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Abstract 

The Australian edible oyster industry has been severely impacted by 

disease and declining yields since the 1970s. Selective breeding of Saccostrea 

glomerata is one measure addressing these problems by producing fast-growing, 

disease-resistant oysters. Farmers report that selected oysters have different 

growth characteristics than their wild counterparts using conventional grow-out 

methods. This study investigated how different grow-out methods influence 

commercially valuable oyster characteristics including shell height, shape, surface 

growth deformities and meat condition. In June 2015, selectively-bred S. glomerata 

spat were deployed in two estuaries (Hawkesbury River and Georges River) in 

NSW, Australia, using three grow-out methods (fixed trays, Stanway cylinders and 

floating baskets). In November 2015, oysters were transferred among grow-out 

methods to test for the effects of changing grow-out methods on oyster growth 

patterns. Oysters transferred from baskets to cylinders and from trays to cylinders 

had, on average, deeper and wider shells, a higher meat condition and fewer shell 

surface deformities than oysters in other grow-out method combinations. 

However, these oysters were smaller than oysters not grown in cylinders. While 

there were some differences in growth patterns between the estuaries, overall it 

was the grow-out methods that most influenced oyster characteristics. This was 

attributed to differences in the amount and magnitude of movement oysters 

experienced in the grow-out methods, as recorded by motion sensors. This study 

demonstrates how grow-out methods can be managed to achieve desired growth 

trajectories, and therefore improve marketability among selective bred S. 

glomerata.  
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Introduction 

Over the past few decades, the oyster industry worldwide has experienced 

setbacks due to disease (Nell 2007; Buestel, Ropert, Prou & Goulletquer 2009), 

while domestication and husbandry techniques have aimed to improve oyster 

growth, shape and meat condition (Brake, Evans & Langdon 2003; Buestel et al. 

2009; Kube, Cunningham, Dominik, Parkinson, Finn, Henshall, Bennett & Hamilton 

2011). In some areas, selective breeding and innovative management techniques, 

or grow-out methods, have opened opportunities for improving oyster yields, 

quality and survival (Holliday, Maguire & Nell 1988; Robert, Trut, Borel & Maurer 

1993; Nell 2003; Kube et al. 2011).  

The Sydney rock oyster (Saccostrea glomerata) selective breeding program 

in NSW, Australia, initiated by the NSW Department of Primary Industries 

Fisheries in 1990 (O'Connor & Dove 2009), and currently managed by the Select 

Oyster Company (SOCo), has experienced significant success with selectively-bred 

oysters having heightened disease resistance and faster growth (Dove, Nell, 

Mcorrie & O'Connor 2013a; Dove, Nell & O'Connor 2013b). Currently, over 20% of 

NSW farmers use the selectively-bred S. glomerata (SOCo pers comm.) with 

demand still growing (SOCo Industry Survey 2016). Farmers across several NSW 

estuaries have reported this success with faster growth rates and disease 

resistance but, at times, excessively variable morphologies and lower percentage 

meat weight in selected oysters compared with non-selected oysters when using 

their usual farming methods (Dove & O'Connor 2012; Hall-Aspland, Rubio, Keating 

& Woodford 2015). Similar differences between selected and non-selected oysters 
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have been observed in C. gigas, with those selectively bred for fast growth growing 

longer and narrower than non-selected oysters (Kube et al. 2011).  

Since all edible oysters and many other aquaculture species are subject to 

morphological change when exposed to different environmental conditions 

(Galtsoff 1966; Pakkasmaa & Piironen 2000; Pigliucci 2001 2001; Bayne 2004), 

grow-out methods may impact oyster morphology (Sheridan, Smith & Nell 1996; 

Bayne 2000). Two environmental conditions that are known to significantly 

influence shell shape in edible oysters are rumbling (i.e. movement causing shell 

chipping) (Brake et al. 2003; Kube et al. 2011) and differing levels of emersion 

(Griffiths & Buffenstein 1981; van Erkom Schurink & Griffiths 1993). Oysters that 

experience rumbling tend to produce thicker shells with a shape that is deeper, 

wider, less elongated and with higher meat volumes than oysters not exposed to 

rumbling (Holliday 1991; Robert et al. 1993; O'Meley 1995; Brake et al. 2003). 

There is limited research on the effects of differing amounts of emersion on oyster 

growth and morphology but some studies noted that increased emersion times 

reduce oyster growth and promotes a deeper shell (Spencer, Key, Millican & 

Thomas 1978; Maguire & Kent 1991). Mussels, which respond similarly to oysters 

when exposed to rumbling and shell chipping (van Erkom Schurink & Griffiths 

1993; Akester & Martel 2000; Steffani & Branch 2003), tend to grow deeper shells 

(Ansari, Harkantra & Parulekar 1978) with a greater meat volume (Ansari et al. 

1978; Franz 1993) when constantly immersed.  

Since the environmental conditions of rumbling and emersion can be 

controlled with different grow-out methods (Holliday et al. 1988; Robert et al. 

