeks, prior to, and 

during the mortality event. Despite this, healthy salmon were considered to typically have the 

capacity to navigate from the sea pool through the fish pass and falls stretch and into slower 

resting river waters further upstream under such conditions. BFC who operate the fish pass 

indicated that, in their experience, salmon undertake such migration successfully at baseline 

water levels of 0.36 m to 0.37 m. BFC typically close the fish pass at a minimum threshold 

water level of 0.34 m (Figure 2).  

 

IFI Western River Basin District (WRBD) staff initially visited the fishery on the 3rd July to 

investigate the issue after notification from BFC. IFI WRBD staff then contacted IFI Research 

& Development (IFI R&D) who informed the Marine Institute (MI) Fish Health Unit (FHU) of the 

matter and requested their expert advice. The MI FHU is the competent authority for fish health 

in Ireland. The MI FHU communicated with IFI/BFC on 4th and 5th of July and visited the fishery 

on the 11th July, when they undertook representative disease sampling of six of the moribund 

salmon. The MI FHU undertook further disease testing of five salmon on the 19th July.  

 

 In line with recommendations, the BFC formally closed angling in their stretch of water on 

the 11th July and implemented standard biosecurity/disinfection measures at the site with 

the support of IFI. Appropriate signage was erected to inform the public of this and the 

related biosecurity concerns.  

 IFI initially advised on the 10th July that the fish pass should be closed as a precaution to 

limit the potential spread of disease until the MI FHU investigated the matter and it should 

remain closed until water levels were sufficient for salmon to freely navigate the falls stretch.  

 Based on their site visit on the 11th July, MI FHU advised that the fish pass should remain 

open to: 

o reduce potential stress on salmon prevented from migrating and the associated 

potential for increased infection below the falls;  

o enable healthy fish to migrate upstream to fresh water; and  

o better facilitate the collection of mortalities by minimising the wash out of mortalities 

with the tide.  

 Based on this, IFI further advised that if there was adequate water for fish to migrate through 

the falls stretch then the fish pass should remain open but not if salmon were likely to be 

held up there.  

 BFC closed the fish pass on the 13th July as the water levels were approaching the minimum 

threshold for fish passage. It was agreed to keep the fish pass closed until the low water 

conditions abated and to wait until significant rainfall was forecast to consider reopening the 

pass to better enable fish to migrate through the lower reaches of the river.  
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After significant mortalities on the weekend of the 13th and 14th July, the IFI WRBD Director, 

and IFI R&D Senior Research Officer, and the FHU Manager, and two Department of 

Agriculture, Food and Marine (DAFM) veterinarians attended the fishery on the 15th July to 

advise further on the situation. IFI WRBD staff who maintained an on-site presence throughout 

the event were also in attendance. Two scientific staff from Atlantic Technical University Sligo 

(ATU) were also separately present in the affected river stretch undertaking water quality 

monitoring at the request of BFC. During their initial on-site observations, MI FHU noted that 

the fungal infection observed (Saprolegnia) is typically a secondary infection. These infections 

are considered to be opportunistic in nature, occurring in compromised fish, previously 

exposed to other stressors and are not thought to be the primary or sole cause of the observed 

mortalities. In addition, the MI FHU/ DAFM veterinarians advised that where feasible (i.e. in 

accessible areas), any fish which were moribund and unlikely to survive, should be removed 

from an animal welfare/infection pressure perspective. Such removals were undertaken by IFI 

WRBD staff and BFC members with all recovered mortalities disposed of via a licenced 

operator, in accordance with Regulation (EC) 1069/2009. 

