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Abstract

Introduction: The Pacific oyster, Crassostreagigas, is one of the most important mariculture economic activities
around the world. Two of the main reasons why it has become such an important aquaculture are, it's huge range of
tolerance to environmental conditions, and low mortality rate in comparison with other cultivations. Based on statistics,
this oyster market is stable. In Costa Rica, as in other countries, the over exploitation of marine resources by fisheries
has caused the search for other alternatives of survival. This is how the initiative to grow oysters in the Gulf of Nicoya
begun under a project managed by the National University of Costa Rica located in Puntarenas. The National Institute
of learning (INA) gave technical support to them and JICA offered volunteer expertise to enable the development of

this investigation.

Objective: The objective of this study was to differentiate growth according to different sizes of plastic mesh with
respect to the use of saran, to improve cultivation techniques in oyster farms.

Methods: The survey was conducted from May to November 2017. The test was performed on long lines with 16
plastic mesh bags of three different diameter sizes, which were placed in suspended lanterns: 3 mm, 6 mm, and 20 mm.
The controlused was saran and the study involved 12 plastic mesh bags and 4 control bags. The sample size was 30
specimens perbag for a total of 480 oysters whose average initial dimension was 2.88 mm.

Results: For all of the different mesh sizes tested, there were significant differences with respect to the control which
was the saran (t student, T <0.05). When comparing the growth in cm® of the samples, with respect to the diameter of
the meshwork, it was determined that there were significant differences (Kruskall-Wallis = 0.000468, p<0.05). The
meshwith a diameter of 20 mm was the most efficient in oyster growth, while saran was the least efficient.
Conclusions: Regarding the increase in oyster meat weight, it can be concluded that bags made of mesh with a larger
diameter are more efficient than the use of saran due to the increased inflow of nutrient rich water. However, this implies

a greater amount of dirt that means more cleaning work and parasites.

Keywords: Oyster culture Costa Rica; Crassostreagigas; Long-line culture; Oyster growth efficiency; Mesh type;

Nicoya Gulf.

Introduction

According to the Food and Agriculture Organization of the United Nations
- FAO (2019), the phenomenon of aquaculture in the world is a growing
production process in recent years, as opposed to catch fishing. This is
because in the past there was an unplanned extraction of natural resources
which led to overfishing in all the world’s fishing grounds!"-* mention that
the proportion of people involved in fisheries was 83% in 1990 and 67% in
2012, while those engaged in aquaculture increased from 17% to 33% in
the same period. For this reason, aquaculture is called the blue revolution
as a strategy to generate foreign exchange, employment, and demand sat-
isfaction, detaching the activity from environmental damagel®. Based on
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Aguilar, from 1998 to 2008 activity grew 4.8 times globally
and there is a continuous growth trend.

Within aquaculture activities, the cultivation of the Pa-
cific oyster Crassostrea gigas, is the most cultivated species in
the world®“\. The reason is derived from its high tolerance to
environmental conditions, the potential for rapid growth, and
low mortality that allows it to succeed in aquaculture. It is a
eurihaline bivalve whose intertidal distribution reaches 40 m in
depth. It is an asynchronous and dicogamic oviparous species.
It feeds on phytoplankton and seston, which is obtained by fil-
tration through gills, being able to filter 0 to 10 liters of water
per hour!!*, Tt can resist the presence of dinoflagellates at sea,
demonstrating tolerance to the toxicity that they can give and has
therefore been considered as a bioindicator by accumulation of
toxins in tissuel™.

The species Crassostrea gigas is native to Japan, al-
though it was artificially introduced to Korea, China, Taiwan,
Canada, Mexico and the United States!'>'®! mention that oyster
production reached a record 4.2 million metric tons per year in
2002. According to Furse, Gallo, Noriega and Ramos, the coun-
tries with the highest exportation rates are currently the United
States and Japan, although the United Kingdom, Argentina, New
Zealand and Brazil are regularly mentioned. Therefore, there is a
worldwide-consolidated market for the consumption of this mol-
lusk!”. Oyster aquaculture is an extensive and intensive practice
in coastal lagoons, over time it has become an important source
of income for families in coastal areas. In Mexico, for example,
18,991 ton/year are produced, contributing to 37% of national
production!3!°! point out that Oyster Crassostrea gigas was the
most consumed marine product in Brazil in 2007.

