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Abstract 

From 2018-2020 we conducted an experimental field test of diploid and triploid eastern oysters 
(Crassostrea virginica) grown in floating cages (OysterGro®) and bottom cages (Chesapeake Bay 
Oyster Company) in Chatham County, Georgia.  Oysters were deployed in 10 floating cages, five 
at Halfmoon River (Wassaw Sound) and five in the Skidaway River, and in five bottom cages, in 
the Skidaway River, in December 2018 with replicated bags in each ploidy assigned to each gear 
(n=15). Survival, growth and shell dimensions were monitored until February 2020.  Condition 
indices were conducted at conclusion of the study. In terms of growth, triploid oysters significantly 
outperformed diploid oysters at both locations and within gear treatments. Between gear treatments 
floating cages outperformed bottom cages. Diploids had greater survival than triploid oysters at 
each location. Loss of triploid oysters occurred in middle to late summer 2019 when oysters were 
greater than 50.8 mm, which was not observed to the same extent with diploids.  Survival in 
floating cages was considerably greater than survival in bottom cages which was extremely low.  
Shell dimensions were similar across ploidy from floating cages, but oyster in Halfmoon tended 
to have deeper cup that oysters in the Skidaway.  Condition was highest in floating gear with 
diploids from at each site greater than triploids.  Condition in bottom cages was greatest in triploids 
but both ploidies considerably lagged oysters in floating cages.  This study illustrates the benefits 
and disadvantages of growing diploid and triploid oysters in floating, and bottom cages in Georgia.  
We conclude that oyster farmers would benefit from growing a mix of diploid and triploid oysters 
in floating cages to help mitigate summer survival, but that the scale survival will depend upon 
site and husbandry.  
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Introduction 

It is estimated that world population will exceed 9 billion people by the middle of the 21st 

century and growth in aquaculture production is seen as an important component to meet the 

growing food demand. Production from aquaculture continues to grow and is projected to exceed 

capture production by 2030 (FAO 2018).  Since 2000, aquaculture production has increased from 

32.4 million tons to 80.3 million tons in 2016 while capture production has remained flat over the 

same period with 93.5 million tons and 90.9 million tons, respectively (FAO 2018). In 2016, the 

US consumed 16 pounds of seafood per person with the majority of the seafood from imports 

(NMFS 2018).  Of the 16 pounds seafood consumed per person annually 5.8 pounds is estimated 

to be from shellfish and in 2016 oyster production in the United States was 36.6 million pounds 

with a value of $192 million (NMFS 2018).   

Along the east coast, the eastern oyster (Crassostrea virginica) is the primary oyster 

utilized in aquaculture and since the early 2000’s there has been continued growth and 

development in eastern oyster aquaculture methods to increase production (Walton et al. 2013). 

To increase production there have been three areas identified, culture methods, husbandry methods 

(Mallet et al. 2013) and genetic improvements (Walton et al. 2013) which can be used 

independently or in combination. In 2017, 16 states along the Atlantic reported oyster landings 

and Georgia ranked last with only 32,580 pounds of meat harvested with a dock value of $178,133.   

Georgia’s oyster industry is built upon wild harvest strategies of clustered oysters, where 

harvest is conducted “by hand” and is not cost-effective. The oyster industry in Georgia is 

unequipped to commercially compete in the present-day single oyster market based on existing 
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wild harvest methodologies and must develop single oyster aquaculture methods to expand and be 

viable. Previous research on intertidal bag-on-rack/bottom (similar to bottom cages) found that the 

fouling of oysters with unwanted biological organisms can be controlled by tidal placement 

(Moroney and Walker 1999), but the method is labor intensive and oysters can die from being 

covered with sifting sediments (Adams et al. 1994). Georgia’s moderate climate, tidal conditions, 

salt marsh productivity, and abundance of phytoplankton, which allow wild oysters produce an 

preponderance of spat (baby oysters), Georgia has some of the highest wild oysters spat levels on 

the east coast with 10,000-20,000 m2 (O’Beirn et al. 1996) and as high as 204,000 m2 (Thoresen 

et al. 2005). To survive and grow, spat must attach to sedentary substrate, such as other mature 

oysters, and in Georgia, oysters provide the only substrate for spat to settle on. Therefore, wild 

oysters grow clumped together in clusters, which prevent them from developing into a larger size 

with a deeper cup.  Although cluster oysters are perfect for oyster roasts, they cannot compete 

pricewise with large, deep-cupped, single oysters desired by restaurants and oyster bars, who shuck 

them and serve them on the half shell either raw or baked. Oysters that qualify for the half-shell 

market command a higher price (Bliss and Walker, 2012). 

By comparison, single oyster aquaculture can be a potential source for jobs in coastal 

counties, which are economically depressed (GCRDC 2006) and for the Georgia industry to grow, 

adoption of culture, husbandry, and genetic techniques needs to be evaluated. Floating cages and 

bottom cages are successful methods for growing oysters since it keeps oysters above sediments.  

Bottom cages can still sediment up in areas with high sedimentation rates (Moroney and Walker 

1999; Comeau et al. 2017) which can decrease survival and feeding efficiency (Comeau et al. 

2017). Floating cages avoid sedimentation by being suspended at the surface of water where 
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phytoplankton are most abundant (Adams et al. 1991, Moroney and Walker 1999, Manley et al. 

2009, Walton et al. 2013).  The benefits of floating have led to its acceptance in other southeast 

states and within the last five years floating gear and water column gear has been permitted in 

North Carolina, South Carolina, Florida, and Alabama and South Carolina has seen a 25% increase 

in its oyster landings and 14 oyster farms in operation in 2018 (Davis 2016, Davis 2018).  

In addition to gear, the use of triploid oysters has been a development that has helped 

increase oyster production within many areas.  Triploid oysters have three sets of chromosomes 

whereas natural oysters are diploid with two sets of chromosomes.  Triploid oysters are essentially 

sterile and since they do not undergo gametosis more energy is put into somatic tissue growth.  

