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Abstract
An increase in oyster aquaculture as a sustainable method of shellfish production is one response to
overharvest and degradation of natural oyster reefs over the past century. Successful aquaculture production
requires determining the environmental conditions optimal for oyster growth. In this study, the salinity,
temperature, chlorophyll a concentration and the growth of Crassostrea virginica were monitored at four
locations within the Mission-Aransas Estuary, Texas (USA), a shallow subtropical estuary influenced by
relatively low freshwater inflow. Mean growth of the oyster shell (0.205 mm d–1 and 0.203 g d–1) and soft
tissues (3.447 mg d–1) was highest when salinity was low (mean = 15.5) and chlorophyll a concentration was
high (8.4 μg l–1). Oyster growth also varied temporally with periods of spawning. In low-inflow estuaries such
as theMission-Aransas Estuary, oyster farms should be sited close to river mouths so that oysters can benefit
from freshwater inflows and lower salinities.
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1. Introduction

Oyster reefs provide a variety of ecological functions, from creating habitat for a large diversity of species to
protecting shorelines against erosion (Grabowski et al., 2012). Oysters are also harvested by humans, and
therefore directly support local economies (Lebreton et al., 2019). A major issue related to oyster fisheries,
particularly those using dredges, is that they can lead to the destruction of the oyster reefs themselves,
impeding their longevity and resulting in the loss of ecological functions (Kirby, 2012). Amore sustainable
way of providing oysters to the market is to farm these animals, an established practice in many locations
(e.g., Chesapeake Bay, USA; France) to stabilize oyster production and reduce harvest pressure on wild
populations (Lebreton et al., 2019; Williamson et al., 2015). In the United States, Texas was the last coastal
state to pass legislation (in 2019) to allow oyster farming in the U.S. Gulf of Mexico, with commercial
farming activities scheduled to begin in late 2020. Oyster aquaculture includes hatchery-based production
of seed oysters followed by field-based maturation of oysters to market size to benefit from natural food
resources and favorable environmental conditions. Oyster growth is related to many environmental
variables (e.g., food availability, salinity, temperature) as well as to oysters’ ontogeny (see Kraeuter et al.,
2007). To support oyster farming activities—particularly in areas where aquaculture has not previously
existed—it is important to determine suitable conditions and locations for optimal oyster growth.
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1.1. Objective

Our aim was to determine spatio-temporal changes in shell and soft tissue growth of the oyster
Crassostrea virginica in the Mission-Aransas Estuary (MAE), Texas, USA, and to relate these changes
to spatial differences in salinity, temperature and chlorophyll a concentration.

2. Methods

The MAE is a subtropical, shallow (mean = 2 m deep), bar-built estuary. This estuarine ecosystem was
chosen as a study area because it contains abundant natural oyster reefs relative to other Texas estuaries
(~1811 ha of natural, subtidal oyster reefs, Beseres Pollack et al., 2013), indicating suitable environmental
conditions for oyster growth. TheMAEhas a typical salinity gradient, with lower salinities occurring near
the mouth of the largest rivers that flow into the estuary (Mission and Aransas Rivers) and higher
salinities toward the Gulf of Mexico (Fig. 1). Oyster reefs throughout most of the MAE are open to
commercial harvest and thus susceptible to habitat degradation, although some areas have been rebuilt
through habitat restoration efforts (Blomberg et al., 2017; Graham et al., 2016; Rezek et al., 2017).

Seed oysters were placed in UV-resistant polyethylene mesh bags at four different stations along the
salinity gradient of theMAE (Fig. 1). Each bag (80� 50 cm, 1 cmmesh) contained 100 seed oysters (shell
height 49.4 � 7.2 mm, shell dry weight 8.2 � 2.2 g, soft tissue dry weight 0.2 � 0.1 g, mean � standard
deviation) and was mounted horizontally at approximately 50-100 cm from the sediment. At monthly
intervals from November 2010 to August 2011, which includes the typical spawning period, ten oysters
were collected from each station and water salinity and temperature were measured. A water sample was
also collected, pre-filtered on a 250-μm sieve to eliminate large zooplankton and detritus, and then
filtered on a Whatman GF/F glass fiber filter (0.7 μm porosity) to measure chlorophyll a concentration.

In the laboratory, oysters were rinsed clean, measured with a caliper (� 0.01 mm), and then dissected
to separate the soft tissue from the shell. Gonad presence was determined visually. Shells and soft tissues
were dried for 72 hours at 60 °C before measuring dry weights (� 0.001 g). Chlorophyll a was extracted
overnight from filters and read on a fluorometer (Trilogy, Turner Designs, Sunnyvale, USA) using a non-
acidification technique (Welschmeyer, 1994). Comparisons of means were conducted using Kruskal-
Wallis tests followed by multiple pairwise-comparisons unless otherwise specified.

Figure 1. Location of the experimental stations within the Mission-Aransas Estuary.
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3. Results

Salinity generally increased from station 1 to station 4, and from the beginning to the end of the study
period (Fig. 2). Salinity ranged from 4.5 at station 1 in December 2010 to 37.4 at station 4 in August
2011 at the end of the study. Temperature followed expected seasonal variation in all stations, and was
higher at station 3 (24.3� 6.3 °C) than at station 4 (22.1� 5.6 °C) (p = 0.045, Friedman test followed by
Nemenyi multiple comparison tests). Chlorophyll a concentration ranged from 1.0� 0.4 (Station 4, July
2011) to 20.0� 2.2 μg l–1 (Station 1, April 2011) and was lower at station 4 compared to all other stations
(p = 0.001, Friedman test followed by Nemenyi multiple comparison tests).