In Costa Rica, the fishing development model was
based on the exploitation of natural resources, where the pro-
duction and consumption behavior eventually caused signifi-
cant environmental damage that led to environmental and social
problems. The Gulf of Nicoya reflects these crises, where tradi-
tionally guillemets, lines and ropes were used for fishing[20].
Recently, the crisis continues to deepen due to over exploita-
tion, marine pollution, and the destruction of key habitats such
as mangroves and corals in the area®!l. Therefore, the National
University of Costa Rica (UNA) and several government institu-
tions such as the National Learning Institute (INA) and recently
the State Distance University (UNED), accompany the families
of fishermen to new livelihood alternatives through aquaculture.
These initiatives began in the 1990s, when the National Univer-
sity of Costa Rica began its first studies of harvesting and pro-
duction of oyster larvae®?. According to Pacheco and Ulatethe
cultivation of Pacific oysters (Crassostreagigas) occured for the
first time in 2001, when a project with the Association of Women
of Punta Morales began. From that project, the proposal has now
been extended to five points in the Gulf: Punta Cuchillo, Isla Ce-
dros, Isla de Chira, Cerro Gordo and Costa de P4jaros, all using
“long line” growing systems with lanterns?].

From the communities mentioned above, the aqua farm
located near Isla Cedros stands out as the area of best harvest re-
sults. Isla Cedros, and the Gulf of Nicoya region in general, has
particularly good physicochemical water conditions?!. There-
fore, the ACUAMAR farm, located between Isla Cedros and Je-
susita, is an ideal place to carry out testing using mesh bags of
different diameters. Saran bags are used as a dependent variable

www.ommegaonline.org

Vol: 6 Issue: 1

since they are never changed during the experiment. Saran was
considered since it is extremely popular with farmers today, and
the idea of this project is to validate changes through comparison
to another type of bag. Thus, this work aims to revise whether
there is a difference in growth, in relation to the different sizes of
plastic mesh in comparison with the use of saran, to improve the
techniques of cultivation in oyster farms.

Material and Methods

Study Area: The study area is in the Gulf of Nicoya, at coor-
dinates 9.833072 N and -84.886067 W Lambert, between Isla
Cedros and Isla Jesusita, Paquera of Puntarenas, Costa Rica. It
is an area of rocky reefs with low-energy waters and a mud-
dy sandy bottom at some points. The oyster farm ACUAMAR
(Association of Marine Growers of Colorado of Abangares) is
located here. This company develops the cultivation of oysters
through the “Long line” system, which are sign posted ropes laid
along the bottom, where 4-level lanterns made with meshes and
lined rods are placed, inside which the oysters are deposited in
bags of saran. The number of oysters per mesh depends on the
size of the oysters. The lines measure 100 meters long where
approximately 60 lanterns are placed. The oysters were supplied
by the Mollusks Laboratory of the National University of Costa
Rica located in Puntarenas. When they reach the aquafarm, they
acclimatize for 10-15 minutes in stored water for 24 hours be-
fore being transplanted. Managers have boat access so that they
can be able to get to the site. There is also a 24-hour checkpoint
to avoid theft or vandalism.

B 150AS CEDROS Y JESUSITA

Figure 1: Space location of ACUAMAR farm in the Gulf of Nicoya in
Puntarenas, 2017 National Geographic Institute, 2010

Sampling: We collected biological information from May12,
2017 to November 09, 2017. Tests were carried out on the long
line lines, 16 plastic mesh bags of three sizes of diameter were
placed on the suspended lanterns: 3 mm, 6 mm, and 20 mm.
There was a saran control. This resulted in 12 plastic mesh bags
and 4 control bags. The sample was 30 specimens per bag for
480 oysters, which had an initial average dimension of 2.88 mm,
following the methodology proposed by Acosta, Montes, Cor-
tez, Guevara &Lodeiros?¥. Oysters were placed in bags by crop
density according to size, following the table below.
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Table 1: Farm oyster density according to size in lanterns