This allows triploids to continue to grow at a faster rate during the spawing seaseon when 

compared to diploid oysters and maintain meat quality (Allen and Downing 1986, Matthiessen and 

Davis 1992, Degremont et al. 2012).  Triploids, do have drawbacks and performance benefits can 

be lost due environmental conditions such as salinity (Colden and Lipcius 2015) and most recently 

with increased mortality rates with warming waters in the spring and summer. 

Given the paucity of information on oyster growth and survival for hatchery produced seed 

and industry standard aquaculture gear, this study was undertaken to evaluate the performance of 

triploid and diploid oysters grown in floating and bottom cages in Georgia to determine their 

impact upon growth and survival.  
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Study Sites 

 Two locations were chosen for this study in Chatham County (Figure 1), the Skidaway 

River (Figure 2) and the mouth of Halfmoon River (Figure 2).  A third site, Groves Creek a tidal 

creek on the northeast side of Skidaway Island, was also selected but had to be excluded due to 

permitting conditions. 

 
Figure 1. Location of Chatham County, GA (in red), and sample locations in the Skidaway River and Halfmoon River. 

 

 
Figure 2. Image of floating cages in the Skidaway River (left) and Halfmoon River (right). 
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Skidaway River 

The Skidaway River is 13.5 km long and has a salinity range of 10-34 PSU (Mathews et 

al., 1980), semidiurnal tides with a tidal range of 2-3 m. The Skidaway River lies west of Skidaway 

Island within the Ogeechee Coastal watershed and connects the Wilmington River to the Vernon 

River. Water temperature in the estuary ranges from 8.5°C to 29.9°C with an average temperature 

of 21°C and depth at the 0.7 meters at mean low water. The Ogeechee Coastal watershed covers 

409,929 ha, and the most abundant soils are Bohicket-Capers association, Bayboro loam, Blanden 

fine sandy loam, Bayboro clay loam, and Ellabelle loamy sand (USDA NRCS, 2006).  The area is 

covered by 23.4% (95,820 ha) evergreen forest, 19.9% (81,630 ha) saltwater wetlands, 15.2% 

(62,491 ha) forested wetland, and 6.5% (26,514 ha) urban areas.  The remaining 10.4% (42,802 

ha) is comprised of clear-cut, row crop/pasture, deciduous forest, freshwater wetland, mixed forest, 

beach/dune/mud, and quarries/strip mines/rock, respectively. 

Halfmoon/Wassaw Sound 

Halfmoon River is a short tidal river that drains into Wassaw sound that opens directly to 

the Atlantic Ocean. The site was located in the Georgia Department of Natural Resources inshore 

artificial reef boundary and is within the approved shellfish growing area. Salinity values are more 

saline than the Skidaway site and with a range of 20 – 35 ppt and is typically >25 ppt (O’Beirn et 

al. 1995) and a temperature range of 6°C to 31°C with a depth of approximately 0.5 meters at mean 

low water. It also lies within the Ogeechee Coastal Watershed. 



11 
 
 

 

Permits 

In 2017, the process on picking sites of experimentation began. Initially we selected three 

locations in Chatham County to select and area within a sound, a tidal river and a tidal creek to 

encompass the types of open water growing conditions typically found in the approved waters. We 

selected three locations; the Halfmoon fish habitat area in Wassaw sound, Skidaway River, and 

Groves Creek.  In January 2018, a permit application was submitted to GA DNR and The Army 

Corps of Engineers (Appendix I).  A site review of the three locations was held on February 15th 

at the Shellfish Research Lab and Marex/SG boat was used to take DNR and Army Corps of 

Engineer staff to each of the sites.  In May 2018, permission was received from the state for 

installation of floating cages and bottom cages in the Skidaway River and floating cages in the 

Wassaw sound and the scientific collection permit for Marine Extension and Georgia Sea Grant 

was updated to reflect these changes. The Groves creek site was not permitted given reservations 

by GA DNR and Army Corps staff due to creek width and popularity for fishing.  Once permission 

from the state was granted, the permit process with the Army Corps of Engineers under Nation 

Wide permit 48 could proceed.   In September, permits for placing gear in the Skidaway River 

(SAS-2018-00244) and in the Halfmoon area in Wassaw Sound (SAS-2018-00245) were granted.  

With permission granted, final purchase of gear for anchoring and marking of sites was ordered.  

Full permit application is presented in appendix I. 

  



12 
 
 

 

Methods 

Grow out 

Oyster broodstock was brought into the hatchery in May 2018 and two spawns were 

conducted, one was a diploid spawn with Georgia brood stock and one was triploid spawn that 

was a cross between Louisiana tetraploids and Georgia diploids. Tetraploid germ plasm was used 

under agreement with 4C’s (4Cs Breeding Technologies, Inc.) and underwent required disease 

testing for importation. Seed produced from both spawns were held at the Shellfish Research 

Laboratory until December 2018 and was sorted using standard sieves and diploid and triploid 

seed between 6-14 mm was retained for the study.   

To evaluate oyster performance, five floating cages (OysterGro) were deployed in Wassaw 

and Skidaway River.  Five bottom cages (Chesapeake Bay Oyster Company) were only deployed 

at the Skidaway River site and to compare with floating cages in the Skidaway River. To distribute 

seed equally into bags, three subsamples of 100 count diploid and 100 count triploid seed were 

weighed and averaged. Seed were then stocked by weight (g) to approximate a stocking density of 

250 oysters per 4 mm vexar bags. Fifteen of the bags per treatment were filled with diploid oysters 

and the remaining fifteen were filled with triploid oysters. Once seed reached an average of 25.4 

mm (1 inch), bags were restocked at a density of 150 oyster/bag 

Stocked bags were placed in floating cages in December 2018 and floating cages were 

flipped every two weeks for 24 hours from December 2018-March 2019 and weekly for 24 hours 

from April 2019 -October 2019 and then biweekly from November 2019 – February 2020.  Bottom 

cages were pulled up weekly, using an electrical winch and davit.  If fouling was heavy a power 
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washer and/or trash pump was used on the boat to clean cages and bags, as needed. Growth and 

survival was evaluated on bi-monthly basis for seed. After oysters reached 26mm survival was 

estimated monthly and growth (SL, SW, SH) was measured bi-monthly. Oyster performance were 

compared using a one-way ANOVA to determine if ploidy, gear, and location influenced oyster 

growth. Appearance of oysters was evaluated using the cup ratio (SW/SH) and fan ratio of the 

oysters.  

