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SPISULA SOLIDISSI-
MA

-
partment of Marine and Coastal Sciences, 6959 Miller Avenue, 
Port Norris NJ 08349

Michael.Acquafredda@rutgers.edu
Bivalve aquaculture is an important and rapidly expanding sec-

tor in global food production, yet climate change presents numer-
ous challenges to its continued expansion. The Atlantic surfclam 
( ) is emerging as an attractive alternate species 
grown by aquaculturists across the northeastern USA. This species 
is native, grows rapidly, and complements the region’s established 
farming framework; however, the surfclam is vulnerable to high 
temperature conditions, an issue that will be exacerbated by rising 
ocean temperatures and one that will be problematic on shallow 
coastal farms. This study evaluated the phenotypic and transcrip-
tomic response of farmed surfclams to heat stress, and the ability for 
the heat-tolerant phenotype to be passed to subsequent generations. 
Initial results showed that when juvenile surfclams were exposed to 
prolonged lethal temperatures, the adult survivors withstood subse-

individuals. Transcriptomic response of heat-selected and control 

The control or naïve surfclams had a more intense response to the 
heat shock, differentially expressing about 3x more genes, than the 
heat-selected clams that had survived a previous heat exposure. Ad-

progeny after selection. Notably, the growth of heat-selected proge-

work suggests that genetic variation exists in heat tolerance, and 
selective breeding may be a viable strategy for enhancing summer 
survival of farmed surfclams.

ARGOPECTEN IRRADIANS
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1

Department of Marine and Coastal Sciences, Miller Avenue, Port 
Norris, NJ 08349 

2Rutgers University, New Jersey Aquaculture Innovation Cen-
ter, 3920 Bayshore Road, North Cape May, NJ 08204

nad131@scarletmail.rutgers.edu
Bivalve aquaculture along the US Atlantic coast is dominated 

by eastern oysters ( ) and northern quahogs (= 
hard clams) ( ), with respective production 
values of 94 and 46 million dollars in 2015 (FAO, 2017). Sustain-
able development of aquaculture is threatened by diseases, weather 

The bay scallop ( ) is a promising aquaculture 
species for the high salinity (25-32) coastal waters of the Northeast. 
This native species exhibits fast growth, but experiences heavy 
overwinter mortality. In 2019, we initiated a breeding program to 
produce faster growing scallops. The goal was to grow scallops to 
market size more quickly by genetic improvement in growth and 
early production. Selected F1 scallops were produced by spawning 
the largest 20% of individuals collected from a wild Long Island 
Sound population. The growth and survival of these selected proge-
ny were compared to controls produced from randomly selected in-
dividuals from the same population. Spawning occurred in March, 

-
tions until July. Seed were deployed at three farms in Barnegat Bay, 
New Jersey, USA using gear typical of local farms. In September, 
sampling at the farms indicated that the selected progeny had high-
er survival but slower growth than the control group. The slower 
growth of the selected group resulted from its higher survival and 
consequently elevated stocking density. Scallops reached a harvest-
able size (45-54 mm) by early December. Selection will continue 
to determine if fast growth can be genetically improved to enable 
within-year harvest. 
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viously observed in the environment, on white shrimp 
 (initially averaging 0.80 ± 0.08 g/shrimp). Compared with 

-
cantly at the higher concentration treatments. Growth was affected 

-
cantly. Inter-molt intervals were longer in all treatments. Changes 
in swimming and feeding behavior of shrimp were observed under 
all treatments, and change in body color was observed at higher 
concentration treatments. Lipid content in shrimp decreased sig-

Fipronil adversely affected white shrimp under the concentrations 
-

ed in coastal areas.

FARFANTEPENAEUS AZTECUS

Texas A&M University, Department of Wildlife and Fisheries 
Sciences, 534 John Kimbrough Blvd, College Station, TX 77843-
2258

aliabdulameer33@gmail.com
Increased use of pesticide is causing detrimental effects on 

non-target species worldwide. In this study, lethal and sub-lethal 

brown shrimp ( ). The effects of six con-

six concentrations of imidacloprid (0.0, 0.5, 1.0, 15.0, 34.5, 320.0 

moulting interval, survivorship, behavioral change, and body color 
-

exposure, shrimp in control showed the shortest inter-moult inter-
val (7.57 ± 2.17 day) compared with other treatments; similarly, in 
the imidacloprid experiment, moulting increased from 8.43 ± 2.52 

-

treatment. Under imidacloprid, survivorship decreased from 100% 

of the most sensitive invertebrates to the pesticide. Changes in be-
havior and body color were observed under both insecticides after 
different durations of exposures depending on concentrations. As a 
conclusion, at the corresponding EPA benchmark concentrations, 

concern, and monitoring is necessary in estuaries.

1 1 2

1University of Maryland Baltimore County, Institute of Marine 
and Environmental Technology, 701 E Pratt St, Baltimore, MD 
21202

2Cornell University, Department of Ecology & Evolutionary Bi-
ology, E145 Corson Hall, Ithaca, NY 14853

3University of Washington, School of Aquatic & Fishery Sci-
ences, Box 355020, Seattle, WA 98105

magnew1@umbc.edu
, are an important economic 

native eelgrass, , and due to concerns for eelgrass 
health are forced to relocate. Eelgrass have historically been dev-
astated by ( ), a protist that causes eelgrass 
wasting disease (EWD) and is hypothesized to contribute to the 

are known to remove pathogens from the water and may be bene-

conducted in the San Juan Islands, WA to determine if oysters can 
 from the water to mitigate EWD, or if they 

act as vectors of this pathogen. Oysters and eelgrass were co-cul-
tured in tanks and exposed to an infectious isolate of  for seven 
days. A total of seven treatments were run in triplicate at 11°C and 
18°C to determine if oysters act as sinks or vectors of this pathogen, 
and how temperature affects this relationship. To investigate this in 

by bags of oysters or empty bags were deployed for four weeks 
around natural eelgrass beds with high EWD prevalence. ImageJ 
and qPCR analysis were used for both experiments to determine 
the prevalence and severity of EWD in the presence and absence 
of oysters. Results from these experiments will provide important 
insight on the potential for synergism between oysters and eelgrass.

LITOPENAEUS SETIFERUS, UN

 

Texas A&M University, Department of Wildlife and Fisheries 
Sciences, 534 John Kimbrough Blvd, College Station, TX 77843-
2258

aliabdulameer33@gmail.com
Chemical pesticides are commonly used world-wide, and they 

evaluated the effects of six concentrations of the phenylpyrazole 
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1ONE HEALTH Epigenomics Educational Initiative, Environ-
mental Genomics Inc., P.O. Box 196, Southborough, MA 01772

2Foundation for Conservation of Biodiversity (FUCOBI), Qui-
to, Ecuador

environmentalgenomics.warren@gmail.com
The ‘ONE HEALTH Epigenomics & Microbiomes: From Soil 

to People’ workshop focus on application of the holistic concept 
of ONE HEALTH to conserve healthy ecosystems (wetlands, salt 
marshes, estuarine mangroves, soil/sediment), to maintain healthy 

-
ing zoonosis, antimicrobial resistance, obesity, diabetes, congenital 
malformations like microcephaly), long-term.  Speakers will ad-
dress topics related to the 20-year project of the FUCOBI Founda-

Microbiomes: From Soil to People’ symposium held in Framing-
ham, MA, March 16-18, 2017.  We will address the promises and 
challenges of toxico-epigenomics, environmental chemicals and 

people, the incorporation of epigenetic effects in environmental, 
human and non-model species health risk assessment. The technol-
ogies needed to test our hypothesis of transgenerational epigenetic 
inheritance in nature will be discussed at the end of the workshop.

Twenty-seven students and postdocs/research associates repre-
senting eight countries (Belgium 1, China 3, Ecuador 9, India 1, 
Iraq 1, Malaysia 2, Mexico 7, Thailand 1; USA 2) will be recog-
nized as winners of the ‘2020 Johnnie Castro Montealegre Student 
Travel Awards’ by the Foundation for Conservation of Biodiversity 
(FUCOBI), Quito, Ecuador.

Four scientists will be recognized as OUTSTANDING RE-
SEARCHERS: Sandra Shumway, Suhua Shi, Irina Arkhipova and 
Kathy Tang.  Our special appreciation to Dr. Sandra Shumway for 
welcoming the shrimp group to the NSA and supporting our in-
ternational ‘One Health’ educational effort, a holistic concept now 
supported by the U.S. Senate to promote collaboration between 
public, animal and environmental health scientists.
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3Centro de Alimentacion y Desarrollo (CIAD), A.C., Unidad 
Mazatlan en Acuicultura y Manejo Ambiental, AP.711, Mazatlan, 
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4Universidad de Tumbes, Av. Arica Nº 361, Tumbes, Peru
5Nnamdi Azikiwe University, Dept. of Fisheries & Aquaculture, 

Awka, Nigeria
palma1124@hotmail.es
The long-term goal of MangroveENCODE is conservation of 

healthy mangroves forests in tropical countries through education, 
by (1) promoting replanting of new trees to address both communi-
ty needs and the underlying ecological causes of mangrove degra-
dation; and research by (2) understanding their resilience to climate 
change by studying their genomes and epigenomes. Mangroves 
store more CO2 than any other terrestrial ecosystem. The objective 

-
questration, microbial communities, and contaminants of concern 
(COC) in mangrove sediment, considering climate change and en-
vironmental degradation-related health issues. Baseline informa-
tion will be obtained for future studies to test mechanism-driven 
hypotheses to examine the transgenerational epigenetic mech-
anisms involved in the interactions of CO2 with COC (hormone 
disruptors and antimicrobials like glyphosate, metals, bisphenols, 
others), microbial transgene , and the micro-
biome of mangrove sediments and agricultural soil, using ecologi-
cal computational tools.

At the 2020 NSA meeting in Baltimore, the protocol to collect 
1-meter sediment cores (provided by Dr. Jim Tang from the Eco-
systems Center, Woods Hole, MA) will be discussed, in order to 

-
tion in late 2020. The administrative responsibilities for shipment 
of samples to testing laboratories in the USA will be reviewed.  A 
literature review of the mangrove genome sizes, genetic variation, 
and the role of interactions of transposable elements (Gypsy LTR 
retrotransposon) and epigenetic components (methylation) in-
volved in salt and temperature stress adaptation of mangroves to 
global change will be presented.DO N
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Coonamessett Farm Foundation, 277 Hatchville Rd, East Fal-
mouth, MA 02536

ralexander@cfarm.org 

in recent years, the stock, and the industry that targets it, is vul-

the U.S. stabilize scallop stocks through enhancement programs 
that supplement natural recruitment and promote natural growth. 
Rather than growing seed scallops in a hatchery setting, with high 
overhead costs, and spurred by an unusually slow-growing set of 
scallops in the Nantucket Lightship Access Area, the Coonames-
sett Farm Foundation (CFF) has begun the research to determine 
the feasibility of a transplant-based enhancement program, where 
slow-growing or densely settled scallop sets are re-distributed to 

process was demonstraing the ability to collect large numbers of 
scallops, transport them to a secondary location, and release them 

-
lops’ movement and/or mortality in the short-term using a time-
lapse camera array focused on the 12-48 hours following seeding. 
Images annotated using the R software package were used to track 
scallop movement behavior for 12-48 hours post-release. Scallop 

-
tween deployments. Scallops generally did not react to the presence 
of predators unless physical contact was made. Transplanted scal-
lop piles attracted a wide diversity of marine life. Future work will 
focus on longer-term monitoring of transplanted scallops through 
acoustic telemetry and dredge/optical surveys.  

University of Maryland Center for Environmental Science, 
Horn Point Laboratory Oyster Hatchery, 2020 Horns Point Road, 
Cambridge, MD 21613

tobash@umces.edu
When working with any type of animal husbandry, environ-

-
-

tuations in ambient water quality.  Protocols are designed to match 
expected conditions based on site location, yet hatchery operators 
are presented with new challenges each year.  Navigating these 

ONE HEALTH Epigenomics Educational Initiative, Environ-
mental Genomics Inc. (EGI), P.O. Box 196, Southborough, MA 
01772

environmentalgenomics.warren@gmail.com
The goal of The Shrimp Genome and Epigenome (ShrimpEN-

CODE) Project is to understand the epigenetic mechanisms asso-

( ) , to bacterial [acute hepatopancre-
atic necrosis disease (AHPND)] and viral [white spot syndrome 
virus (WSSV), infectious hypodermal and hematopoietic necrosis 
virus (IHHNV), Taura syndrome virus (TSV)] diseases.  It was pro-
posed that transposition of mobile genetic elements [transposable 
elements (TEs)], among AHPND-causing  spp. occurs via 
horizontal gene transfer (HGT) of plasmid transposons, and trans-
generational epigenetic inheritance.  To test this hypothesis, a con-
tiguous, fully-assembled reference genome sequence is needed.  To 
date, two whole genome sequence (WGS) assemblies are available 
for  [Breed: Kehai No. 1 (ASM378908v1) and Breed: 
F1 (ASM373033v1].  ASM378908v1 represents 1.6 Gb of the 
expected genome size of 2.45-2.87 Gb. Same 1.4-1.6 Gb size for 

and . Genome annotation revealed: large 
number (23.93%) of simple sequence repeats (SSRs) in -

 genome, 25,572 protein-coding genes, and various noncoding 
RNA: 1,458 tRNA, 464 rRNA, 296 (snRNA), 255 small nucleolar 
RNA (snoRNA), 90 ribozymes, 59 cis-regulatory elements, and 
214 microRNAs (miRNAs). Repetitive sequences (SSR, TE) are 

Three hundred eighteen repetitive sequences are presented from a 
pilot WGS assembly (9.6 Mb) using hemolymph from broodstock 

 (Kona 
Line) developed by the U.S. Marine Shrimp Farming Program 

P5 chemistry, and published in Repbase Reports 2015, Vol 15(4), 
www.girinst.org]. A review of endogenous viruses and epigenetic 
genes of penaeids is presented.
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Finally, because of the maxim that requires separation of breed-
ing from routine commercial activity, the ideal is to have a dedi-
cated set-aside in the hatchery for R&D work. While this set-aside 

-
gae feed, the 2D space, plastic ware, screen sets and other toys of 
R&D, and especially the gametes and larvae should be inviolately 
separate.

PENAEUS (LITOPENAEUS  VANNAMEI

Madurai Kamaraj University, Department of Animal Behaviour 
and Physiology, School of Biological Sciences, Madurai-625021, 
Tamilnadu, India

amuthaji@gmail.com
Aquatic organisms have self-defense mechanisms that natu-

rally protect them from the actions of chemicals such as the her-
bicide and antimicrobial Glyphosate. The changes in expression 
levels of different types of enzymes could be used as biomarkers 
of exposure such as hepatopancreatic cytochrome P450-associat-
ed enzyme activity. It is also possible that the rate of release of 
reactive oxygen species (ROS) is increased during exposure and 
the defense mechanisms occurred in the cell because of rapid ox-
idation, reduction, hydroxylation and dealkylation reactions. The 
effect of Glyphosate exposure was examined to assess the oxida-
tive stress and biotransformationon  post-larval stage 
collected from commercial farms. After measuring body length 
(1.760 ±0.197cm) and weight (0.629±0.081g) they were divided 
into groups (n=25/tank): control, 10 ppm, 20 ppm, 30 ppm 40 ppm 
and 50 ppm glyphosate concentrations for 24 hours. Water quality 
was maintained at pH 7.8, salinity of 32, and a temperature of 27-
28ºC throughout the study. Tissue samples were collected every 6 
hr, hepatopancreas removed for enzymatic reactions. The levels of 
antioxidant [superoxide dismutase (SOD), catalase (CAT) and glu-
tathione reductase (GR)] and biotransformation enzymes (CYP450 
isoform-EROD, MROD, BROD and GST) increased at 6hr and 
12hr in the 10-30ppm groups, their activity decreased afterwards. 
In the 40-50ppm groups, the antioxidant and biotransformation en-
zymes increased up to 24 hr. Results suggested that (a) antioxidant 
enzymes were elevated at early stages of exposure in 10-30 ppm 
groups, (b) GSH, SOD and CAT play a role against ROS and neu-
tralized it, (c) enzymatic biotransformation is essential to eliminate 
glyphosate, and (d) the cellular enzyme defense mechanism protect 
shrimp at certain levels of exposure.

to production success.
The University of Maryland Center for Environmental Sci-

ence Horn Point Laboratory Oyster Hatchery (HPLOH), located in 
Cambridge, Maryland, is one of the largest oyster hatcheries on the 
east coast.  HPLOH produces eastern oyster ( -

) larvae, spat on shell, and oyster seed for restoration and com-
mercial aquaculture production, as well as engaging in research, 
education and outreach programs.  Production at the HPLOH has 
increased from a relatively modest 17 million in 1997 to a peak of 
over 1.7 billion oysters produced in 2016 and 2017.  Within this 

-
tuations in production of varying scale.   Some disruptions, such 
as harmful algal blooms, are spatially isolated while others, such 
as high regional rainfall and resulting low salinity, have affected 
hatcheries throughout the mid-Atlantic region.  Impacts from these 
episodes have lasted from a few days to over half of a production 
season.   Some incidents are predictable and can be successfully 

the hatchery to temporarily cease production altogether. Historic 

solutions will be presented.

William and Mary, Virginia Institute of Marine Science, 1370 
Greate Road, Gloucester Point, VA 23062

ska@vims.edu
Research hatcheries, of which a breeding program would avail, 

have several key elements that distinguish them from commercial 
space. The principal needs for research or breeding are tank rep-
lication, “table” space, and plastic ware, including microscope(s) 
and (especially) labelling tape. All other supporting functions of 
a hatchery are more or less equivalent to a commercial operation.

Research (breeding) hatcheries are characterized by many small 
tanks rather than smaller numbers of very large ones. This derives 
from the need for replication to accommodate experimental design 
in the case of research hatcheries or multiple crosses for progeny 
tests in the case of breeding. In the example of the VIMS breeding 
program, 200-300 crosses might be executed per year, often with 
>70 running simultaneously. That number of crosses, also spawned 
at the same time, militates the separation of gametes to effect pre-
cise pedigrees. Therefore, whether gametes are strip spawned or 
naturally spawned, they need to be contained until use, necessi-
tating lots of plastic ware for eggs and sperm and the 2D space to 
place them.DO N
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BUSYCOTYPUS CANALICULATUS, 

Virginia Institute of Marine Science, The College of William 
and Mary, Gloucester Point, VA 23062

seaskin@vims.edu
Channeled whelk (  Linnaeus, 1758) 

are predatory marine gastropods that are found along the continen-
tal slope along the United States Atlantic coast from Cape Cod, 
Massachusetts to Cape Canaveral, Florida. Channeled whelk are 
direct developing gastropods, which is thought to limit their op-
portunity for dispersal. The age and growth of channeled whelk 
varies regionally, with the oldest recorded age at 14 years. Sexual 
maturity is reached between ages 5 – 7 and 8 – 10 in the mid-Atlan-
tic region and Massachusetts respectively. Females are generally 
larger than males reaching sexual maturity at 149 – 159 millimeters 
(mm) shell length (SL) as compared to 121- 134 mm SL in males. 
These life history characteristics make channeled whelk vulnerable 
to overexploitation.

Currently the channeled whelk resource is managed at the state 
level in the mid-Atlantic region and minimum landing size (MLS) 
varies by state, with female channeled whelk having a low proba-
bility of being sexually mature. In 2018, Massachusetts performed 

concluded that channeled whelk populations in Nantucket Sound 

This study used single nucleotide polymorphisms to delineate 
the genetic structure of channeled whelk sampled from 10 locations 
across the Atlantic coast of the United States. Finer scaled sampling 
was conducted in the mid-Atlantic. The results of this study will 
be discussed relative to appropriate scaling for management of the 

CRAS-
SOSTREA GIGAS

1 2

1 2

1

1Centro de Investigaciones Biológicas del Noroeste, S.C. (CIB-
NOR), Av. Instituto Politécnico Nacional No.195, Col. Playa Palo 
de Santa Rita, C.P. 23096, La Paz, Baja California Sur, Mexico 
2

3University of Washington, School of Aquatic and Fishery Sci-
ences, 1122 NE Boat St, Box 355020 Seattle, WA 98195-5020

rarredondo@pg.cibnor.mx
Thermal stress is one of the factors that affects production 

 in 
Mexico.  Increases in temperature up to 34°C or more in shallow 
waters had been associated with high mortalities. Selective breed-
ing of thermal-resistant oysters represents an alternative to improve 
survival. This research aimed to understand if genetic differenc-
es exist for resistance among families within a breeding program 
being developed in CIBNOR since 2013. After an induced acute 
thermal challenge, three families were phenotypically character-
ized as thermal-resistant and three as thermal-susceptible. Unex-
posed oysters from the same six families were subjected to a chron-
ic thermal stress for 30 days using daily oscillating temperatures 
between 26°C and 34°C. On day 30, gill tissue was sampled and 

(WGBS) with the objective of identifying differentially expressed 
(DE) genes and differentially methylated regions (DMR) between 
phenotypes in response to thermal stress. Gene ontologies for DE 
genes were assigned to energy production, metal ion binding, DNA 
and transcription regulations. The same result was observed with 
the DMR analysis, suggesting that DE between phenotypes is re-
lated to DMR in promoters. This presentation will summarize how 
families were selected, the differences between thermal phenotypes 
at the transcriptomic level and in methylation of promoters, and on 
the relationship between methylation in promoters and phenotypes 
differential gene expression. This research will serve as the basis 
for further basic research needed to understand the impact of cli-
mate change stress on oyster genomes.
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Infectious hypodermal and hematopoietic necrosis virus 

(IHHNV) is one of the major viral pathogens of penaeid shrimps, 
its infection has resulted in severe mortalities of up to 90 % in 
populations of ( ) . The virus is 
less virulent in  and P.  and does not typi-
cally cause mortality; but it can result in runt deformity syndrome.  
Twenty-nine complete genomes are deposited in Genbank, sizes 
ranging from 3,530 bp to 3,914 bp. An endogenous IHHN virus 
element of 4,655 bp (DQ228358) from  from Africa 
and Australia contains a partial sequence of retrotransposon reverse 
transcriptase (RT) gene. DQ228358 contains the 3’end of IHHNV 
(actual virus) sequence. The shrimp containing this endogenous 
IHHN viral element does not cause infection in laboratory infection 
studies. Blastx searches revealed that nucleotides 3280-4653 of 
DQ228358 is 83% identical to nucleotides 186-643 of RNA-direct-
ed DNA polymerase of  (WP_107339062 
883aa). Nucleotides 3511-4653 are 100% identical to 1-381aa from 
RT of  (AAM94166 382aa). Nucleotides 1-1202 are 
integrated in the genome of  farmed in China (breed 
Kehai No. 1, assembly ASM378908v1). Nucleotides 3255-4655 
of DQ228358 are similar to nucleotides 1524-2924 of the RT of 
RTE-3_LVa non-LTR retrotransposon of 3,654 bp [Bao 2015. Rep-
base Reports 15(4):1592], obtained from a pilot genome sequence 
of SPF  domesticated by USMSFP breeding program in 
Hawaii. Portions of RTE-3_LVa are identical to microsatellites and 
ESTs from SPF , wild and farmed P.  and P 

. It is hypothesized that a horizontal transfer mechanism 
is involved in host transposon-IHHNV virus interactions.
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The blue crab,  has major cultural and eco-

nomic importance to the Chesapeake Bay region.  The genome 
sequence was determined using multiple different approaches in-
cluding short and long read sequencing as well as scaffolding using 
HiC.  After assembly with MASurCA software the genome length 
was ~1.1 billion bases with two peaks of coverage at 100 and 200 
fold, suggesting high levels of heterozygosity. roughly 160 million 
bases were associated with different types of repeats, with ~100 
million found in simple repeats.  Approximately 29,000 protein 
coding genes were determined from ~800 million RNAseq reads 
using STRINGTIE and the MAKER pipeline.  In addition, the ge-
nome resource can be used to map expression across large scaffolds 
and should provide resource for gene discovery, population level 
analysis, and further study of the biology of this resilient species. 
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White spot syndrome virus (WSSV), the lone virus of the genus 

Whispovirus under the family Nimaviridae, is one of the most dev-
astating viruses affecting the shrimp farming industry. Knowledge 
about this virus, in particular its evolution history, has been limited, 
partly due to its large genome and the lack of other closely related 
free-living viruses for comparative studies. In this study, we recon-
structed a full-length endogenous nimavirus consensus genome, 

 (279,905 bp), in the genome sequence of 
 breed Kehai No. 1 (ASM378908v1), in which ~12 cop-

ies of  exist. Although in less amount,  
sequences are also present in the genomes of  
and ( ) . This endogenous virus 
seems to insert exclusively into the telomeric pentanucleotide mi-DO N
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There is a substantial gap in knowledge regarding the roles of 

(OA) in bivalves. This study combines physiological assays with 
next generation sequencing to assess the potential for acclimation 
of the eastern oyster ( ) to OA and to evalu-
ate the underlying molecular features for resilience.  Adult oysters 
were spawned and larvae were cultured under ambient (700ppm) or 
elevated (1400ppm) pCO2 conditions. After one week, larvae were 
reciprocally transplanted to the alternative pCO2 condition. Lar-
vae that remained in elevated pCO2

mortality one week after transplantation than those remaining in 
ambient pCO2. Larvae transplanted from elevated to ambient pCO2 

elevated conditions and near equal mortality compared to animals 
remaining in the ambient condition. Larvae transplanted from am-
bient to elevated pCO2

those remaining in ambient conditions and near equal mortality 
compared to those that remained under elevated pCO2. RNA from 
survivors was sequenced and RNAseq results demonstrated genes 
were differentially regulated under OA stress compared to ambi-
ent conditions. Furthermore, larvae that remained in the elevated 
condition and larvae transplanted into elevated pCO2 demonstrated 
shared patterns of gene expression. The results of RNAseq demon-
strate larvae acclimate to environmental stress by means of regulat-
ing gene expression.   This work demonstrates, in part, the basis for 
resilience to OA in the eastern oyster and begins to identify genes 
involved in the resiliency of aquaculture stocks. 

crosatellite (TAACC/GGTTA)n. It encodes 117 putative genes, 
with some containing introns, such as g012 (IAP), g046 (CHH), 
g155 (innexin), g158 (BI-1-like). More than a dozen  
genes are involved in the pathogen-host interactions. We hypothe-
size that g046, g155, g158 and g227 (semaphorin 1A like) are re-
cruited host genes for their roles in immune regulation. Our data 
indicates that a total of 43 WSSV genes are core/ancestor nima-
virus genes, including four genes reported in this study: wsv112 
(dUTPase), wsv206, wsv226 and wsv308 (nucleocapsid protein). 
Availability of  sequence will help understand the ge-
netic diversity, epidemiology, evolution and virulence of WSSV.

MERCENAR-
IA MERCENARIA M. CAMPECHIEN-
SIS

-
metto, FL 34221

Culture of the northern quahog, , represents 98% 

was estimated to be $38.7 million.  , however, is not 
native to the west coast of Florida, and growers and hatcheries are 
experiencing increasing summer mortality events. -

, on the other hand, is endemic to southwest Florida and once 
-

ed to local environmental conditions and more resilient to climate 
change. The objective of this study is to compare growth and sur-
vival of these sibling species on the west coast of Florida during 
larval, post set, nursery and growout phases. Increased production 
of southern quahogs will diversify the industry and expand mar-
kets.

a week apart at a commercial hatchery in August 2019; offspring 
were reared using standard techniques. Measurements of shell 
lengths (n=25) were obtained during larval, post-set (downwellers) 
and nursery (upwellers) phases. Estimates of percent survival were 
obtained from counts of fertilized eggs, larvae and post-set clams. 
Water temperature and salinity were also recorded.

Mean shell lengths were 8.2 mm (72 days after spawning) 
and 7.5 mm (71 days after spawning) for  and M. 

, respectively. Survival of  was 9% 
(17 days after spawning) and survival of  was 8% 
(21 days after spawning). There were no differences in growth or 
survival between the two species during larval, post-set and nursery 
phases of development.DO N
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wharf overlooking Moosabec Reach, the body of water separat-
ing the island community of Beals from the mainland community 

hatchery dedicated to the production of cultured soft-shell clam, 
, juveniles (< 12 mm SL) that were distributed to local 

Today, DEI continues to be the only producer of cultured softshell 
clams in Maine, and continues working with clammers and coastal 
communities to enhance wild stocks. Soft-shell clam broodstock 
are conditioned using traditional techniques that involve regulating 
seawater temperature from 1-15oC and microalgae over a 2-month 
interval. Thermal shock (to 24oC) is used to stimulate spawning. 
Larvae are reared at 20oC in 400-l conical tanks for 18-22 days, and 
settle at sizes of 200-225 microns. Arctic surfclams, 

, are deep-water, shallow-burrowers that are harvested 
commercially only in Maritime Canada, but populations exist in the 
Gulf of Maine south to offshore Rhode Island. Surfclam broodstock 
are spawned by conditioning using techniques similar to those used 
for soft-shell clams, but over temperatures that range from 1-10oC.  
Spawning and larval rearing occurs at 12oC.

CARCINUS MAENAS
MYA ARENARIA
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Green crabs purportedly invaded the shores of North Ameri-

reports of green crabs in Maine were made by Rathbun in 1905 
from Casco Bay, near Portland. The north and eastward progression 
of  reached Washington County, the easternmost coastal 
county in Maine, when it was observed in a variety of intertidal 
habitats in 1951. The northeastward progression along the Maine 

-
tions due, apparently, to winter temperatures.  Cold winters coin-
cided with population declines, while the opposite was true when 
seawater temperatures were mild. An especially noticeable increase 

1945-1949 when winter (Jan-Mar) seasurface temperatures at 
Boothbay Harbor, ME averaged 1.9 ± 0.12oC vs. 1950-1954 when 
temperatures averaged 4.81 ± 0.1.1oC.  The approximate 150% in-

2
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Epigenetic mechanisms have gained relevance in human health 

and environmental studies, due to their pivotal role in disease, 
gene × environment interactions, and adaptation to environmental 
change and/or contamination. Epigenetic mechanisms are highly 
responsive to external stimuli and a wide range of chemicals have 

organisms. Furthermore, the mitotic/meiotic inheritance of such 
epigenetic marks as well as the resulting changes in gene expres-
sion and cell/organismal phenotypes has now been demonstrated. 
Therefore, epigenetic signatures are interesting candidates for link-
ing environmental exposures to disease as well as informing on 
past exposures to stressors. Currently, methodologies that study the 
entire epigenome, which refers to all chemical modifcations added 
to the DNA code, are routinely used to investigate potential epi-
genetic effects. While these technologies are increasingly applied 
in studies with model species, they remain challenging to apply to 
non model species. Here, the potential of these technologies in non 
model species will be discussed.