Size in(mm) Lantern** (0.2 m*floor)
2-3 3000
4-5 2000
6-9 2000

10-14 1000
15-19 1000
20-24 500
25-29 500
30 100
50-70 100
>70 50

**Opening 10 mm

National University of Costa Rica, Sidey Arias

Weekly cleans were carried out to avoid obstruction of the mesh
by algae and sediment. The same weekly cleans were performed
for all treatments. During the cleaning, the oysters were remove-
dand place in a freshwater container. The oysters that were ap-
proximately 3 or 4 cm in size were placed in fresh water for 10
minutes, the oysters of 4 cm in size were placed in fresh water for
30 minutes. In addition, to remove parasites and other epibiont
organisms from them, a scraping of the oysters was performed
with a knife on their top or both sides, to remove the barnacles
that had attached.

The unfolding of oysters of 3 or 4 cm were made week-
ly and oysters at 4 cm, fortnightly. Oyster unfolding was made to
order them according to their size at different densities, as shown
in Table No. 1, to avoid irregular growth by food competition.
In summary, 2,697 measurements were made with the sample
units.

Records of physicochemical parameters, such as tem-
perature and oxygen, were taken with a YSI model 55, pH meter
with a pH tester 10 and Secchi disc at the following depths: 1.5,
3, 4.5 m and 6 meters; always at 13:00 hours of each observa-
tion, as proposed by the authors Gémez, Hernando Campos, &
Ramirez and Rodriguez respectively™>8,

Biometrics

With regard to biometric measurements, the methodology of
Ruiz, Vargas, and CaleroP®! was used, which consists of taking
samples of 30 individuals, where the length, width and thickness
were measured all in cm, as well as the shell weight with epibi-
onts (fouling), shell without epibionts (no fouling) and weight of
the meat in grams. It should be mentioned that the measurement
was made with a caliper type calibrator of 0.05 and the weight
with a Roman Ohaus Cs 2000. Subsequently, calculations of the
shell volume were performed, and correlations were established
between shell and meat, with fouling and without fouling.

Statistics

The data was then analyzed with the Instat Plus (2006) Version
3.033 Statistic program, to establish whether there were signif-
icant differences in growth according tomesh size by ANOVA.
For this, Kruskall Wallis’ test was applied as a sample with con-
tinuous and independent variables, and a test was also carried

Carlos, P.R., et al.

v/ OMMEGA

Answering Intelligence

out to compare between the weight of oyster meat grown in the
experimental meshes and to the saran by means of a Mann-Whit-
ney test. Finally, a correlation between the weight and size of the
mesh using the correlation coefficient (r) was made. Statistical
significance was set to p<0.05.
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Results

Biometrics

In all dimensions of the meshes tested, there were significant dif-
ferences from the control that was the saran (t student, T<0.05).
Comparing the growth in cm® of the others with respect to the
diameter of the meshwork, it was determined that there were
significant differences (Kruskall — Wallis-0.000468, P<0.05),
where the meshwork whose 20 mm diameter was most efficient
in the growth of oysters, while the saran was the least efficient.
At the third month of harvest, the first oysters with sizes greater
than 60 mm recorded, specifically in the 20 mm diameter mesh.
At the end of the study, the highest recorded value throughout
the study was 83.2 mm in the study.

Table 2: Distribution of T student tests with respect to control and dif-
ferent types of mesh for growth in cm3 of the oyster Crassostreagigas,
2017

Vol: 6 Issue: 1

Meshs type Value p
<3 mm 0,009739642
3 mm 0,002279948
6 mm 0,016656492
20 mm 0,011216436

100% - - -
80%

60%

0%

20%

0%
3 & 20

Meshs size (mm)

Control

Growth {cm?)

W Experimental

Figure 2: Growth in cm® recorded in the culture of the oyster Cras-
sostreagigas according to the diameter of the mesh containing it. 2017.