Survival 

 Survival was estimated bi-monthly for seed and monthly once oysters reach 26mm by 

counting the number of live oysters and dead oysters in each bag.  Dead oysters were removed and 

live oysters were re-stocked without replacement.  Monthly survival for each treatment was 

calculated by dividing the number live oysters by the total number (live + dead) oysters.  To 

calculate cumulative survival Kaplan Meier (1958) estimates were used to determine survival over 

the duration of the study. 

Condition Index 

To determine oyster condition 15 diploid and triploid oysters from each site and treatment 

were collected at the end of the study.  Oysters were collected, shells cleaned, and placed in the 

refrigerator up to 48 hours and then processed. Wet oyster weight was measured (in grams) using 

a Sartorious CP124S scale, if upper limit of the Satorious was exceeded then a Denver Instrument 

XE-410D was used. Shell size metrics of each oyster were taken prior to shucking.  Oysters were 

shucked and the soft tissue was placed in an aluminum weigh boat and tissue attached to the shells 

was scraped into the aluminum weigh boat and the shell was placed in labeled plastic weigh dish.  
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Soft tissue and shell was then weighed and weigh of weigh boats was removed to get tissue weight 

and shell weight.  Oyster tissue was then placed in an oven at 80°C for 48 hours and then weighed 

to get dry tissue weight.  Oyster shells were air dried for 48 hours and weighed to get dry shell 

weight.  Condition index was calculated using the formula (Equation 1) derived by Abbe and 

Albright (2003). 

Equation 1. Condition index formula. 
[(dry tissueweight) / (wholewet weight − dry shell weight)] ∗ 100 

Results 

Floating cages 

Growth and appearance 

Oysters at the Skidaway site grew larger than oysters at the Halfmoon River site. Shell 

height of Skidaway diploids were 84.9mm and growing an average of 4.9mm/month while SH of 

triploids averaged 98.3mm with a mean growth rate of 5.9mm/month. Oysters at Halfmoon River 

grew slower with diploids reaching 69.9mm with a mean growth at 3.5 mm/month while SH of 

triploids reached 81.6mm and averaged 4.6 mm/month growth rate.  

Oysters of each ploidy reached the minimum harvest size of 52 mm (2 inches) between 

June 2019 and September 2019.  All oysters, except diploid oysters at Halfmoon, reached 76.2 

mm (3 inches) between September 2019 and January 2020 (Figure 3), while diploids from 

Halfmoon had not reached 76mm by February 2020. Overall, the mean shell height (SH) of 

diploids was 77.4 mm (+ SE) which was significantly different from triploids which had a mean 

SH of 89.9 mm (+ SE). The trend observed with SH was also detected in shell length (SL) and 

shell width (SW) and bi-monthly metrics for each ploidy and site are in Figures 4-6. 
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ANOVA detected that at time of harvest, the SH, SL, and SW were significant difference 

between diploid and triploids and that there were significant difference between sites, but that there 

was no interaction detected between site*ploidy (Table 1). This indicates that at both sites triploid 

oysters were significantly larger than diploid oysters and that oysters at the Skidaway River site 

were significantly larger than oysters at the Moon River site.  

The appearance of oysters was very similar between diploid and triploid oysters at each 

location and had no to little fouling (Figures 7-8).  The mean cup ratio was greatest at the Halfmoon 

site with both diploid and triploid oysters having a ratio of 0.37, but triploids at HM had a greater 

fan ratio of 0.70 compared to the 0.64 ratio for diploids.  At the Skidaway site cup ratio was 0.30 

for diploid and 0.29 for triploids and the fan ratio was 0.64 for diploid and 0.67 for triploids (Table 

2). 

 
Figure 3. Growth (SH) of diploid and triploid oysters in floating cages in Halfmoon (Wassaw Sound) and Skidaway River, 
Chatham County, GA. 
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Figure 4. Mean shell length (mm) of diploid and triploid oysters in floating cages at the Moon River and Skidaway River, 
Chatham County, GA. 

 
Figure 5. Mean shell length (mm) of diploid and triploid oysters in floating cages at the Moon River and Skidaway River, 
Chatham County, GA. 
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Figure 6. Mean shell width (SW) of diploid and triploid oysters in floating cages at the Moon River and Skidaway River, 
Chatham County, GA. 

 
 
 
Table 1. ANOVA results for shell height (SH), shell length (SL), and shell width (SW) by location, ploidy, and 
location*ploidy. 

Shell Height (SH) DF F-Ratio P-value 
  Location (SK & HM) 1 367.82 < 0.0001 
  Ploidy (2n & 3n) 1 228.86 < 0.0001 
  Location*Ploidy 1 1.02 0.31 
    
Shell Height (SL) DF F-Ratio P-value 
  Location (SK & HM) 1 291.84 < 0.0001 
  Ploidy (2n & 3n) 1 513.80 < 0.0001 
  Location*Ploidy 1 1.51 0.22 
    
Shell Height (SW) DF F-Ratio P-value 
  Location (SK & HM) 1 9.52 0.0022 
  Ploidy (2n & 3n) 1 123.13 < 0.0001 
  Location*Ploidy 1 3.11 0.078 
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Table 2. Mean shell height (SH), shell length (SL), shell width (SW), fan ratio and cup ratio of diploid and triploid oysters 
in floating gear at the Skidaway River and Halfmoon River site, Chatham County, GA. 

