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Executive Summary  

Monitoring of native oyster reproductive activity within the Lough Foyle native oyster 

fishery took place for the eighth successive year. Sampling started in the Perch bed in April 

and May 2018 with limited sampling aimed at identifying the start of spawning. From 21st 

May 2018, sampling of adult oysters, plankton and environmental parameters was carried out 

weekly on five oyster beds until 24th September 2018. 

 

Of the 2715 oysters examined, 154 (5.7% of the sampled population) were found to be 

brooding eggs (milky white mass visible on the gills) or larvae (grey or black mass). 

Including oysters exhibiting spent gonad material (showing that they have released eggs or 

sperm), 40.8% of the sampled population were reproductively active during the survey 

period.  Although the numbers of reproductively active oysters were slightly less than in 

2017, the findings of the native oyster autumn stock assessment and examination of spat 

collectors deployed in the lough indicate a significant, widespread spatfall in 2018. There 

were three peak periods for brooding ï the main peak occurred in the first week of July 2018 

(the same week as 2017ôs peak); with a second, more sustained period between the end of 

July and 20th August 2018; and a third, brief peak in the samples collected on 3rd September. 

This is consistent with observations of distinct size classes in settled spat (> 15 mm and < 6 

mm.). Average water temperature (16.02ºC ± 1.99) and salinity (30.8 psu ± 1.49) were both 

slightly higher than in 2017 and variation amongst the beds was minimal. Average 

temperatures peaked at 19.5ºC ± 0.27 in week 6 (9th July 2018). Average turbidity remained 

below 8 FTU throughout the survey.  
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1.0 Introduction  

 

1.1Background  

 

The Lough Foyle oyster fishery is one of the last remaining productive native oyster fisheries 

in Europe. The fishery has been harvested intensively in the past and efforts to develop its 

full potential and manage the fishery in a sustainable manner historically failed due to a lack 

of legislation.  In September 2008, the Loughs Agency of the Foyle Carlingford and Irish 

Lights Commission began to regulate the fishery for the first time. The Agency licenses 

oyster fishing vessels in Lough Foyle and they are permitted to operate from 19th September 

ï 31st March.  Regulations allow for postponement of the fishery to give recently settled spat 

an opportunity to become established and, for example, the 2018/19 season started on 9th 

October 2018.  

This report outlines the findings of a survey undertaken between 9th April and 24th September 

2018 to assess the spawning activity of Ostrea edulis (European native oyster) in Lough 

Foyle. The survey is now in its 8th year and has contributed to our understanding of 

reproductive activity in the Lough Foyle native oyster population. It also draws upon the 

knowledge acquired from previous reports and research work conducted during the IBIS 

research project on spawning activity, larval dynamics and fecundity (Bromley, 2015). 

A stock assessment of the Lough Foyle native oyster fishery has been conducted either                 

annually or bi-annually since 2007.   Adult and juvenile distribution and abundance is 

recorded during the surveys, as is the presence/absence of shell cultch (Figures 1 - 3). The 

results from these surveys have formed the basis of site selection for this reproductive 

assessment work. Oyster density, location of spatfall and availability of suitable cultch for 

larval settlement were the major factors that were considered during site selection, as well as 

logistical restrictions such as water depth and distance between beds.  
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Figure 1: Oyster density in Lough Foyle Spring 2018 and the 5 oyster beds sampled for this survey (figures on each bed = 
harvestable biomass in tonnes).  

 

Figure 2: Spat Density Autumn 2018 
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Figure 3 Location of areas without suitable cultch within the Foyle oyster fishery 

 

 

1.2 Aims and Objective s 

The aim of this project was to identify when and where there is an abundance of bivalve 

larvae present in the water column in Lough Foyle and to relate this to spawning activity in 

oysters and environmental drivers such as water temperature, salinity and turbidity. 