In the 3 mm meshes the average growth was 21.506 +
20.222 ¢m?. In the 6 mm ones it was 35 686 + 23 101 ¢m?® and
in the 20 mm was 42.582 + 19.574 cm®. Note that the trend is
that the larger the size of the meshwork diameter, the greater
the growth of the oyster. The largest oyster was 120.238 ¢m? re-
corded in the 20 mm diameter mesh, while the smallest one was
recorded in the 3 mm mesh with 763.38 cm?®. The largest amount
of fouling was recorded in the 20 mm diameter mesh, which
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required higher operating costs. When the survival of the others
between the saran and the different meshes is determined, it is
found that there are no significant differences (Test T, p>0.05).
Therefore, no matter where they are grown, the survival of the
oysters is constant.

120.0
100.0
80.0
60.0 S
40.0 [
20.0
0.0
0 100 200 300 400

—8— Mets

Saran

Survival percentage

Harvest day

Figure 3: Survival rate of the oysters Crassostreagigas depending on
the type of structure of which it is growing, 2017.

With regards to the meat obtained from the experimen-
tal meshes, it was determined that there is a direct relationship
between the volume in mm? and the weight of the oyster, con-
sidering that the oyster did not contain fouling (Pearson R2=
-0.8904, p<0.05). As already mentioned, survival was similar for
both control and experimental subjects. However, when com-
paring the average weight of meat (g) between the saran and the
different meshes on average, there were significant differences
(Mann-Whitney 0.01804,p<0.05),demonstrating that efficiency
is higher in the treatments than in the control. The weight of
fouling (g) on average was 0.334 = 0.582, representing 2% of the
total weight of the shelled oyster.
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Figure 4: Linear correlation (R2) between the meat weight (g) with
respect to the volume of the shell (cm®) on the growth of the Crassost-
reagigas oyster, 2017.
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Figure 5: Comparison of the average meat weight (g) of experimental
meshes and saran as control

With respect to environmental variables, it was found
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that the depth (m) on average where the crop was 2,489 +0.3043
(Pearson R2=-0.0001, p>0.05), the pH was 8.57 +£ 0.21 (Pearson
R2=-0.0056, p>0.05), the salinity in ppm was 32,381 + 1,7909
(Pearson R2=-0.8005, p>0.05), the average temperature was
28.0282 + 0.70182 (Pearson R2=-0.899, p<0.05) and the BOD
in mg L-1 was 7,9757 + 1.142 (Pearson R2=-0.6429, p>0.05).
Linear correlation studies reveal that there is an adverse effect of
salinity, temperature, and BOD on meat production by increas-
ing its values. Both light penetration and pH did not reveal that
there is any relationship with respect to growth.

Table 3: Chemical physical characteristics of saltwater on average re-
corded in the cultivation of Crassostreagigas oysters in ACUAMAR,
2017

Month Secchi | pH Salinity | Temperature | Deep
(m) (%0) (m)
March 2916 | 8.525 | 32.25 28.32 3.75
April 2.636 | 8,54 33 28.29 3.909
May 2.75 | 8575 | 3275 28.23 4.25
June 2.333 | 8.53 332 27.71 4.404
July 2.374 | 8.764 | 33.57 28.25 4.151
August 2.077 8.3 34 28.55 4
September 2.52 8.51 31.09 28.35 4.246
Octuber 2.05 8.55 28 26.98 4.242
November 2.75 8.5 28 26.86 4.266
Average 2.75 8.5 31.72 26.86 4.26
Range[20] 6-12 6-7 28-30 28-31 4-37

The effect of seasonality is evident in the table above,
where the highest salinity, light penetration and temperature val-
ues correspond to the dry season, on the contrary to that in the
rainy season. There are significant differences between the dry
and rainy season in the physicochemical parameters of water
(ANOVA, p<0.05). It is noted that the parameters of light pene-
tration, salinity, pH, and temperature are not in the optimal rang-
es indicated by the literature with respect to the Gulf of Nicoya.