Oyster mortality rates were low at stations 1 to 3 (i.e., maximum 0.07 % per day at station 3 in May
2010) but were much higher and much more variable at station 4 near the Gulf of Mexico where they
ranged from 0.00 to 0.78 % per day (Fig. 2). Shell height and weight at each station generally increased
throughout the study period (Fig. 3). Conversely, soft tissue weight varied over time, with the largest
increases and decreases corresponding to changes in gonadal maturation. At the end of the study in
August 2011, shell height and shell weights were lower at station 4 (70.9� 5.4 mm, 37.1� 5.3 g), closest
to the Gulf of Mexico, than at stations 1 and 3 (Height: 83.1� 9.0 mm and 83.6� 8.3 mm, respectively,
p = 0.010; weight: 60.0� 5.8 g and 56.5� 11.6 g, respectively, p < 0.001). Similarly, maximum soft tissue
weights—excluding periods of gonad maturation—were lower at station 4 (0.5 � 0.1 g, August 2011),
than at stations 1 and 3 (0.9 � 0.2 g and 0.7 � 0.2 g, June 2011, respectively, p < 0.001). Relationships
between shell height, shell weight and tissue weight varied by station (Fig. 4). Maximum shell heights
observed at stations 1, 2, 3 and 4 were 91.3� 5.3 mm, 82.8� 8.0mm, 83.6� 8.3mm, and 76.8� 5.5mm,
respectively.

Two periods of gonad maturation occurred at stations 1 and 3, while only one was observed at
stations 2 and 4 (Fig. 3). Initial gonadmaturation occurred later at station 4 (i.e., May) than at the other
stations (i.e., March-April). Soft tissue weights peaked within gonadal maturation periods at each
station, with maximum values ranging from 1.0 � 0.2 g (Station 4, June 2011) to 1.4 � 0.4 g (Station
3, August 2011).

Figure 2. Salinity, temperature, mean chlorophyll a and mortality rate at the different experimental stations from November
2010 to August 2011. Error bars represent standard deviations of mean chlorophyll a.
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Figure 3. Evolution of shell height, and shell and soft tissue dry weights (mean � standard deviation) at the different
experimental stations from November 2010 to August 2011. Grey shaded areas represent periods of gonad maturation.

Figure 4. Relationships between shell height, shell weight and tissue weight of Crassostrea virginica at the four sampling
stations in theMission-Aransas estuary, USA. Averaged salinities: Station 1: 15.5; Station 2: 18.9; Station 3: 21.1; Station 4: 32.2.
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When gonads were immature, mean growth rates of shell and soft tissue at each station were inversely
related to mean salinities, and positively related to chlorophyll a concentration (Fig. 5). Mean shell
growth rates ranged from 0.104mg d–1 (dry shell weight) and 0.07 mmd–1 (shell height) at station 4 near
the Gulf of Mexico (mean salinity 32.3, mean chlorophyll a 2.6 μg l–1) to 0.203 mg d–1 and 0.205 mm d–1

at station 1 near the Aransas River (mean salinity 15.5,mean chlorophyll a 9.2 μg l–1).Mean tissue growth
rates ranged from 0.910 mg d–1 at station 4 to 3.447 mg d–1 at station 1.

4. Discussion

The largest differences in overall growth rate occurred spatially, although oyster growth also displayed
temporal variation with periods of spawning. Differences in growth rates were likely due to differences in
salinity and chlorophyll a concentration, as variations in temperature were minor between stations.
Oyster growth rate was much higher at station 1, near the Aransas River, which had the lowest salinity

Figure 5. Relationships between averaged salinity and averaged chlorophyll a concentration, and growth rates of shells
and soft tissues. Periods of gonad maturation were excluded for computations (i.e. periods considered started in
November 2010 for all stations and ended in June 2011 for stations 1 and 3, and in August 2011 for stations 2 and 4).
DW: Dry weight.
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and high phytoplankton biomass, as evidenced by chlorophyll a concentration (shell growth rate:
0.205 mm d–1, mean salinity: 15.5, mean chlorophyll a concentration: 9.2 μg l–1).

We compared oyster growth rates from our study with those measured in other locations across the
U.S. Atlantic and Gulf of Mexico (reviewed by Kraeuter et al., 2007). Growth rates measured at stations
1 to 3 in the current study (i.e., from 3.77 to 6.26 mm month–1) are among the highest reported, with
values above the upper quartile of growth rates for oysters > 40 mm deployed in the field for less than
10months (1.82 mmmonth–1 for the East coast, 2.94mmmonth–1 for the Gulf ofMexico). Growth rates
measured in the MAE are within in the range of those measured in Louisiana by Lowe et al. (2017) for
oysters of a similar size range.

5. Conclusions

Oyster aquaculture areas in subtropical, low-inflow estuaries should be located in areas with the lowest
salinity and highest phytoplankton biomass to obtain the best growth rates. Because variations in the
timing and frequency of gonad maturation also differed spatially—likely due to differences in salinity—
oyster aquaculture areas could also be sited at different locations in order to produce oysters throughout
the year for market. Additional research is warranted to better assess the importance of salinity and
phytoplankton biomass in oyster growth, as well as other factors like availability and quality of food
resources (e.g., role of phytoplankton vs benthic microalgae) (Blomberg et al., 2017) and presence of
natural reefs to inform oyster farm site selection.
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