Objectives: 

¶ Record environmental variables (temperature, salinity, DO, turbidity) weekly at 5 

oyster beds  

¶ Assess larval density weekly at 5 beds 

¶ Assess gonad stage and growth parameters of oysters weekly on 5 beds 

¶ Record daily water temperatures at 5 beds 

It is imperative to have a record of bivalve larval dynamics occurring on oyster beds for use 

as a baseline for potential enhancement projects. In areas where bivalve larvae are present but 
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there is no suitable cultch and no notable spatfall occurring, mitigation may be needed to 

address the issues limiting success. 

1.3 Native Oyster  Spawning 

Naturally occurring oyster beds are becoming increasingly rare throughout the world 

(Hawkins et al., 2008; OSPAR Commission, 2009; Beck et al. 2011).  It is estimated that 

85% of oyster reefs worldwide have been lost (Airoldi et al, 2009). This is mostly as a result 

of overexploitation. However, the decline in stocks may also be attributed to severe winters 

such as the east coast of England fishery destroyed by severe winter conditions in 1962/ 63 

(Davidson, 1976; Crisp, 1964).  Food availability, climate change, invasive species (e.g. 

Crepidula fornicata), hydrodynamic regime changes, disease and availability of suitable 

habitat for juvenile settlement are all factors in the sustainability of these populations.  

Native oysters are considered to be ecosystem engineers as a result of the role they play in the 

nutrient cycling process within estuaries and because they provide habitats and nursery areas 

for many other species. It is for this reason; along with the hugely important commercial 

value of the native oyster fishery to an area each year; that means of habitat regeneration, 

ways of promoting more sustainable fishing practices (such as an 80mm minimum landing 

size) and monitoring of disease (e.g. Bonamia ostreae) are adopted to promote sustainable 

fisheries (Goulletquer, 2005-2011). 

Native oysters require between 4-8 weeks of good conditioning in early spring, with adequate 

food supply and correct temperatures, before spawning readiness will occur (FAO, 2004). 

The greater the conditioning prior to breeding season then the more probable that population-

wide spawning events will occur simultaneously when optimum conditions (15-16ęC in 

previous studies in Lough Foyle), and good food supply are present. The European native 

oyster, Ostrea edulis, is larviparous. This means that instead of releasing eggs into the water 

column, fertilization is internal and females brood larvae within the mantle cavity which, 

after a period of up to 14 days, they then release into the water column. Larvae may then 

remain in the water column for up to 14 days before settling onto a suitable substratum. 

Whilst adult oysters may exhibit adaptations to local environmental conditions (ecotypes) and 

in some production areas are able to condition and spawn at lower temperatures than the 15 - 

16ºC generally given as optimal conditions, studies, for example, Korringa (1940; 1957) have 

shown that the larval settlement stage is the most sensitive to temperature fluctuations and 
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may need sustained temperatures of > 17ºC to successful settle and metamorphose into an 

oyster spat.  

Table 1 shows an estimate of the average number of larvae released by oysters of a specified 

age (Walne, 1974). It illustrates that there is a relationship between age/size and the quantity 

of larvae brooded. However, this can be influenced by condition and there can be substantial 

variation within this relationship.  This is a combination of the oyster being physically more 

capable of retaining greater numbers of larvae within the mantle cavity as it grows larger and 

increased conditioning in older/larger oysters resulting in older oysters being more valuable 

to the recruitment of the species annually.  Recent local studies have suggested that these 

figures may not be fully representative of the true fecundity of oysters in Lough Foyle and 

this must be borne in mind when interpreting these results (Bromley, pers. com, 2016). 

Table 1: Average fertility for successive age groups of oysters (Walne, 1974) 

Approximate Age 
(years) 

Mean Diameter 
(nm) 

Fertility (number of 
larvae) 

1 40 100,000 

2 57 540,000 

3 70 840,000 

4 79 1,100,000 

5 84 1,260,000 

6 87 1,360,000 

7 90 1,500,000 

 

Successful spawning in native oysters is reliant on individuals being in close proximity and, 

for this reason, the highest density oyster beds are generally the most reproductively 

successful and have the largest spatfall events.  In American (eastern) oysters (Crassostrea 

virginica), fertilisation efficiency has been shown to reduce by 50% when oysters are 10cm 

or more apart.  This results in what is known as the ñAllee effectò, where successful 

repopulation of the stock can become impossible even if fishing mortality is removed and 

stocks are protected (University Marine Biological Station Millport. 2007).   