Discussion

Bags made of meshes of different diameters were more efficient
than the use of the saran. Water flow was crucial to this growth,
as with the larger mesh work diameters, there was better avail-
ability of microalgae for feeding. This shows that, the physio-
logical activities of oysters can be regulated by the design of the
aquaculture farm, since it facilitates access to phytoplankton and
the removal of organic matter in the water column. This deposi-
tion is key to the profitability of the activity!'3l. Microalgae is a
living food capable of improving aqua farms, even artificial food
has not been able to replace its efficiency. The smaller cell size
gives better results®®. In fact, in San Quintin Bay in the United
States, despite good demand for oyster production, fluctuations
in phytoplankton populations severely affected its supply and
the presence of fouling!?”2%,

In this work, fouling reached 2% of the average total
weight in cultured oysters. It is a negative aspect in the cultiva-
tion, since they limit the circulation of water and, therefore, the
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obtaining of food, as well as the mechanical action of opening
and closing the shell. Aguilar also mentions other adverse as-
pects such as oxygen availability, purification of metabolic resi-
dues, damage to buoys, meshes, lanterns and collecting bags that
reduce the duration of the productions. The only recommenda-
tion given by the author about this inconvenience is the constant
replacement of the lanterns. So far, no chemical has worked to
eliminate these epibionts, as it negatively affects marine nature.
Another associated risk is the presence of endoparasites and
ectoparasites in oysters. This is due to the filtering action, as
they lead to concentrated pollutants and parasites such as virus-
es, bacteria and other organisms®-*2. Rodriguez et al® in their
work, indicate that survival can be affected by the presence of
epibionts, predation, competition for space and food. An exam-
ple is the attack of polyquette worms of the genus Boccardiaspp,
as an epibiont in crops by increased mortality, the problem is
compounded when the oyster reaches a larger size since it has
better adhesion surface. This phenomenon can be reduced by
decreasing the diameter of the mesh bag, although it leads to a
decrease in production in a desired time**3,

Based on the above, regulating the diameter of the mesh
bags containing the oysters allows to control the production. In a
situation where the market is down in terms of demand, the pro-
ducer can avoid over production of the oyster by changing mesh
bag size. Experiences such as that in Baja California between
2006 and 2011, where consumer demand dropped considerably,
producers had to decrease production at a high cost™®!. There-
fore, if there is a lot of demand the diameter of the mesh should
extended, and if there is little demand you can lower it. To clari-
fy,other factors that affect the production of an oyster farm have
to do with environmental conditions.

There is an inverse relationship between growth with
respect to salinity and temperature because as these increases,
oyster growth decreases according to Bartlett and Rosas, Yela
and Béaez*$*"). There are parameters that are at the limit or do
not reach the optimal level. In this sense, light, pH, salinity, and
temperature are not in the optimal range to grow the oyster ac-
cording to the work of Quesada®. Temperature affects the sur-
vival of the larva in early stages of harvest, as it appears that
thermal stress affects the survival of the larvae and this is also
confirmed by Acosta et al in their work. In the case of salinity,
Gomez et all®! warns that high salinity causes a difficulty in the
elimination of toxic substances in oysters. While with pH, value
well above the limit affects shell production and makes it weak
in texture, limiting its survival®®. Affectation is not only with
growth, but also with product quality. Antunes and Ito, Parisenti,
et al, Magana, Brito, Gomez y Cruz , Villasenor, et al®***! noted
in their studies that the temperature, salinity and availability of
food affect the amount of fat, proteins, omega 3 and glycogen in
oyster meat, something that could be happening in the ACUA-
MAR area and deserves a more detailed study.

The mortality rate reached 60% in this work, slightly
better in the saran than in the experimental meshworks. The rate
typically ranged from 40 to 60% of juveniles on Crassotreagigas
farms in general. The data obtained from survival and mortality
in this work, in line with this range and according to these au-
thors, attribute mortality to water temperature as a determining
factor and not so much to the availability of food (phytoplank-
ton). Gongora, Garcia, Hernandez and Dominguez-Gémez and
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Chavez also add the poor management of the farm and natural
reasons as other causes as well. Correa, et aland Enriquez*>!*
mention in their studies that high mortality rates can also be due
to a homozygous derived from a very small population of breed-
ers and whose founding effect of cultured oysters limits gametic
variability, which makes oysters more vulnerable to attack of
microorganisms, a fact that forces the farmer to invest in expen-
sive antibiotics to counteract the problem!'”). Regardless of the
reasons, the mortality rate for this study was acceptable accord-
ing to the literature, considering that the highest temperatures
occurred in the dry season, which was the time when this harvest
began; seasonality is a relevant factor.

