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Summary 
Intertidal surveys for native oyster and other bivalves in Galway Bay were completed in 2018 by 

teams of fishermen and oyster and mussel producers. Data and image acquisition was facilitated by 

mobile phone forms. Data were submitted using phone forms, in near real time, to a database at the 

Marine Institute. Data for over 3000 1m2 quadrats along 80km of shore line were submitted. Native 

oysters occurred in 13% of samples at average densities of 2.4m-2 where they occurred. There was 

no evidence of significant naturalisation of Pacific oysters. Mussel distribution and density was very 

limited indicating very low levels of spat fall or spat survival.  

The presence of small patches of native oyster in the intertidal zone may indicate that oysters are 

also present sub-tidally in these areas. Their density, even in small patches, is sufficient to generate 

some larval production locally across the areas where they occur. Comprehensive sub-tidal surveys 

of native oysters in the area is warranted to better define the current distributional extent of the 

species and to provide information on where to target restoration activity.  

Introduction 
The European native oyster (Ostrea edulis) has been commercially fished in Galway Bay for many 

centuries. Today the stocks are depleted due to a combination of factors including infection with the 

haplosporidian parasite, Bonamia ostrea, poor fisheries management and possible mortality caused 

by low salinity and siltation events due to high volume discharges from the upstream catchments. 

Nevertheless, there are still oyster stocks in the Bay which are commercially fished and there is 

significant interest in restoration of the stocks to their former levels.  

The capacity for restoration depends on the level of spawning activity, the intensity of settlement of 

spat and post settlement survival. In Galway Bay the spawning stock is thought to be concentrated in 

an area north east of Eddy Is. This is the area that is commercially fished in December in years when 

the fishery is open. Previous sub-tidal surveys, however, also indicate lower densities over broader 

areas in the Clarin and Dunkellin River estuary, between Kinvara Bay and Eddy Is and in Kinvara Bay. 

The inner Bay has not been surveyed completely in recent years and the distribution and abundance 

of oysters through the wider inner Bay area is not well known.   

Although native oyster occurs mainly in sub-tidal habitats it extends to the lower shore where it is 

exposed during low water spring tides. This habitat is more easily accessed and quantitative 

estimates of oyster abundance can be obtained using direct counting methods on the shore. The 

occurrence of oysters on the lower shore, in a given area, is likely to indicate that oysters are also 

present sub-tidally in that area.  

During autumn and winter of 2018 a broadscale survey of the intertidal zone was completed to 

describe the distribution of native oysters in the area. Pacific oysters, mussels and periwinkle 

distribution and abundance were also surveyed. The results are being used to scope further sub-tidal 

surveys to obtain a synoptic map of the distribution and abundance of native oysters in the Bay and 

to inform restoration efforts. 

The survey reported here is part of a larger project on oyster restoration in Galway Bay. This project, 

is also monitoring the prevalence of Bonamia ostrea, monitoring settlement on cultch placed at 

sentinel sites, assessing the tolerance of oysters to extremes of salinity and temperature and 

developing oceanographic models to identify areas where salinity is suitable for oyster growing, 

where there is risk of prolonged exposure to low salinity and to model larval dispersal from known 

spawning beds.  
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Methods 

Survey planning 

Identifying the survey areas 
Local knowledge of oyster fishermen, oyster farmers and informed local people was used to identify 

stretches of coastline to include in the survey. Such areas were to include any habitat on which 

native oyster would occur and therefore excluded some of the estuarine soft sediment habitats 

where oysters cannot readily survive and also open exposed cobble shorelines where the shoreline is 

too dynamic to allow oyster settlement.  

The areas to include in the survey were mapped, using GIS in real time, at meetings of local 

fishermen and oyster farmers. The survey area was divided into longshore transects and allocated to 

survey teams. The total transect length was 81kms (not including any parallel transects at different 

vertical levels on the same shoreline) 

Survey design 
The survey design approximated to a concurrent two phase survey with a random stratified 

approach in the second phase. Surveyors had prior knowledge of areas where oysters were present 

and were asked to focus on such areas in phase 1 in order to record all known positive occurrences. 