1993), these could be used to influence the morphology of edible oysters. Using 

selectively-bred S. glomerata, this study aimed to identify the effects of different 
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grow-out methods on shell shape, size, meat condition as described by percentage 

meat weight, and presence of surface shell deformities.  

 

Materials and Methods 

Oysters and locations 

Approximately 250,000 selectively-bred S. glomerata spat aged four months 

(mean shell height 16.07mm ± 0.27mm) were purchased in equal proportions 

from Camden Haven Oyster Supply Hatchery, Laurieton, NSW and Southern Cross 

Shellfish Hatchery, Port Stephens, NSW. These oysters were from broodstock of 

the ‘B2 line’ selected for fast growth and Queensland unknown (QX) and Winter 

Mortality (WM) disease resistance for five generations. Before deployment, all spat 

from both of the hatcheries were mixed together to ensure that the distribution of 

spat among the grow-out methods and estuaries were independent of their source 

hatchery and nursery. Spat were deployed at two sites within each of the 

Hawkesbury River (33.53° S, 151.20° E) and Georges River (34.02° S, 151.14° E) 

estuaries, NSW, Australia.  

Grow-out methods 

To test the impacts of different grow-out methods on oyster shell shape, size, 

meat condition and shell deformities, oysters were deployed in three grow-out 

methods currently used by NSW oyster farmers: fixed trays (‘trays’), Stanway 

cylinders (‘cylinders’) and floating baskets (‘baskets’) (Figure 1). Each of these 

methods started at 6mm mesh. Given that oyster farmers commonly transfer 
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oysters between grow-out methods at different stages in their growth, this study 

was divided into two phases to determine how changing the grow-out method 

affects oyster growth. For the first six months (Phase 1) the oysters were grown in 

each of the three grow-out methods. For the final three months (Phase 2) a third of 

the oysters continued in their original grow-out method and the remaining two 

thirds were transferred to the other two grow-out methods. Each of these 

combinations exposed the oysters to different environmental conditions through 

their growth (Table 1).  

Phase 1 started in June 2015 with five replicates of each of the three grow-

out methods deployed at each of the four sites. Stocking density was set at 2L of 

spat in each cylinder (cylinder 270mm diameter, 740mm length), 2L in each basket 

(basket 400mm length, 500mm width) and 0.5L in each of four sections in a tray, 

covering 50% of each section (tray section 450mm width, 455mm length) (Figure 

1a-c). These stocking densities, based on advice from oyster farmers and previous 

research (Holliday, Allan & Nell 1993; Dove et al. 2013a), reduce variability in 

oyster size and shape, and ensure fastest growth rates.  

Phase 2 started in November 2015 with five replicates of each combination 

maintained throughout the study at each site. However, cylinders and baskets 

were replaced by SEAPA baskets since cylinders and baskets with 12 mm mesh 

were not available. In replacing the floating basket method, floats were attached to 

the top ridge of the SEAPA baskets (Figure 1d), which were attached to the same 

floating longline as used for the baskets. This maintained similar levels of emersion 

and rumbling as in the floating baskets. To maintain the emersion and rumbling 

effects of the cylinder method, floats were attached to the bottom ridge of the 

SEAPA baskets (Figure 1e), which were suspended from the same fixed longline as 
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the cylinders. Attaching a float to the bottom enabled the SEAPA baskets to swing 

up to 180 degrees with tide and wave movements. Motion sensors, discussed 

below, were used to determine whether the SEAPA baskets exposed the oysters to 

similar amounts of movement as the original cylinders and baskets. For 

consistency in terminology, the three grow-out methods are referred to as ‘trays’, 

‘cylinders’ and ‘baskets’ for Phase 1 and 2 herein. Stocking density was 2L in each 

of the SEAPAs as recommended by the oyster farmers.  

 

 

Figure 1: The three oyster grow-out methods used in Phase 1 (a-c) and a SEAPA basket with top 

float replacing baskets (d) and bottom float replacing cylinders (e) used during Phase 2. Also shown 

is the density of oysters at deployment for trays, 0.5L (50% coverage) of oysters in each of the four 

sections used (a). Approximately 2L of oysters were stocked in baskets (b) and cylinders(c). 
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Table 1: The amount of rumbling and emersion oysters were exposed to in each of the nine 

combinations of grow-out methods tested in Phase 2 of this study. 

 To (in Phase 2) 

From (in 
Phase 1) Cylinder Basket Tray 

Cylinder High rumbling and 
emersion in both 
phases. 

Decreased rumbling, 
emersion in Phase 1 
only. 

Decreased rumbling, 
emersion in both 
phases. 

Basket Increased rumbling, 
emersion in Phase 2 
only. 

Minimal rumbling and 
emersion in both phases. 

Decreased rumbling, 
emersion in Phase 2 
only. 

Tray Increased rumbling, 
emersion in both 
phases. 

Increased rumbling, 
emersion in Phase 1 
only. 

Minimal rumbling, 
emersion in both 
phases. 