Row Labels Mean SH (mm) Mean SL (mm) Mean  SW (mm) Mean Fan ratio Mean cup ratio 
MR      

2n      
2019      

Jan 19.7     
Mar 25.3     
May 40.1 28.4 12.3 0.71 0.31 
Jul 46.0 31.4 16.4 0.68 0.36 
Sep 57.2 35.9 21.5 0.63 0.38 
Nov 64.0 40.8 22.8 0.64 0.36 

2020      
Jan 68.3 44.0 25.3 0.64 0.37 
Feb 69.9 44.5 26.0 0.64 0.37 

3n      
2019      

Jan 16.9     
Mar 23.1     
May 34.8 27.4 12.4 0.79 0.36 
Jul 47.2 38.0 18.1 0.81 0.38 
Sep 69.1 50.3 24.3 0.73 0.35 
Nov 77.7 54.4 27.2 0.70 0.35 

2020      
Jan 81.1 56.8 28.5 0.70 0.35 
Feb 81.6 56.8 29.6 0.70 0.37 

SK      
2n      

2019      
Jan 16.2     
Mar 25.7     
May 42.2 31.1 11.7 0.74 0.28 
Jul 56.7 39.8 17.1 0.70 0.30 
Sep 69.2 41.8 21.0 0.61 0.30 
Nov 76.2 46.4 22.8 0.61 0.30 

2020      
Jan 81.9 51.9 25.0 0.64 0.31 
Feb 84.9 54.0 25.7 0.64 0.30 

3n      
2019      

Jan 15.4     
Mar 24.1     
May 45.5 33.3 14.2 0.74 0.32 
Jul 59.2 45.0 19.3 0.76 0.33 
Sep 79.3 51.8 23.3 0.66 0.30 
Nov 86.9 56.7 25.4 0.66 0.29 

2020      
Jan 95.2 62.5 27.5 0.66 0.29 
Feb 98.3 65.0 28.2 0.67 0.29 
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Figure 7. Appearance of diploid oysters grown in floating cages in the Skidaway River (left) and Halfmoon (right), Chatham 
County, GA. 

 

 
Figure 8. Appearance of triploid oysters grown in floating cages in the Skidaway River (left) and Halfmoon (right), Chatham 
County, GA. 

Survival 

 Survival of diploid and triploid oysters (Figure 9) was similar from December 2018 through 

May 2019 with monthly survival ranging between 99.3% - 99.8% and cumulative survival between 

98.6% - 98.9% in May 2019 (Table 3).  From July through February monthly survival varied by 

ploidy and location.  Highest cumulative survival was observed with diploid oysters in Halfmoon 

with a survival of 84.2%, triploids in Halfmoon had 69.8%, followed by diploids in Skidaway 
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River with 69.7%, and lowest survival was observed with triploids in the Skidaway River with 

32.3% (Table 3).  

 When examining survival of oyster to when they reached minimum commercial harvest 

size of 50.8 mm (2 inches) we found that triploids in Skidaway River reached market size in July 

2019 and had a survival rate 94.4%.  Diploids in the Skidaway River also reached 50.8mm by July 

with 96.9%. Triploid oysters at Halfmoon reached 50.8mm by September and with 76.2% survival 

and diploids at Halfmoon also reach 50.8mm in September with 88.9% survival.  Mortality was 

greatest in late summer between July and September and then started to decline in fall (Table 3). 

 
Table 3. Monthly and cumulative survival of diploid and triploid oyster in floating gear in the Skidayway River and 
Halfmoon River, Chatham County, GA. 

 Monthly Survival Cumulative Survival 
 Halfmoon Skidaway River Halfmoon Skidaway River 

Date 2n 3n 2n 3n 2n 3n 2n 3n 
Dec-18 100% 100% 100% 100% 100.0% 100.0% 100.0% 100.0% 
Jan-19 99.6% 99.8% 99.2% 99.1% 99.6% 99.8% 99.2% 99.1% 
Feb-19         
Mar-19 99.8% 99.3% 99.8% 100.0% 99.5% 99.1% 99.0% 99.1% 
Apr-19         
May-19 99.6% 99.5% 99.9% 99.8% 99.1% 98.6% 98.8% 98.9% 
Jun-19         
Jul-19 96.5% 87.8% 98.0% 95.4% 95.6% 86.5% 96.9% 94.4% 

Aug-19 97.7% 95.8% 96.8% 82.9% 93.4% 82.9% 93.8% 78.2% 
Sep-19 95.3% 92.0% 80.3% 56.5% 88.9% 76.2% 75.3% 44.2% 
Oct-19 98.5% 95.6% 96.7% 86.6% 87.6% 72.8% 72.8% 38.3% 
Nov-19 97.9% 96.6% 97.0% 86.5% 85.8% 70.4% 70.6% 33.2% 
Dec-19 99.8% 99.8% 99.8% 99.6% 85.6% 70.2% 70.5% 33.0% 
Jan-20 98.6% 99.5% 98.9% 98.7% 84.4% 69.8% 69.7% 32.6% 
Feb-20 99.8% 99.9% 99.9% 99.0% 84.2% 69.8% 69.7% 32.3% 
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Figure 9. Cumulative survival of diploid and triploid oyster in floating gear in the Skidaway River and Halfmoon River 
from May 2019 – February 2020, Chatham County, GA. 

Condition 

 The condition of oysters (Figures 10 and 11) was evaluated in February 2020 and was 

greatest in diploids at both sites, which had a condition index of 14.77 and 10.07 for Halfmoon 

and Skidaway River, respectively. While triploids had a condition index of 9.75 in Skidaway and 

9.49 at Halfmoon (Figure 12).  Even though triploids were larger and had more dry tissue weight 

than diploids (Table 4), the ratio of dry meat to dry shell was greater for diploids which was 4.9% 

and 4.6% for Skidaway and Halfmoon, correspondingly and was 3.8% and 3.7% for triploids in 

the Skidaway and Halfmoon, respectively. 
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Figure 10. Condition of oyster meat in diploid oysters grown in floating cages in the Skidaway River (left) and Halfmoon 
(right), Chatham County, GA. 

 

 

Figure 11. Condition of oyster meat in triploid oysters grown in floating cages in the Skidaway River (left) and Halfmoon 
(right), Chatham County, GA. 
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Figure 12. Condition index of diploid and triploid oysters in February 2020 from floating gear in the Skidaway River and 
Halfmoon River, Chatham County, GA. 

 

Table 4. Mean wet weight weight (g), wet shell weight (g), dry shell weight (g), wet tissue weight (g) and dry tissue weight 
(g) for diploid and triploid oyster in floating gear in the Skidaway River and Halfmoon River, Chatham County, GA.  