The surveys then extended from these areas along transects on the shore two hours before and 

after low water during spring tides. On some shores two parallel transects were covered. The lower 

shore transect corresponded to the lowest level on the shore accessible around low water on the 

day of sampling and the transect parallel to it covered an area about 10m upshore of it. Surveyors 

walked the transects and at approximately 50m intervals a 1m2 area was randomly chosen and all 

oysters, mussels and periwinkle within a 1m2 quadrat, placed on the shore, were counted (Figure 1). 

 

Figure 1. Intertidal transects for survey of native oyster in Galway Bay in 2018. Transects were allocated to 6 
teams of surveyors. The total transect length is 84km.  
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Timing of surveys 
A small number of samples were taken in April to test the method and particularly to ensure 

electronic submission, using the mobile phone forms and georeferencing of the quadrat data, was 

successful. The majority of sampling was completed during spring tides in September and October 

(74% of samples) which allowed access to the lower shore close to chart datum (Table 1). 

Table 1. Monthly distribution of sampling of oysters and other bivalves on the shoreline of inner Galway Bay 
in 2018. Refer to Figure 2 for locations. 

Location April May June July August September October Grand 
Total 

Clarin River 5 14 242 113 89 197  660 

Eddy Island     101 56  157 

Kinvara Bay to Doorus 2    148 130 405 685 

New Harbour_Tawin 
Island 

     438 105 543 

Oranmore Bay      52 212 264 

St. Georges Bed     84 116  200 

West of Doorus     18 366 134 518 

Grand Total 7 14 242 113 440 1355 856 3027 

 

Survey effort across teams 
Eight teams of 2 (at least 16 individual people) participated in the survey. Seventy two % of the 

survey was completed by Teams 4 and 5 and a further 15% by Team 1. Other teams contributed 1-

5% of the survey effort (Table 2). 

Table 2. Survey effort (N) and % of total survey effort by each of 8 survey teams 

Team N % 

1 452 14.9% 

2 28 0.9% 

3 101 3.3% 

4 912 30.1% 

5 1272 42.0% 

6 96 3.2% 

7 156 5.2% 

8 10 0.3% 

Total 3027  

 

Guides for surveyors 
Although the majority of surveys had significant knowledge of the shore line, species guides were 

provided particularly on the identification of Fucus species and Laminaria. These species occupy 

specific vertical zones on the shore and could be used by surveyors to choose a particular shore level 

to sample. These guides were laminated and distributed to survey teams. Also a workshop was held 

on the identification of native oysters, especially spat, which could be confused with saddle oyster or 

Pacific oysters. However, native oysters encountered during the survey were not spat and were 

generally over 20mm in size and easily identifiable.  
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Electronic data submission 
Surveyors worked in teams of 2 during low water spring tides between April and October 2018. All 

data were submitted using a purpose designed mobile phone form using the Fulcrum app 

(https://www.fulcrumapp.com/).  

The following information was recorded on the form 

- The GPS location at which the sample was taken was automatically logged and transmitted 

with each phone form record. The precision of the GPS log may have varied between phones 

used by survey teams but was sufficient to record position at the shore level indicated by the 

species of seaweed present. The data successfully mapped onto the correct shore level in 

GIS 

- Date and time (at which the record was submitted) 

- Photograph of team members (for the purpose of estimating survey time and payment for 

each survey team) 

- The zone of the shore was indicated by identifying the species of Fucus brown seaweeds 

immediately around the quadrat. Fucus species have discrete vertical distributions on the 

shore. 

- A photograph of the shore area inside the quadrat 

- An estimate of ground cover type (rock, sediment, seaweed) within the area of the quadrat 

- Presence or absence of oysters 

- If oysters were present a second photograph zoomed to 0.25m2 of the 1m2 quadrat was 

taken in order to confirm identification of recorded oysters 

- The number of native oysters, Pacific oysters (Magallana gigas), saddle oysters (Anomia), 

Mussel  (Mytilus) and Perwinkle (Littorina) were recorded 

Completed forms were submitted by surveyors in real time or later on the same day when mobile 

phone reception allowed remote synchronisation with the Fulcrum database. Spatial coverage and 

progress of the survey was monitored by the Marine Institute using the Fulcrum map display. 

Transects were re-allocated to teams where required and depending on availability of teams on 

suitable tides. 