 

On the 16th July, the IFI Deputy CEO; and two IFI Environmental staff attended the fishery 

along with other IFI scientific and IFI WRBD staff. During this visit, IFI Environmental staff 

inspected the affected stretch and vicinity and undertook a series of water samples (n=17) 

throughout this area, including in the estuary, below and at the lower falls, in the vicinity of 

discharge points of potential concern and from the lower falls to the town bridge.  In addition, 

water samples were taken in Lough Arrow on the 19th July. Samples were sent to CLS for 

analyses. ATU staff also undertook water monitoring at the request of BFC on the 15th and 17th 

July. An angling bye-law formally suspending fishing activities on the whole Ballisodare 

catchment was enacted on the 19th July as a precaution against any potential disease spread 

that could occur in the absence of information that no such risk was posed. IFI, MI FHU, DAFM 

vets and BFC met again on-site on the 23th July to review the situation and discuss 

recommendations to reduce the potential for such mortality events to occur in future. 

 

In advance of the expected significant rainfall on the weekend of the 20th July, IFI undertook a 

risk assessment to set out the conditions to re-open the fish pass. Consideration was given to 

the risks associated with 1) not opening the pass which would prevent salmon (including 

potential new returns) transcending the lower falls and 2) re-opening the fish pass to allow any 

fish below the lower falls the opportunity to transcend the falls stretch and migrate to the slower 

resting river section further upstream. As preliminary indications from the FHU were that 

transmissible fish disease was not a likely factor in the mortalities, and that salmon held up 

below the lower falls for too long could become unduly stressed, it was decided to re-open the 
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fish pass if significant rainfall occurred and the river rose to levels to ensure with confidence 

that fish could migrate through the falls stretch, with ease. As the river levels rose after the 

significant rainfall overnight on the 19th and 20th July, the pass was re-opened on the 20th July 

and has remained open since then as river levels have remained high (Figure 2). No new fish 

mortalities were observed since that time and any such records were recoveries of fish clearly 

dead for a number of days. 

 

 

 

 
Figure 2 OPW water level data mid-June to late July 2024 in Lower Ballisodare (Station 35005). Threshold of 0.34m 
is indicated by horizontal dashed line. 
Contains Irish Public Sector Information licensed under a Creative Commons Attribution 4.0 International (CC BY 4.0) licence 
(source http://waterlevel.ie - provided by the Office of Public Works.) 

 



 
Figure 3a Satellite view of section of Lower Ballisodare from river mouth to immediately above the lower falls 
(WWTP = wastewater treatment plant). Inset image shows inner estuary and location of quarry (Source: Esri, Maxar, 
Earthstar Geographics, and the GIS User Community). 
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Figure 3b Satellite view of section of Lower Ballisodare river from above the lower falls to Ballisodare town bridge 
showing series of stepped riffle-glide-pool reaches above lower Ballisodare falls. Blue dots = storm water outflow 
points (Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community).  
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3 Mortalities and salmon returns 

3.1 Mortalities 
Detailed records of fish mortalities have been maintained throughout the course of the incident. 

In total, 1,079 mortalities were recorded (587 below lower falls; 470 in the stretch above the 

lower falls and 22 in the fish pass). The first records of mortalities are from the 28th June. Up 

to the end of June, 14 mortalities were recorded. Between the 1st and 7th July, 55 mortalities 

were recorded. There was a significant increase in recorded incidences of mortalities and 

observations of diseased fish from the 8th July. However, no new mortalities were evident after 

the 19th July with the sole mortality removed from the river on 21st July considered to be dead 

for at least a few days based on its degraded condition (Table 1). 

 

Table 1 Records of Atlantic salmon mortalities recovered in the Lower Ballisodare river in late-June to July 2024. 

Date 
River  

(above lower falls  
to town bridge) 

Below lower falls Fish pass Sub-total 

28/06/24 2 0 2 4 

29/06/24 5 0 2 7 

30/06/24 2 1 0 3 

01/07/24 3 0 2 5 

02/07/24 2 0 2 4 

03/07/24 10 0 0 10 

04/07/24 5 5 2 12 

05/07/24 7 3 0 10 

06/07/24 6 0 0 6 

07/07/24 4 2 2 8 

08/07/24 6 20 0 26 

09/07/24 11 28 5 44 

10/07/24 30 23 0 53 

11/07/24 40 44 0 84 

12/07/24 52 29 2 83 

13/07/24 41 104 3 148 

14/07/24 36 51 0 87 

15/07/24 87 51 0 138 

16/07/24 50 137 0 187 

17/07/24 31 41 0 72 

18/07/24 31 40 0 71 

19/07/24 8 8 0 16 

20/07/24 0 0 0 0 

21/07/24 1 0 0 1 

22/07/24 0 0 0 0 

Totals 470 587 22 1079 
 
Data compiled by BFC in association with IFI 
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It should be noted that the records are of recovered fish mortalities observed in the river. They 

may not reflect all mortalities that occurred. In addition, an unknown proportion of the 

mortalities below the lower falls may have been ‘fall back’ from the stretch above. 