 

Oyster management  

Stocking densities of the oysters were adjusted every two months to 

maintain a volume of oysters similar to those at deployment and comparable to 

commercial farming densities. This prevented overcrowding and allowed optimum 

growth while minimising size and shape variability among oysters (Holliday, 

Maguire & Nell 1991; Honkoop & Bayne 2002). To remove slower growing 

individuals, all oysters were graded in October 2015, four months after first 

deployment, on a 12mm mesh wet grader with oysters retained on the mesh 

remaining in the experiment. After grading, the mesh size of all grow-out methods 

was increased to 12mm. This is a common practice in oyster farming as the larger 

mesh reduces the amount of biofouling, and increases water flow and light 

penetration. As the 12mm mesh trays had six larger sections (600mm x 465mm) 

compared to the eight smaller sections in the original 6mm trays, the volume of 

oysters was increased to 1.5L in each tray section, keeping densities at 50% 

coverage. Each density adjustment and grading event involved mixing and 
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redistributing the oysters among replicates of the same grow-out method. The 

oysters at each site were kept separate.  

Sampling morphometric measures and shell deformities 

On five sampling events (starting at deployment) 20 oysters were randomly 

sampled from three of the five replicates of each grow-out method. This provided a 

pooled sample of 60 oysters from each grow-out method, site, estuary and 

sampling event. Samples were stored at minus 200C before morphometric 

measurements were recorded. Measurements of maximum shell height, width and 

depth (mm) (Figure 2), and total whole weight and wet meat weight (g), were 

taken for each oyster. Meat condition was calculated as the percentage wet meat 

weight to whole oyster weight. This was done as opposed to drying the meat and 

using condition indices’ due to time constraints and man hours. Oysters were 

weighed while frozen to prevent the loss of pallial fluid prior to weighing  

Shell shape was determined using shell height, width and depth to calculate 

a value using the Shape Score equation developed by S. McOrrie, NSW DPI 

(personal communication): 

𝑆ℎ𝑎𝑝𝑒 𝑆𝑐𝑜𝑟𝑒 =  
(𝐻𝑒𝑖𝑔ℎ𝑡/𝑊𝑖𝑑𝑡ℎ)

(𝐷𝑒𝑝𝑡ℎ/𝐿𝑒𝑛𝑔𝑡ℎ)
 

The smaller the shape score, the deeper and wider the oyster, while a larger 

shape score is indicative of a narrower and flatter oyster. A score of 4.5 is 

considered the best in terms of marketability, having as close to as possible a 3:2:1 

height:width:depth ratio that has been used as a benchmark for judging favourable 

shell shape in oysters (Ryan 2008; Kube et al. 2011).  
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To determine differences in shell deformities between the grow-out 

methods, the presence of deforming shell outgrowths and curvature were visually 

assessed for each oyster collected in the last sampling event. Outgrowths were 

recorded as either present or absent, and oyster shell curvature was recorded as 

either upward (i.e. favourable for holding the meat) or backward (i.e. unfavourable 

for holding the meat) (Figure 3).  

 
Figure 2: The axes of measurements used for oyster shell height and width (a) and depth (b) 

 

 

 
Figure 3: A comparison between an upwards oyster shell curve (a) and a backwards oyster shell 

curve (b) 
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Movement in the grow-out methods 

To assess the amount of movement (i.e. rumbling) oysters experienced in 

each of the grow-out methods, HOBO Pendant® G Data Loggers (model UA-004-64 

- size 58 x 33 x 23mm, weight 48g including a 30g lead weight) were used to log 

movement on the vertical, lateral and longitudinal axis every minute. Starting in 

July 2015 (6 weeks after deployment of Phase 1), loggers were deployed at one site 

in each estuary in one randomly chosen replicate from each of the three grow-out 

methods. Loggers were deployed for at least 202 h and up to 360 h at each site 

before being re-deployed in randomly chosen replicates from each grow-out 

method at the second site in the estuary. This retrieval/deployment system 

continued on a rotational basis until February 2016, resulting in each combination 

of site and grow-out method having loggers on five occasions in Phase 1 and twice 

in Phase 2.  

Statistical analysis 

The data for each phase was analysed separately as a single analysis cannot 

accommodate the change from three methods in Phase 1 to nine combinations in 

Phase 2. A three-way fully orthogonal analysis of variance (ANOVA) was used to 

compare the average shell size, shape score and meat condition of the oysters as a 

function of three fixed factors: grow-out method (cylinder, basket and tray), time 

(three occasions) and estuary (Hawkesbury and Georges Rivers). Within each 

estuary the sites were pooled.  

The number of times the logger moved per hour and the amount of tilt 

(measured in degrees) was averaged across the number of hours per occasion the 

logger was deployed and compared among grow-out methods (cylinder, basket 



 12 

and tray), estuary (Hawkesbury and Georges Rivers) and site (nested within 

estuary) using a mixed model ANOVA.  

Significant interactions or main effects were explored using a Tukey’s post-

hoc analysis to identify significant differences among the means. Assumptions 

were checked prior to analysis by visual examination of the residuals, where there 

was evidence of heterogeneity of variances the data were transformed. 