Validation 
A sample of images provided, with the electronic records, were viewed and compared to the oyster 

count submitted in the form. There was good correspondence. 

Data analysis and GIS 
Oyster density and density of other species recorded for each of the quadrats was mapped in 

ArcMap 10.3 and displayed in density categories. Densities were not interpolated because of the 

linear survey design. It may be feasible to interpolate densities to sub-tidal waters when all sub-tidal 

dredge surveys are completed in 2019 linking intertidal and sub-tidal data. 

Survey transects and quadrat samples were grouped to 7 locations and summary statistics on 

prevalence (% of quadrats with oysters or other species) and density prepared for each location 

(Figure 2). 
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Figure 2. Shoreline transects aggregated to 7 locations. 

Results 
Species counts for 3027 quadrats were obtained along approximately 81km of intertidal transect. 

Native oysters 
The prevalence. or % of quadrats with oysters, varied from 28% in the Clarin River, 14% in Oranmore 

Bay, 11% at Tawin and less than 10% in other areas (Table 3, maps in Annex I).  Densities were 

generally less than 0.5 oysters.m-2 but where oysters were present average density varied from 4.2 

oysters.m-2 at Tawin, 3.6 oysters.m-2 in Oranmore Bay and between 1-2 oysters.m-2 in other areas. 

Table 3. Prevalence (% positive records) and density of oysters in different areas of the south east Galway 
Bay during summer-autumn of 2018. 

 N (quadrats) Absent Present Prevalence  

Clarin River 660 472 188 28.5%  

Eddy Island 157 154 3 1.9%  

Kinvara Bay to Doorus 685 632 53 7.7%  

New Harbour_Tawin Island 543 484 59 10.9%  

Oranmore Bay 264 226 38 14.4%  

St. Georges Bed 200 183 17 8.5%  

West of Doorus 518 469 49 9.5%  

      

  Density (all quadrats) Density (>0) 

 N (oysters) Average St.Dev Average St.Dev 

Clarin River 442 0.67 1.65 2.35 2.38 

Eddy Island 3 0.02 0.14 1.00 0.00 
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Kinvara Bay to Doorus 90 0.13 0.52 1.70 0.95 

New Harbour_Tawin Island 250 0.46 1.83 4.24 3.89 

Oranmore Bay 137 0.52 2.11 3.61 4.48 

St. Georges Bed 36 0.18 0.66 2.12 1.05 

West of Doorus 84 0.16 0.59 1.71 1.00 

 

Periwinkle 
The prevalence of periwinkle varied from 60-70% in the Clarin River, Eddy Is and Tawin, 55% at St. 

Georges, 48% in Oranmore Bay and much lower In Kinvara and west of Doorus (Table 4, maps in 

Annex II).  Densities were highest in the Clarin River estuary at 5.7 periwinkle.m-2 and generally 1-3 

periwinkle.m-2 in other areas. Including only quadrats where periwinkle were present densities 

generally ranged from 4-8 periwinkle.m-2.  

Table 4. Prevalence (% positive records) and density of periwinkle in different areas of the south east Galway 
Bay during summer-autumn of 2018. 

 N (quadrats) Absent Present Prevalence  

Clarin River 660 206 454 68.8%  

Eddy Island 157 62 95 60.5%  

Kinvara Bay to Doorus 685 527 158 23.1%  

New Harbour_Tawin Island 543 213 330 60.8%  

Oranmore Bay 264 137 127 48.1%  

St. Georges Bed 200 89 111 55.5%  

West of Doorus 518 435 83 16.0%  

      

  Density (all quadrats) Density (>0) 

 N (periwinkle) Average St.Dev Average St.Dev 

Clarin River 3810 5.77 7.13 8.39 7.21 

Eddy Island 484 3.08 3.44 5.09 3.05 

Kinvara Bay to Doorus 705 1.03 2.74 4.46 4.15 

New Harbour_Tawin Island 1921 3.54 4.02 5.82 3.65 

Oranmore Bay 549 2.08 2.66 4.32 2.23 

St. Georges Bed 773 3.87 16.22 6.96 21.31 

West of Doorus 427 0.82 4.41 5.14 10.00 

 

Pacific oysters 
Pacific oysters occurred mainly in the Clarin River estuary (prevalence 5%) and to a lesser extent in 

Kinvara Bay and Tawin (prevalence 1%). They were absent west of Doorus and only 1 record 

occurred in Eddy Is, Oranmore Bay and St. Georges (Table 5). Densities when present varied from 

1.6-2.7 oysters.m-2.  

