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Summary 
Three types of bivalve shell (cultch) were deployed in stacks of trays at 5 sites in inner Galway Bay to 

determine the level and distribution of spat fall of native oyster and other bivalves. The overall 

average settlement of native oyster was 8.4 spat.kg-1cultch. Site location, cultch type and variation 

between stacks within sites all had significant effects on settlement but cultch type had the 

dominant effect. Settlement was lowest on Pacific oyster shell at 5.3 spat.kg-1cultch compared to 8.7 

spat.kg-1cultch on Mussel shell and 11.1 spat.kg-1cultch on mixed clam shell. Variegated scallop and 

saddle oyster also settled on the cultch in high numbers. Mussel settlement was uncommon.  

Settlement of native oyster was generally similar across 4 sites except for Muckinish where 

settlement was lower and which was distant from the main spawning stock. The results indicate that 

native oyster larvae are widely distributed in the inner Bay during the spawning season even if 

oyster stocks are depleted through much of the area. Enhancement of settlement habitat using 

cultch may be a key action in restoration of native oysters in the Bay. 

Introduction 
The European 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 protozoan 

parasite, Bonamia ostrea, poor fisheries management and 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 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. Much lower densities occur, however, over broader areas in the Clarin and Dunkellin River 

estuary, between Kinvara Bay and Eddy Is and in Kinvara Bay. Surveys to determine the overall 

distribution of oyster in the Bay are ongoing. The spawning stock is not highly concentrated and 

densities on the beds are not higher than 1 oyster.m-2. There is a risk that this low density may 

compromise fertilisation rates. 

The current study was designed to look for evidence of spat fall of native oysters in areas 

surrounding and at various distances from the main spawning stock and to quantify settlement rates 

at these sites. Given that settlement may be sensitive to substrate 3 types of cultch (bivalve shell) 

were used as settlement substrate. The trials are very small in scale but may provide indications of 

the potential to increase oyster production at various locations in the Bay if larger scale cultch trials 

were undertaken to promote settlement. Settlement substrate may be a significant bottleneck to 

oyster production and previous trials in other areas suggest that enhancing the settlement 

environment increases spat fall provided spawning stock is suitably located, at densities that are 

sufficient to achieve fertilisation and where temperature and feeding conditions provide for viable 

and competent larvae.  

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

will report on the overall intertidal and sub-tidal distribution of native oysters in the Bay using 

intertidal quadrat and sub-tidal dredge surveys, the prevalence of Bonamia ostrea, the tolerance of 

oysters to extremes of salinity and temperature experienced in the Bay and on the use of 

oceanographic models to optimise spawning stock locations and settlement in larger scale cultch 

trials.  
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Methods 

Deployment of cultch 
Mussel (Mytilus), Pacific oyster (Magallana) and Razor clam (Ensis magnus) shells (subsequently 

referred to as cultch) were packed into stacked round sectioned trays and suspended underneath 

oyster trestles (4 sites) or on mussel long lines (1 site) in inner Galway Bay (Table 1, Figure 1). Pacific 

oyster shell was crushed to variable size pieces prior to deployment. Some of this material was fine 

and resulted in siltation into some of the trays containing Pacific oyster cultch during deployment. 

Mussel shell was deployed whole. Razor clam shell, a by-product of the razor clam fishery in Clifden 

Bay, was also mixed with a number of clam species such as Lutraria, Spisula and Venus spp but Razor 

clam was the dominant species. These shells were not crushed. 

Each stack of cultch consisted of 3 trays each with 4 sections (Figure 3). Mixed clam cultch, Pacific 

oyster cultch and Mussel cultch were placed in the top, middle and lower trays respectively in each 

stack. These trays were topped by a 4th empty tray. The mesh size of the trays was up to 20mm and 

enabled significant water exchange through the stack.  

Stacks were deployed during early July prior to the spawning season. Gonad development was 

monitored visually in oysters stored at Killeenaran close to cultch site 1 (Figure 1, Figure 5,). Cultch 

was deployed during early July before spawning activity. 

 

Table 1. Number of cultch stacks deployed at each site in Galway Bay in 2018 

Site Number of cultch stacks Location name 

Site 1 22 Killeenaran 

Site 2 18 Kinvara Bay 

Site 3 23 Doorus Pt 

Site 4 18 Muckinish 

Site 5 7 Ardfry 

Total 88  
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Figure 1. South East inner Galway Bay showing the location of 5 sites where cultch was deployed 
and the location of the known main spawning stock. The distribution of historic public and private licences 

for oyster production is shown.   