Row Labels 
Mean Wet 

Weight 
Mean Wet 

Shell 
Mean Dry 

Shell 
Mean Wet 

Tissue 
Mean Dry 

Tissue 
Diploid      

Skidaway 66.40 43.66 44.56 18.75 2.19 
Halfmoon 51.58 39.93 39.14 14.45 1.80 

Triploid      
Skidaway 96.59 71.44 69.74 23.01 2.62 
Halfmoon 92.43 67.65 66.30 21.78 2.48 

Bottom cages 

Growth and appearance 

 Triploid oysters were larger with mean SH of 89.6mm and a mean growth rate of 4.69 

mm/month than diploids with a mean SH of 82.3mm which grew an average of 4.0 mm/month. 

Growth was significantly different for SH, SL, and SW (Table 5) with triploids being of greater 
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size in each category.  The appearance of oysters was similar, but once again triploids had a greater 

fan ratio 0.67 than diploids with a ratio of 0.64 and greater cup ratio of 0.43 than diploids which 

had a mean ratio of 0.37 (Table 5). ANOVA detected that there was a difference between diploid 

and triploid oysters at the site. 

 The appearance of oysters was very similar between diploid and triploid and had no to little 

fouling (Figure 13), unlike the cages and bags.  The mean cup ratio was greatest in triploid oysters 

with a ratio of 0.43 compared to the 0.37 for diploids.  The same trend was observed with fan ratio 

with triploids having 0.67 compared to 0.64 ratio for diploids. 

Table 5. Mean shell height, shell length, shell width, fan ratio and cup ratio for diploid and triploid oysters grown in sub-
tidal bottom gear in the Skidaway River, Chatham County, GA. 

Row Labels Mean SH (mm) Mean SL (mm) Mean SW (mm) Mean Fan ratio Mean cup 
 SK      

2n      
2019      

Jan 22.2     
Mar 28.5     
Apr      
May 39.1 29.7 11.1 0.76 0.28 
Jul 51.8 36.1 15.9 0.70 0.31 
Aug      
Sep 61.9 37.8 18.1 0.62 0.37 
Oct      
Nov 71.2 43.7 20.1 0.62 0.36 

2020      
Jan 78.8 51.0 22.3 0.65 0.42 
Mar 82.3 52.5 23.1 0.64 0.37 

3n      
2019      

Jan 19.2     
Feb      
Mar 23.9     
Apr      
May 43.9 33.0 11.8 0.76 0.27 
Jul 52.5 38.9 16.8 0.75 0.32 
Aug      
Sep 65.3 42.4 18.5 0.66 0.46 
Oct      
Nov 75.9 48.0 21.3 0.64 0.44 

2020      
Jan 85.4 56.0 23.4 0.66 0.50 
Mar 89.6 59.2 25.2 0.67 0.43 
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Figure 13. Appearance of triploid (left) and diploid (right) oysters in bottom cages in the Skidaway River, Chatham County, 
Georgia. 

Survival 

 Survival of diploid and triploid oysters was similar throughout the entire study.  Monthly 

survival ranged from 54.1%-99.3% for diploids and 41.0%-99.6% triploids with lowest survival 

occurring in August for diploids and September for triploids.  Cumulative survival was low for 

both ploidies at 10% for triploids and 11% for diploids (Table 6). 

Table 6. Monthly survival and cumulative survival of diploid and triploid oysters grown in sub-tidal bottom cages in the 
Skidaway River, Chatham County, GA. 

 2n  3n 

 Survival  Survival 
Month Live Dead Monthly Cumulative  Live Dead Monthly Cumulative 
Jan 622.0 119.0 83.9%   584.0 34.0 94.5%  
Feb      231.0 1.0 99.6% 94% 
Mar 622.0 7.0 98.9% 83%  482.0 14.0 97.2% 91% 
Apr 576.0 62.0 90.3% 75%  482.0 120.0 80.1% 73% 
May 521.0 101.0 83.8% 63%  493.0 20.0 96.1% 70% 
Jul 1028.0 378.0 73.1% 46%  1062.0 409.0 72.2% 51% 
Aug 233.0 198.0 54.1% 25%  230.0 58.0 79.9% 41% 
Sep 709.0 408.0 63.5% 16%  510.0 734.0 41.0% 17% 
Oct 274.0 41.0 87.0% 14%  122.0 22.0 84.7% 14% 
Nov 537.0 137.0 79.7% 11%  341.0 154.0 68.9% 10% 
Jan 447.0 5.0 98.9% 11%  431.0 6.0 98.6% 10% 
Mar 401.0 3.0 99.3% 11%  383.0 2.0 99.5% 10% 
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Condition 

The condition of oysters was conducted in February 2020 and was greatest in triploids 

which had an index of 8.93 and diploids had an index of 6.21 (Figure 14).  Overall triploids had 

more meat than diploids (Figure 15), and the ratio of dry meat to dry shell was greatest in triploids 

with 3.7% compared to the 3.2% in diploids (Table 7). 

 
Figure 14. Condition index of diploid and triploid oysters grown in bottom cages in the Skidaway River, Chatham County, 
GA. 

Table 7. Mean wet weight (g), shell weight (g), dry shell weight (g), wet tissue (g) and dry tissue (g) for diploid and triploid 
oysters grown in bottom cages in the Skidaway River, Chatham County, GA 

Row Labels Mean Wet 
Weight 

Mean Wet Shell Mean Dry Shell Mean Wet 
Tissue 

Mean Dry 
Tissue 

Bottom 
     

Diploid 
     

Skidaway 49.97 34.41 33.16 13.86 1.07 
Triploid 

     

Skidaway 69.18 50.63 48.85 16.99 1.81 
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Figure 15. Appearance of triploid (left) and diploid (right) oysters grown in bottom cages in the Skidawy River, Chatham 
County, GA. 

 

Floating and bottom cage comparison 

Growth 

Skidaway River oysters grown in floating cages were used to compare to oysters grown in 

bottom cages to avoid complications from site characteristics of oysters from Halfmoon.Shell 

height of triploid and diploid oysters in the Skidaway River were larger in floating cages than 

bottom cages with triploids in both treatments larger than diploids (Table 8 and Figure 16). 