Table 5. Prevalence (% positive records) and density of periwinkle in different areas of the south east Galway 
Bay during summer-autumn of 2018. 

 N (quadrats) Absent Present Prevalence  

Clarin River 660 627 33 5.0%  

Eddy Island 157 156 1 0.6%  
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Kinvara Bay to Doorus 685 676 9 1.3%  

New Harbour_Tawin Island 543 535 8 1.5%  

Oranmore Bay 264 263 1 0.4%  

St. Georges Bed 200 199 1 0.5%  

West of Doorus 518 518 0 0.0%  

      

  Density (all quadrats) Density (>0) 

 N(Pacific oysters) Average St.Dev Average St.Dev 

Clarin River 54 0.08 0.53 1.64 1.76 

Eddy Island 1 0.01 0.08 1.00  

Kinvara Bay to Doorus 24 0.04 0.56 2.67 4.30 

New Harbour_Tawin Island 14 0.03 0.29 1.75 1.75 

Oranmore Bay 1 0.00 0.06 1.00  

St. Georges Bed 1 0.01 0.07 1.00  

West of Doorus 0 0 0 0  

 

Mussels 
Mussel prevalence was low varying from 7.3% of quadrats in the Clarin River estuary, 5.7% in 

Oranmore Bay and less than 3% in other areas (Table 6, maps in Annex III). Mussels density was 

more variable and aggregated than other species. Densities were less than 1 mussel.m-2 in all areas 

other than Oranmore Bay. Average density in Oranmore was 28m-2 in quadrats where mussel was 

present.  

Table 6. Prevalence (% positive records) and density of mussel in different areas of the south east Galway 
Bay during summer-autumn of 2018. 

 N (quadrats) Absent Present Prevalence  

Clarin River 660 612 48 7.3%  

Eddy Island 157 157 0 0.0%  

Kinvara Bay to Doorus 685 673 12 1.8%  

New Harbour_Tawin Island 543 528 15 2.8%  

Oranmore Bay 264 249 15 5.7%  

St. Georges Bed 200 197 3 1.5%  

West of Doorus 518 516 2 0.4%  

      

  Density (all quadrats) Density (>0) 

 N(Mussel) Average St.Dev Average St.Dev 

Clarin River 123 0.19 1.33 2.56 4.30 

Eddy Island 0 0.00  0.00  

Kinvara Bay to Doorus 26 0.04 0.34 2.17 1.47 

New Harbour_Tawin Island 138 0.25 2.01 9.20 8.30 

Oranmore Bay 424 1.61 20.56 28.27 84.47 

St. Georges Bed 4 0.02 0.17 1.33 0.58 

West of Doorus 2 0.00 0.06 1.00  
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Saddle Oyster 
Prevalence of saddle oyster was 4-6% in the Clarin River estuary and Oranmore Bay, 1% in Tawin and 

West of Doorus and absent from other areas. Densities were generally 1m-2 when present (Table 7). 

Table 7. Prevalence (% positive records) and density of saddle oyster in different areas of the south east 
Galway Bay during summer-autumn of 2018. 

 N (quadrats) Absent Present Prevalence  

Clarin River 660 621 39 5.9%  

Eddy Island 157 157 0 0.0%  

Kinvara Bay to Doorus 685 685 0 0.0%  

New Harbour_Tawin Island 543 536 7 1.3%  

Oranmore Bay 264 252 12 4.5%  

St. Georges Bed 200 200 0 0.0%  

West of Doorus 518 511 7 1.4%  

      

  Density (all quadrats) Density (>0) 

 N(Saddle oyster) Average St.Dev Average St.Dev 

Clarin River 73 0.11 0.68 1.87 2.14 

Eddy Island 0 0.00  0.00  

Kinvara Bay to Doorus 0 0.00  0.00  

New Harbour_Tawin Island 7 0.01 0.11 1.00 0.00 

Oranmore Bay 14 0.05 0.27 1.16 0.57 

St. Georges Bed 0 0.00  0.00  

West of Doorus 7 0.01 0.12 1.00 0.00 

 