1 2

1University of Maine at Machias, 116 O’Brien Avenue, Machi-
as, ME  04654

2

ME  04611
bbeal@maine.edu

-
ration located on Great Wass Island in the town of Beals, Maine 
that operates a 10,000 ft2 -
opment center. Historically, DEI evolved from its predecessor the 

in 1987 by renovating a clam shucking shack located on a 100-ft DO N
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Standard bivalve hatchery practices rely on ambient water quali-

ty for production, however ambient water quality can cause impaired 
hatchery performance.  The development a recirculating aquaculture 
system (RAS) would allow bivalve hatcheries to reuse production 

Two pilot scale systems were developed for testing.  The system 
design consisted of a 600 L traditional moving bed bioreactor with 
K1 Kaldnes carrier elements (AnoxKaldnes, Lund, Sweden) for am-
monia reduction and enriched heterotrophic microbial community 
to reduce organic waste and remove bacteria from larval production 
waters.  A conventional foam fractionator was also used to assist 
with removal of dissolved organics.  Initial efforts have developed 
and standardized a heterotrophic conditioning protocol.

-
opment procedure and survival of bivalve larvae in system water.  
Standard bacteriological media as an organic source was dosed at 
a level expected as worst-case scenario for larval culture failure.  
Organics were absorbed and treated by the system with very little 
perturbation of the biomass in the reactor.  Cultured  spp. 
were loaded to the system and eliminated from the planktonic 
phase.  Both bay scallops and eastern oyster larvae were used to test 
reactor water quality following organic doses.  Initial assessment of 
larval survival and growth was promising, and the system is being 

-
pacity analysis, and potential economic gains with implementation 
of the system.  

crease in temperatures coincided with a population explosion of 
green crabs along the Maine coast, and, at that time, with the largest 
decline in soft-shell clam populations that averaged 40.3 million 

period after the warming period. Today, seasurface temperatures 
in the Gulf of Maine are warming faster than most other areas of 
the global oceans, green crab populations are, once again, explod-
ing, and, once again, soft-shell clam populations are at/near all-

sources. Clam losses due to green crab attack are disproportionate-
ly associated with 0-year class individuals where post-settlement 
mortality has been estimated to be > 99%.

MACTROMERIS POLYNYMA
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Arctic surfclams are shallow-burrowing, deep-water bivalves 

(Family Mactridae) with a circumboreal distribution.  In the north-
west Atlantic, this species is harvested commercially in Atlantic 
Canada and Quebec (10-15 cm SL) for its naturally-occurring pur-
ple foot that turns bright red upon cooking, and is served as hokki-
gai, a sushi and sashimi delicacy. In 2017, Canadian surfclam sales 
topped $100 million.  ranges into the Gulf of Maine 
and south to offshore Rhode Island; however, no extensive beds 
have been located in U.S. waters. An attempt to create a new cul-
ture candidate and live product (4-5 cm SL) for domestic markets 
began in 2009 at the Downeast Institute to learn about the hatchery, 

using cultured juveniles (4-15 mm SL) have been conducted in the 
soft-bottom lower intertidal in eastern Maine where large tides ex-

in the native soft-shell clam, .  Small-scale trials over 

traditional techniques to deter predators with plastic mesh netting 
) re-

peatedly resulted in short-term (6 mo.) survival rates < 5%. Netting 
did not deter predators, mostly green crabs, , that 
ripped, cut, and/or burrowed beneath the edges of the netting to 
consume the surfclam seed. A new growout method was recent-
ly discovered that resulted in survival rates > 90% over 166-days 
(April to October) with growth rates of 175%. DO N
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Between 2012 and 2013 an extremely large recruitment of At-

lantic sea scallops ( ) occurred in the north-
west Atlantic. The event deposited over 31 billion scallops onto the 

support large scallop aggregations. Despite this, the high densi-
ties of scallops persisted and were protected; the area was divid-
ed into four areas that could be managed separately to best utilize 

they were expected to provide millions of pounds of landings over 

by 2019 biomass decreased 60% more than anticipated; much more 
than what could be accounted for by harvest. This represented about 
1.7 billion missing scallops and millions of dollars of lost revenue. 

biomasses of harvestable scallops, to a general open area because it 
no longer had a biomass high enough to justify it as an access area 
Potential causes of this unexpected loss include natural, incidental 

how to avoid this situation happening again are an immediate issue 
facing management as an adjacent area with similar scallop density 
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The shrimp genome is a genome that has raised so much of 

curiosity among all researchers as this genome has been attempted 
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This study seeks to assess the sustainability of the public oyster 

in the Virginia portion of the Chesapeake Bay.  Within public Bay-
lor grounds, intensive and ongoing monitoring of the shell budget 
on oyster reefs indicates that replenishment efforts provide short 
term increases in the shell budget.  Predictions for the future based 
on this evidence suggests that despite replenishment efforts on pub-

will be an ever declining resource.   
At the same time, there is large support for expansion of the 

aquaculture industry as an economic driver for rural coastal com-
munities with limited economic growth potential.  However, an 
aged private leasing system coupled with increasing social and 

could ultimately limit the expansion of intensive and extensive 

In support of such expansion, this study used geospatial tech-
niques to classify productive and unproductive public bottom and 
proposed options for future use of unproductive Baylor bottom.  
Monitoring data, restoration activity, and historic bottom type 

Baylor grounds that exhibit signs of productivity based on pres-
ence of shell material. Unproductive areas were delineated within 
the public grounds and assessed for their potential to be used for 

results and review the regulatory implications and impediments for 
implementing a new management strategy for Baylor Grounds in 
Virginia. 
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level of  in the benthos and water column were investi-
gated.  Sediment and water samples were collected at three nearby 
sites on the lower York River, Virginia, over a three-day tidal cycle 
and also monthly, starting in August 2019 when infection levels in 
oysters were nearing their seasonal peak. DNA was extracted and 
qPCR was applied to quantify  in the water column and 
sediment. Initial results revealed detectable  across the 
tidal cycle, with levels generally highest at low tide highlighting P. 

 environmental variability even on short time scales.

 
CRASSOSTREA VIRGINI-
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To test the relationship between larval period duration and sub-

sequent performance, three different groups of oyster larvae were 

Laboratory (Dauphin Island, AL); based on the number of days re-
quired by larvae (n > 900,000) to become pediveligers, the three 
groups were ‘Early’ (11 days post-fertilization), ‘Peak’ (13 days 
post-fertilization) and ‘Late’ (18 days post-fertilization).  The per-
formance of these three groups were monitored at 1) metamorpho-

grow-out at three different sites in Alabama.  Once oysters retained 
on a 12 mm mesh, replicate (n = 6) groups were deployed to three 

-
livan Oyster Park, and Dauphin Island Sea Laboratory dock) in 

-
al, shell shape, condition index, etc.) at 4, 7 and 10 months after 
deployment.  Preliminary results show that at the end of the land-
based nursery culture, the Peak group had a growth rate that was 
0.14mm/day (±0.093; 95% CI) faster than the Early group, indicat-

(p>0.05).  Results of additional analyses from the grow-out of each 
group will be discussed.  This evaluation will help hatcheries and 
farmers understand how performance of the oysters is related to 
larval period duration.

is spaced by non-coding and coding regions which gives rise to dif-
ferent shift in resistance for different pathogens. Host genome had 
undergone different adaptations and had been selected for survival 
based on its history of pathogen exposure. The role of important 
immune functional genes in the initiation of signaling cascades in 
response to different pathogens at different time periods and lev-
els can be captured real time via transcriptomics approach. The 
RNA-Seq analysis of AHPND-challenged disease tolerant 

 control and treatment (3, 6, and 24 hours post-infection) 
hepatopancreas samples have successfully revealed the patho-
gen-induced transcriptome changes. Software including Trinity, 
Tgicl, Bowtie2, and RSEM were applied for the transcriptome 

 assembly, transcript annotation, and expression determina-
tion. Differentially expressed immune functional genes were iden-

-
PND infection time points were further uncovered. This led to the 
deduction of initial recognition between Pathogen-Associated Mo-
lecular Patterns (PAMP) and Pattern Recognition Receptors (PRR), 
subsequent immune cascade activation, release of Damage-Associ-
ated Molecular Patterns (DAMP) in later infection time points for 
immune response enhancement, and transcriptional activation of 
important antibacterial immune functional genes. The differential 
transcriptional changes could arise from epigenetic changes, SNP 
mutations and structural variations in non-coding and coding re-
gions of the shrimp genome.

PERKINSUS MARI-
NUS

Virginia Institute of Marine Science, William & Mary, P.O. Box 
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The oyster pathogen,  is dominant alomg the 

-
ter mortalities. While there have been numerous investigations of 
this protozoan parasite within the context of its oyster host, much 
remains unknown in terms of its environmental ecology. The ap-
pearance of -
inciding with warming water temperatures, usually in late summer. 
The disease overwinters at low infection intensity before reemerg-
ing with warming temperatures in spring. While transmission may 
be primarily through release from dead and decaying tissues of in-
fected oysters into the water column, transmission can occur year-
round even through periods of low oyster mortality. This under-
scores a potential role in transmission of parasite sloughing with 
feces, but even this may not explain the entirety of the transmission 
that is observed. 

To better understand the environmental ecology of , 
the relationship between tidal cycle and season, and the detection DO N
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Development of the unmanaged waved whelk ( -

-
ical and population attributes of the species in this region. Limited 
adult dispersal and lack of a planktonic larval stage has the poten-
tial to create spatially distinct populations. Additionally, maturation 
and reproduction timing vary by location for this species and are 
likely linked to bottom water temperature. During the summer of 
2015, a comprehensive survey was undertaken to evaluate popu-
lation structure, sex ratio, relative abundance, and size of sexual 
maturity for whelk in the Mid-Atlantic. Estimates of size of sex-
ual maturity for  from other regions of the world were 
compiled, demonstrating that the size of maturity for this species 
is highly variable, and current minimum landing size regulations 
tend to fall below the estimated size of sexual maturity, potentially 

in the Mid-Atlantic Bight occurred throughout 2017 to examine 
-

evant body metrics and gonadosomatic index in relation to bottom 
temperature. Unique oceanographic dynamics in the MAB, such 

bottom temperature which appears to link closely to the reproduc-
B. 

for future management of waved whelk along the U.S. Mid-Atlan-
tic continental shelf.  

111, Seattle, WA 98104
marlene.meaders@confenv.com 
Numerous studies on the U.S. West Coast have documented 

differences in species diversity and abundance associated with 
estuarine habitat types with and without oyster culture; however, 
due to the relatively recent transition to off-bottom culture within 
West Coast estuaries, few studies have addressed how and wheth-
er off-bottom oyster culture affects species use and abundance, or 
whether these differences affect the overall food web ecology of 
the system. 

The goal of the project was to determine whether oyster culture 

where oysters are grown commercially in Humboldt Bay, Califor-
nia. The project builds upon previous work performed in Humboldt 
Bay, studies conducted in other West Coast estuaries, and current 

and estuarine habitats. 
Field studies associated with the project indicated that there 

compared to estuarine habitats without gear present. Differences 
in taxonomic groups present and their abundances occur between 

presence of aquaculture gear. Important questions remain regard-
ing the interactions of aquaculture with eelgrass habitat and the 
potential for aquaculture activities to affect other fauna including 

-
ect provided initial efforts into the utility of Ecopath with Ecosim 
modeling software to evaluate the effect that oyster culture has on 

will be presented.
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) is a species endemic to the Eu-
ropean coast and its range extends from Norway to Morocco. It 
is also present in the Mediterranean Sea, the Black Sea, but also 
in Canada and the United States where it has been introduced for 
aquaculture production purposes. In France, since the late 1970s, 
high mortality rates have been observed in wild and farmed oysters 
and have been attributed to two main parasitic diseases: marteil-
iosis (caused by ) and bonamiosis (Bonamia 
ostreae). As part of the PERLE 2 program, which aims to select 
families of  with special focus on disease resistance, 
we have developed both an experimental technical tool to allow the 
reproduction and crossing of individuals of interest, and genomic 
tools to identify markers of interest in relation to hardiness traits. 
In this project, we sequenced the  genome to provide 
a solid baseline for the development of genetic markers that will be 
used to develop a genetic selection program. We fully characterized 
the 10 chromosomes and obtained a genome sequence with a size 
of about 0.89Gb for a GC content of 34.4%. Among the 42,693 

-
sponse to parasites. Global transcriptomic analyses and gene candi-
date expression study performed on different tissues, various stages 
of development and parasite index conditions have allowed us to 
better understand the biology of this species.

Partnership for the Delaware Estuary, 110 S. Poplar St. Ste. 202, 
Wilmington, DE 19801 
sbouboulis@delawareestuary.org

Living shorelines represent a suite of methods aimed at stem-
ming the erosion of coastal habitats while providing ecological up-

help achieve these goals due to the variety of important ecosys-

particle removal and nutrient cycling between the water column 
and benthos. The physical structure and binding created by aggre-

-
ity, both within and behind the living shoreline. In the Delaware 
Estuary, both ribbed mussels ( ), and to a lesser 
extent oysters (
providing these services. The Partnership for the Delaware Estu-

shorelines for several years.  On a hybrid living shoreline installed 
-

vices take time to develop, and are dependent on growth and sur-
vivorship. Oyster population development was more consistent 
over time compared to the more spatially and temporally variable 
ribbed mussel populations. Additional studies showed that shell-

available interstitial space, and protection from predators. These 

to test subtle variations in the above factors and their effects on 

facilitate colonization and persistence during early stages of living 
shoreline maturation, then they can potentially enhance water qual-
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sampling methodology, several concerning observations were not-
ed including the impact of hurricanes on oyster abundance and hab-
itat quality.  Sampling events have uncovered cases of widespread 
sedimentation, anoxic conditions, low salinity environments, 

correlated with increased oyster mortality.  Natural oyster reefs of 

-
tration, bottom and shoreline stabilization, and vital nursery habi-

for North Carolina and other coastal oyster growing states that face 
increased threat from frequent hurricanes.  Additional evaluation 
of oyster habitat, and careful resource management consideration 

-
ods, and a rotational harvest system may provide practical solu-
tions to help combat and mitigate mortality in the face of increasing 
storm frequency.
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1Medgar Evers College, Department of Biology, 1638 Bedford 
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2Kingsborough Community College, Department of Biology, 
2001 Oriental Ave, Brooklyn, NY 11235

Tenise.bowman1@student.mec.cuny.edu
Manganese causes manganism, a Parkinson’s-like disease. The 

mechanism of action is not fully understood and there is no effective 
treatment. Proposed mechanisms include manganese causes oxida-
tive stress and mitochondrial dysfunction damaging dopaminergic 
neurotransmission. Manganese disrupts mitochondrial membrane 
potential of gill lateral cells (GLC). To test 
if PAS or carnosine, an antioxidant with possible neuroprotective 
properties protect against manganese on mitochondria membrane 
potential in -
tramethylrhodamine-methyl-ester perchlorate) was used. Gill sec-

-
lume microscope with a 50 watt HBO mercury excitation lamp 

were taken with a Leica DFC400 camera at 0, 10 and 20 min. All 
sections were photographed with the same microscope and camera 

-

Louisiana Department of Wildlife and Fisheries, 2000 Quail 
Drive, Baton Rouge, LA 70808

cbourque@wlf.la.gov
The vast coastal wetlands of Louisiana provide ample habitat 

where eastern oysters ( ) thrive under a variety 
of environmental conditions. Louisiana has one of the largest oys-
ter resources in the nation, supporting one of the state’s largest and 

to the state. The Louisiana Department of Wildlife and Fisheries 
(LDWF) is charged with managing the state’s oyster resources by 
closely monitoring the size and health of oyster populations on 
nearly 1.7 million acres of public oyster areas as well as setting 
oyster seasons, monitoring harvest, and enhancing habitat. His-

-
tributor to overall Louisiana oyster landings each year, while also 
supplying seed oysters transplanted to private leases for grow-out 
purposes; however, public area harvest has been decreasing since 
2009, and only 2% of all oysters landed in Louisiana came from 
public areas in 2018. Recent oyster stock assessment indicate pub-
lic oyster areas are experiencing the lowest stock size ever record-
ed. This observed decline is not a result of any single event, but re-

not limited to, changes in hydrology, extreme weather events, the 
Deepwater Horizon oil spill/response activities, harvest pressure, 

this valuable economic and ecological resource is needed. LDWF 
is providing a path for recovery and maintenance of Louisiana’s 
oyster resources, as well as assistance with industry adaptation.

1 2
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North Carolina is second only to the state of Florida in the Unit-

ed States impacted by hurricane tracks since 1850.  These storms 

their impact may reach further.  While studying North Carolina DO N
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The European green crab ( ) is a harmful inva-

sive species that has been linked to the decline of the softshell clam 
industry in New England, as well as the degradation and loss of 
critical eelgrass and salt marsh habitat. Compounding these issues 
is the link between increasing green crab abundance and increas-
ing ocean temperature. Recent green crab mitigation efforts have 

-
ucts for this invasive pest. Research on the viability of a soft-shell 

which targets a closely related species, the native Mediterranean 
green crab (
to recognize pre-molt crabs. Using external molt indicators, pre-

sites. Observations of caged pre-molt crabs resulted in an 82% 
molt success rate (i.e., crabs became soft-shell product). Long-term 
monitoring sites were also established to study green crab popula-
tion dynamics, including observing spatial and temporal molt pat-

green crabs to local restaurants for roughly $25USD/lb in 2018. 
Ongoing research aims to increase production as well as determine 

Stony Brook University, School of Marine and Atmospheric 
Sciences, 155 Dana Hall, Stony Brook, NY 11794

Christopher.Brianik@stonybrook.edu
Quahog parasite unknown (QPX) is an opportunistic thrausto-

chytrid parasite of the northern quahog (= hard clam),

losses due to numerous mass mortality events. Despite QPX being 
recognized for over 50 years and maintained in culture for over 20 
years, the complete life cycle of this parasite has remained elusive 
precluding thorough understanding of its biology. Previous work 
has suggested that the natural life cycle of the parasite involves a 
zoospore stage (motile dispersal stage) similar to other thrausto-

-
brane potentials. Manganese treatment reduced FI by 40%. Gills 
co-treated with manganese and PAS showed no reduction. Gills 
co-treated with manganese and carnosine had a 15% reduction. 
This study shows PAS and carnosine protect against manganese 

of interest to those exploring possible therapeutic treatments for 
manganism. Supported by grant NIGMS-2R25GM06003, NIH-
K12GM093854-07A1 and PSC-CUNY 62344-00-50.

North Carolina Department of Environmental Quality, Division 
of Marine Fisheries, 3441 Arendell Street, Morehead City, NC 
28557

Jacob.Boyd@ncdenr.gov
The North Carolina Division of Marine Fisheries (NCDMF) is 

responsible for the stewardship and sustainability of the state’s ma-

Lease Program through the Habitat and Enhancement Section for 

of North Carolina.
In North Carolina, the leasing of public trust bottom for the use 

-
ditionally, bottom leases were utilized to grow oysters on cultch, 

aquaculture was enacted in 1989. However, it has been only recent-

industry has expanded tremendously over the last seven years in 
North Carolina.

-
lina are mandated through general statutes and the North Carolina 
Marine Fisheries Commission (NCMFC) has authority to devel-

-

through the Nationwide Permit #48. 
-

dustry and its use of water column leases, there has been a sub-

led to an increase in litigation and takes tremendous staff time and 
-

ture industry in North Carolina will depend on, among other things, 
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In the Chesapeake Bay, Federal, State, and non-governmental 

organizations are planning and implementing ten large-scale oys-
ter restoration projects. There are two restoration methods: 1) con-
struction of substrate reefs on non-shell seabed that are either seed-
ed with hatchery oysters or depend on wild oyster settlement, or 2) 
augmentation of natural shell bottom with hatchery oysters alone. 
Planning sustainable, cost effective, and socially acceptable resto-
ration requires spatial information that addresses physical, biolog-
ical, regulatory, and cultural constraints. Among these criteria are 

-

these data are not current or do not exist for targeted tributaries, and 
must be acquired through surveys. Spatial data are used to create a 
draft polygon-themed blueprint that designates location, area, and 
restoration method for each site. Restoration planners and consult-
ing scientists review the blueprint, and project maps are presented 
at scoping meetings for public comment. When the review process 

contractors to ensure that reef material and live oysters are placed 
in the correct location. Given the scale and complexity of these 
projects, GIS has proven to be an indispensable tool for integrating 
survey and restrictive datasets, creating restoration site boundaries, 
and supporting on-ground activities. Additionally, the geodatabase 
environment has been valuable in documenting project progress 
and monitoring results, and for sharing aggregated spatial data 
among restoration partners, researchers, and resource managers.   

chytrids, however, lack of repeatability has left these observations 
inconclusive and thought to be the result of contamination. By 
modulating culture conditions, QPX zoospores have been success-
fully and reliably produced from both lines maintained in culture 
for extended periods, as well as newly isolated lines. In addition to 

in QPX include the removal of mucus from cultured cells, culture 
age, and temperature. Preliminary infection trials using bath expo-
sure demonstrated no direct infectivity of zoospores, implying that 
additional stressors are required to produce successful infections, 

provide valuable information on the basic biology of the parasite, 
enabling a better understanding of mechanisms controlling QPX 
dynamics in the environment and in clams. 

The Nature Conservancy, South Carolina Chapter, 1417 Stuart 
Engals Blvd, Mt. Pleasant, SC 29464

joy_brown@tnc.org
Oyster reef based living shoreline (LS) projects have been in-

stalled along the shores of many of the coastal states. In some cas-
es, the projects have been on a large-scale with projects sized in 
acres verses feet. In South Carolina (SC), oyster reef restoration has 
occurred since the late 1990s and have remained small with proj-
ects ranging from approximately 50 – 250 feet for a single instal-
lation. The Nature Conservancy (TNC) is leading a siting effort to 
identify a location for a large-scale LS project along the SC coast. 
The intent is to identify a site between ½ - 1 acre in size with the 
priorities of reducing coastal impacts for socially and ecologically 
vulnerable areas.

Living shoreline applications, using oyster reefs, are an evolv-
ing and expanding option for managing estuarine shoreline erosion 
and associated loss of property and habitat. With historical trends in 
population growth and urban expansion close to our state’s coastal 
environments, there is a likelihood of building engineered “gray 

aging infrastructure and proliferating development in sensitive or 
vulnerable areas. There is a growing interest in oyster reef-based 
LS projects to mimic natural features and functions that are con-
structed instead or in combination with gray infrastructure for man-
aging shorelines. There is a knowledge gap in SC about the use of 

siting such a project with the intended installation and monitoring DO N
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Oyster Mortality Syndrome (POMS) caused by microvariants of 
the Ostreid herpesvirus 1 (OsHV-1). POMS can kill all life stages 

, and perhaps other bivalve 
species. Catastrophic impacts are associated with the global emer-
gence and spread of POMS since 2008. Young spat of six oyster 
species grown in the United States ( -

, , and ) were exposed 
in experimental challenges using OsHV-1 isolates from France, 
Australia, and San Diego, California or a control. and C. 

 families included both high and low performing lines and 
important industry stocks from the Molluscan Broodstock Pro-
gram; single stocks each of , , and -

 were included. Low mortalities were observed in control 
oysters. Mortalities were observed in all oyster species exposed to 
the three viral variants; importantly some lines of and C. 

quantitative PCR is being used to determine the viral loads in both 
living and dead oysters of all species. To summarize, experimental 
challenges of  spp. and  spp. using three different 
OsHV-1 isolates clearly shows a threat that POMS poses to oyster 
industries globally.

PENAEUS SETIFERUS

Marine Resources Research Institute, South Carolina Depart-
ment of Natural Resources (SCDNR), 217 Fort Johnson Road, 
Charleston, SC 29412

brunsonj@dnr.sc.gov
The Atlantic white shrimp, (Linnaeus, 1767), 

-
na with recent landings worth 5-8 million dollars. While annual 
landings, particularly in the historically important fall season, have 
trended downward in recent years, there has been a corresponding 
increase in the harvest of larger, high-value shrimp in the spring 
and early summer, when white shrimp spawning activity is at its 
peak. The SCDNR has the statutory authority to determine the 
timing of commercial shrimp season openings and closures. The 
season opening date in the spring is generally based on multiple 
factors including winter water temperatures, the relative abun-
dance of overwintering white shrimp documented from statewide 

status. Assessments of reproductive status using macroscopic 

long-standing and commonly accepted descriptions. Since female 
white shrimp are iteroparous, spawning multiple times within a 
season, macroscopic techniques should have the ability to discrim-

-
roscopic determinations of shrimp reproductive status were com-
pared with histological assessments of spawning activity in white 
shrimp ovarian tissues sampled in April and May 2019. Evidence 
of repeated spawning by individual females was documented. This 
presentation will compare histological and macroscopic metrics of 
shrimp reproductive status and provide potential recommendations 

opening of the commercial spring shrimp season in South Carolina.
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Blue crabs (

the US mid-Atlantic, and their unpredictable and variable recruit-
ment suggests that a better understanding of larval development 
and dispersal is still needed. Blue crab larval dispersal involves 
export to the continental shelf followed by a re-entry of estuar-
ies. In the mid-AtlanticBight, transport is facilitated by wind and 
buoyancy-driven surface currents, and zoeae generally maintain 
a near-surface distribution throughout their development. Though 
several studies have investigated  larval dispersal, none 
have evaluated the effects of individual behavior. This study 
used observed brood-dependent larval behavior and an idealized 
wind-driven estuarine plume to simulate larval transport and better 
understand the biophysical interactions involved during  
dispersal. Model results showed that larval transport was predom-

larvae were more able to maintain a near-surface position in the 
presence of turbulence, and in all model scenarios, larvae travelled 
farther and had different vertical distributions than passive parti-
cles. Model results also showed that larval transport varied by a 
factor of 1.7 among broods and by a factor of 4.9 overall. These 
results indicate that blue crab larval swimming behavior and vari-
ability in behavioral traits may be an important factor in larval 
dispersal. The inclusion of variable behavior should be carefully 
considered when developing future models. 

Virginia Institute of Marine Science, P.O. Box 1346, Gloucester 
Point, Virginia 23062

carnegie@vims.edu
Parasitic diseases such as MSX and dermo are receding in sig-

widely established in wild and cultured eastern oyster ( -
) populations. Yet aquaculturists on the East and Gulf 

coasts of the US still are frequently challenged by high levels of 
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Veterinary Services, 2150 Centre Ave, Building B, Mail Stop 
2E6, Fort Collins, CO, 80526
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Rd., Toms River, NJ 08755 
lcalvo@hsrl.rutgers.edu
Interstate transfer of hatchery-raised seed has increased with 

importation permit that involves a health examination of the stock 
prior to transfer.  Such examinations are costly and take special 
expertise and time. Furthermore, regulatory review adds additional 
time delaying commerce and incurring additional costs to indus-
try.  Because not all transfers pose health risks, a better protocol 
is desirable. 

-
velop a program for certifying hatcheries as a means to improve 

pathogens of concern.  The Program is voluntary for States and 
hatcheries and has three key requirements: 1) the hatchery must 
follow a set of Best Management Practices and submit to an annual 
inspection of facilities and records, 2) the hatchery must have a 
history of three years of acceptable pathology reports, and 3) the 

seawater.  States and hatcheries that choose not to participate will 
continue to follow existing importation rules. The Program, which 
is targeted to be piloted in 2020, will support enhanced biosecurity 
while facilitating commerce.
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RHIZOPHORA MANGLE
CRASSOSTREA 

VIRGINICA
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1University of South Florida, College of Marine Science, 140 
7th Ave South, St. Petersburg, FL 33701

2 -
metto, FL 34221

3University of South Florida, Department of Integrative Biolo-
gy, 4202 East Fowler Ave, Tampa, FL 33620

Desiccation stress tends to be higher in upper intertidal zones 
compared to lower ones; however, adjacent macrophytes may pro-

-
encing associated organisms. The eastern oyster can form reefs and 
clusters on red mangrove prop roots and although oyster demo-
graphic rates across intertidal zones have been examined in reefs 
at higher latitudes, far less is known about them at subtropical lo-
cations where desiccation stress is expected to be greater due to 
higher temperatures. Furthermore, little is known about whether 
shade from mangrove canopies can reduce desiccation stress on 
oysters. This study addressed (a) how the density and survival of 
oysters varied along intertidal zones (bottom, middle, and top) on 
prop roots and reefs and (b) whether the association of oysters with 
mangroves positively affected oysters at higher intertidal zones. 
Experimental and observational approaches were used in Tampa 
Bay, Florida and water loss (a proxy for desiccation stress) was 
measured on both habitats. Compared to reefs, oysters on prop 

were exposed to fewer predator species. In addition, water loss was 

to red mangroves via decreased exposure to predators and reduced 
desiccation stress. As temperature increases due to climate change, 
mangroves may provide a desiccation refuge for associated oys-
ters, thus red mangroves should be considered in oyster restoration 
efforts.

mortality in oysters approaching marketable size. Initially char-
acterized as “triploid mortality” in oysters from the lower Chesa-
peake Bay of Virginia, with late spring to early summer mortality 
typically reaching 30% but exceeding 85% in extreme cases, this 
mortality has remained enigmatic despite several studies beginning 

regard to associated pathology, geographic distribution, timing, and 
even the ploidy and provenance (domesticated or wild) of oysters 
affected. This presentation will review the perspective concerning 
this summer mortality that can be gleaned from focused experimen-
tation in addition to dozens of commercial pathology submissions 
and disease surveillance conducted each year. It will argue that both 
more robust experimentation in areas including oyster physiology 
and nutrition and a broader epidemiological focus on potential fac-
tors underlying the mortality are necessary to better understand this 
phenomenon and identify possible solutions.

University of Massachusetts Dartmouth, School for Marine Sci-
ence and Technology, 836 S. Rodney French Blvd, New Bedford, 
MA 02744

kcassidy@umassd.edu
The American lobster life cycle undergoes a planktonic phase 

and develop through 4 stages before settling out in appropriate 
habitat.  The southern New England lobster stocks abundance has 
declined drastically.  To assess the reproductive success of the 
population, larval studies have been used to estimate the density 

Historically inshore areas have served as habitat for larval lobster, 
studies conducted from 1976 to 1982 by the MADMF and NMFS 
provided baseline data for larval density within Buzzards Bay, MA, 
USA.  These studies were repeated with similar methods in 2006-
2007, and 2017-2018.  At each subsequent survey time period re-
sults indicated a decline in most larval stages. These results are 
supported by the decreased number of egg bearing females cap-
tured in inshore ventless trap surveys conducted from 2005 to 2008 
and from 2013 to 2014.  The lobster stock has re-distribution to 
offshore grounds. Now these grounds could potentially be impact-
ed by the proposed development of offshore wind.  As part of an 
environmental impact assessment neuston net larval sampling has 
been conducted in these offshore areas.  Results indicate lower lar-
val lobster density than found inshore.  This may represent changes 
in the stock or could be an artifact of more expansive habitat, but DO N
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oyster ( ) and the blue mussel ( ), 
with providing valuable ecosystem services where abundant. One 
highly valued ecosystem service that they furnish is their ability 

Most efforts to restore and enhance bivalve populations for eco-
system services focus on saltwater species, especially those that 
are commercially valuable and well studied. In contrast, freshwa-
ter mussels have limited commercial value and are relatively un-
der-studied and unknown to the public. Most interest in freshwater 
mussels has been to conserve their biodiversity because >70% of 
the 300 North American species are considered imperiled. Thank-

propagation and restoration of freshwater mussels. Recent research 
-
-

tion abundance.  Consequently, there is emerging interest in restor-
ing and enhancing populations of native mussel species to promote 
water quality and other ecosystem services in freshwater areas of 

the new Mussels for Clean Water Initiative (MuCWI), a freshwater 
mussel hatchery and associated pond-rearing facilities are being 
constructed to focus on propagating common species of freshwa-
ter mussels of the Delaware and Susquehanna River Basins, and 
vicinity. The top goal of MuCWI will be to aid in the recovery of 
functional dominant mussel species that furnish the greatest bene-
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Demand for blue mussels ( ) continues to increase 

imported from New Zealand and Canada. The majority are pro-
duced in Prince Edward Island, Canada totaling more than 20,000 
tons/year. So why not grow more mussels in the US? One reason is 
that permitting in state and federal waters is complicated. In areas 
where permitting challenges have been overcome, a second barrier 
to production is predation by Eider ducks ( ).  