Chi-square tests of independence were used to determine whether the 

frequency of shell outgrowths and unfavourable backward curvature were 

independent of the grow-out method for each estuary. Where chi-square tests 

were significant, residuals were used to determine which grow-out methods 

departed from expected frequencies. 

Results 

Shell height and shape 

The height of oysters increased significantly during both phases of the 

experiment, with the increase in height through time differing among the three 

grow-out methods; but the difference among the grow-out methods depended on 

the estuary implicating a three way interaction between time, method, and estuary 

in both Phase 1 (Fmethod*time*estuary=7.39; df 4, 2774; P<0.001) and Phase 2 

(Fmethod*time*estuary =12.01; df 8, 5039; P<0.001). During Phase 1, oysters grown in 

either trays or baskets were of similar height on the three sampling occasions and 

were 5 and 20% longer than oysters grown in cylinders in the Hawkesbury and 

Georges Rivers, respectively (Figure 4a, 5a). In the Hawkesbury River, oysters 

were generally of a similar height at the end of Phase 2 regardless of their grow-
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out method (Figure 4b-d). However, in the Georges River oysters grown in 

cylinders for Phase 2 were 10-15mm (18-25%) shorter than those in trays or 

baskets (Figure 5b-d). 

Differences in shell shape changed through time and were a function of 

grow-out method, but with differences between the two estuaries implicating a 

three way interaction between time, method, and estuary in both Phase 1 

(Fmethod*time*estuary=2.57; df 4, 2774; P=0.036) and Phase 2 (Fmethod*time*estuary =4.95; df 

8, 5039; P<0.001). By the end of Phase 1, oysters grown in the Hawkesbury River 

showed no significant difference in the mean shape score among the grow-out 

methods with the average shape scores between 5 and 5.5 (Figure 6a). In contrast, 

oysters grown in the Georges River had shape scores closer to 4.5 than those in the 

Hawkesbury, with oysters in the trays having a lower shape score than those in 

baskets and, though lower than cylinders, not statistically so (Figure 5a). During 

Phase 2 there was a similar pattern across both estuaries; oysters that spent Phase 

2 in cylinders had an average shape score that was lower and closer to 4.5 (i.e. 

better shape) than the other grow-out methods, regardless of which grow-out 

method they were in during Phase 1 (Figure 6b-d, 5b-d). 
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Figure 4: Mean oyster shell height for each of the grow-out methods (±se) in the Hawkesbury River 

throughout Phase 1 (a) and Phase 2 (b-d). For each phase, means sharing a letter are not 

significantly different (p>0.05). 
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Figure 5: Mean oyster shell height for each of the grow-out methods (±se) in the Georges River 

throughout Phase 1 (a) and Phase 2 (b-d). For each phase, means sharing a letter are not 

significantly different (p>0.05).  
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Figure 6: Mean oyster shape score as represented by the height, width and depth ratio for each of 

the grow-out methods (±se) in the Hawkesbury River throughout Phase 1 (a) and Phase 2 (b-d). A 

dashed line shows the ideal shell shape score of 4.5. For each phase, means sharing a letter are not 

significantly different (p>0.05). 
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Figure 7: Mean oyster Shape Score as represented by the height, width and depth ratio for each of 

the grow-out methods (±se) in the Georges River throughout Phase 1 (a) and Phase 2 (b-d). A 

dashed line shows the ideal shell shape score of 4.5. For each phase, means sharing a letter are not 

significantly different (p>0.05).  

 

 

Meat condition 

Differences in meat condition, as described by mean percentage meat 

weight, among the three grow-out methods were dependent on the estuary and 

time since deployment implicating a three way interaction between time, method, 

and estuary for Phase 1 (Fmethod*time*estuary=32.88; df 2, 2774; P<0.001) and Phase 2 

(Fmethod*time*estuary=12.86; df 8, 5039; P<0.001). By the end of Phase 1 in the 

Hawkesbury River, meat condition of oysters grown in cylinders was 

approximately 3% greater than oysters grown in baskets and trays (Figure 8a). In 
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contrast, oysters grown in cylinders in the Georges River had meat conditions that 

were 3-4% lower than those grown in the other methods (Figure 9a). By the end of 

Phase 2 in both estuaries, oysters with the greatest mean condition were those 

grown in cylinders for both phases (Figure 8b-d, 9b-d).  

Shell deformities 

Among the three grow-out methods there were significant differences in 

the proportion of oysters displaying deforming shell outgrowths in both the 

Hawkesbury River (2 = 392.40; df 16; p < 0.001) and the Georges River (2 = 

302.27; df 16; p < 0.001). Deforming shell outgrowths were most common in 

oysters grown in trays during Phase 1, regardless of the grow-out method they 

were in during Phase 2, and those oysters that were in baskets for Phase 1 and 

were then transferred to trays for Phase 2 (Figure 10a). No deforming shell 

outgrowths were found in oysters that remained in either baskets or cylinders for 

both phases.  