Discussion 
Counts of 5 species of bivalve in over 3000 1m2 quadrats along 80km of shoreline in inner Galway 

Bay were completed by 8 teams, working two hours either side of low water during spring tides, in 

summer and autumn of 2018. Georeferenced data and images were successfully transmitted from 

survey teams, using mobile phone forms, to a central database. The survey provides a good example 

of fishermen and oyster growers collaborating on a survey of mutual interest and demonstrates how 

electronic data capture and data submission greatly enhances the efficiency of broadscale surveys in 

which there is a high level of stakeholder or public participation.  

All the participants in this survey were familiar with the local shoreline and identification of common 

species they needed to map in this survey. Species of seaweed which have discrete vertical 

distributions on shorelines were used to locate transects in areas within potential native oyster and 

other bivalve habitat without the need to measure relative vertical height or height above chart 

datum. The georeferencing of the images and records using mobile phones subsequently provided a 

relatively precise location within the shore level chosen on the basis of the species of seaweed 

present. Species identification, for the 5 species surveyed, was generally not an issue. Howeverm 

from analysis of images it is possible that there was some confusion in identifying Periwinkle 

(Littorina littorea) from other species of Littorina.  

Native oyster occurred in 13% of samples and where it occurred was at an average density of 2.4m-2. 

Although native oyster stocks in the area are depleted relative to their former range and the present 
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stronghold is in sub-tidal areas east of Eddy Island (Anon 2019) the patches of oyster recorded 

intertidally are significant for a number of reasons. Firstly, they may signal the presence of unknown, 

although probably small, beds of native oyster sub-tidally in such areas. Secondly the density on the 

shoreline, even if such oysters are in patches isolated from the main spawning stock, is sufficient for 

successful fertilisation and avoidance of allee effects (low fertilisation rates at low density). Thirdly 

the survey has shown that there are patches of reproducing oysters in a significant number of 

locations all of which contributes to larval production and distribution. The widespread settlement 

of larvae onto cultch at sentinel sites in Galway Bay in 2018 indicates widespread production and 

distribution of larvae which may originate from these isolated smaller patches of oyster on the shore 

line and perhaps sub-tidally. A comprehensive sub-tidal survey for native oyster is, therefore, 

warranted to better define the distribution and abundance of oysters in the Bay. 

Pacific oysters were uncommon on the shoreline and occurred in generally less than 1% of samples 

outside of the Clarin estuary where the prevalence was 5%. The Clarin estuary has supported 

extensive production of Pacific oysters on the seabed over the past 20 years and although stocks are 

now depleted there is a residual spawning stock in the area. A number of Pacific oyster farms occur 

in inner Galway Bay. Some of these now use triploid oysters to prevent reproduction and 

naturalisation of this species. However, the low prevalence of Pacific oysters is noteworthy against 

the history of Pacific oyster production in the Bay and provides evidence that no significant 

naturalisation has occurred. Where the species has naturalised it usually occurs to a greater extent 

on the intertidal than native oyster so the survey reported here was in habitat which would support 

naturalised Pacific oysters. This species has naturalised in Lough Swilly, Co. Donegal and is the 

dominant species of oyster in the Lough (Anon 2019).  

The prevalence (3%) of mussels was very low in the survey and occurred in numbers in only a few 

locations in the Clarin estuary and Oranmore Bay. This is surprising given the expected ubiquitous 

distribution and production of mussel larvae in the Bay as evidenced by spat fall onto mussel long 

lines in aquaculture sites and spawning of mature mussels in these sites. Evidently mussel spat fall is 

uncommon or else post settlement survival of mussel was extremely poor in 2018.  

References 
Anon  (2019).   Shellfish stocks and  Fisheries Review 2018.  Marine Institute, RInville Oranmore, 

Galway. ISBN:  978-1-902895-63-5.  70pp.



11 
 

Annex I. Distribution maps for native oyster 
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Annex II Distribution maps for Periwinkle 
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Annex III Distribution maps for Mussels 
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