-
though sea ducks generally prefer to dive in shallow water (<10 
m deep), some species routinely dive to >30 m. Duck predation 
has become a major constraint to mussel farmers along the eastern 
seaboard from Rhode Island to Canada. 

To overcome this impediment, funding was secured from NOAA 
Saltonstall-Kennedy to investigate predator proof net materials on 
submerged mussel lines. New Hampshire Sea Grant and Isle of 
Shoals Mariculture (ISM) have explored six different net materials 
to protect mussels. Since 2012, ISM has maintained 6-8 mussel 
lines 5 km offshore of Rye, New Hamphire. Submerged technology 
was chosen to escape wave energy (> 10 m) from northeast storms. 
Every winter the mussels would go missing presumably due to win-
ter weather events shaking the mussels from the line. Upon further 
inspection, the cause was found to be the Eider ducks that migrate 
through the area in December. Protective nets were placed around 
the mussel droppers in October for the last two years. This summer 

time. Different net materials, costs, and handling of the materials 
will be shared. 
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Oyster reefs have the potential as eco-engineers to improve 

a monsoon-dominated subtropical system. Three breakwater reefs 
with recruited oysters were deployed on an eroding intertidal mud-

collected on wave dissipation by the reef structures, changes in 

movement and related growth. This was done over four seasons, 
including the rainy monsoon period. The observed wave heights in 
the study area ranged 0.1 - 0.5 m. The reefs were able to dissipate 
wave energy and act as breakwaters for tidal water levels between 
0.5 – 1.0 m. Waves were totally blocked by the vertical relief of 
the reefs at water levels <0.5 m. On the lee side of the reefs, there 
was accretion of 29 cm clayey sediments with erosion reduction 
of 54% as compared to control sites. The changes caused by the 
deployed reefs also facilitated seaward expansion of the salt marsh. 
This study showed that breakwater oyster reefs can reduce erosion, 
trap suspended sediment, and support seaward saltmarsh expansion 
demonstrating the potential as a nature-based solution for protect-
ing the subtropical coastlines. 

PLACO-
PECTEN MAGELLANICUS

Virginia Institute of Marine Science, William & Mary, 1370 
Greate Road, Gloucester Point, VA 23062

krclark@vims.edu
-

agement strategy designed to increase future yield-per-recruit 
and spawning potential due to fast growth observed by scallops 
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Facilitations involving foundation species are critical to ecosys-

tem function. Lucinid clams, which are physiologically dependent 
on symbiotic sulfur-oxidizing gill bacteria, are thought to facili-
tate seagrasses worldwide by decreasing potentially phytotoxic 

known regarding how the strength of this facilitation changes with 
environmental context. Two factorial mesocosm experiments were 
conducted using lucinid-seagrass species pairs from south Flori-
da and Mediterranean France to determine if the presence of luci-
nids increased the resistance of seagrass to multiple environmental 
stressors. In these experiments, condition, growth, and survival of 
seagrass with and without lucinids was compared when ambient 

-

than those in controls when light availability was decreased and/

the presence of lucinids, seagrass growth was similar to controls 
regardless of which stressors were applied. By contrast, ambient 

high that seagrass did not survive over the nine-week experiment 
-

two studies provide experimental evidence of both facultative and 
obligate facilitation of seagrasses by lucinids: one case in which 
lucinids allowed seagrass to maintain growth under multiple envi-
ronmental stressors, and one case in which the presence of lucinids 
was required for seagrass survival. DO N
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water by assessing cardiac activity, aerobic and anaerobic capacity 
(citrate synthase and malate dehydrogenase enzymatic activity, re-
spectively) at the subcellular level. Subtidal mussels were affected 
by warming when submerged in water (decreased heart rate) but 
showed no effect in air. In contrast, intertidal mussels were affected 
by exposure to air (increased anaerobic capacity) but not by warm-
ing. Overall, physiological responses of mussels to thermal stress 
were dependent on their tidal habitat. These results highlight the 
importance of considering the natural habitat of mussels when as-
sessing their responses to environmental challenges.

MYTILUS EDULIS

University of Connecticut, Department of Marine Sciences, 
1080 Shennecossett Road, Groton, CT 06340

hannah.i.collins@uconn.edu 
Microplastics are a ubiquitous emerging contaminant in the ma-

rine environment. As a result of their small size and global distri-
bution, microplastics represent a potential threat to many marine 
species, including suspension-feeding bivalves. Microplastics may 
act as a vector for foreign or pathogenic microbial species, nega-

microbial community has been shown to aid in digestion, mediate 
abiotic stressors, and affect host immunity in many species, and 
may perform similar functions in the blue mussel, . 
Thus, changes in the gut microbiome may have far reaching effects 
on organismal health. To test the question of whether or not mi-
croplastic exposure effects the gut microbiome of the blue mussel, 

for 21 days.  particles were of comparable size to the ny-

particles. Genomic DNA was extracted from gut tissue samples 
and sequenced using 16S high throughput techniques to determine 
community taxonomic composition. Gut microbial communities of 

-
al communities of mussels exposed to  particles differed 

blue mussel.

how well the analytical models that underpin this strategy hold un-
der conditions that deviate from long-term averages, such as the 
high-density recruitment events observed in 2012 in the Nantucket 
Lightship and 2013 in the Elephant Trunk. The scallops at these 
sites have persisted at high densities and appear to be exhibiting 
varying degrees of impacted performance, resulting in organisms 
that are smaller than expected for their age. The effect of scal-
lop density on growth, yield, and reproduction was investigated 
through eight trips to each area with sampling at 21 sites divided 
among high, medium, and low-density scallop beds. In addition to 
total catch and length data, 30 scallops were retained at each site 
to determine meat, viscera, and gonad weights along with sex, re-
productive stage, and meat quality. The relationship between shell 
height and meat weight, a measure of yield, was estimated via gen-

the ratio of gamete production estimated as gonad weight to total 
production including meat weight and viscera weight to determine 
how reproductive effort changes with population density. For both 
metrics, scallops at high densities had lower performance than 
those at medium or low densities, which is consistent with a density 
dependent effect as resources become limiting.

MYTILUS GALLO-
PROVINCIALIS
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1 1 1

1Sonoma State University, Department of Biology, 1801 E. Co-
tati Avenue, Rohnert Park, CA 94928

2University of California, Davis, Department of Neurobiology, 
Physiology, and Behavior, 1 Shields Avenue, Davis, CA 95616

zippay@sonoma.edu
Many marine species can survive in both subtidal habitats, 

where they experience constant submersion, and in intertidal habi-
tats, where they experience regular periods of aerial exposure. Dif-
ferent tidal locations can contribute to shifts in an organism’s phys-

geographic distribution of an organism. Therefore, understanding 
how marine invertebrates, such as mussels, respond to thermal 
stress by altering their physiology at the organismal and subcellular 
level can inform us about how thermal stress affects important eco-
system engineer species like . This mussel 
has invaded many shorelines around the world and its propensity 
to invade new locations has made it a model organism for studying 
how organisms can respond and adapt to environmental challeng-
es, like thermal stress. The objective was to understand how tidal 
habitat affects mussel physiology by measuring within-population 
responses to thermal stress when exposed to air and submerged in DO N
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1University of Maryland Center for Environmental Science, 
Horn Point Laboratory, 2020 Horn Pt. Road, Cambridge, MD 
21613

2Virginia Institute of Marine Science, 1370 Greate Road, 
Gloucester Point, VA, 23062

3

Room 460, Annapolis, MD 21401
cornwell@umces.edu
While nitrogen in oyster biomass has been approved by the 

Chesapeake Bay Program as a Best Management Practice (BMP) 
to meet nitrogen reduction targets, the establishment of “enhanced” 

Studies in New England and in the mid-Atlantic region have es-
tablished that oyster reefs greatly increase benthic respiration and 

-
tion is limited by relatively few data, variable technical approach-
es, and variability between different reef environments.  This pre-

enhancement in reef and engineered structures and identify how 
-

ment framework to one in which the defensible quantitation of de-

incorporated into watershed implementation plans.  

VIBRIO PARAHAEMO-
LYTICUS VIBRIO VULNIFICUS

1 2 2

2 2 1

1Univeristy of Arizona, Mel & Enid Zukerman College of Pub-
lic Health, 2195 N. Martin Avenue, Tucson, AZ, 85724

2Southern California Coastal Water Research Project, 3535 Har-
bor Blvd, Suite 110, Costa Mesa, CA 92626

ecooksey@email.arizona.edu
Infections from  and  are 

the leading cause of seafood-related deaths in the United States, 
and have been increasing over the past decade. As  is natu-
rally occurring in brackish water, it is imperative to understand the 
prevalence of  to better quantify human health risk associ-
ated with the consumption of oysters. Given a majority of  
research is conducted on the East and Gulf Coast of the United 
States, this study provides a unique insight into  populations 
in Southern California. In this study, the prevalence of -

and  and associated toxin genes was quanti-
) in Newport 

Bay, CA. 
Oysters (n = 720) were depurated, deployed, and collected 

from 12 sites within Newport Bay over a six-week period between 
August 2019 and September 2019. Water samples (n = 72) were 
collected concurrently. Oyster and water samples were evaluated 
for pathogenic (tdh and trh) and
(vcgC and vcgE) genes utilizing culture-based and qPCR methods. 
Potentially pathogenic  and  have 

-
ic  has been detected at a greater frequency in water 

assess the correlation between  population and environmen-
V. 

 and  in oysters harvested in Southern 
California.
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1University of Victoria, Department of Biology & Centre for 
Forest Biology, 3800 Finnerty Road, Victoria, BC, V8P 5C2, Can-
ada

2

Hammond Bay Road, Nanaimo, BC, V9T 6N7, Canada
3

Department of Fisheries and Aquaculture, 900 Fifth Street, Nanai-
mo, BC, V9R 5S5, Canada

4Thompson Rivers University, Department of Biological Sci-
ences, 805 TRU Way, Kamloops, BC, V2C 0C8, Canada

5SFCC Compliance Canada LTD., 2930 York Crescent, Nanai-
mo, BC, V9T 4N6, Canada

Cowan321@gmail.com
) in Baynes Sound, 

British Columbia, Canada have experienced summer mass mortal-
ity events in recent years with cumulative mortalities exceeding 
90% at some sites in 2015 and 2016. In 2017, spp. were iso-

species, based on  gene sequencing; among the 163 isolates, V. 
 and were well-represented. The objective 

of 2018. Mortality, growth, gonad development, temperature, tur-
bidity, dissolved oxygen, chlorophyll-a, plankton assemblages, and 
bacterial community composition were recorded. The study site 
contained four replicate trays of four stocking densities: 150, 300, 

which coincided with a marine heatwave. It was observed that -
 and the proportion of 

qPCR and community 16S rRNA gene sequencing, respectively, 
increased with mortality rate. Mortality rates were at their highest 
on August 12 and systemic mixed microbial infections in histolog-
ical cross sections of oysters that otherwise appeared healthy were 

were also observed for oyster size and gonad development. The 
long-term persistent ocean warming and increased frequency of 
marine heatwaves associated with climate change are likely con-
tributing to the emergence of summer mortality and pathogenic 

spp. in Baynes Sound. 

CRASSOSTREA GIGAS 

1 1 1
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1Équipe soutenue par la fondation ARC, Ifremer, UMR 
LEMAR 6539 CNRS-UBO-IRD-Ifremer, Laboratoire des sciences 
de l’environnement marin, 29280 Plouzané, France

2UBO, UMR LEMAR 6539 CNRS-UBO-IRD-Ifremer, Labo-
ratoire des sciences de l’environnement marin, 29280 Plouzané, 
France

3UFR Sciences-Centre Commun de Microscopie Appliquée 
(CCMA), Membre de la plateforme IBISA MICA-BIO, Université 

charlotte.corporeau@ifremer.fr
OsHV-1 is responsible for up to 80% of mortality of juvenile 

oyster,   in cultured conditions. There are numer-
ous studies on this virus and its interaction with oysters, but some 
gaps still remain. An interesting mechanism was discovered by our 
team in 2014, namely that the virus OsHV-1 induced a metabolic 
reprogramming in  that mimics certain particularities of 
cancerous cells metabolism.  lives in the intertidal zone 
is widely distributed and face a great number of different condi-
tions during its lifetime. In the tidal area, its environment changes 
drastically from marine to aerial, with large variations in terms of 
temperature, pH, oxygen and nutrients availability. Oyster is thus 
a good model species to study how the environmental factors can 
impact the metabolism and how it can modify the interaction with 

three bathymetric levels in the Bay of Brest, a location with a large 
prevalence of OsHV-1. The environmental factors in the local envi-
ronment of oysters were followed using instrumental sensors. The 
physiological performances of oysters were analysed, revealing an 
extended survival rate at the upper level, despite a similar virus 
load. The metabolic reprogramming induced in oysters in function 
of the bathymetric level was analyzed at the cellular and biochem-
ical level. Results highlighted the absence of apoptosis in oysters 
at the upper level despite their infection by OsHV-1. These results 
will be discussed, in relation with the particular metabolism repro-
graming in oyster and the possible outcome for cancer research.
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Despite its importance, very little is known about Dungeness crab 
recruitment patterns, population structures, and life history in the 
waters off Washington state, particularly in the Salish Sea. Current-

harvest quota in a given year is determined by a running average of 
-

conditions and could leave Dungeness crab populations vulnerable. 
In order to address these data limitations and ultimately improve 

formed in December of 2018. The PCRG is a unique cooperative re-
search group comprised of representatives from Washington tribes, 

This presentation will provide an overview of the PCRG mission, 

statewide PCRG cooperative study will be described, in which 16 
PCRG partners deployed 17 light traps throughout Washington wa-
ters to monitor Dungeness crab megalopae from April to September 
2019. Lastly, the potential for future projects and avenues to get 
involved with the PCRG will be discussed.

Florida Department of Agriculture and Consumer Services, Di-
vision of Aquaculture, 600 South Calhoun St., #217, Tallahassee, 
FL 32399

Charlie.Culpepper@FreshFromFlorida.com
This presentation will provide an overview of the Florida shell-

Florida, all aspects of aquaculture leasing in state waters are man-
aged by a singular regulatory agency, the Florida Department of 
Agriculture and Consumer Services, Division of Aquaculture. The 

-

the state and possess a unique programmatic general permit from 
the U.S. Army Corps of Engineers. This governmental structure 
provides a streamlined permitting and regulatory system that pro-
motes the growth of the industry, while also ensuring public safety 
and environmental sustainability. Following an industry summary, 
details regarding state agency programs, federal permitting, the 
submerged land lease application and approval process, lease reg-
ulations and conditions, and industry development activities will 
be covered.

1 2 1

1

1University of Washington, School of Aquatic and Fishery Sci-
ences, 1122 NE Boat St, Seattle, WA 98105

2 National Marine Fisheries Service, Alaska Fisheries Science 
Center, 7600 Sand Point Way NE, Seattle, WA 98115

graceac9@uw.edu 
Alaska Tanner crabs ( ) are a coldwater crab 

species found in the Bering Sea, along the Gulf of Alaska, and 
southeastern Alaska. The southern stocks supported a $21 million 

-

-
, and is considered to be the “principal threat” to crab 

stocks by the Alaska Department of Fish and Game. Aside from its 
causing the crabs to become lethargic, among other signs, it renders 
their meat bitter and chalky. Due to this, the crab industry has been 
suffering from the loss of marketable product. It is not known how 
the disease is transmitted, or if it is fatal. It would be useful to have 
a better grasp of how the parasite affects its host on a molecular lev-
el, and how temperature may impact that interaction, which is what 
this study set out to do. Infected and uninfected crabs were held in 

at three time points. From these samples, crab genes involved in 
-

important insight into the linkages between bitter crab disease, cli-
mate change, and pathogenicity.

1 2

4

1

Port Townsend, WA 98368
2Swinomish Indian Tribal Community Fisheries, 11426 Moor-

age Way, La Conner, WA 98257
3Jamestown S’Klallam Tribe Natural Resource Department, 

1033 Old Blyn Hwy, Seqium, WA 98382
4Washington Department of Fish and Wildlife, 375 Hudson 

Street, Port Townsend, WA 98368
PNWCrab@gmail.com
Dungeness crab ( ) is one of the most 

highly-valued marine species in Washington state. This decapod DO N
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and estuarine habitats in several Oregon estuaries These surveys 

eelgrass ( ) beds, unvegetated regions with coarse 
sediments (e.g., gravel and cobble), and unvegetated areas with 

distribution among these habitat types in two Oregon estuaries that 
differ in size, geomorphology, and distribution of abiotic and biotic 

-
fy potential driving factors of distribution for recreationally and 
commercially targeted bay clams: cockles ( ), 
gaper clams ( ), butter clams ( ), 
and littleneck clams ( ). A combination of spatial 
analysis techniques and multivariate approaches were used to eval-
uate a suite of habitat and environmental variables (e.g. vegetation, 
grain size, substrate composition, temperature, tidal elevation) to 
identify variables that can be used to predict distribution and pres-
ence of managed clam species within and among estuaries. Bay 
clams are managed as a unit in Oregon and these results will inform 
management decisions and policy development pertaining to har-
vest, critical habitats, and land development.

The University of Southern Mississippi, Division of Coastal 
Sciences, School of Ocean Science and Engineering, 703 E. Beach 
Dr., Ocean Springs, MS 39564 

zachary.darnell@usm.edu

Mexico, although recent stock assessment and management efforts 
have been hindered by a lack of understanding of the stock struc-
ture and boundaries of this migratory species. Mature female blue 
crabs undertake a seaward spawning migration that can span hun-
dreds of kilometers. The scale, duration, and extent of this migra-
tion determines spawning locations and thus connectivity patterns, 
as dispersal is largely determined by local wind and current move-
ments during the zoeal stages. To better understand the large-scale 
movements of female blue crabs within and among estuaries and 
offshore waters of the Gulf of Mexico, a Gulf-wide mark-recapture 
study was conducted. Over three years, approximately 20,000 ma-

Lower Laguna Madre, TX to Steinhatchee, FL. This tagging effort 
involved collaboration between university researchers, commercial 
and recreational crabbers, and multiple state management agen-
cies. Recapture information was provided by commercial and rec-

MERCENARIA MERCE-
NARIA

Stony Brook University, School of Marine and Atmospheric 
Sciences, 239 Montauk Hwy, Southampton, NY 11968 

timothy.p.curtin@stonybrook.edu
The northern quahog (= hard clam) ( ) 

-
al waters on the south shore of Long Island, New York (NY), but 
was heavily depleted due to overharvesting in the 1980s and has 

to restore the population, efforts have faced multiple challenges in-

sediments with high organic matter input can have pH values far 
lower than the overlying water that can yield negative impacts on 
the growth and survival of juvenile quahogs. A potential mitigation 
strategy for this is the addition of crushed bivalve shell to mud-
dy sediments to buffer the pH and carbonate chemistry. To eval-

experiments were used to investigate the effects of shell addition 
to sediments on the growth and survival of juvenile quahogs. Lab 
experiments involved introducing larval or juvenile stage quahogs 
to muddy sediments that were either buffered with bivalve shell 

-

survival in the shell buffered mud compared to the unaltered con-
trols (p<0.05). Similar ecosystem-based experiments took place in 
Shinnecock Bay, NY, with juvenile quahogs (2-10 mm) planted in 
shell-amended sediment or unaltered mud. These experiments also 

-
tered treatments compared to the control (p<0.05), as well as sig-

p<0.05).  

Oregon Department of Fish and Wildlife, Marine Resources 
Program, 2040 SE Marine Science Drive, Newport, OR 97365

tony.f.dandrea@state.or.us 

a number of different habitat types. These habitats are heteroge-
neous in Oregon estuaries and vary greatly from bay to bay creating DO N
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1University of Maryland College Park, Marine-Estuarine En-
vironmental Science, 1213 HJ Patterson Hall, College Park, MD 
20742

2University of Maryland Center for Environmental Science, 
Chesapeake Biological Lab, 146 Williams Street, Solomons, MD 
20688

3University of Maryland College Park, Department of Biology, 
1204 Biology-Psychology Building, College Park, MD 20742

4University of Maryland Center for Environmental Science, 
Horn Point Lab, 2020 Horns Point Road, Cambridge, MD 21613

amdavis@umd.edu
-1, is 

an increasing threat to coastal waters worldwide. In the Chesapeake 
Bay, hypoxic conditions are a common yet spatially heterogeneous 
occurrence during the summertime, with deep water areas expe-
riencing a greater incidence of oxygen depletion. This seasonal 

-
ticularly those that inhabit deeper waters. The eastern oyster, -

, is an ecologically and economically important 
sessile bivalve that resides throughout the Chesapeake Bay, includ-
ing both areas prone to seasonal hypoxia and areas that rarely ex-
perience stressful oxygen conditions. While much is known about 
oyster tolerance to hypoxia generally, little is known about whether 

the physiological responses to hypoxia of oysters sourced from 
reefs with differing annual oxygen conditions. Oysters from six dif-
ferent sites – three that experience seasonal hypoxia and three that 
generally experience normoxia – throughout the Maryland portion 
of the Chesapeake Bay were collected. After a month-long period 
of common garden acclimation, oysters from these six sites were 
brought into the laboratory and experiments were conducted to test 
for differences in survivorship and heart rates of oysters upon expo-
sure to hypoxia. Results from this research will be the shared, along 
with future research directions.

an overall rate of ~15%. Analyses are focused on temporal (sea-
sonal and annual) and spatial (local- and regional-scale) variability 
in movement rates, distances, and directionality, and will directly 
inform future larval transport modeling efforts and determination 
of stock boundaries in the Gulf of Mexico.

Coonamessett Farm Foundation, 233 Hatchville Road, East Fal-
mouth, MA 05236

sdavies@cfarm.org
As the Great South Channel Habitat Management Area (GSC 

HMA) borders were being selected during Omnibus Habitat 
Amendment 2 (OHA2) development, the Northeast Fisheries Man-
agement Council (NEFMC) examined a wide range of variables 
including dominant currents, bottom type, sediment stability, and 
the presence of clusters of hard bottoms with cobble and boulders. 

HMA through April 9, 2019. The Council has since proposed three 
amendment areas representing approximately 6-7% of the HMA, 

-
search to investigate the viability of harvesting Atlantic surfclams 

areas.
The overall goal of this project is to develop an ecological sur-

vey that assesses and maps habitat types in areas prosecuted by 
-

Characterize habitat types in which dredging occurs and 2) Estab-
lish areas of high clam CPUE and low habitat complexity. This goal 
and concurrent objectives are driven by these research questions: 
1) How often do dredges prosecute soft and hard bottom habitats?  

reduce habitat impact?  Ultimately this project seeks to inform on 
-

cuted by dredges. 
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effects of on clearance rate of juvenile quahogs 
(~10 mm in length) across several algal densities ranging from 
1,100 cells mL

_
¹ to 250 cells mL

_
-

was used as a control offered at a biomass equivalent 

cells before s exposure. Quahogs cleared 
at a high rate across all biomass levels.  In contrast, quahogs did 
not feed on  cells when presented at densities of 
1,100, 750, and 500 cells mL-1 and only began feeding at densities 
of 250 cells mL

_

juvenile quahogs in addition to deleterious effects of exposure to 
 cells, beyond direct toxicity.  Experiments quanti-

fying clearance rates of quahogs fed mixed diets of and C. 
 will also be presented.

Alaska Fisheries Development Foundation, P.O. Box 2223, 
Wrangell, AK  99929

jdecker@afdf.org
The development of mariculture will provide economic, envi-

Alaska Fisheries Development Foundation (AFDF) began spear-
heading the Alaska Mariculture Initiative (Initiative).  As a result 
of these efforts, the Alaska Mariculture Task Force (Task Force) 
was formed in 2016 and completed the Alaska Mariculture Devel-
opment Plan in 2018 with the goal to grow a $100 million industry 
in 20 years.  The Task Force was extended through June, 2021, 
by Administrative Order #297 in order to support implementation 
of the Plan.  The new Administration is working closely with the 
Task Force to facilitate their work.  This presentation will cover the 
highlights of the long-term comprehensive Plan, the Five-Year Ac-
tion Plan, and the building momentum towards the goal to grow a 
$100 million industry in 20 years, including additional investment 
by NOAA to continue work on Phase 2 of the Initiative and new 
interest and investment by industry.

-
bridge Island, WA 98110

jothpdavis@gmail.com

-
duced from just a few individuals, large production hatcheries do 
not generally require separation between larval and seed cohorts. 
Such facilities often have fewer and larger capacity larger tanks, 
and may be partially automated for feeding, grading and other rou-
tine husbandry to maximize the production of seed cohorts with 
less concern over mixing of groups. 

Conversely, hatchery facilities designed for the production and 

producing production cohorts), by necessity depend on large num-
bers of smaller, discrete culture systems for biosecure containment. 
Systems for holding and conditioning discrete broodstocks lines 
depend upon specialized handling protocols, labeling and electron-
ic record keeping. Broodstocks may not necessarily be treated sim-
ilarly as different temperature or other holding requirements may 
have a genetic basis and therefore require different handling proto-
cols to ensure synchrony in the development of gametes. The same 
may be said for larval growth and nutrition and how these factors 

Culture units for growing larvae and seed need to be small, and 
replicable for research applications. Most importantly, larvae and 
seed handling protocols for multiple, genetically distinct lines often 
consist of a relatively few, but very valuable, individuals. Discus-
sion will focus on the design and implementation of new breeding 

COCHLODINUM 
(MARGALEFIDINIUM  POLYKRIKOIDES,

MERCENARIA MERCENARIA

Stony Brook University Southampton, School of Marine and 
Atmospheric Sciences, 239 Montauk Highway, Southampton, NY 
11968

darren.desilva@stonybrook.edu
The northern quahog (= hard clam), , 

-
gellate,  have led to negative effects on 

shallow water bodies of the US east coast. This study addressed the DO N
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-
ton, 98584

Eelgrass is recognized and protected as a critical marine habitat 
by many federal, state and local resource management agencies.  To 

-
tem services of comparable value to eelgrass and that the two can 
and do often co-exist synergistically. In many regions’ regulations 

-

synergistic effect (improved water clarity, nutrient coupling etc.)
Moreover, beyond fostering conditions for eelgrass to thrive, 

-
portunities for a variety of marine organisms.  While not identical 
to eelgrass it is evident to growers witnessing it every day on their 

Recently with the advent of GoPro cameras growers have tak-

-
spired scientists, ENGO, and resource managers to do the same, 
partnering with growers to access their farms and using the videos 
to attempt to quantify the comparative value of these ecosystems.  
The videos and research are improving our understanding of the 

gear and informing policy and regulatory decisions around them.

MENTS

Oregon State University, Department of Fisheries and Wildlife, 
-

port, OR 97365
divilovk@oregonstate.edu

with wild members of that species has the potential to decrease the 
biodiversity of the wild population through intergroup mating and 
selection. The decrease in biodiversity is not only ecologically det-
rimental but also economically detrimental to the cultivators in the 
long term. The reason for this is that when a new disease appears 
that causes widespread mortality in bred members of a species, the 

VIBRIO PARAHAEMOLYTICUS
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1Connecticut Department of Agriculture Bureau of Aquaculture, 
PO Box 97 Milford, CT  06460

2University of New Hampshire, Department of Natural Re-
sources and the Environment, 105 Main St., Durham, NH 03824

3NOAA Fisheries Service Greater Atlantic Regional Fisheries, 
 Gloucester, MA, 01930

4New Hampshire Department of Environmental Services 

Pease Tradeport, Portsmouth, NH 03801
5

Kristin.DeRosia-Banick@ct.gov

water for varying time periods. During warm months, these prac-
tices can increase levels of pathogenic   
populations in oysters and potentially increase the risk of illness 
for consumers. Field-testing of   control 
measures for post-harvest practices was conducted during the sum-
mer of 2019 in Connecticut with funding provided by the Interstate 

study.  Newly developed detection methods for regionally signif-
icant pathogenic   strains, i.e., ST36 and 
ST631, were used for evaluating the potential risk. Background 
environmental levels of  in oysters har-
vested from major commercial production areas were assessed to 
determine baseline conditions, and oysters subjected to a range of 
post-harvest time to temperature regimes including immediate rap-
id cooling and 1, 3, 5, and 12 hours of exposure to ambient air 
temperature. 

These investigations indicate the occasional presence of elevat-
ed concentrations of total and pathogenic indicators across a variety 
of treatments.  Exposure to elevated ambient air temperatures had 
inconsistent effects on the detection of pathogenic strains, however 
levels of total  trended higher as the length 

with the low rate of  illness associated with 
Connecticut oysters suggests that the control measures implement-
ed in Connecticut as part of the State 
Control Plan have been successful in reducing illnesses despite the 
continued presence of pathogenic strains in the environment. 
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populations are a direct result of the established spawner sanctuar-
ies, including the timing and location of population increases, and 

additional research is needed to make a direct connection between 
restoration efforts and quahog population increases.

Smithsonian Environmental Research Center, 647 Contees 
Wharf Rd., Edgewater, MD 21037

donelans@si.edu
Climate change is rapidly affecting the behavior and perfor-

impacts on species interactions and ecosystem functioning. Ocean 
deoxygenation is a key climate change stressor that is expected to 
intensify as water temperatures warm and upland development ac-
celerates. Warmer water temperatures decrease dissolved oxygen 
supply while simultaneously increasing oxygen demand for coastal 
organisms. Exposure to these interacting stressors can limit organ-
isms’ growth and reproduction and lead to reductions in overall 

The response of organisms to hypoxia and warming tempera-
tures, however, may also be shaped by their past experiences with 
these stressors via carryover effects. Early life experiences can 

same stressors and impact their growth and survival, but their ef-
fects are often ignored in most systems. This impedes our ability to 
accurately predict how climate change will affect ecologically and 

How early life experiences with diel-cycling hypoxia and warm 
temperature affect the growth and performance of a key ecosystem 
engineer, the eastern oyster, were explored. 
It was found that early life exposure to both hypoxia and warming 
synergistically affected oyster response to these stressors later in 
life. Results suggest that past experiences may shape how oysters 
perform in response to future oxygen stress, and should be better 

-
spond to anthropogenic change. 