This study found variations in growth according to
seasonality, of which the causes can be due to several factors.
A study by Bautista revealed the presence of bioaccumulated
insecticides in tissue especially in the rainy season in Nayarit,
Mexico, and results in mortality. The seasonality also of the
temperature and the availability of food will become import-
ant factors in the cultivation of oysters, this will depend on a
good nutritional value. Gongora, Aragon, Dominguez Villanue-
val®! demonstrated that Crassostreagigas oysters have seasonal
growth patterns in the Gulf of California and do not conform
to any proposed mathematical prediction models. In the case of
this work, the harvest began in the dry period, characterized by
high temperatures and concentrations of chlorophyll according
to Vargas, et al?!! and by the experience of the work of Young, et
all'¥l oysters have better performance in the conditions indicated
above.

The first oysters with sexual maturity were obtained in
the third month of harvest, based on the claims of Ascencio, En-
riquez, Martinez and Aldanaand Rodriguez-Nuiez, Toledo, and
Ariast*® point out that, in fact, the production of gametes starts
with sizes greater than 60 mm in length. Therefore, growth was
very rapid while the conditions of the dry season remained at a
lower but constant rate.

Aquaculture takes place in areas where job opportuni-
ties are scarce and represent a source of income for many low-in-
come families™*. In this sense, the site between Isla Cedros and
Jesusita where the ACUAMAR farm is located in the Gulf of
Nicoya in Puntarenas, meets the conditions for intensive culti-
vation, without compromising the capacity of the ecosystem, a
factor that Silva, et al” considers relevant in productive activity.
Not having the influence of industrial complexes and popula-
tion centers nearby, sewage contamination does not lead to the
accumulation of heavy metals or pathogenic microorganisms in
tissue of the oyster!*’). Financial and accounting management is
essential so that the aqua farm does not have unnecessary ex-
penses and so that production improves*”. Part of the efficiency
consists of improving the production of the aquaculture prod-
uct, since the costs according to Villanueva are distributed in
meshworks, ropes, buoys by 81%, wages by 9% and the rest
in process adjustments; costs for new equipment are only in
the first year. The chosen site is strategic to making the harvest
more efficient. Pereira, Nunes, Nuernberg, Schulz and Vieira™®
claim that a place free of contamination guarantees oysters with
high hygienic quality for consumption, free of bacteria and other
pathogens.

Despite these tangible benefits of the activity, adverse
effects are still under study. One of them is noted in the work
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of Giberto, et al*? who describes the danger of the escape of
individuals from the oyster to natural environments, since it in-
volves the displacement of native species by the absence of nat-
ural predators. Another factor is pointed out by Mann, Burreson
and Baker in warning that many of the parasites of these oysters
can be transferred to other marine organisms. In view of this,
Freitas and Barroso® recommend that environmental aspects
such as temperature, salinity, BOD and pH, as well as urban de-
velopment, tourism and fishing in the surroundings of the proj-
ect, should be framed in a comprehensive management plan of
the coastal area, something which should be done the study area,
the area where ACUAMAR is it has the support of the commu-
nity and the support of government organizations, such as the
National University of Costa Rica, National Learning Institute
and Mix Institute of Social Aid. Activity is growing globally. It
is projected that the world’s population will grow from 7 to 9.6
billion people by 2050, with two-thirds of the population living
in the area, the first challenge that humanity will face will be to
feed the population of the planet, without extinguishing marine
resources.

In this sense, aquaculture activity will be the most im-
mediate response to this growing demand for consumption in
the future. Projects such as Punta Cuchillowill be considered pi-
oneers in Costa Rica. One recommendation of this study is the
combination of aquaculture types. There are works that demon-
strate the viability of thisbecause of the condition that it is a
biofilter. Pacific oysters can purify the waters from shrimp and
tilapia crops in seawater, which are loaded with organic waste
of great benefit to them. Studies such as Ramos, et al®!! promote
this type of practice, where perhaps salinity can be a limiting but
not conditioning factor.
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