 

3.2 Returns 
Based on the fish counter from January 2024 to the end of July (31/07/24), 8,451 salmon have 

run into the system with c. 3,000 to 3,500 salmon entering the system between the 1st to 13th 

July (Table 2). This suggests a provisional mortality rate for the stock of 12.8%.  

 

Table 2 Number of wild Atlantic salmon returning to 
the Ballisodare system from January to July 2024. 

 Month 
Salmon returns 

(no. fish) 

January 0 

February 2 

March 11 

April 61 

May 324 

June 4,046 

July 4,007 

Total  8,451 
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4 Results of water sampling and MI FHU disease screening 

4.1 IFI water sampling 

In general, the results of the IFI water sampling (Appendix 1) identified no specific issues of 

concern that could be deemed responsible for the fish mortalities observed. However, it is 

acknowledged that these water samples were taken in mid-July so are unlikely to have 

detected any single pollution event which could have been responsible for initiating the 

mortalities observed in late June and the subsequent mortalities observed to mid-July.  

 

Water samples taken in the Ballisodare estuary including in the vicinity of Harringtons Quarry 

showed it was compliant with its Discharge Licence DL (W)25. Samples taken at two locations 

upstream of Ballisodare town show good water quality with no evidence of pollution. Samples 

taken from the discharge of the Ballisodare Wastewater Treatment Plant (BWWTP) showed it 

was compliant with its Wastewater Discharge Licence D0095-01 for all parameters, except 

ammonia which showed an exceedance of the licence limit for this parameter. IFI have issued 

a letter to Uisce Éireann requesting measures to be put in place to prevent further exceedances 

of ammonia concentrations in their licenced discharge. The Environmental Protection Agency 

(EPA) were also informed in relation to this exceedance. The EPA are the licensing authority 

for the BWWTP and have informed IFI they are carrying out inspections in relation to this issue.  

In relation to this, it should be noted that recent Annual Environmental Reports on the BWWTP 

have found that its discharge was not compliant with the Emission Limit Values (ELVs) in 

particular for ammonia-Total (as N) mg/l in 2021 and 2022; with ambient monitoring recording 

a deterioration in ammonia (mg/l) concentrations downstream of the effluent discharge in 2023. 

Furthermore, two ELV breaches of ammonia-total (as N) were recorded in 2024 on the 11th 

April (over twice the ELV) and the 31st May (over four times the ELV). However, regulatory 

results from the 26th June (just prior to the first recorded incidence of mortalities) show the 

ammonia level under the 10mg/l ELV (reference: pertinent reports published on the Licence 

and Enforcement Access Portal https://leap.epa.ie under Discharge Licence D0095-01). 

 

IFI staff did respond to a report of pollution in the lower Ballisodare on the 7th July specifically 

in relation to observations of some ponded discharge in the vicinity of a storm water outflow 

(SWO) SW002 discharge point at the Ball Alley in the upper-section of the affected stretch. 

This was related to a blockage in the network which caused a temporary uncontrolled release 

to the river (reference: reports published on the Licence and Enforcement Access Portal). 