-

use in introgression of disease resistance at a fraction of the cost 

getting them approved for cultivation. Mating, as the combination 
of gametes from two individuals, results in new individuals with 
unique genomes. It is by comparing these new individuals and their 
respective genomes to those of past generations that one can mea-
sure changes in genetic diversity. The genome dynamics of multi-
ple generations are then partly a function of the gametes that are 
united in the new individuals as well the basic functional units of 
phenotypic change, i.e., genes. Gametes are generated upon com-
pletion of meiosis, a process that includes the physical process of 
crossing over. Simulations are used to show how this physical pro-
cess constrains gene dynamics and the impact of these constrains 
on genetic risks introduced through co-cultivation of wild and im-

MERCENARIA MERCENARIA, 

Stony Brook University, School of Marine and Atmospheric 
Sciences, 239 Montauk Highway, Southampton, NY 11968

michael.doall@stonybrook.edu
Shinnecock Bay (SB) is a shallow-water, barrier island estu-

ary on the south shore of Long Island, NY that has experienced 
sharp declines in commercially important northern quahogs (= hard 
clams) ( ) since the 1970s, and the reoccur-

brown tides since the 1980s that have had devastating ecological 
consequences.  To help reverse these negative trends the Shinne-
cock Bay Restoration Program (ShiRP) initiated bay-wide quahog 
restoration efforts in 2012 through the establishment of spawner 

-
tration of the bay to levels that would improve water clarity and 
mitigate HAB.  To date, ShiRP has planted over three million adult 
quahogs into spawner sanctuaries, and has conducted a suite of 
monitoring efforts to measure short-, medium-, and long-term suc-
cess.  Increases in quahog densities measured by annual benthic 
surveys, combined with substantial increases in commercial land-
ings over the past four years, indicate that the medium-term goal 
of increasing hard populations bay-wide is being achieved.  Com-
mercial landings from SB in 2018 were up over 700% from when 
restoration began in 2012, and at the highest level in 32 years.  Sev-
eral lines of evidence suggest that the recent increases in quahog DO N
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North Carolina State University, Department of Marine, Earth 
and Atmospheric Sciences, Center for Marine Sciences and Tech-
nology, 303 College Circle, Morehead City, NC, 28557

The principal mission of the North Carolina State University 
Center for Marine Sciences and Technology (CMAST), located in 
Morehead City, NC, is to discover innovative solutions to questions 
and problems in marine systems, and provide effective communi-
cation of these discoveries by promoting multidisciplinary studies 
among research scientists, educators and extension specialists. 
CMAST programs also enhance interaction with other educational 
institutions and agencies, and a broad range of stakeholders and the 
general public. 

departments and a K-12 STEM Program, promote creative colli-
sions among disciplines that support solutions to such grand chal-
lenges as . CMAST faculty and 
staff are researching a wide range of topics that affect the health 
and well-being of humans, animals and the environment, ranging 
from monitoring aquatic animal health as an indicator of human 
health risks, to seafood safety, to improving water quality of coastal 
waters that are critical to tourism. Applied Fisheries programs are 
informing sustainable harvest of wild and aquaculture species, as 
well as a range of coastal habitat restoration initiatives. 

Academic programming is providing leaders for the state, na-
tion. and the world through a Summer Fellows and Intern Program, 
Graduate & Undergraduate training that emphasizes hands-on re-
search, as well as K-12 educational outreach.  CMAST hosts part-
nerships with the North Carolina Aquarium System, North Carolina 
Sea Grant, the North Carolina Division of Marine Fisheries, North 
Carolina Cooperative Extension, and the local Community College.

1 1

1North Carolina State University, Department of Marine, Earth 
and Atmospheric Sciences, Center for Marine Sciences and Tech-
nology, 303 College Circle, Morehead City, NC, 28557

2North Carolina State University, Center for Geospatial Analyt-
ics, 2800 Faucette Dr., Raleigh, NC 27695

eggleston@ncsu.edu
Restored oyster reefs contribute to enhancing ecosystem ser-

vices in coastal environments. Spatiotemporal changes in habitat 

and understanding these changes is crucial for optimizing resto-

1 2

2 4 5
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1Agricultural Research Service, U.S. Dept. of Agriculture, Hat-

2University of Washington, Department of Biology, Box 
351800, Seattle, WA 98195

3Washington Dept. of Fish and Wildlife, P.O. Box 190, Ocean 
Park, WA 9864

4Hokkaido National Fisheries Research Institute, Japan Fish-
eries Research and Education Agency (Kushiro Laboratory), Kat-
surakoi 116, Kushiro, Hokkaido 085-0802, JAPAN

5Oregon State University, Department of Fisheries and Wildlife, 

brett.dumbauld@usda.gov
 were introduced to and be-

came “naturalized” in several estuaries along the US West Coast 
where conditions allowed for adult oyster conditioning and spawn-
ing and subsequent larval survival, retention and settlement.  The 
oyster industry relied on “natural” set at these locations and/or con-
tinued to import seed from Japan until the late 1970s advent of 
hatchery production of oyster larvae.  Industry operators continued 
to take advantage of natural sets in Willapa Bay, Washington where 
it remains an important feature of management on state established 
oyster reserves until a prolonged set of failures termed the seed 
crisis occurred beginning in 2015.  Hatchery failures were clear-

is reduced and larval oysters are unable to deposit shell.  While 

for direct effects of carbonate chemistry in Willapa Bay is more 
equivocal due to multiple factors including estuarine gradients in 

-
ence gametogenesis and spawning in adult oysters.  The summary 
of the historical record for oyster condition and spawning in this 

seasonal timing of spawning.  Preliminary results of a study de-
signed to compare this seasonal gametogenic cycle with that in Ja-
pan where these oysters were sourced suggest that other variables 
should be measured in order to understand and potentially mitigate 
for the effects of anthropogenic changes to these estuaries and an 
uncertain future climate.
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manganese interferes with actions of D2R agonists, however the 
three agonists were not equally affected. Since cilio-inhibitory ac-
tions of two of the agonists were impaired by manganese suggests 
manganese is not causing its toxic effect by directly acting on the 
dopamine molecule, but rather on one or more steps of the D2R 
signal transduction pathway. The three agonist likely have differ-
ent D2R binding capacities on GLC, which may account for their 
varied responses to manganese, especially if manganese is directly 
interfering with ligand binding activation of D2R. This study helps 
further understanding of the manganese neurotoxic mechanism in 
causing manganism and should be of value in testing for therapeu-
tic treatment. Supported by grants NIGMS-2R25GM06003, NIH-
K12GM093854-07A1 and PSC-CUNY 62344-00-50.

CRASSOSTREA VIRGINI-
CA

Stony Brook University, School of Marine and Atmospheric 
Sciences, 100 Nicholls Road, Stony Brook, NY, 11794

Emmanuelle.Palesespinosa@stonybrook.edu
Lectins are sugar-binding proteins involved in nonself-recog-

nition and cell-to-cell interactions. Suspension-feeding bivalves, 
including the oyster  are capable of using 
these molecules to discriminate and capture food particles via in-
teractions with particle surface carbohydrates. Factors affecting 
the expression of mucosal lectins remain unclear. The aim of this 
study was to assess whether the expression of mucosal lectins in 

 is linked to environmental parameters and/or internal 
biological factors.  Oysters were placed in cages at a tidal estuary 
and monitored for changes in lectin gene expression over a 1-year 
period. Throughout the study, oysters were sampled and processed 
for histology to characterize their gonadal development stage. Gills 
were also dissected and used to determine the expression of three 
mucosal lectins. In parallel, environmental parameters prevailing 

were also monitored.  Results showed that when high quality food 
is abundant (i.e. spring bloom), lectin expressions are low, and in-
versely lectin expressions increase with lower food levels. These 

the capture and ingestion of scarce food while during spring bloom, 
enough high quality food is already being ingested and lectins are 
not needed.   Furthermore, results highlighted that as gonad ma-
ture increasing energy demand, lectin expressions also increase to 
enhance selective ingestion of most nutritious food particles.  This 
study demonstrates the seasonality of lectin gene expression in C. 

 and suggests that lectin regulation is related to the repro-
duction process and abundance of high quality food.

ration efforts. A set of six subtidal restored oyster reefs in Pamlico 
Sound, North Carolina were studied by repeated mapping of these 
areas using high-resolution side-scan sonar, and by collecting a 
two-year time series of oyster recruitment and passive acoustic data 
that monitored changes in the local soundscape. Substantial habitat 
loss occurred at all reefs, with high spatial variation in loss likely 
due to local sedimentation dynamics. Declines in habitat availabil-
ity greatly reduced oyster recruitment, growth, and survival. The 

activities were severely diminished in the soundscape on reefs con-
structed from marl (limestone gravel) compared to reefs construct-
ed from recycled oyster shell. In addition, these signals were lost 
from the soundscape on reefs with >60% habitat loss, indicating a 
decrease in habitat quality, change in community composition, and 
overall loss in restored ecosystem function. These results under-
score the importance of habitat site selection and design in deter-
mining oyster restoration success and provisioning of ecosystem 
services. The acquisition of both passive and active acoustic data 
illustrates how spatiotemporal changes in structural habitat avail-
ability are coupled with changes in oyster demographics and the 
broader community structure. These approaches can ultimately be 
used to inform oyster restoration design, management, and moni-
toring initiatives.

CRASSOSTREA VIRGINICA 

Medgar Evers College, Department of Biology, 1638 Bedford 
Ave, Brooklyn, NY 11225

ernestina2@msn.com
Gill lateral cells (GLC) cilia of  are con-

trolled by serotonergic-dopaminergic innervations. Dopamine 
causes cilio-inhibition. Manganese causes manganism, a Parkin-
son’s-like disease in people by disrupting dopamine neurotrans-
mission. The neurotoxic mechanism of manganese is not fully re-
solved. Lack of effective treatment for manganism is an obstacle 
in its clinical management. Previous studies showed manganese 
disrupts cilio-inhibition of dopamine on GLC and the post-synaptic 
receptors are D2-like (D2R). Three D2R agonists (piribedil, N-pro-
pyl-piperidine and ergocryptine) were tested with and without man-

Results were compared to control gills treated with the natural li-
gand dopamine. Each agonist was cilio-inhibitory with N-pro-
pyl-piperidine being the most effective. With manganese present 
the cilio-inhibitory effectiveness of ergocryptine and piribedil was 
moderately reduced, but not N-propyl piperidine. The results show DO N
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1University of Maryland, Baltimore County, Department of 
Chemistry and Biochemistry, 1000 Hilltop Circle, Baltimore, MD 
21250

2University of Maryland, Baltimore County, Department of 
Chemical, Biochemical, and Environmental Engineering, 1000 
Hilltop Circle, Baltimore, MD 21250

3USDA Forest Service, Northern Research Station, 5523 Re-
search Park Drive, Baltimore, MD 21228

4Maryland Department of Natural Resources, 580 Taylor Ave, 
Annapolis, MD 21401

feerick1@umbc.edu 
Contaminants of emerging concern (CEC) have been detected 

in surface water around the world. Fewer studies have focused on 

eastern oyster ( ) of Chesapeake Bay may 
result in bioaccumulation of CEC from upstream sources. The 
objective of this study was to determine the concentrations of 43 

tissue and bulk water samples at 35 collection sites throughout 
the Chesapeake Bay. CEC were extracted from lyophilized oyster 

and solid-phase extraction, respectively. The extracts were ana-
lyzed by liquid chromatography with tandem mass spectrometry 

hormones were detected at least once in oyster tissue compared to 

pseudo-persistence of these compounds in the Chesapeake Bay. 
Sucralose, a commonly-used indicator of wastewater and septic 

The highest sucralose concentration (885 ng/L) coincided with the 

plants or septic systems. Given the known effects of estrogenic 
hormones on aquatic organisms, emerging concerns related to the 

resistance in oyster reefs, our results indicate the need for com-
bined monitoring of chemical and toxicological outcomes in Ches-
apeake Bay oysters.

1 2
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1Stony Brook University, School of Marine and Atmospheric 
Sciences, 100 Nicolls Road, Stony Brook, NY 11794-5000

2Sorbonne Université, Adaptation et Diversité en Milieu Ma-
rin, Station Biologique de Roscoff, Place Georges Teissier, 29680 
Roscoff, France
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6959 Miller Avenue, Port Norris, NJ 08349
4Roger Williams University, Department of Biology, Marine 

Biology, and Environmental Science, 1 Old Ferry Rd, Bristol, RI 
02809

5Cape Cod Cooperative Extension, Box 367, 3195 Main St, 
Barnstable, MA 02630

6Cornell University Cooperative Extension of Suffolk County, 
3690 Cedar Beach Rd,

 Southold, NY 11971
sarah.farhat@stonybrook.edu 
Since the 1990s, several Northeastern states have suffered se-

vere losses in aquacultured and wild northern quahog (= hard clam) 
( ) stocks due to a fatal disease caused by a 
protistan parasite called Quahog Parasite Unknown (QPX). Previ-
ous work demonstrated that quahog resistance to QPX is genetical-
ly dictated. This study was designed to identify a single nucleotide 
polymorphism (SNP) associated with quahog survivorship follow-
ing QPX epizootics. DNA was extracted from quahogs derived 
from two geographically segregated populations (OYB and ARC) 
and deployed in an enzootic site in Massachusetts. The analysis 
contrasted samples collected before (2 x 48 clams) and after (2 x 
48) undergoing QPX-related mortalities. The bioinformatics anal-
ysis relied on a draft clam genome assembly generated previously 
(2.4 Gb containing 42,214 protein-coding genes among which 91% 
had functional assignations). A total of 353,766 and 244,005 SNPs 

in quahogs collected before and after QPX-related mortalities, re-
spectively. Among these, around 200 genes displayed variant en-
richment in each sampling point in both populations, including 18 
genes shared between both populations. Markers depleted in sur-
vivors from both populations were in genes related to apoptosis 
mechanisms, suggesting a role for apoptosis regulation in survi-
vorship. Markers enriched in survivors from both populations were 
found in genes related to protein-protein interaction, receptors and 
signaling. This research begins to identify genetic markers associ-
ated with clam resistance to QPX disease, leading the way for the 
development of resistant clam stocks.DO N
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Development, Center for Environmental Measurement and Model-
ing, 1 Sabine Island Drive, Gulf Breeze, FL 32561

It has been generally accepted that mantle tissue is responsi-
ble for constructing and repairing oyster shell; however, past and 
recent evidence indicates a role for oyster amebocytes, which are 
locomotory blood cells capable of migrating inside and outside of 
tissues. It was noted as early as 1901 that ‘migratory cells’ partic-
ipated in pearl formation in oysters and by the mid-20th century 
‘migrating epithelial cells’ were observed to participate in shell 
formation of the garden snail, another mollusc. A separate line of 
evidence for amebocyte participation has emerged from research 
showing that amebocytes are capable of bioaccumulating terrestri-
al metals, particularly copper and zinc, into intracellular vesicles. 

released from amebocytes into extracellular spaces to precipitate 
hemolymph proteins, thereby forming a protective, antimicrobial 
‘blood clot’. A similar process may be at play in shell deposition. At 
the very least, amebocytes are hypothesized to release metals into 
the conchiolin matrix to precipitate protein and crystallize the shell. 
Such a process would explain the high concentration of metals in 
adult shell relative to larval shell which is formed before amebo-
cytes are released into the bloodstream. Adult shell concentrations 
of many metals are orders of magnitude higher than surrounding 
seawater, indicating a bioconcentration capacity that is unique to 
amebocytes and lacking for mantle epithelial cells. This physiolog-
ical role for terrestrial metals may also explain the distribution of 
oysters at locations near freshwater runoff. 

Development, Center for Environmental Measurement and Model-
ing, 1 Sabine Island Drive, Gulf Breeze, FL 32561

 
Eastern oyster amebocytes accumulate both copper and zinc 

against concentration gradients to extraordinarily high concen-
trations. The physiological purpose for this bioaccumulation was 
unexplained for many years. Several authors anticipated a micro-
bicidal function for copper because they noted green coloration at 
the site of wounds, ostensibly transported to the site by amebo-

described how bacteria were immobilized in an extracellular gel 

1Universidade Nova de Lisboa, Dept. Ciências e Engenharia do 
Ambiente, Faculdade de Ciências e Tecnologia, Quinta da Torre, 
2829-516 Monte de Caparica, Portugal

2Longline Environment Ltd., 63 St. Mary Axe, London, EC3A 
8AA, United Kingdom

joao@hoomi.com

worldwide in response to (i) the stagnation and decline of capture 
-

lution of production systems from hunting and gathering to cultiva-
tion, mirroring the emergence of agriculture in the Neolithic period, 
four hundred generations ago.

This led to improvements in husbandry and genetics of aquatic 
organisms, and to other developments such as tools for production 
and zoning of aquaculture systems. Because social license and sus-
tainability are major concerns of present-day societies, the growth 
of aquaculture in the West faces regulatory challenges that were 
never an issue for agriculture, perhaps because it developed over 
thousands of years. The human perspective on the marine environ-
ment as a common wealth introduced further concerns, particularly 
in coastal communities.

This review focuses on the ways in which environmental 
sensors, mathematical models, and management platforms have 

ways in which precision aquaculture can contribute to a better 
world for both farmers and consumers.

We are in an age now where it is feasible to model individual 
animals as part of a farmed population and predict a wide range of 
aspects related to growth, food depletion, environmental effects, 
and pathogen spread. Tools are becoming available to help industry 
predict the consequences of climate change for their crops, and Big 
Data and Deep Learning hold substantial promise in helping in-
terpret how environmental changes affect bivalve production, and 
how farmers can leverage this to optimize harvest.

I end this brief journey with some thoughts on what we may an-

coming decade, and on strategies to bring together managers, pro-
ducers, and researchers to embrace the opportunities that lie ahead.
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would dissipate into the hemolymph to initiate other morphologi-
cal processes. These extraordinary studies, published in 1934, have 
been obscured by their complete absence from a subsequent and 
highly prestigious compendium.

US Army Corps of Engineers, Baltimore District, 2 Hopkins 
Plaza, Baltimore, MD 21201

woody.francis@usace.army.mil
The USACE, Regulatory program, regulates the construction 

of structures and work proposed in, over, or under navigable wa-
ters of the United States pursuant to Section 10 of the Rivers and 

waters of the United States pursuant to Section 404 of the Clean 
Water Act; and the transportation of dredged material for the pur-
pose of disposal in ocean waters pursuant to Section 103 of the 
Marine Protection, Research and Sanctuaries Act. 

the structures and associated work and the ongoing nature of the 
-

culture under Section 10 include the placement of structures and 
equipment in navigable waters, such as piles, cages, trays, racks, 

-
vation of a water body in preparing the substrate so that it is suitable 
for larval attachment and growth are regulated under Section 404.

The Baltimore District (District) largely uses NWP 48 for reg-

permit authorities as required. The Maryland Department of Natu-

state level and administers a leasing program. The MDNR and the 
District have a joint permit application and perform a joint and con-

will provide an overview the federal/state review process in Mary-
land with focus on submission of complete permit applications.

(clot) that formed around aggregates of responding amebocytes. He 
hypothesized that the gel was initiated by material extruded from 
granular amebocytes (degranulation). These observations were cor-
roborated in 1971 by Craig Ruddell who not only demonstrated the 
high accumulation of copper and zinc in amebocyte granules but 
also showed that both metals were present extracellularly at the 
site of wounds. In 1975 Robert Brown completed an unpublished 

the source of clot-promoting substances and, moreover, that cop-
per and zinc were released from amebocyte granules to initiate clot 
formation through precipitation of hemolymph proteins. He pro-
posed that the metals may also play a role in intracellular microbial 
killing: When phagosomes fuse with cytoplasmic granules during 
phagocytosis, captured microorganisms are exposed to very high, 
and likely toxic, concentrations of metals and hydrolytic enzymes. 
The relationship of copper and zinc with higher microbial killing 

least one physiological purpose for their high bioaccumulation. 

Development, Center for Environmental Measurement and Model-
ing, 1 Sabine Island Drive, Gulf Breeze, FL 32561

 
The location and distribution of natural reefs establish that east-

ern oysters are found primarily in coastal areas where salt water 
of the ocean is considerably diluted with fresh water from rivers 
or streams. Attachment of oyster larvae at metamorphosis is there-
fore not a haphazard process, but one that in some aspect requires 
fresh water. Working at the Bureau of Fisheries Field Station in 
Milford, Connecticut, Herbert F. Prytherch investigated the role 
of fresh water in larval setting and metamorphosis. He found in 
laboratory studies that setting, contrary to conventional wisdom, 
was not induced simply by decreased salinity. Setting was induced 
only if seawater was diluted with river water and was not induced 
by dilution with distilled water. This indicated that setting required 
some additional component of river water. By process of elimina-

dose response between copper and frequency of setting. Copper 
is a terrestrial element delivered to the coastal zone through fresh-

in granules of oyster amebocytes. In corollary studies, Prytherch 
described the role of the pigment spots—aggregates of amebocytes 
often incorrectly called ‘eyespots’—in setting and metamorphosis. 
He observed that a few copper-rich amebocytes would break away 
from the aggregates to initiate setting and then the entire aggregate DO N
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fusongzhe@hotmail.com
A potential mechanism for the global distribution of waterborne 

pathogens is through carriage by the migratory waterbirds; how-
-

logically. Here, whole genome sequencing of  spp. collected 
from waterbirds, sediments, and molluscs in the estuary of the Li-
aohe River in China were conducted to investigate this transmis-
sion mode. It was found that a  strain isolated 
from a waterbird was clonally related to the other -

 strains obtained from the sediments and molluscs, and three V. 
 strains isolated from bird feces were genomically related 

to those found in the molluscs and upstream groundwater, suggest-
ing that the bird-carried  strains were acquired through the 
direct predation of the local mollusks. Surprisingly, two bird-car-
ried  strains belonging to the same clone were 

and another two were found at two locations 50 km apart, further 
supporting that waterbirds are capable of carrying and disseminat-
ing these pathogens over long distances. Molluscs, crustaceans, 
crabs, and oysters are the common food resources of waterbirds, 
and the majority of waterbird species are long-distance migratory 

-

as disseminating vehicles of waterborne pathogens. To prevent the 
rapid spread of pathogens, public health authorities must strength-
en their active surveillance of birds and monitor their exact migra-
tion routes. Further studies need to focus on the epidemiological 
links between  species in waterbirds and  species in 

along their routes will be valuable for predicting future epidemics 
of infectious diseases.
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The bacterium,  is a public health 

and it has caused elevated illness rates over two decades. This 
study examined a large multi-year dataset of total and pathogenic 

for associations with environmental conditions.   The goal of this 
presentation is to show the development of a more accurate or re-
liable predictive model for  in Washington. Potential mod-
el variables that were evaluated included multiple air and water 
temperatures, oyster tissue temperature, salinity, photoperiod, UV 
exposure, time-from-surfacing exposure, and nested space and 
time covariates. The spatiotemporal covariates included nested 
locations (sample site, growing area, region) and collection week 
as the time-series index step. Associations of genetic marker out-
comes and covariates were examined for total and poten-
tially pathogenic strains as dependent variables using tobit regres-
sion to account for values above and below the limits of detection/
quantitation. Standard epidemiologic and statistical model building 
practices were employed including univariate regressions, covari-

-

criteria. There is potential for this work to improve the overall un-
derstanding of environmental associations with -

into a discussion among audience and presenter about limitations, 
discussion of various modeling and  control 
strategies for future research.DO N
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The shrimp species, is cultured world-

-
enced by the quality of the culture conditions. These variables also 

 for 
many other aquatic animals, starts to develop shortly after birth 

-
terial colonization of the  gut occurs in separate stages 
starting during the nauplius stage, when the ingestion of nutrients 
is through the anal pore (AP), followed by consumption of food 
via the mouth once the shrimp leaves the larval stage. Feeds con-
stitute ~60% of the expense in shrimp aquaculture operations. Fish 
meal is the main ingredient of shrimp feed, and the most expensive. 
Glandless cotton seed meal (GCSM) is a waste product with high 

current feeds. 
In this project, the goal is to analyze the biological changes that 

occur in the gut microbiota of the group being fed a plant-based 

 growth will be conducted with shrimp, where the shrimp 
will be submitted to 100% plant-based diet, 50/50% plant and an-
imal-based diet, and 100% animal-based diet; differences in gut 
microbiota via 16s rRNA gene sequence will be analyzed. Prelimi-

digestibility and 
growth when plant protein is implemented into the extruded 

feed.
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Acute hepatopancreatic necrosis disease (AHPND) caused by 

 has been a major scourge of shrimp aqua-
culture for recent decade. Previous studies found there are multiple 
lineages of  that emerged in shrimp farming 
regions and occurred worldwide independently, with no clear pat-
tern of transmission. Here, a whole-genome analysis of 100 AH-
PND-causing (VpAHPND) obtained from dis-
eased shrimp and environmental samples between 2010 and 2017 is 
reported, providing unprecedented insight into the historical spread 
of this pathogen and transmission patterns of AHPND. Results 
showed that majority of VpAHPND were genetically diverse, suggest-
ing that AHPND outbreaks occurred partly due to the presence of 
endemic ; however, phylogenetic analysis of 
AHPND-associated plasmids revealed that plasmid was potentially 
horizontally transferred among different sequence types (ST), re-
sulting in the heterogeneity of VpAHPND. Genomic analysis of ST970 

Thailand since 2012 which partially promoted the spread of AH-
PND-associated plasmid. Temporal and spatial analysis revealed 
that divergence date of Thailand and Malaysia strains occurred at 
around January-2012. Sequence analysis of AHPND-associated 

of which originated from a distinct bacterial species, respectively. 
Additionally, seven VpAHPND strains from Ecuador, Mexico, Chile 
and Peru were also collected. They were distributed in six branch-
es, indicating that most of AHPND outbreaks in America occurred 
independently in each region without epidemiological link. This 
study answered the basic question regarding the origins of AH-
PND-associated plasmid and transmission history of AHPND in 

-
ease management.DO N
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aibarra@cibnor.mx
The  gene in   is involved in sex 

male sexual development. A  transcript (Genbank accession 
# KF573432, 3778 bp) was found in transcriptomic libraries of 

. In this study, the 
full-length cDNA of the  ( ) gene was isolated from 

, and the translated protein (AHA90856) shows a sig-
 FEM-1 protein. 

 expression was evaluated by means of quantitative poly-
merase chain reaction (qPCR) and  hybridization during em-
bryogenesis, larval development, multiple tissues of juveniles, sub-
adults, and adult males and females, and gonads of both genders in 

 
was found expressed in juveniles, subadults and adults in brain, 
intestine, hepatopancreas, and in the gonads of both genders in 
subadults and adults.  hybridization allowed for an interest-
ing discovery: a natural antisense transcript (NAT) of the  
that was found highly expressed in the oocyte nucleus of subadult 
female shrimp gonads. No NAT was seen within oocytes of adult 
females, although it was detected in follicular cells, suggesting a 
possible post-transcriptional regulation of the sense  in fe-
male gonads. Conversely, in males, no NAT was observed, and the 
sense  was found expressed in spermatogonia of both, sub-
adult and adult shrimps, indicating a function of PvFEM-1 protein 
in male sexual differentiation and gamete generation.
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Availability of the genome sequence assembly (reference 

ASM378908v1; 1.6 Gb) from an adult male  
breed: Kehai No.1 farmed in China, represents a useful resource 
to identify economically important traits such as disease resistance, 
resilience to environmental stress, high growth and reproduction. 
Various sex determining- and sex-differentiating-like genes have 
been reported. The genome sequence for  homolog C-like 
protein (also known as LOC113816458, C7M84_013645, FEM-
1) and its protein ROT68218 will be discussed. LOC113816458 
is homologous to the cDNA of  (Pvfem-1) gene isolat-
ed from transcriptome libraries of cultured  gonad 
from Mexico (mRNA: KF573432, 3778bp; protein: AHA90856 

28 of 29 transcriptome shotgun assembly sequences of Penae-
oidea representing 13 species. LOC113816458 locates on nu-
cleotides 86721-92580 (5860bp) of unplaced genomic scaffold 
LVANscaffold_2707 (QCYY01002705, 193354bp), and contains 
portions of two repetitive sequences. BLASTX homology search-

repeats in both KF573432 and LOC113816458 sequences, but 
only KF573432 contains a provisional voltage-dependent po-
tassium channel domain. Two reference mRNA sequence splice 

tran-
script variant X1 (XM_027368504, 3683bp) and transcript vari-
ant X2 (XM_027368505, 3651bp). BLASTP results for proteins 
AHA90856 and ROT68218 revealed 14 and 15 ankyrin repeat-con-
taining domains, respectively. Two transient-receptor-potential cal-
cium channel protein domains were observed in AHA90856, only 
one in ROT68218. Research is needed to clarify if both variants X1 
and X2 are expressed in same tissues reported for natural antisense 
transcript NAT, and to assemble more genomes of Penaeoidea in 
order to identify the master sex-determining gene.DO N

OT 
CIT

E



78  112th Annual Meeting, March 29–April 2, 2020

studied of these pathogens, little is known about its basic biology 
and ecology.

In a laboratory experiment using naturally-infected quahogs 
housed individually in sterile seawater, QPX was detected using 
a newly developed nested quantitative PCR assay in the seawater 
of quahogs exposed to low temperature (13°C) at two through nine 
weeks of the experiment. QPX was also detected from shell bio-

quahogs kept at 20°C, QPX was never detected in seawater or shell 

experiment. It is unclear if this temperature difference in external 

them, or some other external factor. Moreover, the fact that QPX 

suggests that QPX is a stable component and perhaps permanent 
-

ing or pumping.
To determine if QPX has a unique relationship with the quahog 

compared to other labyrinthulomycetes, labyrinthulomycete-spe-

suggests that QPX is a commensal and common component of the 
quahog microbiota.
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Cephalopods are valuable seafood for human consumption, 

good candidates for aquaculture and interesting models for re-
search. The recent inclusion of cephalopods in the Directive 2010/

researchers to promote the best health and welfare practices during 
-

duced diseases are consequently of major interest to improve the 
cephalopod welfare and husbandry.

Despite the increased interest in cephalopods as sea food, and 

currently only fragmentary information on pathogens and diseases 
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verse freshwater environments.  Mussel populations continue to 
decline in range, abundance, and species richness across the nation.  
Partnership for the Delaware Estuary (PDE) created the Freshwater 
Mussel Recovery Program in 2007 to address these declines in the 
Delaware River Basin.  Part of restoration involves reintroduction 
of mussels to their historical range.  Reintroduction success (i.e. 
survival, persistence) depends not only on habitat suitability, but on 
the condition of animals used.  Juvenile freshwater mussel survival 
in natural systems is thought to be low, but advances in hatchery 
rearing and pond grow-out have increased survival and rivaled or 
outperformed growth rates when compared to those from natural 
systems.  Raising hatchery-spawned mussels to a size appropriate 
for release can be enhanced by a period of pond grow-out, which 
presents an opportunity to provide transient ecosystem services to 
eutrophic ponds.  For example, more than 50,000 juvenile alewife 

were produced in 2017 and 
subsequently reared in various eutrophic ponds in Pennsylvania 
and Delaware.  Final nitrogen contents of  tissues and 
shells averaged 6.90% w/w and 0.65% w/w of dry biomass, respec-
tively.  Together, these data estimate the total particulate nitrogen 
sequestered into mussel biomass, which is 183mg per 80mm mus-
sel.  When these mussels are relocated for enhancement projects 
elsewhere, the sequestered nitrogen is permanently bioextracted 

targeted recipient waters, depending on scale and duration of mus-
sel deployment.
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Quahog Parasite Unknown (QPX) is among the pathogenic 

members of the labyrinthulomycetes, which are a group of diverse, 
ubiquitous marine fungus-like protists. Although QPX is the best DO N
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conditions and fed on different diets have been examined. A wide 
range of genes and proteins involved in different signaling cascades 

using transcriptomic (RNA-seq), proteomic (SWATH) and epig-

together with functional biochemical validation assays will allow 
-

fare and health in early stages of  development. This 
approach will provide new perspectives and will open new oppor-
tunities to deepen the requirements and improve the culture of this 
species. 
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Industry-driven aquaculture shapes the high productivity for 

economic growth; however, shrimp have a tendency to be sus-
ceptible to pathogen infection, which then shapes the question on 
why and how the population could shape resistance. Therefore, in 
selection programs focused on the Madagascar-Malaysia 

 breeding line, this project investigated if this selected line 
could form resistance to WSSV and what shapes the line to be re-
sistant. When selection was based on this criteria, gene expression 

-
tigate whether the population biomarkers and SNP associated with 
resistance traits. The strategy incorporated bulk segregant analysis 

approach was used to aid the selection process in innovative way.

in cephalopods exists. This book has been designed as a short, easy 

and description of the different organs as well as pathogens and 
diseases affecting the most representative species of cephalopods 
focused on ,  and -

. The study is based on photographs at macroscopic and histo-
logical level in order to illustrate the role of the most important 
pathogens and related diseases. The reader is able to familiarize 
with functional anatomy, necropsy and general histology of adults 

-
gens and pathologies. This work is thus a guide for the diagnosis 
of cephalopod diseases. Besides including pathogens for non-Eu-
ropean cephalopod species, it also provides a useful contribution 
encouraging marine pathologists, parasitologists, veterinarians and 

-
nance and aquaculture practices aiming to increase their knowledge 
about the pathology of cephalopods.
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The common octopus ( ) is a highly-valued 

species of great commercial interest, and it is an excellent candi-
-

ities during the early life-cycle stages (paralarvae) have hampered 
its commercial production. In recent years great progress has been 
made by achieving its life cycle under captive conditions, but its 
commercial aquaculture practice is still under experimental phase. 