ANOVA found that oysters grown in floating cages were significantly larger than bottom cages 

(p=0.015), triploid oysters were larger than diploids (p<0.0001), and there was an interactive effect 

between cage*ploidy (p=0.02) (Table 9). Tukeys multiple comparison test indicated triploid in 

floating cages were significantly larger than all other treatments (Table 10). Results for SL and 

SW were similar to those of SH and in all cases, triploids were larger than diploids, oysters in 

floating cages were larger than bottom cages, and ploidy*cage found that triploids in floating cages 

were larger than all other treatments (Tables 11-13).   
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Table 8. Mean shell height (mm) and standard error of diploid and triploid oysters grown in bottom and floating cages in 
the Skidaway River, Chatham County, GA. 
Term Count Mean Standard Error 
2n,Bottom 30 84.72 1.977029 
2n,Floating 75 84.928 1.250383 
3n,Bottom 24 90.02084 2.210386 
3n,Floating 75 98.27467 1.250383 
 
 

 
Figure 16. Mean shell height diploid and triploid oysters grown in bottom and floating cages in the Skidaway River, 
Chatham County, GA.  
 

Table 9. ANOVA results for shell height by ploidy, cage location, and ploidy*cage for oysters grown in the Skidaway River, 
Chatham County, GA. 
Source  Sum of Mean   Power 
Term DF Squares Square F-Ratio P-Value (Alpha=0.05) 
A: Ploidy 1 3420.288 3420.288 29.17 0.000000* 0.999681 
B: Cage 1 704.2881 704.2881 6.01 0.015114* 0.684042 
AB 1 636.742 636.742 5.43 0.020788* 0.640255 
S 200 23451.86 117.2593 
Total (Adjusted) 203 31319.67 
Total 204 
 

Table 10. Tukeys multiple comparison results for shell height of oysters by ploidy and gear location in the Skidaway River, 
Chatham County, GA. 
Group Count Mean Different From Groups 
2n,Bottom 30 84.72 (3n,Floating) 
2n,Floating 75 84.928 (3n,Floating) 
3n,Bottom 24 90.02084 (3n,Floating) 
3n,Floating 75 98.27467 (2n,Bottom), (2n,Floating), (3n,Bottom) 
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Table 11. Mean shell Length (SL) and standard error of diploid and triploid oysters grown in bottom and floating cages in 
the Skidaway River, Chatham County, GA. 
Term Count Mean Standard Error 
2n,Bottom 30 54.30667 1.175613 
2n,Floating 75 53.968 0.7435229 
3n,Bottom 24 58.14167 1.314375 
3n,Floating 75 65.01466 0.7435229 
 
 
Table 12. ANOVA results for shell length by ploidy, cage location, and ploidy*cage for oysters grown in the Skidaway River, 
Chatham County, GA. 
Source  Sum of Mean   Power 
Term DF Squares Square F-Ratio P-Value (Alpha=0.05) 
A: Ploidy 1 2178.334 2178.334 52.54 0.000000* 1.000000 
B: Cage 1 419.9755 419.9755 10.13 0.001692* 0.886352 
AB 1 511.5555 511.5555 12.34 0.000549* 0.937689 
S 200 8292.395 41.46197 
Total (Adjusted) 203 13545.49 
Total 204 
 

Table 13. Tukeys multiple comparision results for shell length of oysters by ploidy and gear location in the Skidaway River, 
Chatham County, GA. 
Group Count Mean Different From Groups 
2n,Bottom 30 54.30667 (3n,Floating) 
2n,Floating 75 53.968 (3n,Bottom), (3n,Floating) 
3n,Bottom 24 58.14167 (2n,Floating), (3n,Floating) 
3n,Floating 75 65.01466 (2n,Bottom), (2n,Floating), (3n,Bottom) 

 

Survival 

 Survival of oysters in floating gear was greater than that in bottom gear (Table 14).  

Cumulative survival in floating gear in the Skidaway was 69.7% for diploids and 32.3% triploids 

compared to 10.7% and 9.5% for diploids and triploids in bottom gear, respectively. 
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Table 14. Monthly and cumulative survival of triploid (3n) and diploid (2n) oysters grown in bottom and floating cages in 
the Skidaway River, Chatham County, GA. 

 Monthly Cumulative Survival 

Date 
Bottom 

2n 
Bottom 

3n 
Floating 

2n 
Floating 

3n 
Bottom 

2n 
Bottom 

3n 
Floating 

2n 
Floating 

3n 
Dec-18 100% 100% 100% 100% 100.0% 100.0% 100.0% 100.0% 
Jan-19 83.9% 94.5% 99.2% 99.1% 83.9% 94.5% 99.2% 99.1% 
Feb-19  99.6%    94.1%   
Mar-19 98.9% 97.2% 99.8% 100.0% 83.0% 91.5% 99.0% 99.1% 
Apr-19 90.3% 80.1%   74.9% 73.3%   
May-19 83.8% 96.1% 99.9% 99.8% 62.8% 70.4% 98.8% 98.9% 
Jun-19         
Jul-19 73.1% 72.2% 98.0% 95.4% 45.9% 50.8% 96.9% 94.4% 

Aug-19 54.1% 79.9% 96.8% 82.9% 24.8% 40.6% 93.8% 78.2% 
Sep-19 63.5% 41.0% 80.3% 56.5% 15.7% 16.7% 75.3% 44.2% 
Oct-19 87.0% 84.7% 96.7% 86.6% 13.7% 14.1% 72.8% 38.3% 
Nov-19 79.7% 68.9% 97.0% 86.5% 10.9% 9.7% 70.6% 33.2% 
Dec-19   99.8% 99.6%   70.5% 33.0% 
Jan-20 98.9% 98.6% 98.9% 98.7% 10.8% 9.6% 69.7% 32.6% 
Feb-20 99.3% 99.5% 99.9% 99.0% 10.7% 9.5% 69.7% 32.3% 

 