There was no flow from the SWO discharge pipe at the time of inspection by IFI but material 

had ponded in a pool adjacent to the SWO. At the time, juvenile fish were observed swimming 

in the area with no signs of distress. The low flow in the river had likely resulted in the discharge 
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remaining in the pool and not being washed out. This pool was sampled on the 16th July and 

the results showed elevated levels of nutrients. It is considered that this outflow was very 

unlikely to be responsible for the mortalities observed. IFI have highlighted this discharge point 

to Uisce Éireann for follow-up mitigation as necessary and issued them a letter advising that 

the discharge will be monitored and if a polluting discharge is found, samples will be taken with 

a view to prosecution. In addition, the EPA made a site visit to this location on the 17th July and 

have opened a compliance investigation in relation to the matter 

(https://leap.epa.ie/docs/a398e867-f6c0-4966-b4d5-0c69b297cd68.pdf). Uisce Éireann is 

required to take appropriate actions to resolve this issue without any undue delay and to 

continue to provide updates to the EPA as per the site visit report. 

 

In addition to the above, dissolved oxygen readings were taken on the 16th and 17th July in the 

affected stretch of river and were within the normal range expected. Additional water sampling 

taken on the 19th July in Lough Arrow showed the water quality to be good with no evidence of 

pollution. 

 

4.2 ATU water quality monitoring 

Dissolved oxygen was measured at a number of locations above and below the lower falls on 

the 15th July and all readings were within 9 to 10 mg/l O2, with a water temperature of 18.2 oC 

recorded. On the 17th July a water quality sonde was deployed in the Mill Pool above the lower 

falls to ascertain water quality conditions in the river. The sonde measured water quality every 

15 minutes and conditions were found to be suitable for salmonids over the deployment period. 

Dissolved oxygen was measured again at a number of locations above and below the falls on 

the morning of 20/07/2024 following heavy rainfall, and all readings were within 9.5 to 10.5mg/l 

O2, with water temperature of 16.1 oC. Refer to Appendix 2 for a report on this monitoring. 

 

4.3 MI FHU disease screening 

The MI FHU fish health reports can be found in Appendix 3 (11th July samples) and 4 (19th July 

samples). Results indicated that there was no evidence of notifiable diseases and/or 

transmissible diseases of concern in the samples analysed. Chronic spleen inflammation and 

liver necrosis was observed in some of the samples taken. This is considered possibly to be 

linked to the secondary Saprolegnia (fungal) infection, gill pathology and/or skin lesions 

observed. Functionally significant gill pathology was observed in a number of samples with 

varying levels of severity. This was considered to be consistent with exposure of the fish to an 

environmental insult (waterborne irritant), which could have resulted in compromised 

respiratory function. It was noted that standard phytoplankton monitoring coordinated by MI as 
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part of their shellfish phytoplankton surveillance programme, recorded very high levels of a 

diatom (Chaetocerous spp.) in their Drumcliff Bay site on the 17th June (1.1 million cells per 

litre). This site is around 8 km from Ballisodare estuary and is the closest site where such 

sampling is currently undertaken (Figure 4).  This diatom has long spines which can affect fish 

gills and is documented to result in finfish mortalities including of salmonids. Two other 

readings on the 1st and 8th July were much lower at 136,000 and 143,000 cells per litre 

respectively, and a sample on the 15th July had a much lower reading again at 35,000 cells 

per litre.  

 

 
Figure 4 Shellfish production areas in Sligo (Ballisodare, Sligo Harbour and Drumcliff), with designated sample 
points for biotoxin and phytoplankton sample submission and analysis within classified production areas. 
 

Although gill damage was present, it was considered not to be at a level sufficient to be the 

sole cause of the observed mortality. It is considered that the fungal infection observed 

(Saprolegnia) is likely to be secondary in nature, as were the lesions, some of which were 

infected with bacteria. Mechanical damage is also a likely contributing factor, causing lesions 

which were then colonised by Saprolegnia and opportunistic bacteria. These infections were 

considered to be opportunistic in nature, occurring in compromised fish, but are likely 

contributing factors to morbidity, once present. 
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5 Consideration of potential factors responsible for mortalities 

The investigations undertaken have not identified any specific single factor to comprehensively 

explain the unprecedented number of mortalities observed in the Lower Ballisodare between 

late June and mid-July 2024. Based on the various sources of information available, it is 

considered that a number of cumulative factors may have acted in combination to cause the 

significant mortalities observed.   