-
marker genes to optimize the culture, are currently a priority.

-
velopmental stages of the common octopus through nutrigenomic 
and epigenetic analyses. The main objective of the project is to gain 
a greater understanding of what and how biological processes de-
velop in these early stages under different cultivation conditions.

Octopus embryonic developmental stages, as well as paralar-
vae in their early stages of development, cultivated under different DO N
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Jersey may be increasing.  Growth rates are utilized in managing 

to grow to a marketable size in a given season.  Growth racks were 

again in 2018 and 2019.  Deployment sites spanned the salinity 
gradient.  Oysters were initially collected and measured in April 
or May of each year, tethered to a metal frame, and redeployed on 
their bed of origin.  Racks were recovered and redeployed monthly 
allowing height to be measured on each individual oyster through 
the growing season (to November).  Mean total growth was calcu-
lated for each of three initial size classes (50-57 mm, 57-63 mm, 
and 63-70 mm).  Preliminary results indicate that growth rates have 
increased since 2001 across all sites.  In 2018 and 2019, respec-
tively, oysters from the southernmost site increased in height by 
16-30% and 23-37% over the duration of the experiment, while in 
2001 oysters increased in height by only 15-24%.  Additionally, 
in all years, growth rates were higher in the lower Delaware Bay, 
where salinity is higher.  Having up-to-date and accurate growth 
rate estimates is important for managing the oyster resource in Del-
aware Bay and for informing our understanding of how environ-
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The once iconic northern quahog (= hard clam) (

99% during the 1970s-1990s.  While over three decades of planting 
seed clams and spawner sanctuaries have failed to measurably alter 
clam densities in this region, recent efforts creating quahog spawn-
er sanctuaries in Shinnecock Bay have shown greater promise.  The 
sanctuaries were designed to improve spawning success of qua-
hogs, with the ultimate goal of creating quahog densities capable 

the formation of algal blooms and that occurred prior to bivalve 
population collapses on Long Island.  Since 2012, the planting of 
three million quahogs in spawner sanctuaries in Shinnecock Bay 

quahogs.  Concurrently, peak densities of harmful brown tides have 
progressively declined by three-orders of magnitude and eelgrass 
beds have expanded by more than 100 acres.  While the densities 
of quahogs within spawner sanctuaries have achieved levels ca-

densities outside of the sanctuaries have not, suggesting processes 
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Proper feed management in the culture of aquatic organisms 

reduces feed waste and cost, preserves water quality, and supports 
maximal growth of the species. A cost-effective practice provides 
the lowest ration size that still supports adequate growth of the or-
ganism. In this study, two daily rations of a nutrient dense, formu-
lated diet were evaluated for optimal growth and gonad production 
in small sea urchins of the species . 

Small sea urchins (ca. 23 mm diameter and 5.6 g wet weight) 
were maintained in recirculating seawater systems and were fed a 
formulated diet (28.5% protein, 26.8% carbohydrate, 7.7% crude 
lipid). Individuals were provided a daily ration of either sub-satia-
tion (1.5% body weight day-1 set at Week 0) or  (~3.8% 
body weight day-1). Individuals were weighed every two weeks, 

production. 
Overall wet weight gain after 8 wk was higher for individuals 

fed (338 ± 48% vs. 228 ± 37% for sub-satiation; mean 

proffered was higher for individuals fed a sub-satiation ration (68.2 
± 5.8% vs. 31.0 ± 5.1% for ). Gonad index was higher 
for individuals fed  (14.5 ± 4% vs. 9.26 ± 2% for sub-sa-
tiation) and was higher for females regardless of ration size (13.9 
± 4% female and 9.85 ± 3% male). Overall, the sub-satiation ration 

production. 
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Trends in length frequency from an annual stock assessment 

rates of wild oysters ( ) in Delaware Bay, New DO N
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Expansion in aquaculture of the eastern oyster ( -

) in Maryland is partly limited by the amount of seed oyster 
available for grow-out. Understanding potential strain differences 
in settlement success, growth and survivability of oysters during 

which strains could offer maximum production without expanding 
hatchery capacity. Experimentation at the commercial scale is re-
quired as previous efforts to compare performance have been con-
ducted at the laboratory scale. 

A commercial scale randomized complete block experiment 
was conducted to compare the performance of four different oyster 
“strains”. Different batches of larvae were set within eight days 
of each other. Settlement success and larval size were estimated 
at 8 and 13 days, and then size, growth and mortality of batches 

strain effect on settlement. Diploid larvae demonstrated a 90% set-
tlement success, whereas triploid strains averaged approximately 
38%. Triploid oysters grew faster than diploid oysters throughout 
the study period and all triploid strains grew at similar rates. During 

strains and minimal mortality of the diploid oysters.  These results 
suggest that growers may wish to maintain a portfolio of different 
strains in production to spread risk and increase the resilience of 
their operations.

success of bivalve restoration in Shinnecock Bay, NYS instituted 

plant hundreds of millions of bivalves in sanctuaries across NY 
over the next three years.  Details of this program will be presented.
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The University of Maryland Center for Environmental Science 

Horn Point Laboratory Oyster Hatchery (HPLOH) is one of the 
largest oyster hatcheries on the east coast of the United States. Bil-
lions of juvenile oyster spat have been produced and deployed, or 
planted, for a variety of purposes, with the priority being resto-
ration. Methods to quantify juvenile spat-on-shell production in-
volve collecting a subsample of shells as tanks are being unloaded, 
and counting spat on that subsample of shells. When operating on 

sampling yields accurate data or if uneven spat settlement intro-
duces unintentional bias. A setting experiment was conducted to 
understand any spatial patterns in spat distribution within HPLOH 
setting tanks. Sample data were then compared to data collected 

-
cate that larvae primarily set on shells towards the bottom of the 

-
cant difference was observed with respect to horizontal distribution 
within a tank. Future research goals include designing a consistent-
ly accurate method for a random sample to be collected the day 

spat on shell counts with a busy schedule and small crew.
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occasion, comprise a considerable portion of the benthic animal 
biomass and feed on managed species.  Historical data collect-
ed by the SCDNR Crustacean Research and Monitoring Section 
(CRMS) trawl survey indicates that inhabit different parts 
of the estuary during their development, presenting the opportu-
nity to research ontogenetic diet changes.  The project presented 
here will investigate the life history, trophic ecology, and size-age 
relationships of  in the Charleston Harbor estuary.  Brief 
squid were collected every month in 2019 at four stations along a 
salinity gradient within the Charleston Harbor estuary.  Samples of 

 were assessed for size, sex, and maturity to determine life 
history parameters across space and time.  Buccal tissue samples 

13 15N) to investi-
gate food source origin and trophic position, and to investigate how 
these change with ontogeny.  Additionally, statoliths will be used 
to determine squid ages, which will, in turn, be used to back-calcu-
late timing of recruitment and growth rates across seasons.  These 
size-age relationships will be the focus of these presentations.  Re-
sults from this project will be used to better understand how the life 
history and trophic ecology of 
Harbor estuarine ecosystem, with applications towards the man-
agement of commercially- and recreationally-important species 
that interact with .
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A recent project by the Eastern Oyster Genome (EOG) led to the 

development of a reference genome and set of transcriptomes crit-
ical to the discovery and analysis of the genetic basis for traits that 
are important for improving the culture of this species for food and 
restoration purposes (private and public aquaculture).  These traits 
include, for example, disease resistance, resistance or tolerance to 
environmental stress, fast growth, and desired shell characteristics.  
Development of an extensive, genome-wide catalog of functional 
elements for the EOG would facilitate further application of ge-
nomic resources to basic and applied research in eastern oysters, 
such as genomically-informed approaches in selective breeding 
and consideration of epigenetic priming approaches to improve 

of the EOG will also facilitate understanding of the mechanisms 
involved in adaptation to a changing environment in this keystone 
species. The proposed EOG annotation efforts will have synergistic 

oyster genome and the genomes of other commercially important 
bivalve molluscs, such as mussels and scallops.  

Direct involvement of the bivalve research community in tool 
development and implementation is key to the successful appli-
cation of these resources. The objectives of this workshop are 
to: 1) provide training on how to use genomics resources already 
available in NCBI for the eastern oyster, 2) 
discuss with representatives from NCBI the needs for improved 
annotation of the EOG; and 3) coordinate community efforts in the 
functional annotation of the EOG.
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The Atlantic brief squid, , is a predatory, eu-

ryhaline cephalopod inhabiting estuaries from the Chesapeake Bay 
to Argentina.  In the Charleston Harbor estuary, can, on DO N
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shells.  Evidence indicates oysters may actually remove more ni-

alone.  However, these impacts need to be properly recognized and 
valued so they may be integrated into management plans.  

number of oysters placed in coastal waters through both aquacul-

-
diate impacts on nitrogen levels, and simultaneously provide oth-

-

be suitable for this approach due to environmental or cultural is-
sues.  Adaptive management approaches will be needed to address 

into the toolbox used to address eutrophication.  
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Diseases plague every species.  Detecting and quantifying the 

disease causing pathogens in infected tissues is both important and 
-

culture industry.  The eastern oyster,  is one 
bivalve species that has been infected with many diseases, most no-
tably  (Dermo),  (MSX), 
and  (SSO).  In order to determine infection 
levels in oysters, the two most common methods are through his-
tological examination of tissue and through Ray’s Fluid Thiogly-
collate Medium (RFTM) assay.  Both of these methods are time 
consuming, and unfortunately can be interpreted differently based 
on the person reading the results. The lab, working with M. Go-
mez-Chiarri at URI, has developed and is currently using a technique 

reside, and determining prevalence and intensity using quantita-
tive PCR (qPCR).  Plasmid controls of known copy numbers of the 
pathogen have been developed, which can be used to equate back 
to the Mackin rating and allow for detection of pathogens down to 

are limitations to qPCR just as with other stated methods. However, 
the triplex qPCR method can quickly and accurately determine the 
abundance of these three diseases, allowing for a greater amount of 
monitoring data to be generated for both aquaculturists and regula-
tors, as the environment changes and pathogen ranges grow.
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Elevated levels of nutrients such as nitrogen, or eutrophication, 

is a continuing challenge to coastal waterbody health.  Management 
strategies have traditionally focused on reducing nitrogen input to 
systems, but recent attention has focused on increasing the assim-
ilative capacity of waterbodies to accept nitrogen.  Methods may 
remove nitrogen from the water column through sequestration or ac-
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Large-scale aquaculture planning and siting is not common, but 

where conducted has been on the basis of suitability criteria derived 
in GIS; however, a more desirable approach involves carrying ca-

The holy grail of a simple index or measure of carrying capacity is 
unrealistic, because it neglects spatial variation which is at the core 
of the assessment. Nova Scotia is seeking to expand aquaculture 
activity in its numerous bays, and a large-scale assessment process 
is planned between the provincial regulators and Dalhousie Univer-
sity. The foundation of all CC research is a numerical circulation 
model. The widely-used open source model FVCOM has already 
been deployed in multiple locations in NS. Conceptually, the ba-

- modelled depletion of phytoplankton by cultured bivalves, and a 
criterion for acceptable reduction in chlorophyll which maintains 

-

health risk are employed. This requires models with particle track-

farming is interaction between farms, especially in terms of dis-
ease transmission, so the spatial location of multiple farms in single 
bays is important in simulations. These models have been rolled 
out in several locations in Nova Scotia, but use in multiple areas 
is planned. Moreover, a user-friendly software interface is being 
developed. The structure of the models, their application over large 
areas, and plans for boundary conditions and groundtruthing are 
discussed.
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The bay scallop, , supports a recreational 

of bay scallops in Florida has never been evaluated using a com-

rates of bay scallops off the coast of Steinhatchee, Florida in 2018.  
In-person surveys of scallop harvesters were conducted during the 

-
ery-independent assessment of scallop abundance was conducted 
before and after the scallop season.  In addition, aerial surveys were 
used to estimate the number of vessels that appeared to be harvest-
ing scallops during the season.  Mortality of bay scallops during the 

post-season surveys of scallop abundance (A = 0.731).  Estimated 
total harvest of bay scallops was 4.24 ± 0.49 million scallops and 
was calculated using a combination of aerial surveys to estimate 

mortality accounted for approximately 45% of total seasonal mor-
tality with the remaining 28% due to natural mortality.  Assuming 
all scallop harvesters collect the limit of scallops results in a com-
plete depletion of the population after 57 days; yet, the resource is 
not depleted because most harvesters do not collect their limit.  In 
comparison, simulations indicated that adjusting season length or 
season start and end dates by ± 2 weeks resulted in relatively small 
changes in total seasonal mortality (range: 0.724 – 0.754).  
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Sequencing the genomes and transcriptomes of non-model 

organisms has transformed the way ecologists and evolutionary 
biologists study the marine environment. A major challenge in 
bioinformatic studies is building robust reduced representation as-
semblies in the absence of complete, well annotated genomes. High 
rates of genetic polymorphism and genomic rearrangements within 

sequencing methods, such as Expressed Exome Capture (EecSeq), 
present a unique approach to these challenges. EecSeq has the po-

-
sembled directly from capture reads. This study sought to test a 

 assembly and assessment pipeline for EecSeq studies using 
sample reads from the eastern oyster ( ) to 
build an exome assembly. Four transcriptome assembly programs 
(Oases, rnaSPAdes, Trans-ABySS, and Trinity) and one genome 
assembly program (SPAdes) were utilized to build oyster exomes. 
To categorize these exome assemblies, the number of transcripts, 
N50 values, annotation rates, BUSCO, and read mapping were 
used.  No single assembly outperformed all others across assess-
ment parameters. The Oases assembly had the highest N50 values 
(2147 bp) but exhibited an elevated annotation (169,198 genes); 
while Trans-ABySS annotation (40,964 genes) was closest to the 
predicted number of oyster genes (55,531 genes) and showed the 
most complete BUSCO percentages. All EecSeq de novo assembly 

-

evidence that EecSeq can provide a cost and time effective solution 
for building complete de novo assemblies. 
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Over the last decade, it has become evident that animal-associ-
-

cal processes. The interactions between bivalve molluscs and their 
gut microbiota are not well-understood. The contribution of gut mi-
crobiota to host physiology can be assessed experimentally using 
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Coastal pH and other seawater carbonate characteristics are 

changing as a result of ocean uptake of atmospheric carbon dioxide 
(CO2) and metabolic production of CO2 from the seasonal decay 
of surplus organic matter, especially in nutrient-enriched estuar-
ies.  As a result, bivalves often experience short-term exposures to 

-
culture translocation activities. This presentation describes results 

 to 
Narragansett Bay after laboratory pre-exposure to levels of pCO2 
(partial pressure of CO2) already reported for northeastern US es-
tuaries (mean pCO2 -
ed a period of lower shell integrity, altered shell mineral structure, 
and histopathological changes in pre-exposed clams, followed by 
partial recovery of these characteristics after several weeks in the 
bay.  A separate study is also described, wherein population dy-
namics in 
from Great South Bay, New York, and then used to assess the effect 
of plausible CO2 exposures during the larval phase on population 

decline within 5 years, disregarding potential synergisms with oth-
er stressors, and was predicted to increase from 25% to 79% when 
daytime pCO2 -
val phase.  While most prior studies relied primarily on inferences 
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Scallop aquaculture is one of the most important mariculture 

industries in the world. World aquaculture production of scallops 
reached 2.2 million metric tons in 2017, and over 99% of the pro-
duction was from six countries, China, Japan, Peru, Russia, Chile 

, Chi-
nese scallop, , Japanese scallop, -

, noble scallop, s, and Peruvian scallop, 
. Several other species are cultured at small 

or experimental scales in many other countries. Aquaculture of 
most scallop species faces some challenges including slow growth, 
diseases and unexplained mass mortalities. The Chinese scallop has 
been seriously affected by disease caused by an ostreid herpes-like 
virus since 1994. The Japanese scallop cultured in China has been 
experiencing mass unexplained mortalities since 2007, and similar 
mortalities have also been observed in Canada. The noble scallop 
and introduced bay scallop in China have also experienced heavy 
mortalities. Genetic improvement of cultured scallops is needed to 
support sustainable development of scallop aquaculture. Genetic 
research has been conducted to develop genetic markers, genetic 
maps, mapping and understanding of production traits in scallops. 
Genomes and transcriptomes of several scallop species have been 
sequenced, and many candidate genes involved in scallop develop-
ment, reproduction, immune and stress responses have been iden-

demonstrating enlarged adductor muscles, although production of 
tetraploids remains a challenge. Selective breeding has contributed 
to scallop aquaculture, and genome-based selection is expected to 
speed up genetic improvement of cultured scallops.

model animals with perturbed microbial communities. A method 
for diminishing the gut microbiome of the blue mussel, 

, has been developed and validated. Adult mussels were ex-
posed to antibiotics while being housed in individual microcosms 
with sterile seawater. After three weeks, the gut microbiomes of an-
tibiotic-exposed mussels were analyzed via community 16S rRNA 

-
ations to the gut microbiome. After the antibiotic treatment period, 

reduced alpha-diversity compared to control groups. Importantly, 
this protocol for disturbing the gut microbiome will likely work on 
other groups of suspension-feeders, and the resulting animals are 
eligible for use in subsequent experiments. This method for bivalve 
microbiome perturbation will serve as a powerful tool in future en-
deavors to investigate the symbiosis between bivalves and their gut 
microbiome.

The University of Southern California, Department of Biologi-
cal Sciences, 3551 Trousdale Pkwy, Los Angeles, CA, 90089

awg@usc.edu
Global increases in temperature and temporal changes in food 

availability are impacting the timing of larval life-cycles, leading 
to trophic mismatches.  While food-and-feeding mismatches are 
well documented, few studies have addressed the physiological 
mechanisms of possible resilience to extended periods of star-
vation.  Here, we present an analysis of biochemical and physi-
ological responses to varying periods of starvation for larvae of 
the purple sea urchin ( ).  In addition 
to analyses of survival and metabolic activities (e.g., biochemical 
composition, respiration, and biosynthesis) of starved larvae, the 
ability of such larvae to recover once a source of nutrition becomes 
available is documented.  Physiological analyses of resilience to 
changes in food availability provide new insights into the ability of 
larval forms to respond to a changing ocean.  
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a high-density single-nucleotide polymorphism (SNP) array for 
-

lected lines and establish genotype-phenotype association for key 
production traits such as resistance/tolerance of diseases, low-sa-

used to implement genomic selection at several breeding programs. 
Lines produced by genomic selection and traditional breeding 
will be evaluated in seven states along the Atlantic coast to iden-
tify best performing stocks for each region. The development and 
implementation of these tools are expected to accelerate genetic 
improvement of the eastern oyster, by streamlining the breeding 
process, increasing selection precision, lowering long-term costs 
and enabling advanced breeding across the region. The project has 
begun whole-genome resequencing for SNP discovery and array 
design. Latest results will be presented and discussed. 
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Oxidative stress is known to induce positive carry-over effects 

and is a hypothesized driver of stress “memory” and enhanced 
lifespan in long-lived bivalves. Stress conditioning may induce ad-
vantageous phenotypes for sustainable aquaculture; however, the 
importance of the magnitude of pCO2 stress for establishment of 
stress “memory” as an acclimatory mechanism to cope with subse-
quent exposure remains understudied. To test whether pCO2 stress 

-
were 

conditioned for 120 days in ambient and elevated pCO2 conditions 

length, and total antioxidant capacity were measured three times 
in a 7-day period under three pCO2 conditions: ambient (740 ± 40 

pCO2 (4876 ± 101 

. Measurements were repeated during a subsequent 7-day 

pCO2 

had greater metabolic rates and antioxidant capacity in response to 
moderate pCO2 than clams reared in ambient conditions, suggesting  
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The eastern oyster supports an important aquaculture industry 

along the east coast of the United States. The sustainable devel-
opment of eastern oyster farming depends on continued improve-
ment of cultured stocks through advanced breeding technologies. 
The Eastern Oyster Breeding Consortium (EOBC) was formed to 
advance genetics and breeding of the eastern oyster for the aqua-
culture industry. Members of the EOBC have developed oyster 
strains with improved disease resistance through selective breeding 
and sequenced the eastern oyster genome. In this project funded 
by NOAA Atlantic States Marine Fisheries Commission, the con-
sortium seeks to accelerate and expand eastern oyster breeding 
for all growing regions on the east coast by developing, testing, 
and verifying genome-based breeding. The project is developing DO N
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Larval eastern oysters,  grown in shell-

. Since  spp. are naturally found in coastal wa-

without using expensive water treatment systems. This study is fo-
cused on understanding how pretreatment with probiotics confers 
protection to larval oysters against pathogens in hatcheries. 
Larval oysters in rearing tanks (n= 3 or 6 depending on trial and 
treatment) were treated daily with probiont  
S4 for 6-11 days over two trials in Summer 2019. Bacterial DNA 

and sequenced using 16S rRNA amplicon sequencing to determine 
the bacterial community in each larval treatment group. Genomic 
sequences were assigned to Amplicon Sequence Variants (ASV) 
and subsequent taxonomy using the QIIME2 program. Probiotic 
treatment with  S4 altered the larval micro-
bial community in both trials, but in different ways depending on 

abundance in three of the six S4 treated tanks, likely due to envi-
ronmental variability and handling. This study demonstrates that 
S4 alters the microbial communities of larval oysters in hatcheries, 
and suggests that changes in the environment may lead to variabil-

microbial - microbial interactions that could inform future studies 
of mechanisms of action in probiotics.

an effect of preconditioning on energy homeostasis and redox 
status. Additionally, clams both reared under elevated pCO2 and 
exposed to severe pCO2 exhibited elevated respiration rates upon 
re-exposure to moderate pCO2 -

stress conditioning reveals thresholds of exposure that may gener-
ate advantageous phenotypes for commercial production.

Cornell University, Department of Natural Resources, 205 Fer-
now Hall, Ithaca, NY, 14853 

mph75@cornell.edu 
-

itan Estuary (HRE), New York, have isolated a remnant population 
of eastern oysters ( ) in the upper HRE. The 
remnant population in the Haverstraw Bay/Tappan Zee (HBTZ) re-
gion experiences near-zero salinity for multiple consecutive weeks 

for the remainder of average years. These conditions are consid-
ered marginal for eastern oyster survival in most other estuaries, 
and HBTZ oysters are not invulnerable, but they show consistent 
annual reproduction and local recruitment. Adaptive differentiation 
by this population is of interest for two reasons: (1) in all other 
estuaries, adaptation to low salinity in upper estuary oysters is con-

this longstanding (at least 50 generations) HBTZ circumstance may 
have provided uniquely high adaptive capacity; (2) strong interest 
in oyster restoration near New York City (lower HRE) generates a 
need for wild local broodstock to seed restored habitat, but HBTZ 
oysters may be unsuitable if they have evolved ‘specialist’ traits 

-
mance of HBTZ oysters in cage experiments was only better than 
other (moderate salinity) strains in the HBTZ region, not in the 
lower HRE. This presentation will describe results from low-cov-
erage whole genome sequencing of HBTZ versus East River (west-
ern Long Island Sound, NY) population samples in order to charac-
terize genomic diversity, estimate the strength of genetic drift, and 
test for loci experiencing divergent selection.
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Massive die-off of adults during and after reproductive season is 

) aqua-
culture, and the productivity may be aggravated by environmental 
changes such as global warming and oligotrophication around Jap-
anese coastal areas. Excessive energy allocation of the oysters for 
reproduction is considered to be one of the causes of the die-off un-
der suspended culture conditions where oysters continuously feed, 
and maturation is presumably induced by good nutritional condi-
tions. To examine the effects of food availability on the energy al-
location of the oyster between reproduction and somatic growth, 
oyster culture experiments were conducted in tanks with low (mean 

a L-1 a L-1) feeding ration 
during the reproductive season and the soft bodies were subjected 
to proximate composition and histological image analyses to assess 
energy allocation for reproduction. The results of the experiments 
showed the oysters allocated relatively smaller amounts of energy 
to reproduction in tanks with lower food availability. A dynamic 
energy budget model analysis was also performed simulating the 
culture experiments. A metabolic parameter of gonad (i.e. energy 
consumption for gametogenesis) and the trigger for spawning, 
which is estimated by the cumulative value of the gonadal energy 
consumption, were added to the original model to take into account 

-
fully simulated the effects of food availability on the energy al-
location for reproduction. This research was supported by grants 
from the Project of the NARO Bio-oriented Technology Research 
Advancement Institute.
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The emergence and establishment of  

United States has stimulated keen interest in understanding the en-
vironmental conditions that associate with this human health risk. 
The application of environmental indicators such as water tem-
perature and salinity have not been completely successful for pre-

. A wide range of ecosystem variables have 
been reported to affect  dynamics and little is 

Northeast US.  concentrations in the Great Bay 
Estuary (GBE) are highly seasonal and modeling approaches like 
harmonic regression provide the structure to untangle the complex-
ity of the variables contributing to  dynamics 
in the GBE.   Recently published forecasting approaches with time 
series analysis were further developed to produce a holistic evalu-
ation of the seasonal ecology of  concentration 
in the GBE.  Three years of plankton community analysis, water 
quality and  concentrations in water, sediment, 
and plankton were evaluated for seasonality using harmonic regres-
sion, photoperiod models and multivariate clustering methods to 
provide insight into the variables that relate to  
dynamics in oysters. Changing climate conditions are a major fac-
tor affecting the ability of  to persist in new 
locations, especially in temperate regions. Analytic approaches like 
those presented produce standardized outcomes that are transfer-
able to new locations and improve our understanding of the season-
al dynamics that contribute to risk for  disease.
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should shed light on molecular convergence, genomic level analy-
ses have been unsuccessful, due mainly to the absence of empirical 
controls. Woody plant species that colonized the global tropical 
coasts, collectively referred to as mangroves, are ideal for conver-
gence studies. Here, the genomes/transcriptomes of 16 species be-
longing in three major mangrove clades were sequenced. To detect 
convergence in a large phylogeny, a CCS+ model is implemented, 
extending the more limited CCS method (convergence at conser-
vative sites). Using the empirical control for reference, CCS+ re-

convergent genes with Ptrue (probability of true convergence) > 0.9. 
Products of the convergent genes tend to be on the plasma mem-
brane associated with salinity tolerance. Importantly, convergence 
is more often manifested at a higher level than at amino acid (AA) 
sites. Relative to > 50 plant species, mangroves strongly prefer 4 

-
dencies. In conclusion, the selection of taxa, the number of species 
and, in particular, the empirical controls are all crucial for detecting 
genome-wide convergence. This large study of mangroves is the 

University of Southern California, Department of Biological 
Sciences, 3616 Trousdale Pkwy, Los Angeles, CA 90089-0371

dhedge@usc.edu
The Molluscan Broodstock Program (MBP) has been select-

 for improved yield for over 
two decades. Rodrigues de Melo et al. (2016), however, reported 

-
ized gain is percent difference in least-square mean yield between 
MBP and pooled control families made from “wild” stock. Among 
the potential explanations for zero gain was that “wild broodstock 
collected from bays with extensive oyster farming (Willapa and 
Dabob Bays) had received genetic contributions from spawns of 
MBP-derived commercial stocks.” The authors further suggested, 
“Genetic analysis of wild populations will be necessary to evaluate 
this possibility.”

Such genetic analyses have now been made, for both Dabob 
Bay (Sun and Hedgecock, 2017) and Willapa Bay, as reported here. 
Samples from Willapa Bay (30 founders of the MBP 1996 cohort 2; 
45 adults collected in 2016 for research at USC) were genotyped by 
high-resolution melting of 45 SNP-containing PCR amplicons (Sun 
et al. 2015). Average temporal variance in allele frequencies, F  = 
0.035, yields an estimate of effective population size, Ne, of 795 
(95% CI, 592–1028). As in Dabob Bay, temporal genetic change 
appears to be driven jointly by random genetic drift, likely owing to 
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Titanium dioxide nanoparticles (n-TiO2) found in paints, sun-

screens, and skin-care products are highly photoreactive, and gen-
erate reactive oxygen species when exposed to ultraviolet radiation. 
Upon entering the marine environment through product usage and 
industrial wastewater, n-TiO2 quickly agglomerate and settle to the 
bottom, exposing benthic organisms. In nearshore waters, particles 
are continually re-suspended by tidal cycling and storm events, and 
therefore, planktonic organisms are also vulnerable to exposure of 
irradiated n-TiO2 ) is of high 
economic importance and provides crucial ecosystem services, in-

ca. 30% of the total volume daily. Previous studies have shown 
that irradiated n-TiO2 can arrest development in mussel larvae, and 
exposure to other emerging contaminants affects the fertilization 
and embryogenesis of . This study assessed the effects of 
n-TiO2 and natural levels of light on fertilization yield and larval 
development in . Adult gonads were stripped and gametes 
were collected for fertilization and embryo-larvae assays carried 
out in light and dark conditions with exposure to bulk- and n-TiO2. 
There was a dose-dependent response of n-TiO2 on the fertilization 
success of oyster oocytes. Additionally, n-TiO2 reduced the number 
of normal D-larvae compared to bulk TiO2 and control treatments. 
There was no effect of n-TiO2 in the dark exposures. These results 
suggest that n-TiO2 have the potential to limit reproductive success 
in oysters under natural levels of light. 