 

Similarly there were significant differences in the proportion of oysters 

displaying unfavourable backwards shell curvature among grow-out methods in 

both the Hawkesbury River (2 = 100.47; df 16; p < 0.001) and the Georges River 

(2 = 81.51; df 16; p < 0.001). The greatest percentage of oysters in the 

Hawkesbury River with backwards shell curvature (>20%) were those that 

remained in baskets or trays in both phases, and oysters transferred from trays in 

Phase 1 to baskets in Phase 2 (Figure 10b). In the Georges River, oysters starting 

Phase 1 in cylinders and transferred to trays in Phase 2 had the highest frequency 

of backwards shell curvature.  
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Figure 8: Mean meat condition of oysters as represented by percentage meat weight for each of the 

grow-out methods (±se) in the Hawkesbury River throughout Phase 1 (a) and Phase 2 (b-d). For 

each phase, means sharing a letter are not significantly different (p>0.05).  
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Figure 9: Mean meat condition of oysters as represented by percentage meat weight for each of the 

grow-out methods (±se) in the Georges River throughout Phase 1 (a) and Phase 2 (b-d). For each 

phase, means sharing a letter are not significantly different (p>0.05). 
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Figure 10: The frequency of oysters with deforming shell surface (a) and backwards shell 

curvature (b) in the Hawkesbury River and Georges River for each of the grow-out methods. n=120 

oysters for each grow-out method. Methods with more outgrowths or backwards curvature than 

expected are indicated by , while methods with fewer outgrowths or backwards curvature than 

expected are indicated by . 

 

Movement of data loggers 

The mean number of times each data logger moved per hour differed 

among the three grow-out methods (Fmethod= 75.44; df 2, 858359; P=0.013) but not 

between estuaries (Festuary=11.22; df 1, 858359; P=0.185) or sites (Fsite(estuary)=0.66; 

df 1, 858359; P=0.501). There was movement in all the grow-out methods, but 

trays had the least with as much as 34% fewer movement events than baskets or 
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cylinders (Figure 11a). The number of movement events did not differ between 

cylinders and baskets (Figure 11a) 

The magnitude of logger movement, measured as the mean size of tilt 

changes, also differed among the grow-out methods (Fmethod=76.94; df 2, 858359; 

P=0.013), but not between estuaries (Festuary=1.17; df 1, 858359; P=0.475) or sites 

(Fsite(estuary)=1.87; df 1, 858359; P=0.305). The greatest mean size of tilt changes 

was in the cylinders at 10 times greater than that in trays (Figure 11b). There was 

no evidence of a difference between trays and baskets in the average amount of tilt 

(Figure 11b). 
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Figure 11: Mean number (a) and size (b) of tilt changes per hour in the tray (dark grey), basket 

(light grey) and cylinder (white) grow-out methods. Tilt was measured every minute for 14-15 day 

periods between July 2015 and February 2016. Means with the same letter are not significantly 

different. 
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Discussion 

Our findings indicate a significant interacting impact of grow-out method 

and environment on edible oyster growth patterns. When grown in the same way, 

S. glomerata growth patterns were different between estuaries, suggesting 

environmental conditions influenced oyster morphometric qualities. Irrespective 

of the influence of environment, this study suggests that different grow-out 

methods and combinations of methods over time can be used to manage oyster 

morphometrics with regard to shell shape, size, meat condition and deforming 

outgrowths.  

Each of the grow-out methods used had a significant influence on oyster 

morphology. Oysters had the deepest and widest shells, and fewer shell 

deformities, when they were grown in cylinders for Phase 2. This is likely due to 

the greater movement and associated shell chipping that occurs in the cylinders 

(O'Meley 1995; Brake et al. 2003) as evidenced by the motion sensor data. Others 

have also found similar effects on oysters and mussels in high-energy 

environments (Holliday et al. 1991; Robert et al. 1993; Akester & Martel 2000). 

This supports the concept that shell chipping is an important factor in promoting a 

deep, smooth, upwards curving oyster shell (e.g. Brake et al. 2003; Kube et al. 

2011). Although there have been many studies on various bivalves (e.g. Akester & 

Martel 2000; Steffani & Branch 2003), the process by which shell chipping 

influences shell morphology is still poorly understood.   

Rumbling and associated shell chipping may also influence the meat 

condition of oysters (O'Meley 1995). While not consistent across both estuaries, 

this hypothesis was supported in the Hawkesbury River where oysters grown in 
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cylinders for Phase 2 generally had a greater percentage meat weight than those 

exposed to less rumbling. Increased meat condition may have been in part due to 

the decreased shell growth in cylinders (see below), and increased carbohydrate 

content of meat implicated with oyster rumbling (Robert et al. 1993). 

While it was found at the end of this study that oysters grown in cylinders 

had lower shape scores, fewer shell deformities, and high meat condition when 

compared with oysters grown in other methods, it came at the cost of oyster size. 