Condition 

The condition of oysters overall was better in oyster held in floating gear. Diploids in 

floating gear had the highest index of 10.07 while triploids had a condition index of 9.75. Inversely 

to floating cages, diploids in bottom cages had the lowest condition observed with 6.21 while 

triploids had an index of 8.93. The ratio of dry meat to dry shell was greater for diploids which 

was 4.9% and 3.8% for triploids in floating cages while for bottom cages the ratio of dry meat to 

dry shell was greatest in triploids with 3.7% compared to the 3.2% in diploids. When comparing 

the look of the inside of the shell the appearance of mud blisters (yellow/brown nacre) was more 

pronounced in oysters from bottom cages and was almost nonexistent in oysters in floating cages 

(Figures 17 and 18).   
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Figure 17.  Shell appearance and meat condition of triploid and diploid oysters from bottom cages in the Skidaway River, 
Chatham County, GA 

 

 
Figure 18. Shell appearance and meat condition of triploid and diploid oysters from floating cages in the Skidaway River, 
Chatham County, GA 
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Outreach 

Grower meetings 

In September 2018, a grower meeting was held at the Shellfish Research Laboratory to 

show current lease holders floating oyster cages.  The meeting was attended by five growers that 

viewed floating cages, utilized for another research project, and a cage demonstration was held. 

Growers got a chance to handle the gear, discuss the gear, and ask questions about the upcoming 

research.  

 On September 20, 2019 a meeting was held and was attended by three growers.  Other 

growers had planned to attend but after the meeting was scheduled they were unable to attend.  

Participating growers were taken to both study sites, Halfmoon and Skidaway River and were 

shown diploid and triploid oysters from the project and gear demonstration.  Growers were able to 

handle oysters and the gear and ask questions about our observations up to then.  Most questions 

had to do with ploidy, oyster condition, and growth.  Growers were excited by the growth observed 

in the floating cages but were not impressed with the oysters in the sub-tidal bottom cages. 

 A final wrap-up meeting was held on March 16, 2020 with growers at the Shellfish Lab.  

Five growers were able to attend in person or connect via Zoom, two growers that could not attend 

received a copy of the presentation via e-mail.  Results of the study were presented and discussed 

and a copy of the presentation is located in Appendix II. We were able to discuss the growth and 

survival of both triploid and diploid oysters in floating and bottom cages, and answer any questions 

that they had. In addition to the results, we also discussed the status of the hatchery and spawning 

plans for the upcoming summer.  Growers also had questions about the lottery and possible sites, 
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which we recommended they direct to GA Coastal Resources Division. Additional items discussed 

were the seed workshop and gear information collected at the recent Oyster South Symposium to 

keep growers informed of what is happening within the industry as Georgia gets ready to expand 

its industry. 

Oyster Roast for a Reason 

 The annual oyster roast for Marine Extension and Georgia Sea Grant was held on 

November 17, 2019 on Skidaway.  This roast provided the opportunity to serve Georgia oysters 

on the half shell to participants and talk about the current research taking place with the floating 

gear in the Skidaway River visible to guest.  Guest were supportive of the research, wanting to see 

the industry grow and appreciated being able to see how oyster were grown.  Many local chefs and 

members of Oyster South, and Auburn University we able to come and help support the work 

taking place in Georgia. 

Oyster South 

Landlocked and Symposium 

 In addition to grower meetings, Georgia oysters were part of the Landlocked 3 in Atlanta, 

GA on October 20, 2019 and UGA staff were able to attend and assist E.L. McIntosh and Son and 

answer questions participants had about oysters in Georgia.  There was great interest in Georgia 

oysters from guests and they were excited to hear about the current research and legislative 

changes. An update on the Georgia industry was also given at the Oyster South Symposium in 

Wilmington, NC on February 21, 2020. 
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Discussion 

Growth 

In general, growth was good in floating gear and bottom gear for triploid and diploid 

oysters. Our results support research from other studies (Walton et al. 2013.) that show that triploid 

oysters grow faster than diploid oysters.  It was observed that diploids and triploids grow 

differently based on site and that diploids grown in the Skidaway River in floating gear grew at 

the same rate as triploids in floating gear at Halfmoon.  This indicates that site plays an important 

role in the growth of oysters.  It is believed that the slower growth rate at Halfmoon is a response 

to the high energy that is observed with this location being adjacent to Wassaw Sound.  Wave 

energy and fetch data was not collected, and therefore could not be analyzed, but is a component 

that needs to be analyzed in future research.  The different growth rates based on site characteristics 

indicates that as leases using floating cages come into production that growers will need to pay 

attention to their growth rates to establish when oysters will reach harvest size.  

Within this study, triploid and diploid oysters in the Skidaway River reached harvest size 

in July 2019 and in Halfmoon both ploidies reached harvest size by September 2019. By September 

2019, triploid oysters in the Skidaway had grown past 76.2mm (3 inches) which puts them out of 

the ideal harvest size of 57.5-69.85 (2.25-2.75 inches) (Rackley personal communication). 

Similarly, diploids from the Skidaway and triploids Halfmoon reached 76.2 mm by November 

2019, just two months into the open season. Diploids in Halfmoon remained under 3 inches for the 

duration of the study.  This indicates that unless closed season harvest (summer harvest) is 

approved then the full benefit of growing oysters, regardless of ploidy, cannot be realized if oysters 
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are not able to be harvested at their ideal size. Growth in sub-tidal bottom cages was also good, 

but since only one site was tested, it is not possible to draw any conclusions upon their use in 

Georgia.  Intertidal oyster cages also have good growth (Bliss and Manley 2017) but intertidal 

oysters will not meet the standards for summer harvest and remain an open season (October-May) 

methods, whereas sub-tidal bottom cages would be approved for summer harvest. 

This research indicates that time of year when seed is received will have an impact upon 

production in addition to site. Oyster seed for this study were spawned in late summer and set out 

in early December and research by Kirk (2019) found that triploid oysters spawned in early May 

and grown at Halfmoon, in floating gear, that oysters reached or were close to 50.4mm in March, 

which would allow harvest size to be reached prior to summer. 

The appearance of oysters grown in both locations and both types of gear produced 

harvestable oysters. All oysters had a cup ratio greater than the 0.25 threshold which is considered 

desirable by oyster consumers (Brake et al. 2003), but the cup ratio was greater at the Halfmoon 

site which is most likely a response to the high energy, wave action, observed at that site. The cup 

ratio between diploid and triploid at each site in floating gear was similar, but the cup ratio in 

triploids in bottom gear was notably larger than diploids in bottom gear. The fan ratio was also 

good and similar for all oysters.  