Sun Yat-sen University, 135 Xingang W Rd., Binjiang Road, 
Haizhu, Guangzhou, Guangdong, China
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Sequencing multiple species that share the same ecological 

niche may be a new frontier of genomic studies. While such studies DO N
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Off-bottom oyster aquaculture has been expanding in the Gulf 

of Mexico in response to growing demand for premium, half-shell 
oysters. Farmers who enter the industry often adopt strategies to ei-
ther produce consistently high-quality oysters or to minimize costs. 

of several decisions typically made by commercial oyster farmers 
in the region was implemented on a model commercial oyster farm 
with the goal of helping farmers make more informed business de-
cisions as the industry continues to grow. These decisions included 
two different oyster ploidies, drying tactics to control biofouling, 
tumbling schedules, and brands of gear. Within one acre, 16 ad-
justable longlines were installed and operated according to the as-
signed experimental treatment (ploidy x drying x tumbling x gear 
brand). Throughout the study, all input costs to establish, operate 
and maintain each line were tracked. Biological metrics such as 
growth, survival, and oyster appearance were also tracked. As the 
oysters reached market size, commercial wholesalers and chefs 
were engaged in a blind study of willingness to pay for each ‘prod-
uct line’ to determine a fair market value.  Early analysis suggests 
that the different treatment combinations have produced observable 
differences in oyster quality among the lines as rated by quantita-
tive analysis and survey results; however, the willingness respon-

a direct comparison with MBP stocks is still needed, the evidence 

MBP-derived commercial stocks to wild populations is responsible 
for a realized gain in yield of zero.
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The ocean quahog ( ) is the longest lived, 

non-colonial animal on Earth, with individuals often exceeding 
200 years of age along the eastern United States continental shelf. 
Ocean quahog landings in the United States represents a $24 mil-
lion industry, yet very little is known about the resiliency of the 

-
ment patterns over time. Results by Pace et al. (2017) indicate that 
age at length data are extremely variable for this species and a ro-
bust age-length key cannot be created from a sparse data set (i.e. 
~20 animals per 5-mm size class). Furthermore, the longevity of 
this animal ensures that an individual will encounter centuries of 
changing bottom water conditions over a single lifespan. Environ-
mental changes are then manifested as growth signatures within 
the shell itself and a clear acceleration of growth rate over time is 
documented. Unfortunately, ageing ocean quahogs is an extremely 
time-intensive process which limits the number of ages commonly 
used to generate an age-length key, an essential component to un-
derstanding the population dynamics of a species. A total of 960 an-
imals from Long Island and 650 animals from Georges Bank were 

age-frequency distributions for the ocean quahog. Early evidence 
suggests that male and female quahogs exhibit different age and 
length class dominances at different life stages. Age structures 
found at both sites suggest regular recruitment to the population 
despite historic presumptions of prolonged lapses in recruitment. 
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sanctuaries maintained by residents of the native coastal communi-
ties. The adult clams that have been produced by the Alutiiq Pride 

others in the communities.  Hatchery techniques and enhancement 
strategies continue to be adapted as lessons are learned. 
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-
nization centered around building relationships and improving 
communication between many different stakeholders within the 
Maine softshell clamming community. This community faces a 

landings, increased predation, climate change impacts, water qual-
ity impacts, and limited civic capacity for managing the resource. 
Currently, towns and community groups across the coast are work-
ing to advance solutions to these issues. More than fourteen coast-
al communities are installing nets to protect juvenile clams from 
predators, using citizen science and tidal monitoring to understand 

-
-

ment patterns, and more. To help facilitate and support these efforts 
the MSLN has sought to support and strengthen communication by 
holding formal and informal scoping sessions to better understand 
public perspectives about challenges in the softshell clamming 

and to create learning opportunities for cross-scale coordination 
and adaptation. This overall network has created new spaces for 
collaboration, which can have a variety of positive impacts on the 
overall sustainability and adaptive capacity of the Maine soft-shell 
clamming industry.  

This presentation will share the processes for developing the 
network, methodologies relating to stakeholder engagement, and 
issues facing the Maine softshell clamming industry, and provide 
insights about how collaboration between scientists, communities, 
managers, and other stakeholders can improve adaptive capacity 

Georgia Sea Grant Law Fellow, Marine Extension-Georgia Sea 
Grant, University of Georgia, 

1030 Chicopee Complex, Athens, GA 30602
ashleylh@uga.edu
Oyster aquaculture has tremendous potential in Georgia as new-

ly-enacted legislation allows for its development; however, the new 
law also raises regulatory and policy opportunities and questions – 
both at the state and local level.  Serious engagement is occurring in 
Georgia about how the industry should best develop as well as how 
this new law should be implemented to best promote and develop 
oyster aquaculture, and avoid threats and obstacles to its expansion.  

This presentation will provide an overview of the new law and 
rules of Georgia.  While Georgia is coming later to oyster aqua-
culture than its neighboring states in the Southeast (Florida, South 
Carolina, North Carolina, and Virginia), it has the opportunity to 
learn from best practices as well as challenges that have arisen 
in those states, making the transition to oyster aquaculture more 

from research identifying legal and regulatory issues related to user 

viewshed, recreational boating, and docks.  From this overview, 
the presentation will conclude with a discussion of best practices 

99664  
jjh@seward.net
Hard shell clam populations in south-central Alaska have been 

on a steady decline for many years. The cause of which may be 
over harvest, predation, decadal shifts in the marine environment 

-
tion. It is unlikely that populations will recover without interven-
tion. Clams are an important subsistence food source for residents 
in native communities in coastal Alaska. 

The Chugach Regional Resources Commission Alutiiq Pride 

tools utilizing the sanctuary concept. The purpose is twofold: pro-
vide calm resources for subsistence harvest and attempt to identify 
the bottleneck for population recovery.  Adult clams are collected 
and aggregated to understand the Allee effect and monitored for 
sexual maturation and spawn timing. Juveniles produced at the 

monitored for growth and survival. The work is conducted and DO N
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Selective breeding is a well-established strategy for increas-

-
tion experiments and commercial breeding programs have shown 
that molluscs, particularly bivalves, tend to have high response to 
selection using individual- and family-based selection strategies. 
Genomic selection, which uses associations between genetic mark-

the genetic merit of individuals, has the potential to further im-
prove genetic gains from selective breeding. Here, the prospects 
for genomic selection in bivalves will be discussed, with particular 
emphasis on the role that the particular genetic characteristics and 

-
ic selection.
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Oysters and the equipment associated with water column oyster 

aquaculture serve as habitat for a host of other organisms. These 
marine plants and animals, collectively referred to as biofouling, 
can detract from the growing conditions available to the oysters. 

available to the oysters, to unsightly blemishes on the shell, to oys-
ter mortality in extreme cases. Desiccation, or periodic air drying, 
of oysters and cages has been used to control colonization by bio-

time periods has yet to be thoroughly assessed. In this project, we 
research the effectiveness of different temporal desiccation regimes 
in controlling biofouling, and examine relevant oyster parameters 
associated with desiccation.  

Three sites were selected for inclusion. Sites were selected 
with differing salinity and exposure conditions. One control and 
two desiccation regimes were followed at each site; control (no  

1 2

1 4 5

6 7

1Old Dominion University, Center for Coastal Physical Ocean-
ography, Norfolk, 4111 Monarch

 Way, VA 23508
2University of Washington, School of Aquatic and Fisheries Sci-

ences, 1122 NE Boat Street, Seattle, WA 98195
3University of Southern Mississippi, Gulf Coast Research Labo-

ratory, 703 East Beach Drive, Ocean Springs, MS 39564
4National Marine Fisheries Service, West Coast Region, 501 

West Ocean Blvd, Long Beach, CA 90802
5California Department of Fish and Wildlife, Bodega Marine 

Laboratory, 2099 Westshore Road, University of California Da-
vis-Bodega Bay, CA 94923

6California Department of Fish and Wildlife, 4665 Lampson 
Ave., Ste. C, Los Alamitos, CA 90720

7Channel Islands National Park, 1901 Spinnaker Drive, Ventura, 
CA 93001

8University of California Santa Cruz, Multi-Agency Rocky In-
tertidal Network, 115 McAllister Way, Santa Cruz, CA 95060

hofmann@ccpo.odu.edu
Abalone populations along the California coast have been se-

verely impacted by Withering Syndrome, which is caused by a 
rickettsia-like organism (RLO),  -

. A model that includes abalone growth, host susceptibility 
to RLO, RLO body burden, and temperature and food availability 
was developed to assess biological and environmental controls on 
Withering Syndrome. The model implementation is based on ex-

).  Initial simulations reproduced the disease progres-
sion observed in red abalone that were held in laboratory tanks at 
constant temperature for more than one year.  These simulations 
showed that after the initial infection, disease progression is deter-
mined by RLO growth in the host and that continued RLO expo-
sure has little effect on the disease intensity. Simulations of RLO 
disease progression for red abalone exposed to warm events of days 
to weeks and events that persisted for months showed that long-
term sustained warm water temperatures, as occurs during El Niño 
conditions, encourage RLO proliferation in the host and enhanced 
disease progression. The model was also parameterized for black 
abalone ( ) that are infected by RLO and by 
RLO with a phage (hyperparasite) that reduces the growth of the 
pathogen.  These simulations show that the occurrence of the phage 

This abalone model provides a tool to forecast population response 
to environmental variations, to guide plans for conservation and 
restoration of wild populations, and to inform best management 
practices for abalone aquaculture. DO N
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The mass-release of hatchery-produced individuals is a com-

mon but controversial management practice used to enhance, 
conserve, or restore populations. Slow recovery of eastern oyster 
( ) populations in the Chesapeake Bay, USA 
prompted a large-scale hatchery-based restoration program focused 
in the Choptank River, Maryland. While previous work evaluat-
ed potential genetic impacts of this program by estimating genet-
ic diversity of hatchery-produced cohorts and of restored reefs in 

unknown. Empirical genetic and demographic data was used to 
parameterize an individual-based model (IBM) to understand the 
long-term genetic impacts of hatchery-based oyster restoration 
and to forecast the genetic impacts of future restoration strategies 
both within and outside the Chesapeake Bay. The forward-time in-
dividual-based program simuPOP was used to simulate realistic, 
age-structured data for oysters implementing complex life-history 

high variance in reproductive success. The IBM will be utilized to 
evaluate the potential impacts of alternative restoration strategies 
and varying hatchery practices, with results useful for planning fu-
ture restoration programs. Results will be presented and discussed 
in the context of management implications for hatchery-based-oys-
ter restoration.
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of the most serious constraints to industry growth. Factors impact-
ing seed production in U.S. west coast hatcheries were examined, 
remote set facilities and nurseries, and assisted growers with ana-
lytical and diagnostic support. The early post settlement phase is 

) losses, so 

desiccation), eight hours of desiccation per week, and 24 hours of 
desiccation per week. Oysters were deployed between July - De-
cember 2018. 

on non-desiccated oysters but minimal differences were observed 
among oysters desiccated for eight or 24 hours. At one site, percent 
coverage by a species of macroalgae increased in the desiccated 
oysters. Species composition varied with each site. Total percent 
coverage varied both geographically and temporally. 
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Global climate change has recently caused several negative 

effects on oyster aquaculture such as poor spat collection due to 

survival due to frequent anoxic events derived from high seawa-
ter temperature. These effects gradually shifted the oyster farmers’ 
concern from high production aquaculture to sustainable aquacul-
ture. In response to the recent consideration for environmentally 
friendly aquaculture, collaborative research between France and 
Japan has started to achieve both sustainable oyster aquaculture 
and environmental conservation which aims for climate change 
mitigation and adaptation. Based on returning to aquaculture using 
the natural ecosystem interactions between oysters and seagrass 
beds, our project is now demonstrating whether aquaculture tech-
niques that take into account both mitigation and adaptation to cli-
mate change are effective for both sustainable use of coastal areas 
and coastal environmental conservation. In this presentation, the 
results clarifying the effect of eelgrass beds on (1) natural oyster 
spat collection and (2) growth and survival of oyster spat will be 

-
ranean Sea. The results of our experiments revealed that spat re-

was no eelgrass distribution, while spat growth and survival rate 

when anoxic events occurred. These results were derived from the 
effects of mitigating anoxia and sanitary conditions by seagrass 
vegetation, suggesting that seagrass meadows would be effective 
on increasing the sustainability of oyster aquaculture.DO N
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pling has also been implemented to calibrate and validate the sen-
sor’s data, with the deployment of: a CTD for conductivity and 

matter, nutrients, as well as pigment and microscopical analysis 
to determine the microplankton community.  The  data will 
be complemented with satellite data, provided by the Copernicus 
Marine Service with, for example, chlorophyll. These data can be 
integrated to provide appealing products that are easy to use by 
farmers. For example, the AquaPrime app can estimate condition 

-
formation to the environmental data. The progress of these various 
activities will be presented at the meeting.

GEUKENSIA DEMISSA
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Salt marshes provide a wealth of ecosystem services that are 

vital to the health, safety, and economic well-being of their prox-
imal waters and human communities. Despite their importance, 
salt marshes and their inhabitants are being displaced by climate 
change and human development along the coastline. One such 
inhabitant, the ribbed mussel ( ), is an import-

smooth cordgrass ( ) along the US Atlan-
tic Coast. In the Chesapeake Bay, where historically high nutri-
ent inputs have resulted in chronic eutrophication and subsequent 
government-mandated improvement targets, ribbed mussels have 
the capacity to mitigate localized eutrophication. To quantify the 
potential for ribbed mussels to improve local water quality, the cur-
rent and projected future (2050) spatial distributions of ribbed mus-
sels in Chesapeake Bay were compared using the Mussel Distribu-
tion Model (MDM). Ribbed mussel abundances were reduced by 
more than half due to a combination of drowning marshes, coastal 
squeeze, and a shift from higher to lower quality habitat. Mussel 
losses were greatest along the main stem of the Chesapeake Bay, 
with modest gains further up the tributaries. These results highlight 
the importance of soft features in the future tidal extent to promote 
marsh transgression and maintenance of quality marsh edges for 
future mussel populations. The large reductions in mussel abun-
dance throughout the study area will have considerable impacts on 

as coastal populations are rapidly increasing.

A survey to identify the frequency, severity and source of hatch-

environmental factors (e.g. water quality and marine pathogens) 
as the primary inhibitor to production. Mortalities were ubiquitous 
amongst nursery operations, and were most strongly associated with 
cold temperatures, smaller seed sizes, poor water quality, and the 

 spp. ciliates and  spp. proliferation as a source of 
seed mortality, as well as bacterial contamination of algae mothers. 
Diagnostic exams performed by AquaTechnics indicated that seed 
oysters were underfed, leading to death in nurseries and/or shortly 
after outplant. Due to the high occurrence of mortality in adult Pacif-
ic oysters in Washington during summer 2018 and 2019, assistance 
was offered for diagnostic testing of adults, in addition to larvae and 
seed oysters. Causes for adult mortalities were not frequently linked 
to a single source, but were assumed to be a combination of stressors 
including temperature and pathogen effects.  This research was sup-
ported by NOAA Saltonstall-Kennedy Grant # NA16NMF4270262.
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There is an increasing effort to provide management systems 

that can integrate large volumes of diverse data sets from heteroge-
neous sources, including moored sensors, autonomous sensors and 
satellite data. These data can be used in models to simulate environ-
mental effects on the growth of cultivated species. At Sagres, SW 
Portugal, a solar powered data logger with sensors for sub-surface 

-
cal conditions have been installed on a signal bouy for offshore 
mussel aquaculture. Data from these sensors are transmitted every 
two hours to a cloud-based platform, or downloaded manually and 
subsequently transferred to the platform, together with information 
on mortality and growth of an experimental cohort of mussels that 
is monitored monthly to simulate the farmer’s current production 
protocol for the mussel aquaculture. Classical oceanographic sam-DO N
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inhibitory and hyperpolarizes the plasma membrane. GLC dopa-
mine receptors are D2-like (D2R), which open G protein-coupled 
inwardly-rectifying potassium channels (GIRK) causing hyperpo-
larization. It is unknown if GLC have GIRK or if hyperpolarization 

-
iments with GIRK antibodies showed GIRK is present. Physiol-
ogy experiments with ML297, a GIRK activator, hyperpolarized 
the membrane but did not change cilia beating. BaCl2, a GIRK in-
hibitor, did not change membrane potential or cilia beating. How-
ever, applying dopamine after BaCl2, decreased cilia beating but 
not membrane hyperpolarization indicating BaCl2 was effectively 
blocking GIRK channels. Gills also were treated with manganese, 
a neurotoxin causing manganism, a Parkinsons-like syndrome in 
humans. Manganese interferes with cilio-inhibition and blocks hy-
perpolarization of dopamine in GLC of . Manganese 
did not affect GIRK activation or inhibition, suggesting the toxic 
effect of manganese on the dopamine system is not involved in 
altering GIRK activity, but rather activation of D2R. The study 
differentiates steps of D2R signaling pathway involved with cilia 
beating from those controlling membrane potential. The study also 
shows manganese does not affect GIRK in GLC. This is important 
because the neurotoxic mechanism of manganese is not fully re-
solved and lack of effective treatment for manganism in humans 

understanding of D2R signaling pathway as well as manganese 
neurotoxicity. Supported by grants 2R25GM06003 of NIGMS, 
NIH K12GM093854-07A1 and PSC-CUNY 62344-00-50.

USA
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1Southeastern Coastal Center for Agricultural Safety and Health, 
PO Box 110885, Gainesville, FL 32611

2University of Florida, Department of Environmental and Glob-
al Health, PO Box 110885, Gainesville, FL 32611

3Kentucky State University, School of Aquaculture and Aquatic 
Sciences, 400 East Main Street, Frankfort, KY 40601

4University of Florida, Department of Physical Therapy, PO 
Box 100154, Gainesville, FL 32611

-
vesting is among the most dangerous occupations nationwide. 
Non-fatal injuries, disorders, and risk factors in the industry lack 
documentation and are poorly understood. In support of sustainable 
domestic seafood production, and seafood worker well-being, this 
study discerned the prevalence of occupational health outcomes for 
clam farmers in Cedar Key, Florida. 
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Studies of the impacts of power plants on estuarine organisms 

are rare.  The Oyster Creek Nuclear Generating Station (OCNGS) 

we know little about its impact on the Bay.  In October 2018, the 

of the OCNGS on adult blue crabs by comparing adult population 
characteristics before and after the shutdown in an area nearest 

sampling occurred in three estuarine habitats including the mouth 
of marsh creeks, thus sampling occurred inside and outside the 

-

as compared to outside the plume and the adjacent non-impacted 
creek mouth.  In addition, relatively more females in the heated 

than in the non-impacted creek.  These differences were more pro-
nounced during cooler ambient temperatures.  After the shutdown, 
these differences were absent suggesting adult female blue crabs 

hasten egg development leading to a longer spawning season, how-
ever if females are indeed spawning at the mouth of Oyster Creek 

recruitment of the resultant larvae.
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Gill lateral cells (GLC) of  are controlled 

by serotoneric-dopaminergic innervations. Dopamine is cilio- DO N
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Starting with a basic technology in use in the 1970s at the East-
ern Shore Laboratory of the Virginia Institute of Marine Science, 

hatcheries over the past 40 years have generally been kept simple. 

Bluffs, MA 02557
mvsg@comcast.net
Bay scallop populations are generally in decline throughout 

their range due to a number of factors including pollution, loss of 
habitat and harmful algal blooms.  Due in large part to the short life 
span of the species, bay scallop populations, even under good con-
ditions, are notoriously unstable in both time and space. The valu-

-

the broodstock of a local population.  In such cases without man-
agement interventions, restoration of a local population depends 
upon chance inputs of larvae from a distant part of the metapopu-
lation. Widespread recruitment failures within the metapopulation 
can eventually extirpate the species from a region.

scallop populations on Martha’s Vineyard are discussed including 
the use of spat bags for both nursery culture of hatchery seed and 

cages to increase wild spawning success.
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-
tially due to differences in approaches to assessment.  A series of 
three experiments were used to explore the effects of assessment 

in reef sediments versus those in intact segments of reef material.  

of oxygen (O2), ammonium (NH4
+), combined nitrate and nitrite 

(NOx), dinitrogen gas (N2) and soluble reactive phosphorus (SRP) 
measured using sediment cores (0.0038m2) were generally similar 

-
cilities with varying protocols and equipment, contributed data 
through in-person survey interviews. Average participant age was 
45yo (range 21-59); 73% were captains or skippers, and remaining 
participants were deck hands; all were Caucasian, 80% were male, 

Occupational health and safety concerns included stingray 
punctures, heavy lifting, sea conditions, slips, falls, machinery and 
diving. Work-related injuries requiring medical attention, time off 

work tasks, was reported by 73% of participants. Traumatic sting-
ray injuries occurred in 40% of the participants; all but one reported 
between 2-9 puncture injuries. Chronic lower back pain associat-
ed with heavy lifting and repetitive tasks was reported by 73% of 
participants. Data share-back, prevention, and capacity-building 
to address occupational health and safety is being conducted with 
support from the Cedar Key Aquaculture Association. A resultant 
participatory ergonomics self-management study has shown im-
provements in back pain-related disability. This project is support-
ed through the Southeastern Coastal Center for Agricultural Safety 
and Health, and Florida Sea Grant. 

Bluffs, MA 02557 
mvsg@comcast.net
Although all bivalve hatchery systems need to address common 

requirements for successful algal, larval and juvenile culture, the 
methods employed to meet those needs vary.  No two hatcheries 

-
riety of individual technologies in use today can be compared to 
an evolutionary process, wherein an initial methodology morphs 
to meet the needs of the operation and the site and, if successful, is 

grown more complex over time. However impressive that technol-
ogy has become, more specialization is not necessarily better. Why 
incorporate all the bells and whistles, when a simpler system gets 
the job done? By their nature, the more complex the systems, the 
more things that can go wrong.   Success is based on reliable and 

be an obstacle.  This is especially true for smaller operations and 
those in developing countries where the expense and maintenance 
of sophisticated, specialized hardware are a liability.   Hatchery 
systems are essentially life support systems that when down re-
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ral patterns in landings may be substantial. Increasing importance 
of winter landings in SC, for instance, may be due to increasing 
abundance of shrimp in NC and VA and their southward winter 
migrations. This presentation will use state and seasonal trends in 
commercial landings to explore a regional framework for the future 

CRASSOSTREA VIRGINICA
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The South Carolina coastal ecosystem includes more than 5,000 

acres of intertidal oyster ( ) reef habitat, com-
prising more than 170,000 individual reefs.  This network of reefs 
supports a suite of important ecological services, while facing an-
thropogenic pressures from recreational and commercial harvest-
ing, stressors from increasing coastal development, and biotic pres-
sure from predation and disease.  Beginning in the fall of 2015, in 
response to reports of localized oyster “die-off” events among wild 
populations of 
the need to gain a better understanding of natural oyster mortality 
levels.  This need has since been addressed through the comple-
tion of annual, fall/winter-time statewide demographic assessments 
that yield data not only on recent mortality (i.e., “boxes”), but also 
on size-frequency distributions of live oysters.  These assessments 
comprise quadrat-based sampling of wild, intertidal oysters at more 
than 35 index stations distributed throughout the coastal region of 
South Carolina.  This presentation will focus on the results of this 
multi-year sampling effort, including descriptions of temporal and 
spatial variations in both oyster mortality as well as recruitment.  
Restoration approaches in South Carolina leverage high natural 
levels of oyster recruitment, focusing on the provision of suitable 

variability in recruitment and growth.  Furthermore, these data sets 
have the potential to inform sustainable harvest levels in a state that 
currently lacks both commercial harvest limits for oysters as well 
as accurate data on levels of recreational oyster harvesting.

2

differences found were of relatively small magnitude.  In contrast, 

-
iment oxygen demand than those containing either oyster shell and 
sediments or sediments alone under both dark and light conditions.  
Incubation of intact reef segments and sediment cores collected 

for intact reef segments were generally at least an order of magni-
tude greater than those for sediments alone, suggesting that the ma-
jority of biogeochemical transformations within the reef are associ-
ated with the reef material (i.e. oysters, oyster shell and associated 
biota) rather than with the sediments.  Experiments demonstrate 
that inclusion of a representative sample of the oyster reef habitat 
in the incubation chamber is required for accurate biogeochemical 
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White shrimp ( ) support a valuable (~$33 

region. Furthermore, the range of white shrimp has been expanding 
northward into North Carolina (NC) and Virginia (VA), leading to 
increased commercial white shrimp landings in these states in re-
cent years. In South Carolina (SC) and Georgia (GA), declines in 
white shrimp landings since the mid-1990s have been attributed to 

and climate, leading to concerns over the future viability of the 
-

ed during the fall months, but recent increases in the importance 
of winter and spring landings suggest that the phenology of the 

shrimp are known to migrate substantial distances during their 
12- to 16-month life cycle, with a southward migration in the fall/
winter occurring as shrimp leave relatively cool waters for warmer 
waters off the coasts of southern GA and Florida. As waters warm 
in the spring, shrimp migrate back northward along the coast. The 
role that shrimp migrations play in determining spatial and tempo-DO N
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The re-purposing of previously used construction materials is 

examined for the purposes of oyster reef creation in selected estu-
aries in the Gulf of Mexico. The paper examines the use of mate-
rials resulting from the demolition of transportation infrastructure 
such as bridges and tunnels.   Materials consist of riprap, gabions, 
gravel, steel and re-enforced concrete. An overview is presented of 
proprietary methods of demolition to size and process the materials 
in order to uniquely adapt them for use as reef substrate.

CRASSOSTREA VIRGINICA
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A growing body of evidence shows that microplastic ingestion 

causes harmful effects in many marine organisms including bivalves, 
but little is understood on the effects of early life stage exposure, 
when most vulnerable to environmental stress. The eastern oyster 
( ) is a valuable ecological and economic re-
source along the east coast of the United States, making it important 
to understand the dynamics between microplastics and oysters.  This 
study investigates the physiological response of larvae 
during exposure to microplastics. Three polymers, commonly found 
in the coastal environment, were chosen for the microplastic expo-

-
plastics mL-1 for 6 days. Physiological rates (respiration, algal clear-
ance, carbon assimilation, and growth) were measured.  Preliminary 

increase in algal clearance rates and carbon assimilation in a dose-de-
pendent manner. Growth was not affected by PS microspheres or ny-

 respond differently to different particle 

results of the other parameters measured will be presented and dis-
cussed. This work details the ingestion of microplastics during the 
larval stage and highlights the critical need to investigate impacts of 
microplastics at all life stages.
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Following the National Oceanic and Atmospheric Administra-

states, Massachusetts is in the process of developing a Massachu-

Division of Marine Fisheries, was initially conceived in 2017 by 
Cape Cod Commercial Fisherman’s Alliance, Massachusetts Aqua-
culture Association, and The Nature Conservancy.  The original 
intent of instituting the MSI was to develop a state-wide holistic 

To date, the MSI Task Force has been established consisting 
of the Commonwealth’s Environmental Secretariat, state agency 
representatives, elected and appointed municipal representatives, 

-
sachusetts Legislature, and non-governmental organizations.  The 
MSI Task Force has formed and charged committees with recom-

-
-

tees, with extensive public and stakeholder input will recommend 
future action to the Task Force.  These recommendations are likely 
to include action items for a strategic plan that balances competing 

-

users and managers, such as the aquaculture industry, wild harvest 
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a senior full-time lecturer at the Johns Hopkins University Carey 
Business School, focusing on business leadership and human val-
ues. She is also a widely published journalist, with recent pieces in 
National Geographic and the Los Angeles Review of Books. She 
has recently completed a short documentary, “Crisis on the Half-
Shell: The Chesapeake Bay.”

University of New England, 11 Hills Beach Road, Biddeford, 
ME, 04005

6959 Miller Avenue, Port Norris, NJ 08349
kraeuter@hsrl.rutgers.edu
The biology of the northern quahog (= hard clam) ( -

Linnaeus) is unique relative to other commonly 
cultured bivalve species because of its low levels of recruitment 

(<10 mm) quahogs to provide for an aquaculture industry.  This 

small wild quahogs (buttons) collected while harvesting the larger 
individuals.  Hatchery development was based on some technology 
transfer from academic and government hatcheries, but the private 
sector made important contributions.  It is important to recognize 
that there was considerable back and forth between individuals 
wishing to culture this species and the academic and government 
worlds.

This development scenario emphasizes that a lot of thought 
needs to be given to how hatchery production is going to be uti-
lized.  If the molluscan aquaculture industry is going to rely on 
genetic improvements for disease resistance, growth enhancement 
etc., it is imperative that the rules and regulation of interstate or 
inter-basin transport of seed be given major consideration.  It is 
expensive to maintain special stocks and small local hatcheries will 
not be able to sustain this maintenance unless there is a large con-
centration of growers within a regulatory entity.
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bacteria wound, and another story telling the public they shouldn’t 
eat raw oysters - despite the fact that raw oysters had nothing to do 
with the wound. Business is down, your relatives are telling you 
they’d never eat a raw oyster, and the reporters won’t stop calling 
to talk to you about vibrio.  This scenario plays out countless times 
each summer. it doesn’t have to. In this session, we’ll help you 
cultivate relationships with the reporters likely to cover these issues 
in your region, teach you how to communicate your message effec-
tively, and stick to some key points about aquaculture that you can 
return to and won’t get you to inadvertently say something incor-
rect or taken out of context (or quoted as such.) We’ll explain how 
you can move away from the “on the one hand, but on the other” 
narrative that reporters often follow, and explain what is a good 
story that you can pitch to better get your message out. We’ll talk 
about the issues you’ve encountered or may in the future: opposi-
tion to new oyster farms, regulation and legislation that restricts 
aquaculture operations, and myths about the danger of eating oys-
ters. This is a chance to speak directly with members of the press 
and get some feedback, so we’ll have lots of time for questions.

PANELISTS: Rona Kobell is a science writer and editor for 
Maryland Sea Grant, where she is the managing editor for the mag-
azine Chesapeake Quarterly. She was previously a reporter for the 
Chesapeake Bay Journal and the Baltimore Sun. She has covered 
aquaculture since 2006. Rona is also an adjunct professor at the 
University of Maryland’s Philip Merrill College of Journalism, 
where she is pursuing a Master’s degree. 

Tim Wheeler spent nearly 32 years at the Baltimore Sun as a 
writer and editor before joining the Chesapeake Bay Journal as 
an associate editor and senior writer about four years ago. He is 
a former president of the Society of Environmental Journalists, 
and spent most of his career covering the environment. He has a 
B.A. from the University of Virginia and a Master’s in journalism 
from Columbia University. He has also worked at the Richmond 
Times-Dispatch and the Norfolk Virginian-Pilot. A West Virginia 
native, he’s been enjoying proximity to oysters, and enjoys both 
covering and consuming them.

Louise Schiavone is a contributing anchor on National Public 
Radio, where she can be heard several days a week. She is also DO N
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The US Gulf of Mexico (GoM) coastline spans over 2,500 km 

and is comprised of more than two dozen large semi-enclosed 

-
mental conditions is important for restoration and the expanding 
aquaculture industry. Wild broodstocks inhabiting a natural salin-
ity gradient were collected from four estuaries from northern and 
northwestern GoM, spawned and their progenies were compared in 

oysters were deployed at a low (<10) and moderate (~15-25) sa-
linity sites in Alabama. Their growth and mortality were measured 
monthly and their condition index and dermo infection intensity 
were measured quarterly. Laboratory oysters were exposed to sa-
linity of 2, 4, 22, 38 and 44 with and without acclimation, at 25oC, 
and their mortality was recorded daily. Plasma osmolality of accli-
mated oysters was measured after a month at target salinities and 
their condition index was measured at the beginning and end of the 
10-week study. Overall the population originating from the highest 

better at high salinity than the populations from the lower salini-
ty estuaries. Laboratory results of acclimated oysters, under con-

Partnership for the Delaware Estuary, 110 South Poplar Street, 
Suite 202, Wilmington, DE 19801

dkreeger@delawareestuary.org 
Natural and cultured populations of suspension-feeding bi-

valves affect water quality in various ways, especially when their 
population size is robust relative to water residence time and seston 
load. The ecosystem service generating the most attention by water 
quality managers is the removal, transformation and sequestration 

-
trogen to satisfy their demands for growth (biosynthesis) and repro-

-
trogen (remineralization, sequestration) can vary widely depending 
the animal’s nutritional status (e.g., seasonal protein sparing) and 
ecological interactions (e.g., microbial processing of biodeposits), 
and more research is needed to discern these effects . 