 

There is some evidence to suggest that a proportion of the affected salmon could have had 

exposure to the excessive levels of the Chaetocerous diatom present at sea in the vicinity of 

the Ballisodare estuary on their return journey to the river. Such an insult to the gills would 

have negatively affected normal gill function and therefore, hampered normal oxygen uptake. 

Without additional stressors, such as infection with Saprolegnia and bacterial infection of 

lesions, such fish may have survived to be able to successfully run into and through the lower 

system on their return despite the low water conditions. However, the low water conditions 

experienced on return to the river mouth in combination with this insult to the gills, and the very 

large numbers of salmon that returned to the river in a confined period, may have placed 

additional stress on these fish when attempting to successfully traverse through the fish pass 

and the stretch immediately upstream.  It should be noted that there were no other incidences 

of significant salmon mortalities reported in other river systems in the wider vicinity of the MI 

phytoplankton sampling site in Drumcliff Bay, including the Drumcliff River, in the same period 

as the Ballisodare mortalities.   

 

Some salmon had signs of abrasions on their underside which could have been a result of 

attempts to directly jump the impassible falls and/or from evasive action from excessive 

predator pressures in circumstances where large numbers of fish were confined to the river 

mouth; smaller river pools; or by sand banks further out in the estuary at low tide. Some 

abrasions may also have been a consequence of running the fish pass, although the 

experience of BFC who operate the fish pass, consider that this is very unlikely to be the case 

at the water levels encountered at the time of passage.  

 

Salmon that successfully traversed the fish pass (and potentially impacted by the diatom) may 

not have had the ability to migrate further upstream as they had expended their otherwise 

normal energetic capacity to do so. As a consequence, this may have resulted in significant 

numbers of salmon congregating in the pools above the falls in the low water conditions than 

otherwise would be the case. These combination of stressors (and the abrasions in particular) 

may have facilitated an increased susceptibility to infection by Saprolegnia and opportunistic 
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bacteria, and ultimately hindered their normal ability to traverse the falls stretch to reach the 

slower resting river waters further upstream and caused at least some of them to fall back 

down again to below the lower falls.  

 

In general, the results of the IFI water sampling identified no specific factors in the affected 

stretch of river that would be considered substantial enough as the primary responsible cause 

for the fish mortalities. It is acknowledged that the IFI water samples taken in mid-July are 

unlikely to have detected any single pollution event which could have been responsible for 

initiating the mortalities observed in late June and the subsequent mortalities observed to mid-

July. Nevertheless, the extended time period over which the mortalities occurred suggest that 

a single pollution event in June or early July is unlikely to have been the cause. Indeed, a 

single pollution event is likely to have affected other life stages or fish species present in the 

river and potentially the inner estuary and this was not apparent in this case. The falls and the 

stretch immediately above it appear to have been well-oxygenated at the time of water 

sampling at least and in general, water temperatures were not unduly high for the time of year 

throughout the period of mortalities. As such, a lack of dissolved oxygen alone in the river is 

considered unlikely to be a notable contributory factor in the mortalities observed.  

 

Although there were no significant ongoing or persistent discharges visually identified during 

the site investigations, the recurrent pattern of ELV breaches for total ammonia at Ballisodare 

Wastewater Treatment Plant in recent years and indeed for some periods sampled for the year 

to date in 2024 is of general concern.  Excessive levels of the un-ionized form of ammonia in 

water (NH3) in particular is known to be toxic to fish. This parameter is not specifically 

monitored as part of the discharge licence, with ammonia total (as N) assessed as standard. 

Having said that, it is unknown whether this factor contributed individually or in combination 

with other potential stressors to the mortalities observed in the Ballisodare from late June to 

mid-July 2024.    
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6 Recommendations 

In order to mitigate for any future potential incidences of similar mortalities occurring in the 

lower Ballisodare river, the following actions are recommended: 

 

 A risk analysis should be undertaken to assess all aspects of the river environment that 

may have contributed to the mortalities observed and identify where any precautionary 

and mitigation measures could be considered and implemented. This will be led by IFI. 