Survival 

 Cumulative survival of oysters to harvest size of 52mm was above 80% at both sites and 

for both ploidies. Triploid oysters at the Skidaway River had a dramatic decrease in survival after 

reaching harvest size that saw survival drop to 38.3% by October when oyster season opens. This 

loss of oysters is tremendous and could be mitigated through approval of summer harvest 
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regulations.  Summer loss in triploids has been observed in other locations that have observed a 

spike in triploid summer mortality spiked in summer when compared to diploids (Cheney et al. 

2000) and  more recently triploid die offs have been observed in Gulf of Mexico (Walton pers. 

comm.) and in South Carolina (Huelteen pers. comm). With high loss observed in triploids in the 

Skidaway River this needs to be further examined to determine the potential impact in Georgia. 

The remainder of the oysters from both sites had good survival throughout the season remain above 

68% which is comparable to other studies (Walton et al. 2013, Kirk 2019) with diploids in 

Halfmoon having the greatest survival at 84.2%.  Sites closer to the sound seem to provide better 

survival of diploid and triploid oysters and is an aspect that needs further examination. 

 Survival in sub-tidal bottom cages was terrible and by conclusion of the study about 10% 

of the oysters of both ploidies survived. Monthly survival was lower than floating cages each 

month throughout the study and it was common for cages to be tumbled, stuck in the sediment, or 

covered in soft fouling.  With only one study location, we cannot state if the survival we observed 

in bottom cages is indicative of the gear or the site.  Additional sites need to be examined that 

would examine sediment type and cage fouling.  Past studies by Walker (1998) with blood arks 

found difference in the amount of soft fouling which was greater in the Skidaway River than in 

House Creek, which is adjacent to Wassaw Sound. 

Condition 

 The condition of oysters in floating cages was better than oysters in bottom cages and the 

best condition observed was in diploids from Halfmoon that was considerably higher than oysters 

from all other treatments and locations.  It must be noted that condition was evaluated in the winter, 

when oyster condition is highest in Georgia and needs to evaluated throughout the entire growing 
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season to determine the effect of gear and ploidy upon condition. Triploids are noted for having 

better condition during the spawning season, but for oysters grown in floating gear where food is 

abundant, it is quite possible that with the productive waters in Georgia that diploid oysters would 

have good condition as well.  Summer condition studies of oysters in Georgia have been conducted 

on wild oysters and needs to evaluated for both diploid and triploid oysters grown for aquaculture. 

Management Implications 

 The growth of the oyster industry in Georgia is in its infancy and this study indicates that 

site and oyster ploidy can have an effect upon the production of a lease. Based on this study floating 

cages were easier to use than bottom cages (Appendix III), survival was better in floating cages 

than bottom cages, diploid had better survival than triploids, but that triploids had faster growth to 

market size.  Therefore, it would be beneficial to structure a lease using floating gear and to grow 

both diploid and triploid oysters and work with hatcheries to receive seed in spring/early summer 

and in late summer/early fall. Closed season harvest regulations must be established for both 

diploid and triploid oysters to avoid potential oyster loss during the summer months.  As the 

industry continues to transform and grow, it is important that a dynamic strategy be adopted so 

that state regulations and industry needs can be addressed in timely manner and be based upon 

relevant research. 
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Appendix II – Grower presentation 
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Appendix III - Gear observations 

Floating Gear 

 Floating gear was very strait forward to use and these are some observations from use over 

this period. 

1. Anchoring – was done at an extremely low tide to allow us to sink auger anchors by 
hand with anchor chain and rope already attached. and Check anchors after severe 
weather. 

 
2. Connecting ropes – ropes used to attach cages together can chafe, check on ropes with 

when flipping cages. A section of old garden hose slipped over the rope at the chafe point 
will eliminate the problem. 

 
3. Pontoon Floats – keep an eye on wire connecting floats to the cage. It can become loose 

after severe weather. Check float caps to keep floats from filling with water, but do not 
over tighten. 

 
4. Flipping – is strait forward and can easily be done from a boat or in water when oysters 

are less than 1 inch.  Once oysters are larger cages are heavy, especially if fouled, and 
becomes more difficult to flip from a boat. Toward the end of the project, the davit was 
used to facilitate flipping. 

 
5. Sinking before storms – minimum of two people per cage needed and must has to be 

done when in the water to ensure that the cage to be sunk when cage sinks that it lands 
pontoon side down. Be careful not to lose caps to pontoons when removing. 

 
6.  Refloating after a storm – use of davit was very helpful. Required one person to swim 

down and connect davit line to one end of the cage. Davit was then used to raise cage up 
allowing water to drain by displacement and then were re-capped. Bring spare caps. 
 

7. Fouling – is handled by flipping cages up to dry and by periodic cleaning with power 
washer.  If using a power washer, Use it do after the drying period and not before to keep 
from increasing oyster mortality. 

 
       8. Cage – Make sure all cage doors are facing the same direction during initial deployment. 
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Bottom Gear 

 Bottom gear sub-tidally was easy to deploy but here are some observations if using this 

gear. 

1. Anchoring – no anchoring required, just a standard crab trap line and float was used 
 

2. Floating line – check line to ensure not chafing when bringing up 
  

3. Davit – is necessary to raise cages efficiently, doing by hand is very difficult especially as 
oysters increase in size and cages become fouled 

 
4. Fouling – is controlled by bring and cage onto boat and cleaning with a power washer. 

Cages in the Skidaway River fouled very quickly with soft fouling and had to be cleaned 
quite regularity 

 
5. Sediment control – Done by lifting cage to the surface and shaking by hand in the water 

to remove sediment. Lifting the cage to the surface to drag it through the water with the 
boat also works.  

 
6. Storms – cages were left on bottom, no additional work was required.  In strong storms 

cages at times got pushed by the tides and would have increased sediment in the bags. 
 

7.  Harness – When tying rope to the four corners of the cage to make the cage’s harness, 
make sure the harness is short enough to allow the cage to clear the top of the gunnel 
before the harness bottoms-out on the davit pulley. 
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