An additional factor that is often overlooked is seston quanti-
ty and quality. A re-analysis of 30 years of bivalve clearance rate 
studies with diverse freshwater and marine species indicated that 
nitrogen concentrations in natural seston diets used in the exper-
iments varied by two orders of magnitude. In contrast, clearance 
rate variation differed by less than one order of magnitude among 
species, after normalizing for body size and seasonal temperature. 

concentration than bivalve species or salinity. 
To promote water quality throughout coastal watersheds, a 

multi-species approach could include oysters, ribbed mussels and 
several species of freshwater mussels that live in diverse niches 
along the salinity gradient. Greatest nitrogen removal rates would 
result from restoration and enhancement tactics that promote the 
greatest uplift in bivalve population biomass and in geospatial 
niches that have highest seston nitrogen concentrations.
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Farmed oysters are one of the most valuable farmed products 

in the United States (US), are highly perishable, and increasing-
ly shipped live year-round. Temperature controlled supply chains 
require an unbroken chain of refrigeration to maintain product 
quality and safety. This study assessed the performance of supply 
chains for farmed oysters by tracking the temperature of boxes and 
bags of oysters shipped from farms in Washington State and the 
Chesapeake Bay to 143 unique businesses in 20 U.S. states, Wash-
ington D.C., and Hong Kong, China. Eighty-one percent of the 
temperature sensors were returned with usable data. The average 
product temperature among all participants was 4.4 ± 2.7°C (40 ± 
5°F), which is 5.6°C (10°F) cooler than the 10°C (50°F) guidance 
criterium established by the U.S. government. There were spikes 
in temperature in some shipments: 18% of shipments (16/91) 
experienced oyster temperatures above 10°C for one hour or more, 
and the median time spent out of temperature control was 2.5 h. 
V. parahaemolyticus abundance was modeled using temperature 
sensor data and 75% (68/91) of shipments had a net decrease in V. 

 abundance in the cold chain. There are oppor-
tunities for improvements in cold chain performance in the shell-

cooling, for businesses such as wholesalers and freight carriers that 
-

op guidance for shipping by air, among other issues.

University of Massachusetts Dartmouth, School for Marine Sci-
ence and Technology, 706 South Rodney French Boulevard, New 
Bedford, MA 02744

mlabrie@umassd.edu
The Town of Orleans, MA is developing nitrogen management 

plans to restore nitrogen impaired habitats within its estuaries. As 
part of this process the use of oyster aquaculture is being investi-
gated as a cost-effective option for nitrogen mediation. To this end, 

an eutrophic tidal salt pond, Lonnies Pond, a sub-embayment of 
Pleasant Bay. In 2017 and 2018, the oyster deployment expanded to 

Oyster growth, water quality and nitrogen dynamics were moni-
tored relative to the oyster culture area from April to December as 

-
mine the number and size of oysters needed to lower nitrogen to 
acceptable levels in Lonnies Pond. In this study, water quality and 

-

positive effect on water clarity and lowering phytoplankton lev-
els, with associated enhanced nitrogen removal. Also, it appears 
that characteristics of the embayment, such as, its geometry, cur-
rent velocity, and sediment type contribute to the observed effect 
of oysters on water quality and nitrogen removal. Therefore, site 
selection and oyster placement within an embayment must be con-
sidered when implementing suspended oyster aquaculture as a ni-
trogen management method. 
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from the water, enhancing clarity. In the Chesapeake Bay, resto-
ration of oyster reefs is occurring at a scale of hundreds of acres 
within individual tributaries, delivering the potential to improve 
water clarity. Using water clarity measurements from satellite at a 
spatial scale close to that of the oyster restoration effort, the notion 
that a large-scale oyster restoration effort could be linked to change 
in satellite-derived water clarity was explored. A spatio-temporal 
trend analysis was conducted to determine how total suspended 
matter (TSM), a measure of water-leaving radiance of the 645 
nm band, using the algorithm described by Ondrusek et al. (2012) 
varies in both time and space. Using the 2009-2017 annual TSM 
geo-referenced map images, a regression analysis was run for the 
study years to determine the rate of change of TSM for Chesapeake 
Bay. The regression slope was calculated for each TSM grid cell 
giving the spatial distribution of the rate of change; and the regres-
sion’s slope standard error (SSE) and R-square were calculated for 
each grid cell to assess the reliability of the slopes. Additionally, 
satellite-derived TSM was compared to oyster biomass estimates 
and sub-aquatic vegetation (SAV) coverage datasets in locations 
of different oyster management strategies to determine whether 
the satellite data are useful in evaluating and identifying associated 
ecological trends at the spatial scale relevant to large-scale oyster 
restoration. 
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In the context of a warming ocean and coastal eutrophication, 

the development of harmful algal blooms (HAB) constitutes an 
increasing threat to aquaculture operations such as mussel farms. 
Toxins produced during persistent HAB may affect bivalve con-
sumption safety, the physiological rates of cultivated mussels, and 

tool to quantify the physiological impacts of toxins and estimate 
their consequences on the energy budget of organisms. Toxin dep-
uration time can also be computed in order to estimate when toxin 
concentration in the tissues falls below safety levels.

The goal of this study was to gather experimental data and mod-
el the potential impacts of HAB on mussel physiological rates and 
bioenergetics through a mechanistic model based on the Dynamic 
Energy Budget (DEB) theory. In a controlled experiment farmed 
mussels from Prince Edward Island (Canada) were brought to the 
lab, exposed to  for one week and then 
starved for eight weeks. Two controlled conditions included mus-
sels fed a non-harmful diet of microalgae and starved mussels for 
the entire experiment. Filtration, oxygen consumption, growth, and 
byssus production rates as well as toxin concentration in exposed 
mussel tissues were monitored throughout the experiment. These 
data were used to calibrate the DEB model and test potential effects 
of toxins on the metabolism of mussels.  This presentation will pro-
vide the experimental results and the calibration of the impacts of 
HAB on mussel bioenergetics using the DEB model.
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Crustacean molting is controlled by the interplay of hormones 

produced from the eyestalk ganglia and the Y-organs (YO). 
Molt-inhibiting hormone and crustacean hyperglycemic hormone 
that are synthesized and released by the medulla-terminalis of 
X-organ and sinus gland complex of eyestalk ganglia regulate the 
secretion levels of ecdysteroid by the YO, hence determining to 
hemolymph ecdysteroid concentrations during the molt cycle. It is 
still unknown what triggers the YO committing to elevating ecdys-
oteroid synthesis and release. 

The purpose of this study is to investigate the ecdysteroidogene-
sis pathway with the changes in ecdysteroid levels occurring specif-
ically at early premolt (ePM). To this end, the changes in the levels 
of the genes potentially involved in ecdysteroidogenesis in the YO 
of intermolt (IM) ePM stage are determined with transcriptomic 
and qPCR analyses. Putative cholesterol carriers are also examined 
to understand the uptake of cholesterol as the precursor molecule of 
ecdysteroids, in the context of the increase in the ecdysteroid levels 
at premolt (PM). 

As expected, YO transcriptomes reveal the presence of cyto-
chromes p450 ( ), , , and involved 
in ecdysteroid synthesis. The increase in  and  exp
ression in the YO is seen at the induced ePM (iePM) by eyestalk-
ablation, together with the concomitant increase in ecdysteroid 
levels. These data obtained from eyestalk-ablation (= iePM) are 
also congruent with those obtained from the ePM stage of intact 

in the ecdysteroidogenesis in the blue crab,  
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Oyster farming is an important source of livelihood in many 

coastal communities throughout Asia. Oysters are a gourmet and 
luxury food in developed countries but a cheap food in developing 
countries, such as the Philippines. They are among the most in de-
mand bivalve species because of their affordability to low-income 
members of the society. Because of this high demand for oysters in 

of spats. Recent work showed dwindling oyster spat settlement in 
once rich oyster beds. This study compared the growth and survival 
of wild and hatchery-reared oyster spats in grow-out culture.

Wild spats were collected from Batan Bay, New Washington, 
Aklan while hatchery-reared spats produced from broodstocks col-
lected from Batan Bay were obtained from SEAFDEC/AQD Oyster 
Hatchery in Tigbauan, Iloilo. Grow-out culture was done in Batan 

(n=1,450) of culture, monthly growth rate (length and weight) did 

-

hatchery-reared ones (90.46±1.70%) (Two-sample t-test, p<0.05) 

(Two-sample t-test, p>0.05) in the second batch of culture.  The 
results of this study showed the potential of hatchery-reared oyster 
spats as seeds for grow-out culture to address the declining number 
of spats settling in natural oyster beds.
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analyzed to assess each hypothesis. Published information rejected 
hypothesis (i) and disease in hypothesis (ii). Oyster and predator 
abundance data rejected predation by the rock snail and stone crab 

and reef degradation. The collective information supports only hy-

destruction after the DH spill, when harvest and exploitation rates 

reef re-shelling dropped sharply. Rehabilitation of oyster reefs and 

population are restored, if reef-reshelling is enhanced, and if man-

may require a short-term moratorium.

Virginia Institute of Marine Science, William & Mary, 1375 
Greate Road, Gloucester Point, VA 23062

rom@vims.edu

-

the U.S. Department of Commerce, which prompted severe manage-

by 34% to stimulate higher recruitment and population abundance 
due to the stock-recruitment relationship. Concurrently, a derelict 
trap removal program was undertaken through early 2012 to elim-
inate bycatch mortality and enhance catch by reducing competition 
between active and derelict traps. The crab population responded; 
abundance of age 1+ crabs increased 54% and catch by 42%. This 

-
elict trap removal (DTR), and environmental conditions on catch 
and abundance after 2008. Environmental conditions did not change 
appreciably after 2008. Female exploitation rate declined over 30% 
after 2008, whereas that of males was not altered. Female abundance 
increased but not that of males. In analyses of the effects of FM and 
DTR on female crab abundance and catch, FM but not DTR was sig-

with FM or DTR. These results are consistent with the predictions of 

primary, overarching cause of the blue crab recovery.

CALLINECTES SAPIDUS
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Gaussian graphic modeling (GGM) is used to understand the 

dynamics of blue crab in Chesapeake Bay. Estimates of blue crab 
recruitment and variability in the Bay for 1990-2017 were devel-
oped from the winter dredge survey. Climatic variables considered 
included the North Atlantic Oscillation (NAO), Susquehanna Riv-
er discharge, and wind forcing at Norfolk, VA. Water temperature, 
salinity and the hypoxic volume in the Chesapeake Bay were con-
sidered water quality variables. The abundance of striped bass, a 
potential predator of blue crab was considered as a biotic variable 
in our GGMs. Both direct and indirect ecosystem effects were sig-

-
el and variability in blue crab recruitment. The graph for the level 
of recruitment was less connected than the graph for the variability 
in recruitment. For the level of recruitment, direct effects of age-

effects on the level of recruitment included the phase of the NAO 
in summer, spring, summer and winter discharge, and the hypoxic 

of age-1+ crabs, striped bass abundance and wind speed were de-

-
-

tion of ecosystem-based approaches to understanding and possibly 
managing harvests of this species is warranted.

Virginia Institute of Marine Science, William & Mary, PO Box 
1346, Gloucester Point, VA 23062

rom@vims.edu

for over a century despite catastrophic natural disturbances until its 
unexpected collapse in 2012, after which it was declared a feder-
al disaster. Hypotheses for the collapse included (i) contamination 

by a combination of drought and water use by Georgia, which in-
creased salinity, predation and disease, and (iii) unsustainable har-
vest after the DH spill. Published information was evaluated and DO N
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Eleven eastern oyster populations were collected along Atlan-

tic coast and Gulf of Mexico, including Malpeque Bay in Cana-
da, Massachusetts, Connecticut, Delaware Bay, Chesapeake Bay, 
North Carolina, Florida Gulf side and Louisiana. Equal amounts of 
genomic DNA from 40 animals per population were pooled for 150 
bp paired-end Illumina sequencing. A total of 270.4G clean data 

clean reads were mapped to the reference genome. The average 
sequencing depth is 38.5×. Sequence alignment among 11 samples 

for the development of high-density SNP array. Based on these 
genome-wide polymorphisms, the neighbor-joining phylogenetic 
tree and principal component analyses revealed strong clustering 
into two distinct genetic groups, Atlantic and Gulf. Selective sweep 
analyses were done by combing Atlantic populations and Gulf pop-
ulations to detect candidate regions that have undergone selection. 
The average Fst, nucleotide diversity and neutral tests were calcu-
lated in 100 kb windows with a 10 kb shift. Using top 1% inter-

process, reproduction, response to stimulus, binding and catalyt-
ic activity according to Gene Ontology enrichment, of which 19 

These genes include tyrosine-protein kinase receptor, toll-like re-
ceptor, receptor-type tyrosine-protein phosphatase epsilon, organic 
cation transporter protein, and serine/threonine-protein kinase.
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Credible assessment of restoration reef performance requires 

experimental designs that produce accurate and precise estimates 
of abundance, density and biomass. Moreover, sampling of reefs 
varying in habitat quality (i.e. habitat strata) requires post-construc-
tion habitat mapping. Previous sampling attempts have varied con-
siderably in survey design and availability of habitat maps, with 
differing effects on accuracy and precision of population estimates. 
In this presentation, we (i) describe alternative oyster reef scenarios 
that differ in the placement and characteristics of reefs nominally 

are outside the polygons, (ii) compare and contrast the two most 
prevalent sampling designs, Simple Random Sampling (SRS) and 

to precision and accuracy, and (iii) provide an application to subtid-
al reefs constructed by the U.S. Army Corps of Engineers in poly-
gons within the Great Wicomico River, a tributary of lower Chesa-
peake Bay. For each of the two sampling designs, we also evaluate 
two survey approaches, one that samples within polygons without 
respect to habitat strata ( ), and another that sam-
ples reefs mapped with respect to their location inside or outside 
the polygons ( ). Except under limited and restrictive 
conditions, the 
variance estimates and StRS provides an optimal sampling design 
that achieves accurate and precise population estimates for oysters 
on restoration reefs. Alternative combinations of sampling design 
and survey approach will produce population estimates limited by 
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salinity, could be detrimental at the species and ecosystem levels. 
Decreased carbonate negatively impacts calcifying species, yet the 
effects of OA and salinity combined are less well known, and many 
studies disregard interacting stressors. Moreover, multi-species 
studies involving OA and other stressors are crucial to comprehend 
the full threat of OA. The objectives were to assess direct effects 
of long-term exposure to decreased pH and salinity on a predator, 
juvenile blue crabs,  and their interaction with 
their prey, northern quahogs (= hard clams), -

. Juvenile blue crabs (n = 40; 45-72 mm CW) were held in 
mesocosms of crossed pH and salinity treatments for eleven weeks. 
Water quality and chemistry were monitored regularly and crabs 

predation trials measured crab search time and predation on qua-
hogs. Finally, crab carapace and claw strength were assessed using 
a durometer and pinch-o-meter, respectively. Understanding how 
OA interacts with other stressors to affect species responses is nec-
essary for future management of exploited species in an altered 
ecosystem. 
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-

iological responses in many calcifying organisms, but few studies 

examined the role of DNA methylation in mediating oyster calci-

pCO2 treatments, and were sampled at 9 and 80 days. 

CRASSOSTREA VIRGINICA

1 1 2

1University of Maryland Center for Environmental Science, 
Horn Point Laboratory, 2020 Horns Point Road, Cambridge, MD 
21613

2University of Maryland, Department of Biology, 1210 Biolo-
gy-Psychology Bldg, College Park, MD 20742

3University of Maryland, College of Agriculture and Natural 
Resources, Wye Research and Education Center, P.O. Box 169, 124 
Wye Narrows Drive, Queenstown, MD 21658

jtodd@umces.edu
Chesapeake Bay bottom conditions and oyster beds have de-

graded over the past century due to overharvesting and sedimenta-
tion; many areas can no longer support healthy oyster populations.  
Even in leased aquaculture areas, oysters experience less than op-
timal survival due to lack of suitable bottom characteristics.  The 
addition of oyster shell substrate is the historic method for building 
new oyster beds, but is not currently practical due to high cost and 
lack of available shell.  In response to the growing oyster aqua-
culture industry in Maryland, there has been an increased need to 
improve techniques that restore the base layer of oyster grounds, 
but minimal research efforts have been carried out to date.  This 
project used a combination of new sediment removal by harrowing 
with traditional shell substrate emplacement to rehabilitate bottom 
more cost-effectively.  Developing a “best practice” for managing 
the full grow-out process is vital to future aquaculture success.

An oyster lease was segmented into three, one acre plots repre-
senting different bottom types (i.e. buried shell, mud sand, and mud 
shell).  A combination of harrowing and shell addition treatments 
were applied to each plot to create four different scenarios, includ-
ing a control.  Half of the plot was seeded with oyster spat on shell, 
while the other half remained unseeded.  The plots were sampled 
three times by a dive team during the grow-out period.  Data was 
recorded to evaluate survival, growth, disease presence and natural 
recruitment.  This will provide more insight to develop the most 
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boundaries supporting energy development, shipping, national se-
curity, sand and gravel mining, communications infrastructure and 

whose target resource is migrating with climate change. How did 
we get here? This presentation will explore the historical develop-
ment of Economic Exclusion Zones and what they have to do with 

-
lic Law 94-625 (the Magnuson Stevens Fishery Conservation and 

science to interface with other footprint users in securing a sustain-
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Oysters are unusual amongst the bivalves in that they create 

their own habitat in the form of reefs. Indeed, the creation and 
maintenance of reef structures are essential to the perpetuation of 
oysters over geological time. Reefs are created by mortality of oys-
ters, with shells contributing to accretion. Countering this accretive 
process are the combined processes of dissolution, breakage and 
burial. Reefs must accrete at rates commensurate with or in excess 
of relative sea level rise. Recent shell budgets have been proffered 
based on current day recruit, growth and mortality rates in extant 
populations, but these fail to address survival through periods of 
higher sea level rise in the Holocene. This project utilizes popula-
tion data from fossil deposits together with more appropriate age 
dependent mortality rates to explain reef dynamics during periods 
of sea level rise far in excess of present day values. 

IN SITU
OSTREA LURIDA,
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University of California Fullerton, Department of Biology P.O. 
Box 6850, Fullerton, CA 92834
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) habi-

tat and Japanese oyster ( ) aquaculture operations 
along the North American west coast have been little explored. In 

-

was collected at each time point and treatment along with sever-

-

only subtle shifts were found in both gene expression and DNA 
methylation, which suggested that the ability of oysters to regulate 
these molecular systems in response to OA in the calcifying tissue 
was highly constrained. 

North Carolina Division of Marine Fisheries, 3441 Morehead 
City, NC 28557

cameron.luck@ncdenr.gov
Coastal ecosystem restoration has become a major strategy for 

-
tion Program implements a two-fold restoration approach, involv-
ing 1) no-harvest sanctuaries and 2) open-harvest cultch-planted 
reefs. While these techniques differ tremendously in application, 
both approaches are designed to work in conjunction to increase 
larval supply and provide suitable bottom substrate for settlement 
and growth. The successful implementation of both approaches 
hinges upon an understanding of the biological/physical processes 
required for recruitment and growth as well as the logistical/per-
mitting constraints associated with each project. As a result, these 

-
ing new tools that guide management in both site selection and rec-
ommended construction techniques.  

Fisheries Department, Virginia Institute of Marine Science, 
William and Mary, P.O. Box 1346, Gloucester Point, VA 23062
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“sounds boring!” Indulge me—it’s not, please read on. Having just 
spent three years as a Virginia delegate to the Mid Atlantic Fisheries 
Management Council, I now have an enhanced appreciation of the 
view of resource management from the other side of the table, that 
is the side where scientists don’t usually go. Resource management 
can be both complex and frustrating as managers seek to maintain 
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3-5 years to reach a legally harvestable size than initial estimates. 
Collectively, these data are critical to improve stock assessments 
and guide management decisions for this once abundant species. 

  
United States Department of Agriculture (USDA), Animal & 

Plant Health Inspection Service (APHIS), 4700 River Road, Riv-
erdale, MD 20737 

alicia.r.marston@usda.gov
The international movement of live molluscs and crustaceans 

from the United States to other countries, for non-human consump-
tion, is overseen by the U.S. Department of Agriculture (USDA), 
Animal & Plant Health Inspection Service (APHIS), Veterinary 
Services (VS).  Each destination country may have different import 
requirements for the same type of animal, so how does one keep 

the information and requirements for export, the process of health 

points of contact for assistance. The pre-export requirements for an 
aquaculture establishment to be inspected and approved by APHIS 
as a Registered Aquaculture Export Facility will also be discussed, 
in addition to the role of an APHIS Accredited Veterinarian. 

and sponges). 
 habitats in Newport Bay, CA and San Francisco Bay, CA, 

and a  aquaculture operation in Morro Bay, CA. Questions 

-
tration rates of 
Oyster Company in Morro Bay, CA? Two identical instruments are 
deployed upstream and downstream of the oyster habitat to mea-
sure temperature, salinity, turbidity, chlorophyll, and water veloci-

are also measured. Sites were measured over two years. Filtration 
rates are expressed in L hr-1g-1

studies were biomass data is available and L hr-1m-2 to calculate 
-

California Polytechnic State University, Department of Bi-
ological Sciences, 1 Grand Avenue, San Luis Obispo, CA 93401 
armarqua@calpoly.edu 

Pismo clams ( ) are an iconic species in Califor-
nia, which once supported a thriving commercial and recreational 

has contributed to Pismo clam population declines statewide. Key 
information on the population status, reproductive cycles, and 
growth rates is either unknown or nearly 50 years outdated. To 
evaluate these populations effectively, managers require updated 
population and life history data. Therefore, this project aims to: 1) 
determine annual reproductive cycles and body condition of Pismo 
clams on Pismo Beach, CA; 2) identify environmental drivers of 
reproduction and body condition using a mixed model framework; 
and 3) elucidate length/age relationships between clams across 
California. Up to 70 clams per month were collected from Pismo 
Beach, CA; 40 for histological analysis to determine reproduc-
tive stage and 30 to perform a body condition index. Additional 
clams and shells were collected from sites north and south of Point 
Conception to compare growth curves between two major oceano-
graphic zones. When available, these data were compared to histor-
ical records. Data suggest that reproductive timing deviates slightly 
from historical records, with clams spawning later in the year than 
they were decades ago. Further, clams appear to take an additional DO N
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Since 2012, unexplained late spring mortality among popula-

tions of near market size triploid , or “triploid 
mortality,” have occurred on some oyster farms in the Chesapeake 
Bay.  Certain farms are more prone to typical (20%) triploid mor-
tality, which can approach much higher levels (50-85%) in some 
years.  So far there is no clear etiology for triploid mortality but 
investigating the genetic basis of susceptibility does not require 
this information. To evaluate the genetic basis of triploid mortality, 
20 paternal half-sib triploid families were created by crossing 20 
tetraploid sires separately with eggs pooled from diploid dams.  At 
approximately one year of age, triploid families, as well as diploids 
and tetraploids from massspawned lines, were deployed to three 
sites in the Chesapeake Bay: the York River, the Choptank River, 
and Nandua Creek.  From Fall 2018 to Fall 2019, oysters were reg-
ularly assessed for survival, size, and condition.  Only in Nandua 
Creek was there a clear triploid mortality event, where mortality 
in triploid families ranged from 0.4% to 40% from May to July. 
During the same time in Nandua Creek, mortality in diploid and 
tetraploid lines did not exceed 15%.  Narrow sense heritability in 
the triploid families for mortality between May and July in Nandua 
Creek was high (0.4 ± 0.1).  Triploid mortality seems to have a 
substantial genetic basis, suggesting increased resistance to triploid 
mortality may be achieved by selective breeding of parental diploid 
or tetraploid families. 
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Oysters play an important role in regulating nutrient availability 

in coastal ecosystems. They excrete nutrients directly and alter sed-
iment nutrient regeneration rates by moving organic material (via 
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Following a road map laid out at the 2015 NACE conference 

in Portland, Maine, funding was obtained to build the infrastruc-
ture necessary to sustain a functional, web-accessible, East Coast 

to provide the best available science to regulators and industry to 
maximize biosecurity while not unnecessarily restricting reason-

-
stock. Additional workshops have been held to evaluate the struc-

including both hatchery requirements and audit procedures. This 
year, additional funding was secured from the NOAA Sea Grant 
Advanced Aquaculture Collaborative Program to extend the data-
base into the Gulf Coast through collaboration with stakeholders 

programs that support the database and its use.  Additionally, im-
provements and updates have been made to the database applica-
tion to improve the user experience for the different stakeholders 

and to enhance the structure of the application to allow for future 
extensibility.  This presentation will discuss the status of the data-
base application, the decisions made around its development, and 
its anticipated use among all stakeholders. In addition to the latest 
funding, database development has received support by the NOAA 
Saltonstall-Kennedy Program with ongoing support from the East DO N
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Heritability estimates from a series of low salinity exposure ex-
periments (< 3) using half-sibling families suggest that low salinity 
tolerance is indeed a heritable trait (h2 = 0.4). A similar low salin-
ity experiment was conducted with four F2 recombinant families 
to determine genomic regions underlying this tolerance. QTL and 
joint-association maps generated from genome-wide SNP data re-
veal important loci on chromosome 1 related to survival at acute 

eight days of exposure suggest that oysters are able to conform to 
the extreme low salinity, but differences in feeding behavior be-
tween families with varying levels of survival imply an underlying 
physiological stress response. Results from these experiments pro-
vide good support for the potential success of a low salinity breed-
ing program.

Institute for Marine and Environmental Science, University of 
Maryland Center for Environmental Science, 701 E Pratt St, Balti-
more, MD 21202 

mcdonal1@umbc.edu
The Atlantic blue crab ( ) is an ecologically 

and commercially important organism of the mid-Atlantic and Gulf 
-

gion.  Recent sequencing efforts have generated a draft genome for 
this organism using a multifaceted sequencing approach including 
short and long read sequencing as well as scaffolding using HiC.  
This annotated ~1.1 Gb draft genome provides a critical resource 
for the further characterization of this species, and other related or-
ganisms, and can be used for gene discovery and population-level 
studies.  To aid in these efforts, and as a means of making this data 

developed to explore the blue crab genome.  For this site, chro-
mosome level assemblies were annotated using the MAKER pipe-
line which found ~29,000 protein coding genes of which ~9,500 
had a uniprot annotation.  These results are visualized using the 
JBrowse genome browser.  Users can explore the annotated chro-
mosome-level assemblies that include RNA sequence read map-

 assembled transcripts, as 
well as visualize sequence coverage based on input genomic reads, 

-
site will serve as a resource for the community and serve as a pow-
erful research tool. 

biodeposits) to the benthos. These activities likely change the ratio 
of nitrogen (N) to silica (Si), however it remains unclear how oys-
ter-mediated nutrient regeneration alters N:Si availability in coastal 
ecosystems. Additionally, it is uncertain whether oyster diet (i.e. di-

-
eration. If oyster nutrient regeneration mirrors bivalve diet, it sets 
up the possibility for alternative states of phytoplankton commu-

three-step approach was taken to test this hypothesis: First, nutrient 
incubations and a phytoplankton grow-out experiment were con-
ducted using sediments from beneath oysters and bare sediments. 

diet in nutrient incubations. Finally, the seasonal patterns of phy-
toplankton community structure at oyster habitats in a temperate 
estuary (Narragansett Bay, RI) were examined. Ifound that sedi-
ments beneath oysters regenerated N and Si at an N:Si ratio of 1.9, 
while bare sediments took up both N and Si, with higher rates of Si 

-2 hr-1) than N uptake (-8.43 ± 20.11 
-2 hr-1). Preliminary results of the oyster diet incubations 

indicate that oysters fed only diatoms excreted less N than those 

changing oyster populations and the potential for alternative phyto-
plankton community states.
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As oyster aquaculture increases and expands globally, there 

environmental conditions. In estuarine systems and coastal areas 

leave oysters exposed to extreme low salinity conditions (< 3) for 
prolonged periods of time, resulting in reduced oyster growth and 
subsequent mortality events. While low salinity hinders oyster 
productivity, aquaculture is increasing in these areas because they 
provide a refuge from common oyster diseases. An oyster line bred 

aquaculture to expand into these reduced-disease areas without the 
threat of large mortality events, but the genetic framework underly-
ing this trait in currently unknown. DO N
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ern quahog ( ) population of Narragansett 
Bay, Rhode Island, USA was evaluated to understand gear limita-
tions, explore alternative supplementary sampling techniques, and 
correct time series abundance data based on the estimated dredge 

protocol, with the dredge transects inspected on SCUBA to assess 

conducted alongside the transects to compare sampling methods. 

-

On average, quadrat and bullrake sampling had higher catch rates 
than the dredge, likely highlighting the patchy nature of quahogs, 
challenges of sampling with a hydraulic dredge, and the more inte-
grated spatial sampling of the dredge compared to the other survey 

abundance, and station code were used to predict dredge catch ef-

accurate abundance estimates. Applying corrections using a gener-
alized linear mixed model scaled abundances up variably through 
time, but abundance trends were generally the same between time 
series with and without the corrections applied. This work provides 
an example of aiming to address catchability concerns through di-
verse collaborations and improve the science and management for 
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In 2015, unprecedented numbers of parasitic nematodes ( -

 were observed in adductor muscles of sea scal-
lops, , leaving meats unusable for the 

-

Little more is known about  basic biology, seasonality, 
nor transmission in the Mid-Atlantic. Scallops were collected bi-
monthly from September 2016 to August 2017 to better understand 
(1) potential transmission from discards, (2) seasonality of infec-
tion prevalence, (3) the relationship among infection and scallop 
survival, and (4) effects of temperature on nematode survival. 1. 
Co-incubated infected and uninfected scallops did not support di-
rect transmission. Additionally, nematodes were rarely found mov-
ing freely from scallops that had been shucked, mimicking shuck-
ing and discard practices at sea. 2. Nematode infection prevalence 
and intensity in scallops were highly correlated (r2=0.8), increas-
ing throughout the sampling period, while the number of adductor 
muscle lesions containing nematodes varied seasonally. 3. Infect-
ed scallops held in seawater tanks were examined daily and dead 
scallops were removed, measured, and lesions counted. After 60 

-
est in scallops from heavily infected sites, lowest in scallops from 
lightly infected sites, and number of lesions correlated positively 
with mortality regardless of site. 4. Nematodes survived short-term 
freezing and remained alive in seawater for >6 weeks at 4oC. They 
survived 24 hrs at 18-23 oC, but perished within 6 hours at 37 oC and 
died within seconds at 95oC.
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Fieldwork in three regions (Chesapeake Bay, Gulf of Mexico, 
and New England) involved participant observation, semi-struc-
tured interviews, and photovoice interviews with over 200 shell-

survey administered to a larger sample of participants in January 
2020. Combined methods of qualitative interviews paired with 
structured online surveys provided rich description of cultural ser-

Results contribute to a more complete understanding of shell-

-
-
-

some audiences and enhance industry support.