 

Figure 2. Images of 3 of the 5 sites where cultch was deployed. Cultch stacks were suspended 
underneath trestles at all sites other than Kinvara where they were suspended under mussel rafts in open 

water. 
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Figure 3. Cultch stacks being recovered from Site 2 (Doorus Pt). Each stack consists of 3 trays each with 4 
sections and a cover tray (see insert). The trays are suspended using a rope through the middle of the stack. 

 

Oyster maturity 
Oysters that are preparing to release fertilised larvae can easily be identified from the dark 

colouration of the mantle cavity where the larvae are held prior to release (Figure 4). Although 

exhaustive monitoring of maturity and larval development was not undertaken for this cultch trial 

oysters held at Killeenaran (Site 1) just before the cultch was deployed were not spawning and had 

no larvae in the mantle cavity. The gonad was maturing (Figure 5). 
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Figure 4. Maturity stages of native oysters (O’Neill and Tully 2012, unpublished) 

 

 

 

Figure 5. Maturing native oyster at Killeenaran (Photo: Diarmuid Kelly) 
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Counting of oyster spat 
Cultch stacks were recovered from the sea between early November 2018 (Site 3-5) and January 

2019 (Site 1 and 2). Stacks were individually tagged and removed to indoor flow through seawater 

tanks at New Quay (Burren) (Figure 1) prior to counting of spat. All cultch in all sections of the stacks 

was weighed and inspected for native oyster spat and for other species including Mussel (Mytilus sp) 

Scallop (Chlamys varia), Pacific oyster (Magallana gigas) and Saddle oyster (Anomia ephippium). 

Spat numbers were converted to spat.kg-1 of cultch. The average weight of cultch in each section of 

each tray was 726g (Table 2). 

Native oyster spat were identified by the presence of a streaked calcium deposit perpendicular from 

the umbo, the extension of the umbo beyond the margin of the shell and the dull and non-reflective 

shell in contrast to the iridescent shell of saddle oyster (Figure 6, Figure 7). Identification was aided 

by the use of high intensity LED head lamps worn by people searching the cultch for spat. This 

increased the contrast between saddle oyster and native oyster in particular. Spat were counted by 

7 different people working intermittently during November 2018 to January 2019 at Redbank 

Oysters Ltd in New Quay where the cultch stacks were stored in flow through seawater. Standard 

protocols for identification of spat and recording of data (Annex I) was used by all counters.  

 

Table 2. Average weight of cultch per tray section in cultch stacks used to monitor settlement of oysters and 
other species in Galway Bay autumn 2018. 

Site Gigas Mussel Mixed clam Site average 

Ardfry 854 668 517 679 

Doorus Pt 803 613 752 724 

Killeenaran 842 651 493 657 

Kinvara Bay  885 758 715 786 

Muckinish 909 703 789 800 

Cultch type average 852 675 657 726 

 

Data analysis 

The primary objective of the experiments was to determine the distribution of native oyster spat fall 

at the 5 sentinel sites and if the type of shell influenced the settlement of native oyster larvae. Three 

types of cultch were deployed across 5 sites in the same stack configurations and for the same 

effective period of time. The primary variables of interest, therefore, was the site location and cultch 

type and also variability between stacks within the site.  
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Figure 6. Spat of the native oyster. Diagnostic features include the presence of a white calcium deposit 
reaching perpendicular from the umbo and the extension of the umbo beyond the margin of the shell. The 

shell is dull. 

 

 

Figure 7. Examples of bivalve and crustacean settlement into cultch stacks. The diagnostic white calcium 
streak from the umbo of Ostrea is visible. 
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Results 
Data for 88 stacks and 953 tray sections of cultch were obtained across 5 sites. Each section 

contained an average of 726g of cultch. Native oyster (Ostrea), Saddle oyster (Anomia), Variegated 

scallop (Chlamys varia) and mussel (Mytilus) settled onto the cultch. Native oyster spat varied from 

5-10mm in size in the first cultch samples counted in November 2018 but were up to 20mm in cultch 

counted later in late January 2019. No Pacific oyster spat were recorded. Other species such as 

brown crab (Cancer pagurus) and Spider crab (Pisa sp.) were also recorded. The dominant 

settlement in most cases was of saddle oyster. These were not counted. 