Native Oyster Spawning Assessment                                                                   Lough Foyle Summer 2018 
 

8 
 

 

Figure 4 Fertilisation efficiency as a function of oyster population density (taken from Paynter, 2003) 
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2.0 Methodology  

The 5 sites chosen for collecting samples for this project were Quigleyôs Point, Perch, Middle 

Bed, Flat Ground and Southside (Figure 1). These beds were selected based on the high 

densities of oysters present within them.  The three methods of data collection and analysis 

are described in detail in sections 2.1-2.3. 

2.1 Gonad Stage Analysis 

 

Figure 5 a-c:  Spawning stages of Native Oyster; (a) white sick; (b) grey sick; (c) black sick 

 

A sample of 30 native oysters was collected using a traditional oyster dredge from 5 locations 

within the Foyle oyster fishery as identified in Figure 1.  These 30 oysters were selected 

based on size and weight with oysters less than 50mm and 30g rejected from the samples.  

The first 30 oysters to meet these criteria were selected, labelled and stored in mesh bags.  

These samples were frozen immediately on return to the lab. 

 

Samples were thawed completely on draining trays lined with paper roll to remove water 

content.  Care was taken when opening the oysters to prevent losing any reproductive 

material.  Oyster length and wet weight were recorded prior to shucking and weighing wet 

flesh weight and assigning reproductive stage class based on the classification of Helm et al. 

2004. 

Table 2: Description of Reproductive Stage for Native Oyster 

 

Stage Description 

Mature/Developing Gonad full or filling 

White Sick Gills covered in white mass (eggs)  

gonad empty 

Grey Sick Gills with visible grey shelled larvae present 

Black Sick Gills with visible black/purple shelled larvae 

Spent Gonad No gonad material remaining 

  

(b) (a) 

  

(c) 
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2.2 Larval Counts  

A plankton net of 300mm diameter and 100 micron mesh size was deployed vertically at each 

sample location. A manual flow meter was attached to the mouth of the plankton net and used 

to calculate the distance the net had travelled on each deployment.  The sample was washed 

from the plankton net by using a seawater deck hose applied to the exterior of the plankton 

net and net bucket.  The sample was collected in a 250 ml plastic bottle and labelled with site 

code and time and date information.  The volume of water sampled at each site was 

calculated using the following formula;  

Ʉr2h ï where r = radius of the net and h = distance 

towed. 

Three 1ml sub-samples were taken from the 

250ml sample using a 1ml sampling pipette 

following thorough mixing of the sample by hand.  

The sample pipette was changed between each 

sub-sample.  The 1ml sample was transferred onto 

a glass Sedgewick Rafter counting cell on which 

all bivalve larvae were counted.  Larval counts 

were averaged for the 3 sub-samples and these 

values were converted to density of larvae per 

metre cubed using the following formula:- 

 

Bivalve Larvae in Sample = [(mean number per 1ml *Sample Volume ml) / (Volume of Water 

Sampled)] 

Bivalve Larvae per m3 = [Bivalve Larvae in Sample] / [Volume of Water Sampled m3] 

 

 

 

 

Figure 6 Plankton net 
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Figure 7 a-b: Native oyster larvae removed from a black sick brooding female (left) and grey sick female (right) 

 

2.3 Environmental Monitoring 

A Seabird 19+ CTD (Conductivity, Temperature, Depth) instrument was deployed at each of 

the 5 sample stations each time a plankton sample and oyster sample were collected.  The 

water temperature, dissolved oxygen, salinity, turbidity and fluorescence were recorded on 

the downcast of this CTD with care taken not to disturb the seabed when lowering the unit.  

These data were converted to depth averaged data in 1m batches.  The data were tabulated 

and graphed in MS Excel.  Daily water temperature was recorded at each site using Onset® 

UA-001-64 HOBO temperature loggers. 