 Weekly phytoplankton sampling should be undertaken in the Ballisodare estuary in 

2025 immediately before and during the main return period of salmon to the river (early 

May to late July). If this proceeds, MI will provide IFI with the sampling equipment and 

IFI will conduct the sampling. Samples will be archived and analysed by MI in-season 

if notable mortalities become apparent. The value of this undertaking should be 

reviewed in advance of the 2026 season. 

 IFI to issue a letter to Uisce Éireann requesting measures to be put in place to prevent 

further exceedances of ammonia concentrations in their licenced discharge (already 

actioned). 

 IFI to forward a copy of this report to the EPA for their further consideration particularly 

concerning the exceedance of licence levels for ammonia (IFI to action). 

 IFI WRBD Ballina should be notified of any future monthly breaches of ELVs at the 

BWWTP as soon as they are known (IFI to request this). 

 Consideration should be given by the responsible authorities to the feasibility of 

monitoring for NH3 and [NH]4+ in the BWWTP discharge and appropriate limits defined 

for ELV purposes. 

 The feasibility of salvage/translocation of fish should be considered if similar 

circumstances arise in future. IFI will consider this in further detail but a preliminary 

assessment suggests that in practice this may be very difficult to undertake and 

potentially prohibitively stressful for the fish. 

 The IFI Barriers team should be engaged to assess where fish passage could be 

improved in the affected stretch (IFI to action). 

 Consideration should be given to implementing mitigation measures to reduce the risk 

of mechanical damage / abrasive injuries to salmon where it may be feasible to do this. 

BFC with the support of IFI WRBD should assess the fish pass and falls stretch in this 

regard, taking parameters such as depth of water and numbers of fish into account. 

 Consideration should be given to implementing water temperature monitoring during 

the summer period in the lower Ballisodare system to enable the timely identification of 

warm water conditions that may affect salmon and better inform their fisheries 
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management there. This could be done via regular manual readings and/or installation 

of an on-site temperature logger. 

 It was agreed by IFI and BFC that a more precautionary approach to determining the 

appropriate levels to operate the fish pass should be implemented for the remainder of 

the season with a preliminary threshold of 0.4m on the OPW gauge chosen to 

determine this.  BFC noted that salmon can typically run the fish pass fine at an OPW 

gauge level of 0.36 m to 0.37 m and that 0.34 m is the minimum threshold that the fish 

pass is typically closed. IFI WRBD and BFC will further consider and identify the criteria 

for the future operation of the fish pass. In this regard, particular consideration should 

be given to the appropriate precautionary minimum threshold water level for operation. 

It was noted that other factors may also need to be considered in this context including 

water temperature and the abundance of returning fish expected to be or present during 

key periods. 

 The quota for salmon harvest in the Ballisodare is 218 for 2024 with the system 

assessed as attaining 103% of its conservation limit. 1,079 returning adult salmon were 

recorded as mortalities during the recent fish kill. It should be noted that these represent 

the documented mortalities recovered from the river and the number of actual 

mortalities may be somewhat higher than this. The stock assessment model 

conservatively forecast (75% likelihood) that 6,601 salmon would return to the river in 

2024. Verified returns based on the fish counter in 2024 to end of July are 8,451. 

Although up to date harvest figures are not immediately available, it is likely that a good 

proportion of the quota is already taken. As a precautionary measure, it was advised 

that management should give consideration to removing the harvest quota for the 

remainder of the season and implement C&R-only angling to minimise angling 

mortalities. A bye-law reflecting this was put into operation on 22nd August. 

 

In addition to the above, to further aid in the mitigation of any significant mortality event in 

future, BFC intend to install a real-time water quality sonde monitoring platform in the bay 

in order to provide an early warning system should any measured parameters be 

exceeded. 
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8 Appendices  
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8.1 Appendix 1 IFI water sampling results 
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8.2 Appendix 2 ATU water monitoring results 
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8.3 Appendix 3 Report on disease testing (11th July samples) 
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8.4 Appendix 4 Report on disease testing (19th July samples) 
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