Oyster spat settlement 
The overall average settlement of native oyster was 8.4 spat.kg-1cultch. Site, shell type and stack 

number all had significant effects on settlement but shell type had the dominant effect ( 

Table 3). Settlement was lowest on Pacific oyster shell at 5.3 spat.kg-1cultch compared to 8.7 spat.kg-

1cultch on Mussel shell and 11.1 spat.kg-1cultch on mixed clam shell. Settlement levels were 

generally similar across sites except for Muckinish where settlement was lower (Figure 8, Table 4). 

Table 3. Analysis of variance (ANOVA) for effects of Site, Shell type and Stack (3 trays) on settlement of 
native oyster spat. The F ratio indicates the relative contribution to variance from each factor (Site, Shell 
type, Stack number) 

Source df SS MS F-ratio Prob 

Const 1 67596 67596 314  < 0.0001 

Site 4 686 171 5 <0.0009 

Shell type 2 5303 2651 73  < 0.0001 

Stack 83 17841 215 6  < 0.0001 

Error 855 30851 36   

Total 944 60594    

 

 

 

Figure 8. Average number of oyster spat per kg of cultch for 3 types of cultch deployed at 5 sites in Galway 
Bay in autumn of 2018. 
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Table 4. Levels of settlement of native oyster spat across 5 sites and 3 shell types  

Site and Cultch type Spat.kg-1 cultch 

 Mean St. Dev. 

Ardfry (average) 8.03 8.33 

Gigas 4.30 6.58 

Mussel 9.19 9.16 

Mixed clam 10.60 7.98 

Doorus Pt ( average) 7.29 7.88 

Gigas 5.22 5.03 

Mussel 7.20 6.86 

Mixed clam 9.32 10.20 

Killeenaran ( average) 10.82 8.63 

Gigas 5.57 4.95 

Mussel 11.75 6.88 

Mixed clam 14.71 10.29 

Kinvara Bay (average) 10.41 6.92 

Gigas 7.58 4.76 

Mussel 9.68 5.67 

Mixed clam 13.92 8.30 

Muckinish (average) 3.24 5.07 

Gigas 2.04 3.18 

Mussel 3.50 5.46 

Mixed clam 4.07 5.90 

 

Scallop spat settlement 
The overall average settlement of variegated scallop was 23.7 spat.kg-1cultch. Site, shell type and 

stack number all had significant effects on settlement but variability between stacks was high (Table 

5 

Table 3). Settlement was lowest on Pacific oyster shell at 19.9 spat.kg-1cultch compared to 24 

spat.kg-1cultch on Mussel shell and 27.1 spat.kg-1cultch on mixed clam shell. Settlement levels were 

generally low (2-5 spat.kg-1cultch) at sites other than Kinvara which had dramatically higher 

settlement at approximately 86 spat.kg-1cultch  (Figure 9, Table 6). 

Table 5. Analysis of variance (ANOVA) for effects of Site, Shell type and Stack (3 trays) on settlement of 
variegated scallop.  

Source df SS MS F-ratio Prob 

Const 1 532894 532894 38  < 0.0001 

Site 4 8021 2005 5 <0.0009 

Shell type 2 12104 6052 14  < 0.0001 

Stack 83 1150630 13863 32  < 0.0001 

Error 851 363361 427   

Total 940 2609700    
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Figure 9. Average number of scallop spat per kg of cultch for 3 types of cultch deployed at 5 sites in Galway 
Bay in autumn of 2018. 

Table 6. Levels of settlement of scallop spat across 5 sites and 3 shell types  

Site and Cultch type Scallop spat.kg-1 cultch 

 Mean St. Dev. 

Ardfry 5.18 6.99 

Gigas 2.22 3.31 

Mussel 9.16 10.00 

Mixed clam 4.17 3.53 

Doorus Pt 9.90 12.71 
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Mussel 8.42 11.28 
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of shell type on settlement with significantly higher settlement occurring on mixed clam shell (Figure 

10, Table 7, Table 8) 

 

Table 7. Analysis of variance (ANOVA) for effects of Site, Shell type and Stack (3 trays) on settlement of 
mussel.  