 

 

 

 

 

 

 

Figure 8 Seabird 19+ CTD 
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3.0 Results 

Monitoring began in April 2018 with collections from the Perch bed and a collection on 8th 

May 2018 from Perch, Quigleyôs Point and Middle bed. The main survey began on 21st May 

2018 with collections from the Perch, Quigleyôs Point, Middle bed, Flat Ground and 

Southside sampling stations. The survey was conducted over a period of 18 weeks, ending on 

24th September 2018. The survey started earlier than in previous years, with the aim of 

observing the onset of oyster spawning activity. 

Average water temperature (16.02ºC ± 1.99) and salinity (30.8 psu ± 1.49) were both slightly 

higher than in 2017 and variation amongst the beds was minimal. Average temperatures 

peaked at 19.5ºC ± 0.27 in week 6 (9th July 2018). Average turbidity remained below 8 FTU 

throughout the survey. 

A total of 2715 oysters were collected and examined during the survey. Of these, 154 oysters 

were found to be brooding eggs or larvae, representing 5.7% of the sampled population. 

When combined with the number of oysters exhibiting spent gonads (indicating that they had 

released eggs or sperm), 40.8% of the sampled population were found to be reproductively 

active during the survey. 

 

 

Figure 9 Reproductive activity in 2018, showing all oyster gonad and brooding development stages (pooled data ς all 
beds). 
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Brooding oysters were first recorded on 5th June 2018 (figure 9), when water temperatures 

exceeded 18ºC. Of the three brooding stages, white sick (eggs) was the most frequently 

observed stage. The highest number of black sick (late stage, near-to-release larvae) in one 

weekôs samples was recorded on 3rd September 2018. Grey sick, the intermediate stage where 

eggs are developing into early stage shelled larvae, was the least frequently observed. The 

abundance of oysters developing gonad material was highest in each weekly sample from the 

beginning of the survey until the 16th July, after which point the number of oysters with spent 

gonads steadily increased until the end of the survey, when the majority of the sampled 

population were spent.  

Peak brooding numbers were recorded on 2nd July 2018 (30 oysters i.e. 20.3% of the weekôs 

sample). A second, smaller, more sustained peak then occurred for almost a month between 

23rd July and 20th August, where between 7.3 and 10% of the sampled oysters were found to 

be brooding eggs or larvae. This period coincided with mean water temperatures consistently 

exceeding 16.5ºC and reaching a maximum of 19.4 ºC. A third, brief, smaller peak was 

recorded on 3rd September 2018, when 8% of the sampled oysters that week were found to be 

brooding. Combined with the number exhibiting spent gonads, 76.6% of that weekôs oysters 

had been reproductively active. Brooding and reproductive activity then began to decrease as 

temperatures decreased to 12 to 13ºC at the end of the survey on 24th September 2018. Black 

sick oysters were recorded in the samples taken on 3rd September (after the traditional start 

date of the oyster fishing season in Ireland) and on 17th September (close to the traditional 

19th September opening date for the Lough Foyle fishery). No brooding oysters were 

recorded in the final week of the survey (24th September 2018).  

Bivalve larvae (all species) were observed in all weeks except the first week of the survey 

(08.05.18).  Pooled mean larval density peaked on 25.07.18 (38026) and again on 22.08.18 

(31957).  These peaks occurred following water temperature peaks of up to 19°C and 

sustained high water temperatures of over 16°C. 
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Figure 10 Weekly mean larval density and mean water temperatures (pooled data all sites). 

The peaks in bivalve larvae occurred approximately 2 weeks after the peaks in brooding were 

observed.  The first larval peak occurred on 25.07.18 (38,026m3) and this followed a 

preceding period when brooding within the sampled population had been over 20% on the 

09.07.18.   A second peak occurred in the bivalve larvae on 22.08.18 and this followed 

sustained brooding activity of 8% per week or more during August. 