Stunted growth in cylinders has also been reported by Holliday et al. (1993) in 

unselected S. glomerata and by Robert et al. (1993) in C. gigas. However, it was 

found that growth rates of oysters increased when transferred from cylinders to 

trays or baskets during this study and that these oysters retained fewer shell 

surface deformities than oysters in other methods. But, early growth in cylinders 

did not guard against the oysters developing a poor shell shape or meat condition 

when transferred to trays or baskets, which may be attributed to the malleability 

of juvenile oyster shells. Accelerated growth in oysters removed from the cylinders 

may also have contributed as has been found by Seed (1968) where faster growing 

mussels (Mytilus edulis) developed flatter shell shapes than those that grew slower. 

Therefore, in the event that farmers need to increase the growth rate of oysters in 

cylinders, they may need to compromise shape and meat condition for size by 

transferring oysters into trays or baskets to encourage faster growth.  

This study has demonstrated that use of different grow-out methods can be 

used to influence, and thus improve, the quality of cultured oysters. In the case of 

the Hawkesbury and Georges Rivers, oysters grown in cylinders or transferred 

from trays to cylinders resulted in lower shape scores, fewer deformities and more 

favourable meat condition when compared with oysters in other grow-out 
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methods. However, a difference in the measured oyster parameters between 

estuaries suggests that environmental factors also have a significant influence. 

Thus, it would be advisable for oyster farmers to take into account conditions in 

their own estuaries to better inform the best husbandry practices. As the 

compounded effects of environmental factors and grow-out methods on oyster 

morphology are still poorly understood, further research identifying the combined 

effects of environment with grow-out methods on the various types of edible 

oysters is needed. 
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Conclusion 

The purpose of this study was to determine the impact of grow-out 

methods on oyster morphology and meat condition using the selectively-bred S. 

glomerata as a case study. Despite some differences between estuaries, many 

trends were consistent. Oysters grown in trays were the largest with the most 

deforming outgrowths, and oysters grown in cylinders had the best shell shape, 

best meat condition, and the fewest deformities, but were the smallest in one of the 

estuaries. Oysters that started growth in trays and were then transferred to 

cylinders performed well with favourable shell size, shape and meat condition, 

with few deforming outgrowths. Thus, this study found that grow-out methods 

could be used as a means to control oyster morphology and grow a more 

marketable selectively-bred S. glomerata. This study also found that, despite 

differences between estuaries, transferring oysters between grow-out methods 

can be used to positively impact their morphology and marketability, with oysters 

transferred from trays to cylinders performing best overall.   

  



 28 

Acknowledgments  

The authors thank Bruce Alford of Broken Bay Oysters, Keith Duggan and 

Robert Hill of Endeavour Oysters, and Matthew Burgoyne from XL Oysters. 

Stephen McOrrie NSW DPI Fisheries provided advice regarding the shell shape 

score and Katie Palmer provided assistance with oyster processing. Thanks also to 

Paul Winchcombe of Avondale College of Higher Education for providing lab space. 

Funding was provided by Australian Government Department of Agriculture 2015 

Science and Innovation Awards for Young People in Agriculture, Fisheries and 

Forestry.  

 

  



 29 

References 

ABARES 2015. Australian fisheries and aquaculture statistics 2015. Canberra: 

Australian Bureau of Agricultural and Resource Economics and Sciences 

(ABARES). 

Akester, R. J. & Martel, A. L. 2000. Shell shape, dysodont tooth morphology, and 

hinge-ligament thickness in the bay mussel Mytilus trossulus correlate with 

wave exposure. Canadian Journal of Zoology, 78, 240-253. DOI: 

10.1139/z99-215 

Ansari, Z., Harkantra, S. & Parulekar, A. 1978. Studies on dimensional relationships 

in green mussel mytilus viridis from two environments. Mahasagar, 11, 

201-205. http://www.ijs.nio.org/index.php/msagar/article/view/1467 

Attenbrow, V. 2010. Sydney's Aboriginal Past: investigating the archaeological and 

historical records, Sydney, University of New South Wales Press. 

Bailey, G. N. 1975. The role of molluscs in coastal economies: the results of midden 

analysis in Australia. Journal of Archaeological Science, 2, 45-62. DOI: 

10.1016/0305-4403(75)90045-X 

Barclay, K., McIlgorm, A., Mazur, N., Voyer, M., Schnierer, S. & Payne, A. M. 2016. 

Social and Economic Evaluation of NSW Coastal Aquaculture. Fisheries 

Research and Development Corporation.   

Bayne, B. L. 2000. Relations between variable rates of growth, metabolic costs and 

growth efficiencies in individual Sydney rock oysters (Saccostrea 

commercialis). Journal of Experimental Marine Biology and Ecology, 251, 

185-203. DOI: 10.1016/S0022-0981(00)00211-2 

http://www.ijs.nio.org/index.php/msagar/article/view/1467


 30 

Bayne, B. L. 2004. Phenotypic Flexibility and Physiological Tradeoffs in the Feeding 

and Growth of Marine Bivalve Molluscs. Integrative and Comparative 

Biology, 44, 425-432. DOI: 10.1093/icb/44.6.425 

Brake, J., Evans, F. & Langdon, C. 2003. Is beauty in the eye of the beholder? 