Source df SS MS F-ratio Prob 

Const 1 0.0019 0.0019 6.1421 <0.0152 

Site 4 0.0001 0.0000 0.2657 <0.9 

Shell type 2 0.0009 0.0004 8.5764 <0.0002 

Stack 83 0.0263 0.0003 6.2647  < 0.0001 

Error 855 0.0433 0.0001   

Total 944 0.0741    

 

 

Figure 10. Average number of mussel spat per kg of cultch for 3 types of cultch deployed at 5 sites in Galway 
Bay in autumn of 2018. 
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Killeenaran 0.0001 

Gigas 0.0001 

Mussel 0.0001 

Mixed clam 0.0001 

Kinvara Bay  0.0050 

Gigas 0.0014 

Mussel 0.0025 

Mixed clam 0.0111 

Muckinish 0.0000 

Gigas 0.0000 

Mussel 0.0000 

Mixed clam 0.0000 

Discussion 
Settlement of native oyster spat was higher on cultch composed of clam shell, dominated by Ensis 

magnus, than on mussel (Mytilus) or Pacific oyster (Gigas) shell in experiment trials in Galway Bay. 

The differences were consistent across 5 sentinel sites. The data suggest that Razor clam (Ensis) shell 

is more attractive to settling oyster larvae than mussel or Pacific oyster shell. Settlement of Chlamys 

was more variable across sites and not consistently higher on mixed clam cultch. Mussels settlement 

was uncommon.  

Settlement of approximately 10 spat per kg of cultch occurred across 3 sites closest to the main 

spawning stock. However, similar settlement levels occurred at Ardfry (Site 5) which is remote from 

the known spawning biomass. It is likely that additional spawning stocks occur close to Site 5. Lower 

settlement at Site 4 (Muckinish) suggests this site is isolated from the main larval supply. However, 

the presence of settlement at all sites demonstrates that oyster larvae were widely distributed in the 

area during the trial. This includes open water areas, where mussel rafts are moored, and suggests 

that spat could be collected not only by using cultch on the seabed but also by placing suitable 

settlement substrate in the water column. 

The reason for the consistently higher settlement of oyster spat on mixed clam shell compared to 

settlement on Pacific oyster or mussels across all sites is unclear given that the different types of 

cultch were in very close proximity in the stacks. The total height of the stack was approximately 

50cm so it is unlikely that the position of the tray in the stack had a significant effect (it was not 

possible to test this as the cultch was not randomly distributed in the stack). Attractiveness of 

substrate to settling larvae may be increased by aged biofilms (Campbell et al 2011) so different 

rates of development of biofilms on different shell material could therefore influence settlement. 

Waterborne chemicals from biofilms also act as a settlement cue (Zimmer-Faust and Tamburri 1994). 

We have no evidence for different biofilm formation on different cultch used in the trials reported 

here. 

Settlement rates seen in the small trials reported here translate to about 10000 spat per tonne of 

cultch. There is obvious potential to enhance spat settlement using cultch. Additional trials that 

would optimise the configuration of the cultch (on seabed or on structures), the type of cultch, the 

deployment time relative to spawning and the location relative to spawning and larval dispersal in 

the area will provide more information on how this could be achieved. Hydrodynamic properties at 

the settlement surface of shell can also affect settlement rates and dislodgements. Whitman and 

Reidenbach (2012) found that settlement of oyster was higher in interstitial regions between high-
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roughness topography where shear stress is reduced and recommended re-constructing 3 

dimensional benthic topography similar to established oyster reef to enhance settlement. Although 

the stacks of cultch used in the trials reported here are 3-D and probably provide highly variable 

hydrodynamics at the settlement surface razor clam shell is in fact smoother than Pacific oyster or 

Mussel shell. One significant difference, although unquantified, between cultch type used here was 

the shell size. Pacific oyster shell was crushed to varying piece size with some fine components.  

Mussels were not crushed although some were broken. Mixed clam shell, dominated by Ensis, was 

composed of large individual shells many of which were large (Lutraria, adult Ensis). The size profile 

of the cultch was therefore different and this could have resulted in different shear stress and 

turbulence at the settlement surface that may have affected settlement.  
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Annex I 

Cultch trial Galway Bay 2018  

STACK TAG NUMBER: ________________  

Notes: each stack is tagged (black cable tie with a number). In each stack there are 3 trays and each tray has 4 sections. There are 3 

different shell types: mussel, gigas oyster, razor clam. Some sections may have mixed shell.  

 

Weigh the shell in each section. Allocate these to a counter. Record who is counting what section.  

NB: learn the differences between native oyster and saddle oyster before you start. 

Tray num Section Shell type Shell weight Native 
oyster 

Scallop Pacific 
oyster 

Mussel Who is counting this 
section? 

Any notes eg 
abundance of saddle 
oyster 

1 (top tray) 1       Name:  

 2         

 3         

 4         

2 (mid tray) 1         

 2         

 3         

 4         

3 (bottom tray) 1         

 2         

 3         

 4         

 