 

Figure 11 Weekly mean larval density, water temperatures and weekly number of brooding oysters (pooled data all 
sites). 
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Figure 12 Length frequency of brooding oysters (pooled data all stations) 

The length and weight frequencies for the sampled oysters show that oysters from 65mm and 

above 35g and over were brooding.  This is important information for fishery managers as it 

gives us the evidence to show that the minimum landing size of 80mm is adequate to provide 

protection to the spawning oysters in their first and potentially second years.   It must be 

noted that sampling bias may have resulted in the selection of larger oysters than in previous 

years. 

 

Figure 13 Weight frequency of brooding oysters (pooled data all stations) 
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Table 3: Summary data for all sites sampled 2018 

Bed Name 
Min 

Temp 
όɕ/ύ 

Max 
Temp 
όɕ/ύ 

Max 
Larvae 
per m3 

% Oysters 
Brooding 

% Brooding 
& Spent 

Mean 
Length 
(mm) 

Mean 
Weight (g) 

Flat Ground 11.98 19.66 33948 8.05 39.68 76.93 71.43 

Middle Bed  11.97 19.24 15339 5.82 41.72 76.86 64.57 

Perch 12.32 19.08 41257 4.52 36.68 77.69 75.30 

Quigley's Pt 12.32 19.57 117877 5.55 41.29 77.83 70.33 

Southside 11.85 19.66 9194 4.94 42.88 76.83 72.66 
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3.1 Flat Ground  

Table 4: Flat Ground summary info 

 
                  Figure 14: Location of Flat Ground 

8% of sampled oysters on the Flat Ground were brooding during 2018.  This was the highest 

brooding rate recorded throughout all oyster beds in Lough Foyle.  Brooding commenced on 

11th June and there was evidence of brooding each week until 10th September.  Peak brooding 

occurred in Flat Ground on 2nd July 2018 when 26% of the sample was white sick. The 

highest number of black sick oysters recorded on this bed were found in the sample collected 

on 3rd September 2018.  The number of spent oysters increased continuously from 20th 

August.  

 

 

Figure 15: Spawning Stage Flat Ground 2018 
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Figure 16: Larval Density and environmental variables - Flat Ground 

Mean bivalve larval density was 3,820/m3 with a peak on the 25.07.18 (11,580/m3) and again 

on the 22.08.18 (21,966/m3).  These peaks followed periods of sustained elevated water 

temperatures above 16°C and brooding activity of 26% and 16% respectively.  There was no 

larval peak in September following the slight increase in the numbers brooding in the samples 

on 3rd September suggesting that these larvae did not survive well or were exported from the 

bed. 

Mean water temperature on the Flat Ground was 16.2°C (range 11.9-19.6°C).  Mean salinity 

was 30 psu with a range of 27.6-32.8 psu showing how little freshwater input there was 

during the summer of 2018.  Likewise turbidity was low relative to previous years thanks to 

the prevailing calm weather conditions for much of the summer period. 

Mean length of all sampled oysters from the Flat Ground was 76.9mm with a mean weight of 

all sampled oysters of 71.4g.  Those oysters brooding eggs or larvae had a mean shell length 

of 77.4mm and a mean weight of 76.5g.  73% of the brooding oysters were less than the 

minimum landing size of 80mm.  Oysters as small as 39g and as large as 127g in total wet 

weight were recorded as brooding showing the broad range of sizes that were spawning 

during 2018. 
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Figure 17:  Length Frequency of Brooding Oysters - Flat Ground 2018 

 

Figure 18: Weight Frequency of Brooding Oysters - Flat Ground 2018 
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3.2 The Perch Bed 

Table 5: Perch summary info 

 
         Figure 19: Location of the Perch  

Brooding activity was observed from 25th June onwards on the Perch Bed.  As with the other 

beds, peak brooding was observed in the Perch on 2nd July 2018 with 16% of the sampled 

population in the brooding stages.  Only 4.5% of the sampled oysters were brooding during 

2018.  This was the lowest recorded brooding rate for all beds within Lough Foyle in 2018.  

The numbers of spent oysters in the samples was continuously rising from late July onwards. 

 

 

Figure 20: Spawning Stage Perch Bed 2018 
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