Development of a simple method to describe desirable shell shape for the 

Pacific oyster industry. Journal of Shellfish Research, 22, 767-772. 

https://archive.org/details/cbarchive_121949_isbeautyintheeyeofthebehol

der1981 

Buestel, D., Ropert, M., Prou, J. & Goulletquer, P. 2009. History, status, and future of 

oyster culture in France. Journal of Shellfish Research, 28, 813-820. DOI: 

10.2983/035.028.0410 

Catterall, C. P. & Poiner, I. R. 1987. The potential impact of human gathering on 

shellfish populations, with reference to some NE Australian intertidal flats. 

Oikos, 114-122. DOI: 10.2307/3565407 

Dove, M. C., Nell, J. A., Mcorrie, S. & O'Connor, W. A. 2013a. Assessment of Qx and 

Winter Mortality Disease Resistance of Mass Selected Sydney Rock Oysters, 

Saccostrea glomerata (Gould, 1850), in the Hawkesbury River and 

Merimbula Lake, NSW Australia. Journal of Shellfish Research, 32, 681-687. 

DOI: 10.2983/035.032.0309 

Dove, M. C., Nell, J. A. & O'Connor, W. A. 2013b. Evaluation of the progeny of the 

fourth-generation Sydney rock oyster Saccostrea glomerata (Gould, 1850) 

breeding lines for resistance to QX disease (Marteilia sydneyi) and winter 

mortality (Bonamia roughleyi). Aquaculture Research, 44, 1791-1800. DOI: 

10.1111/are.12012 

https://archive.org/details/cbarchive_121949_isbeautyintheeyeofthebeholder1981
https://archive.org/details/cbarchive_121949_isbeautyintheeyeofthebeholder1981


 31 

Dove, M. C. & O'Connor, W. A. 2012. Reproductive cycle of Sydney rock oysters, 

Saccostrea glomerata (Gould 1850) selectively bred for faster growth. 

Aquaculture, 324–325, 218-225. DOI: 10.1016/j.aquaculture.2011.10.022 

Franz, D. R. 1993. Allometry of shell and body weight in relation to shore level in 

the intertidal bivalve Geukensia demissa (Bivalvia: Mytilidae). Journal of 

Experimental Marine Biology and Ecology, 174, 193-207. DOI: 

10.1016/0022-0981(93)90017-I 

Galtsoff, P. S. 1966. The American Oyster, Crassostrea virginica Gmelin—

morphology and structure of shell. Fishery Bulletin, 64, 16-47. 

https://www.nefsc.noaa.gov/publications/classics/galtsoff1964/galtsoff19

64.pdf 

Griffiths, R. J. & Buffenstein, R. 1981. Aerial exposure and energy input in the 

bivalve Choromytilus meridionalis (Kr.). Journal of Experimental Marine 

Biology and Ecology, 52, 219-229. DOI: 10.1016/0022-0981(81)90038-1 

Hall-Aspland, S., Rubio, A., Keating, J. & Woodford, P. 2015. The Sustainable Oyster 

Assessment Program (SOAP), A cooperative monitoring program 

quantifying oyster performance and relationships with estuarine health. 

NSW South Coast Oyster Industry. Available: 

http://www.southcoastoysterindustry.com.au/uploads/1/8/2/8/1828708

9/2014-15_soap_hall-aspland_rubio_sells_-_report.pdf  

Holliday, J. E. 1991. Nusery Culture of the Sydney Rock Oyster Saccostrea 

commercialis and the Pacific Oyster Crassostrea gigas. Fishing Industery 

Research and Development Council Final Report. NSW Agriculture & 

Fisheries, Brackish Water Fish Culture Research Station, Salamander Bay, 

NSW, 2301 (Australia). 

https://www.nefsc.noaa.gov/publications/classics/galtsoff1964/galtsoff1964.pdf
https://www.nefsc.noaa.gov/publications/classics/galtsoff1964/galtsoff1964.pdf
http://www.southcoastoysterindustry.com.au/uploads/1/8/2/8/18287089/2014-15_soap_hall-aspland_rubio_sells_-_report.pdf
http://www.southcoastoysterindustry.com.au/uploads/1/8/2/8/18287089/2014-15_soap_hall-aspland_rubio_sells_-_report.pdf


 32 

Holliday, J. E., Allan, G. L. & Nell, J. A. 1993. Effects of stocking density on juvenile 

Sydney rock oysters, Saccostrea commercialis (Iredale & Roughley), in 

cylinders. Aquaculture, 109, 13-26. DOI: 10.1016/0044-8486(93)90482-E 

Holliday, J. E., Maguire, G. B. & Nell, J. A. Alternative cultivation methods for the 

Sydney rock oyster (Saccostrea commercialis).  Proceedings First Australian 

Shellfish Aquaculture Conference, Perth, 1988. 234-265. 

Holliday, J. E., Maguire, G. B. & Nell, J. A. 1991. Optimum stocking density for 

nursery culture of Sydney rock oysters (Saccostrea commercialis). 

Aquaculture, 96, 7-16. DOI: 10.1016/0044-8486(91)90135-T 

Honkoop, P. J. C. & Bayne, B. L. 2002. Stocking density and growth of the Pacific 

oyster (Crassostrea gigas) and the Sydney rock oyster (Saccostrea 

glomerata) in Port Stephens, Australia. Aquaculture, 213, 171-186. 

http://dx.doi.org/10.1016/S0044-8486(02)00030-3 

Kube, P., Cunningham, M., Dominik, S., Parkinson, S., Finn, B., Henshall, J., Bennett, 

R. & Hamilton, M. 2011. Enhancement of the Pacific oyster selective 

breeding program. FRDC and Seafood CRC Project.   

Maguire, G. B. & Kent, G. 1991. Performance of triploid and diploid Pacific oysters 

at four combinations of growing heights and stocking densities. In: 

MAGUIRE, G. B. (ed.) Oyster Research Workshop. Tasmania: Smithton. 

Nell, J. A. 2003. Selective breeding for disease resistance and fast growth in Sydney 

rock oysters. NSW Fisheries final report series.   

Nell, J. A. 2007. Diseases of Sydney rock oysters, Wollstonecraft, NSW, NSW 

Fisheries. 

NSW-Government 2015. Oyster industry in NSW. Department of Primary 

Industeries,: NSW Government. 

http://dx.doi.org/10.1016/S0044-8486(02)00030-3


 33 

O'Connor, W. A. & Dove, M. C. 2009. The changing face of oyster culture in New 

South Wales, Australia. Journal of Shellfish Research, 28, 803-811. DOI: 

10.2983/035.028.0409 

O'Meley, C. M. 1995. Effects of Shell Abrasion and Aerial Exposure on the 

Performance of Pacific Oysters Crassostrea gigas (Thunberg, 1793) Cultured 

in Tasmania, Australia. BSc (Hons), University of Tasmania. 

Pakkasmaa, S. & Piironen, J. 2000. Water velocity shapes juvenile salmonids. 

Evolutionary Ecology, 14, 721-730. DOI: 10.1023/a:1011691810801 

Pigliucci, M. 2001. Phenotypic plasticity: beyond nature and nurture, JHU Press. 

Robert, R., Trut, G., Borel, M. & Maurer, D. 1993. Growth, fatness and gross 

biochemical composition of the Japanese oyster, Crassostrea gigas, in 

Stanway cylinders in the Bay of Arcachon, France. Aquaculture, 110, 249-

261. DOI: 10.1016/0044-8486(93)90373-7 

Ryan, F. 2008. A one day workshop to define oyster ‘condition’ and to review the 

techniques available for its assessment. Australian Seafood Cooperative 

Research Center. Available: 

http://www.frdc.com.au/research/Final_Reports/2008-775-DLD.PDF  

Schrobback, P., Pascoe, S. & Coglan, L. 2014. History, status and future of 

Australia’s native Sydney rock oyster industry. Aquat. Living Resour., 27, 

153-165. DOI: 10.1051/alr/2014011 

Seed, R. 1968. Factors Influencing Shell Shape in the Mussel Mytilus Edulis. Journal 

of the Marine Biological Association of the United Kingdom, 48, 561-584. 

DOI: 10.1017/S0025315400019159 

Sheridan, A. K., Smith, I. R. & Nell, J. A. 1996. Reducing the impact of environmental 

variation in a growth rate improvement program for the Sydney rock oyster 

http://www.frdc.com.au/research/Final_Reports/2008-775-DLD.PDF


 34 

Saccostrea commercialis. Aquaculture, 143, 145-154. DOI: 10.1016/0044-

8486(95)01230-3 

Simonian, M., Nair, S. V., O’Connor, W. A. & Raftos, D. A. 2009. Protein markers of 

Marteilia sydneyi infection in Sydney rock oysters, Saccostrea glomerata. 

Journal of Fish Diseases, 32, 367-375. DOI: 10.1111/j.1365-

2761.2009.01022.x 

Spencer, B. E., Key, D., Millican, P. F. & Thomas, M. J. 1978. The effect of intertidal 

exposure on the growth and survival of hatchery-reared Pacific oysters 

(Crassotrea gigas Thunberg) kept in trays during their first ongrowing 

season. Aquaculture, 13, 191-203. DOI: 10.1016/0044-8486(78)90001-7 

Steffani, C. N. & Branch, G. M. 2003. Growth rate, condition, and shell shape of 

Mytilus galloprovincialis: responses to wave exposure. Marine Ecology 

Progress Series, 246, 197-209. DOI: 10.3354/meps246197 

van Erkom Schurink, C. & Griffiths, C. L. 1993. Factors affecting relative rates of 

growth in four South African mussel species. Aquaculture, 109, 257-273. 

DOI: 10.1016/0044-8486(93)90168-X 


	Shell Shape and Meat Condition in Selectively Bred Sydney Rock Oysters, Saccostrea glomerata (Gould, 1850): The Influence of Grow‐out Methods
	Recommended Citation

	tmp.1611093670.pdf.XXz9v