Roger Williams University, Department of Biology and Marine 
Biology, 1 Old Ferry Road Bristol, RI 02809

jmmitchell@rwu.edu 
Microalgae require a suite of nutrients to be grown successfully 

in a laboratory setting. A myriad of media exists, giving culturists a 
-

get species. Arguably the most important factors in choosing media 
for algal growth in a hatchery setting, where mass volumes of algae 
are required daily, are its ability to provide consistent results as well 
as being able to work for several different species. Developed in 
the 1960-70s, Guillard’s f/2 media is most commonly used in aqua-

for all intents and purposes, the industry standard.  However, little 
thought has been given to whether it truly provides nutrients in the 
correct concentration to achieve maximum algal growth and nutri-
tional value. As nitrogen (N) is typically the limiting macronutrient 
in media it stands to reason that increased N concentration can pro-
long the growth and life of a culture.  In this study, Guillard’s f/2 
media supplemented with increased N was shown to be effective in 
increasing the cell density and longevity of algal cultures. Further, 
the fatty acid analysis was conducted to elucidate how changes in N 
levels impacted fatty acid production in microalgal feeds.

Principal Agent (Ret.), 714 Lomax Street, Easton MD 21601
MuttMeritt@outlook.com 
Oyster hatcheries have evolved in many locations of the world 

as a means of producing larvae and seed on a regular basis.  This 
has been especially important where natural reproduction can no 
longer be counted upon to make up for natural and harvest mortali-
ty.  Chesapeake Bay has had a long history of hatchery research and 
production.  Dramatic changes in the size and output of hatchery 
facilities, technological adaptations to meet production challenges 
and evolving purposes for them have occurred.  The University of 
Maryland has played a critical role in the research and development 
of many of these changes and much has been learned about how 
to address issues of how best to utilize hatcheries to produce large 
quantities of oysters for aquaculture or restoration.

This presentation provides almost a half century of hatchery 
evolution with both private and public hatcheries in Maryland’s 
Chesapeake Bay.  It covers the lineage of early hatchery develop-
ment through the current large-scale operation of the UMD Horn 
Point Oyster Hatchery, which has been instrumental in supporting 
massive restoration projects.  Included is a discussion of problems 
that have been encountered and innovations that have been incor-
porated to address them.
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vices, including well-documented provisioning, regulating, and 
supporting services. A more limited body of research exists detail-

contributions ecosystems make to human well-being in terms of the 
identities they frame, the experiences they enable, and the capabili-
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There are few examples left of untouched mangroves in which 
to study their natural dynamics. One such place is the Galapagos 
Archipelago. Mangrove forests in the Galapagos consist of three 
species belonging to three families: , 

and . In addition, 

mapped using freely available Google Earth Very High Resolution 

fringing mangrove forests covering 35% of the coastline. Eighty 
percent of mangrove cover is found in Isabela island, and 90% in 
the western and central south-eastern bioregions. The overall ac-

-

case study is particularly interesting since its mangrove forests are 
virtually free of human impacts. Mangrove change for the period 
2004–2014 was also analyzed. In ten years, mangrove coverage 
increased 24% mainly by expansion of existing mangroves patches 
as opposed to generation of new patches. The precise localization 
of mangrove cover across the Galapagos islands now enables doc-
umenting whether it is changing over time.

SIGN

Partnership for the Delaware Estuary, 110 S. Poplar St. Ste. 202, 
Wilmington, DE 19801 jmoody@delawareestuary.org

As interest in green infrastructure for coastal protection contin-
ues to grow, many projects have the opportunity to create, enhance, 

-

and physiological status of the animals and are constrained by car-
rying capacity (e.g. food/habitat quality/availability). Therefore, 

-
ly vary across space and among conservation and restoration ap-

vital that science-based, predictive tools are developed to compare 
-

tics, species, and locations.  
-

iological and population-based model that predicts the seasonal 
removal and biogeochemical transformation of microparticulate 

MYTILUS EDULIS
CRASSOSTREA VIRGINICA
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Microplastics (MP) have been found throughout the marine en-

vironment and are a contaminant of emerging concern. Suspension 
feeding bivalve molluscs like the blue mussel , and 
eastern oyster, , interact with MP of different 
shapes and sizes suspended in the water column. Mussels and oys-
ters are selective suspension feeders and do not consume all of the 
particles to which they are exposed. Past studies demonstrate that 
particle selection in bivalves depends on the particle shape, size 
and physiochemical properties. Recent work has provided evidence 
that these animals also ingest and egest microspheres (polystyrene) 

type acts as a factor for selection has not yet been explored. To 

-
proximately the same size during a 2h exposure. Intestinal feces 
and pseudofeces were collected 3h after the start of the exposure. 
Depuration feces and any additional pseudofeces were collected 

rejected in pseudofeces and egested in feces is now being deter-
mined. Selection processes occur from particle capture on the gill 
through digestion, so differential egestion and rejection of particles 
prior to ingestion will provide a more complete picture of polymer 
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Mangroves are an extremely important ecosystem despite cov-

ering a small percentage of the of the globe. They provide many 

coastal protection, carbon sequestration and tourism. Despite their 
demonstrated importance, mangroves are threatened worldwide 
due to human impacts with global rates of deforestation of 1% per 
year. This problem has raised worldwide awareness and reforesta-DO N
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Producers and their collaborators in Maine continue to make 

progress toward the successful culture of sea scallops (
). Technology adapted from Japan and elsewhere 

has shown encouraging results thus far in the areas of spat col-
lection, nursery culture and growout, a strong market exists for 
dayboat-quality adductor muscles, and a market appears to exist 
also for items such as whole or roe-on scallops.  The addition of a 
new species for culture would strengthen the economic diversity of 
Maine’s working waterfronts, and would continue the opportunities 

-
timization of all phases of production, in site selection, and in the 
testing necessary for sales of whole or roe-on product.  The current 
project addresses such topics as effects of density in nursery cul-
ture and growout over several gear types, comparing ear-hanging 
to lanterns, loop cord and adhered scallops, monitoring fouling by 
depth and time, monitoring biotoxin loads, and gathering environ-
mental data to characterize growth and begin the development of 
site-selection tools tailored to sea scallops.  Growth data will be 
matched with economic parameters for elements as labor, capital 
and projected revenue, to continue the development of an economic 
model for scallop production in the state.  

This session will review the status of scallop aquaculture in 
Maine and some of the history behind the current state of the sector, 
and will cover the principal elements of the project now underway, 
and its anticipated outputs.  

or enhanced, various conservation and restoration measures (e.g. 
bottom habitat enhancements, aquaculture, and living shorelines).  
SWEM builds on existing models and allows users to input current 
and projected population and seston parameters to evaluate chang-
es in bivalve physiological capacity, and associated ecosystem 
services, along a salinity and eutrophication gradient.  SWEM is 

freshwater mussel beds in streams, ribbed mussels in tidal marsh-
es, and oysters in tidal tributaries. Comparative analysis regarding 
changes in services as result of various restoration strategies will 
allow users to evaluate the expected return-on-investment from dif-
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The Atlantic blue crab ( ) is an ecologically 

and commercially fundamental species.  Crab migrations at vari-
-
-

ies suggest that COI blue crab haplotype mapping enables insight 
into population origins and interrelatedness.  The objective of this 
study is to determine whether blue crab habitat and migration pat-
terns can be represented by genetic differentiation on a population 
scale.  This will be determined by examining two blue crab pop-
ulations that grew up in low and high salinity habitats: Beaufort 
Inlet, NC (35 PSU) and Lake Mattamuskeet, NC (0 PSU).  These 
populations will be compared at the mitochondrial level, with CO1 
sequencing, to better determine their relationship with haplotype 
mapping.  If a genetic difference is observed between the two pop-
ulations, then it may help pave the way towards understanding how 
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The negative environmental public health impacts from harm-

ful algal blooms (HAB) have been noted recently in association 

and mammals.  Mounting evidence indicates global climate chang-
es support increased frequency and geographic extent of HAB.  
The Phytoplankton Monitoring Network (PMN) is a NOAA re-
search-based program utilizing volunteers to monitor phytoplank-
ton species composition and environmental conditions.   Volunteers 
are trained to identify general classes of phytoplantkon, including 

-
portant for the aquaculture industry. 

Since 2001, the network area includes coastal Atlantic, Gulf 
-

pand this citizen science program into freshwater habitats.  Volun-
teers participate in hands-on research by collecting water samples, 
identifying species of interest, and entering data on a weekly or 
bi-weekly basis. Volunteers monitoring these sites represent pub-
lic and private schools, colleges and universities, Native American 

growers and other non-governmental organizations.  
The PMN was able to grow into a national monitoring program 

by use of various web-based tools such as an interactive web site 
and a geographic information system tool for data visualization and 
searchable database. NOAA scientists using internet teleconference 
capabilities and next generation digital microscopes give volunteer 
training sessions and workshops.   This presentation will outline the 
use of these technologies and highlight the use of volunteer data in 
aquaculture settings.   
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scallops ( ) in the northeast United States 
allows some non-target species to escape, but some bycatch is still 

cutting bar.  Angling the cutting bar is hypothesized to increase 
escapement of unwanted bycatch by altering the hydrodynamics 
between the dredge frame and the chain bag.  We conducted paired 

-
mercial dredge in the U.S. Mid-Atlantic during the summer and fall 

dredge relative to the standard dredge at all tested angles.  This 
turbulence appears to be ejecting small sea scallops, sand dollars, 

the chain bag. While the results are preliminary, they suggest this 
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Unlike other microbial contaminants of public health concern 

 
bacteria occur naturally in estuarine and marine waters. Currently, 
risk reduction to prevent 
consumption, in particular and , 
is regulated in a unique collaboration across the Interstate Shell-

(FDA), and individual coastal states. For , 
the recommended approach for states is to reduce the probability 
of illness by assessing periods that have been historically associ-
ated with illness and to implement a comprehensive program that 
includes time to temperature and resubmergence controls, then 
appropriate state agencies designate appropriate regulations to 

Even with this preventive structure, the variable nature of  sp. 

regions, sites, oyster grow out types, and a host of other factors 
complicate the management of pre- and post-harvest treatments. 
Research will be presented that is focused on 1) designing and im-
plementing improved quantitative, cost effective molecular tools 

sp. 2) comparing 
these methods to existing culture-based methods, while understand-

as cost-effective monitoring strategies, and paired ecological stud-
ies of  sp.  The combined effort will hopefully help the US 

 sp. pathogens 
in the face of climate change.

1  2

1 4 4

2 5

1

6959 Miller Ave., Port Norris, NJ 08349
2NOAA, Northeast Fisheries Science Center, 166 Water St., 

Woods Hole, MA, 02543
3Rutgers University, Institute of Marine and Coastal Sciences, 

71 Dudley Rd., New Brunswick, NJ, 08901
4Old Dominion University, Center for Coastal Physical Ocean-

ography, 4111 Monarch Way, Norfolk VA 23529
5University of Southern Mississippi, Gulf Coast Research Labo-

ratory, 703 East Beach Dr., Ocean Springs, MS 39564
dmunroe@hsrl.rutgers.edu

Landings from 2000-2016 averaged about twice that from 1980-
1999; these increases largely occuring in the Mid-Atlantic Bight 
(MAB) which is managed in part by a system of rotational closed 
areas. The northernmost rotational closure, Hudson Canyon South 
(HCS), has had three full closures and reopening cycles since ini-
tial closure in 1998. Simulations of larval transport, based on an 
implementation of the Regional Ocean Modeling System for the 
MAB, suggest that scallop larvae from HCS often disperse to the 
two more southern rotational areas, Elephant Trunk (ET) and Del-
marva (DMV). Scallop recruitment in ET was over seven times 
higher from 1998-2016 than in the preclosure (1977-1997) peri-
od (p < 0.001). Moreover, strong year-classes in ET are correlated 
with years with high biomass in HCS, and with good connectivity 
between these areas as estimated by the larval transport model. Re-
cruitment in DMV since 1998 was over twice that in the preclo-
sure period (p < 0.001). The rotational closures in HCS not only 
increased spawning biomass there, but may have also considerably 
increased fertilization success in broadcast spawning sea scallops 

These results indicate that the rotational closure of HCS has not 
only increased yield-per-recruit in this area by allowing scallops 
to grow to a larger size before harvesting, but has likely induced 
increases in sea scallop recruitment in down-current areas, thereby 
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resource (www.ncbi.nlm.nih.gov/assembly). To date, this pipeline 
has been used to annotate more than 580 eukaryotic genomes across 
diverse array of taxa that including numerous invertebrate species. 

including oyster, shrimp and scallop. The annotations provided by 
this pipeline are available in various NCBI resources, including 
Reference Sequence (RefSeq) sequence databases, Gene, BLAST 
databases, FTP and in the NCBI Genome Data Viewer (GDV). 
All genome annotations produced by this pipeline are in scope for 
manual curation by the RefSeq curation group. This presentation 
will describe some of the computational and manual curation pro-
cedures used in the NCBI genome annotation process and provide 
guidance on how these resources can be accessed and utilized by 

-

Smithsonian Environmental Research Center, 647 Contees 
Wharf Rd., Edgewater, MD 21037

ogburnm@si.edu
The blue crab, 

in the Chesapeake Bay and is a key component of the estuarine 
food web. Multi-jurisdictional (MD, VA, Potomac River) blue crab 
management is focused on protecting female spawning stock, but 
the relative contribution of different nursery habitats to the spawn-
ing stock is unknown. Biogeochemical (stable isotope and trace 
metal) signatures may provide a way to identify a female nursery 

determine: 1) spatial and temporal variation in nursery habitat bio-
geochemical signatures, 2) whether signatures remain stable during 
the spawning migration, and 3) the relative contribution of nursery 
habitats to the spawning stock. Spatial and temporal variation were 
determined using recently-mated female blue crabs collected from 
21 sites in the Chesapeake Bay during fall 2014 and spring 2015. 
A mark-recapture experiment was conducted to obtain migrating 
crabs of known origin to ground-truth methods. The spawning stock 
was sampled in July 2015 in the lower Chesapeake Bay. Crab cara-
pace material was analyzed for stable isotopes (C, N) and 17 trace 
metals. The resulting biogeochemical composition will be used in 
a discriminant function analysis to assign crabs to the management 
jurisdiction, region and tributary of origin. Preliminary results are 
indicative of substantial variation in the contributions of nursery 
habitats to the spawning stock and suggest that this approach could 
provide new information useful for conservation of both the blue 
crab spawning stock and essential nursery habitat.

EUPRYMNA SCOLOPES

University of Connecticut, Department of Molecular and Cell 
Biology, 91 N. Eagleville Rd., Storrs, CT 06269

spencer.nyholm@uconn.edu
The Hawaiian bobtail squid, , serves as a 

Female squid house a diverse bacterial community in the accessory 
nidamental gland (ANG), part of the reproductive system. Bacteria 
from the  ( ), -

and  dominate the ANG 
and are deposited into the egg jelly coat (JC) where they are hy-
pothesized to defend eggs from potential pathogens and biofouling 
during embryogenesis. Eggs treated with antibiotics developed a 
biomass, primarily composed of the fungus -

, which led to the death of the embryos. ANG/JC bacterial 
strains and extracts inhibited  and/or the human 
pathogen . To better understand the development 
of the ANG symbiosis, TEM and confocal microscopy were used 
to show that the developing organ is poised to recruit bacteria from 
the environment, likely via the colonization of numerous ciliated 
ducts that are open to seawater.  Furthermore, squid raised with 

or had severely stunted organs (n = 15), while animals raised with 
substrate from the squid’s natural habitat developed normal ANGs 
(n = 9).  Taken together, these data suggest that the ANG symbiosis 
is environmentally transmitted, and that bacteria from the host’s 
environment induce development of the organ while providing for 
egg defense from potential pathogens in the mature association. Ef-
forts are underway to characterize the symbiont diversity from the 
ANGs of a number of cephalopod species from around the world.

National Center for Biotechnology Information, National Li-
brary of Medicine, National Institutes of Health, 8600 Rockville 
Pike, Bethesda MD

olearyna@ncbi.nlm.nih.gov
The NCBI Eukaryotic genome annotation pipeline incorporates 

genomic, transcript, and protein sequence records, including RNA-
seq data available in SRA, to provide comprehensive annotations 
of public genome assemblies submitted to the NCBI Assembly DO N
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National Sea Grant Law Center, University of Mississippi, P.O. 
Box 1848, University, MS 38677

sshowalt@olemiss.edu 
Legal and permitting issues are consistently ranked as a criti-

expansion. The regulatory landscape that faces the aquaculture in-
dustry can be confusing and complicated. The landscape is also an 
evolving one, where new laws, regulations, and court decisions can 
result in major changes to the process. 

leasing and permitting, including the different kinds of mechanisms 
that can be used to authorize aquaculture activities and the property 
rights that each mechanism confers. There will also be a brief dis-
cussion of the roles of federal, state, and local governments and the 
various agencies involved. The interplay of federal environmen-
tal statutes, such as the Endangered Species Act, will be explored 
as well as state obligations under the Public Trust Doctrine. Ad-
ditionally, the presentation will review the other uses with which 

complicate the permitting process or result in challenges after ac-
tivities are authorized.  This presentation will conclude by sharing 

-
ture across the United States.
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In September 2016, a mass mortality event occurred across oys-

ter reefs in the Mississippi Sound. One of the affected reefs was 
Pass Christian where recruitment was limited over the subsequent 
years. This resulted in little shell addition over a 2.67-year period, 
allowing for the comparison of the shell length to weight relation-
ship from the living oysters present in August 2016 to that of the 
dead shell collected in April 2019. The ability to make this compar-

1 2

4 2

1AMVALOR, Institut Arts et Métiers de Chambéry, Laboratoire 
Conception de Produits et Innovation LCPI - Paris, 4 rue du Lac 
Majeur, F-73375 Le Bourget-du-Lac Cedex

2Université Savoie Mont Blanc, Laboratoire de Chimie Molécu-
laire et Environnement LCME, F-73376 Le Bourget-du-Lac Cedex

3Arts et Métiers, Institut de Chambéry, Laboratoire I2M - Bor-
deaux, 4 rue du Lac Majeur, F-73375 Le Bourget-du-Lac Cedex 

4Arts et Métiers, Institut de Chambéry, Laboratoire Concep-
tion de Produits et Innovation LCPI -Paris, 4 rue du Lac Majeur, 
F-73375 Le Bourget-du-Lac Cedex

sophie.omont@ensam.eu 
Most of equipment used in oyster farming, such as oyster spat 

collectors, ropes, oyster bags, and lanterns are made of plastic ma-

sea potentially release chemical substances, micro and nano-plas-
tics in their surrounding environment, which may be transferred or 
bio-accumulated into marine organisms. Currently, the transfer and 
the effects of these components across the marine trophic chain are 
a potential source of concern which need to be more studied to be 
better understood. 

In this context any new plastic equipment designed for oyster 
farming, should be eco-designed in order to reduce these risks. 
An eco-design methodology has been developed in this purpose. 
One part of which concerns the selection of the polymer and its 
additives which should both: 1) maintain the polymer integrity and 
prevent its degradation during its marine use, 2) moderate any po-
tential sanitary hazard for oyster consumers hypothetically due to 

is currently used during a whole oyster farming cycle to assess the 
potential transfer of additives into the farmed oysters at different 
biological stages. The compliant for food contact phosphite-based 
antioxidant tris (2,4 di-tert butylphenyl) phosphite, and its degra-
dation product tris (2,4 di-tert butylphenyl) phosphate, which have 
recently been detected in water and sediments in the area around 
Chicago and can migrate into fatty food simulants, have been se-
lected for this assessment.   The methodology developed and the in 

 experiment will be presented.
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University of Southern California, Department of Biological 
Sciences, 3616 Trousdale Parkway, Los Angeles, CA 90089-0371

tienchip@usc.edu
Growth during larval development in bivalves is highly vari-

able. High variation in growth is evident even among sibling larvae 
reared at the same environmental condition. The ability to identify 
individuals with high growth potential early in development, how-
ever, remains challenging. In this study, sibling larvae were pro-

, 
and were reared under the same laboratory conditions. Larvae of 
the same age were size-fractionated to produce groups of individ-
uals that showed contrasting size-at-age relationships. Forty-seven 
single nucleotide polymorphism markers were used for genotyping 
of parental tissues and individual larvae from each of the groups 
with different growth rates. Segregation distortion from Mendelian 
expectation was observed at approximately a third of all markers 
genotyped, indicating viability selection on linked marker loci. 
With respect to the variation in larval growth, genotype frequen-

different size groups. Overall, these results provide direct evidence 
of genetic differences that may be linked to growth variation. The 
number of loci associated with viability and growth highlights 
complex regulation of basic larval biology that is highly relevant to 

in combination with 
and physiological processes provide a promising way forward to 
predict growth potential and understand the complex relationship 
between genotype and phenotype.

CESS

University of Maryland Extension, Prince George’s 
 

mparke11@umd.edu
After modernizing its oyster aquaculture leasing laws in 2009, 

the assistance of the Maryland Agricultural and Resource Based 
Industries Development Corporation (MARBIDCO). This program 
features an interest only payment period followed by partial loan 
principle forgiveness and amortization of the remaining principle 

operations that lack access to private funds, especially when com-

rate of taphonomic loss of oyster shell. By April 2019, most oyster 
valves were riddled with holes. Left valves were preferentially pre-
served with left valves comprising 67% of the intact valves and 
85% of the minor fragments. Thus, by April 2019, minimally 50% 
of the right valves originally present on the reef had disappeared. 
Based on estimates derived from changes in shell weight at length 
in addition to the estimates of right valve losses, between 30% and 
51% of the carbonate originally added to the reef following the 
2016 mortality event was lost, suggesting an oyster shell half-life 
of between 2.6 and 5.1 years in the Mississippi Sound. Literature 
from a wide latitudinal and temperature range suggests that these 
rapid oyster shell taphonomic rates are common over much of the 
range of the eastern oyster.

1 2 2
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Bivalved molluscs are expected to be particularly sensitive to 

whether there are differences among animals among populations 
where local environmental conditions vary.  Juvenile mussels were 
reared that were produced from the larvae of parents from four 
different populations around Long Island Sound that were grown 
under different OA treatments, pH near 8 (Aragonite saturation > 
1) and pH near 7.6 (Aragonite saturation < 1).  Expectations based 
on other studies were that the lower pH OA treatment would re-
sult in slower growth and thinner, weaker shells.  After one year of 

different populations were found, but for most populations there 
was no effect of pH.  For only one of four populations, animals 
grown at a higher pH were larger as initially predicted.  Although 

from different source populations, there was no effect of OA treat-
ment on shell thickness, and animals that grew the fastest had the 

source populations in shell strength, but, again, OA treatment did 
not impact shell strength.  This work emphasizes the importance 
of examining animals from different populations for understanding 
potential impacts of OA on bivalves. DO N
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The bacteria, (Vp) and 

( ), 
methods are tedious, expensive and time consuming. A total of 330 
oyster and 330 water samples were collected from three sites in the 

May-October 2016 and 2017. The colony overlay procedure for 
peptidase (COPP) assay for total  (TV), direct plating (DP) 
on CHROMagar Vibrio and MPN-real-time PCR (MPN-PCR) for 
pathogenic Vp and  were compared. MPN-PCR involved assays 
for tlh,  and  genes for Vp and A and C genes for . 
All samples were positive for TV by the COPP assay. Positive Vp 
for seawater and oysters by MPN-PCR were 89% and 92%, respec-
tively in MD; 100% for both in DE; and by DP were 32% and 76% 
in MD; and 71% and 87% in DE. Positive for seawater and oys-
ters by MPN-PCR were 99% and 100% in MD; 100% for both in 
DE; and by DP were 47% and 86% in MD and 58% and 77% in DE. 
TV was positively correlated (r = 0.50-0.69) with MPN-PCR and 
DP for 
(r = 0.63-0.65) with MPN-PCR and DP for Vp in seawater but not 
in oysters. These results indicate that the COPP assay could be a 
viable alternative to DP or MPN-PCR to indicate total Vp and  
levels in seawater and  in oysters, but not for monitoring patho-
genic  spp.

plans to evaluate uncertainty in the deterministic estimates of net 
-

ty distributions were developed by interviewing oyster culture ex-
perts on key performance variables for bottom culture and water 
column culture farms of different sizes.  Farms with MARBIDCO 

funding, traditional funding and use of private funds over a 10-year 
period.  
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1University of Maryland Extension, Prince George’s County 

2NOAA, National Centers for Coastal Ocean Science, 1305 East 
West Highway, Floor 9, Silver Spring, MD 20910

Mparke11@umd.edu

of Commerce and states are attempting to close by legislative pol-
icies encouraging expansion of aquaculture in the US.  The 2011 

-

provision of seafood product. More recently, research addressing 
these policies has resulted approval of the use of harvested oysters 
as a nutrient best management practice (BMP) in Chesapeake Bay 
region. Also discussed, but not yet implemented, is economic com-
pensation to the oyster growers for the nutrient removal ecosystem 

a local-scale oyster production model to compare water quality, 
oyster production, and oyster associated nitrogen removal at two 
bottom and four water-column Maryland Chesapeake Bay oyster 
farms. Objectives were to highlight differences in water quality 
(i.e. oyster food), resultant differences in oyster production, and 
differences in estimated oyster associated nutrient removal at each 
farm. An economic valuation analysis was done to also compare 
the potential payment to the oyster growers for the nutrient removal 
service if they were included in a nutrient-credit trading program. 
Production at the six sites varied from 1.78 to 25 metric tons of 
harvestable oysters acre-1 year-1

was estimated to be a range of 19 - 208 kg N acre-1 year-1. The po-
tential economic value of N removed was estimated to be a range 
of $3,324 -$1,069,804 per year.DO N
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research has examined this, with no information being available for 
the red sea urchin ( ), a candidate aqua-
culture species in north-western North America. The present study 
examined survivorship, gonad yield, and gonad quality (lightness, 
redness, yellowness, and degree of colour difference) of red sea 
urchins 2 weeks after exposure to three 2-hour transport methods: 

-
rofoam boxes (L x W x H: 55.2 x 33.6 x 40.3 cm, Volume: 38 L) 

boxes without seawater, but with wet burlap placed on top of the 

differed between transportation methods, percent survivorships for 
the wet boxes and wet crates were both 100% while the dry boxes 
was 58.3% after two weeks, indicating that wet transport would be 
preferred over dry transport for .

CRASSOSTREA 
GIGAS

University of Edinburgh, The Roslin Institute and Royal (Dick) 
School of Veterinary Studies, Midlothian EH25 9RG, United King-
dom 

carolina.penaloza@roslin.ed.ac.uk
) are a key aquaculture species 

globally and have major ecological roles in coastal ecosystems. The 
availability of a highly contiguous and accurate reference genome 
is essential for answering fundamental biological questions, and for 
the genetic improvement of production traits via genomics-enabled 

-
els of heterozygosity, making  assembly challenging. The 
current public genome assembly for  has been utilised 
for a multitude of studies, however, is highly fragmented with 
numerous misassembled scaffolds. To effectively support genetics 
and genomic research in this species, there is a need for improved 
assemblies.

The aim of this research was to develop a substantially im-

sequencing and scaffolding technologies. A single female was se-
-

er with Illumina’s highly accurate short reads for error correction. 
After comparing different assembly algorithms, the Canu-assembly 
was selected as the reference genome. The putative highly diver-
gent haplotypes were detected and reassigned using the purge hap-
lotigs pipeline. Following scaffolding using Hi-C sequence reads 
and integration of the scaffolds with a high-density linkage map, 
a chromosome-level assembly was created with a scaffold N50 of 

Hammond Bay Road, Nanaimo, British Columbia, Canada V9T 
6N7

Chris.Pearce@dfo-mpo.gc.ca 
Echinoid broodstock are collected from the wild and condi-

tioned on macroalgae or prepared diets. The sexes are separate and 
-

After 5–10 minutes, the eggs are washed with one or more changes 

polyspermy. Fertilized eggs are held in standing cultures at densi-
ties of ~1–2 mL of eggs per 100 mL FSW. Resultant larvae can be 

conditions. If the former is used, there should be some form of 
gentle agitation (  stir paddles, gentle aeration) and 50–100% 
of the culture water should be replaced twice a week. Early-stage 
larval densities should be typically 1,000–1,500 inds L-1, with late-
stage densities reduced to 100–800 inds L-1. They can be fed natural 
or cultured phytoplankton. Competent larvae (ready for settlement/
metamorphosis) are typically placed in large tanks or raceways 
with vertical transparent polycarbonate plates, covered with micro-

-
ly settled juveniles. At about 50 days old, juveniles can be given 
soft foliose macroalgae or powdered prepared diets. The juveniles 
remain on these plates until they reach a test diameter of at least 
5–10 mm. They are then removed from the plates and transferred 
to land-based or sea-based grow-out systems or the wild (for stock 
enhancement).

MESOCENTROTUS FRANCIS-
CANUS

1

1

Hammond Bay Road, Nanaimo, British Columbia, V9T 6N7 Can-
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2University of Victoria, Department of Geography, PO Box 
1700 STN CSC, Victoria, BC V8W 2Y2, Canada

Chris.Pearce@dfo-mpo.gc.ca 
Sea urchin gonad enhancement entails collecting low-gonad-

yield sea urchins from the wild, placing them in land-based or 
sea-based captivity, and feeding them a prepared or natural diet to 
produce high quality/quantity gonads for marketing. Collection and 
transportation to the culture facility can be stressful to the urchins 
and cause subsequent mortalities and sub-optimal gonad yield/
quality. Minimizing this handling stress is critical to ensuring max-
imum survivorship and optimal gonad enhancement, yet very little DO N
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of the chemical composition of the water within seagrass patches is 

beyond seagrass canopies.
 The variability in water chemistry was assessed between salt-

marshes, macroalgae and two seagrass beds over the course of a 
growing season.  In addition, the variability in water chemistry 

from 0.1 m above the sediment into an instrument reservoir mea-
suring pTH, DO, temperature and pCO2 as the sampling track was 
recorded in and out of the seagrass canopy using a Trimble DGPS. 
Discrete sampling collected every 10 m along the sampling path 
provided full carbonate chemistry. Utilizing georeferenced drone 

pCO2, DO 
and DIC), the impact of seagrass patches on pCO2 and pTH were 
determined. 

If coastal ecosystems are to be conserved and managed under 
future conditions, a broader understanding of the dynamic eco-
system services provided by seagrasses, including the interactions 
between the biogenic habitat services and the multitude of taxa 
that rely on seagrasses, is essential. The central challenge now is 

functioning. 
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Recent advances in high-throughput sequencing are transform-

ing our understanding of the ecology and evolution of commercial-

.  This presentation will describe recent work 
assessing range-wide population structure and genomic signatures 
of local adaptation in 16 populations spanning the Caribbean, Gulf 
of Mexico, South America, and the east coast of the United States. 

58.4Mb. This new reference genome assembly is likely to be a use-
ful framework for the oyster genetics community, and an important 
future step will be to cross-reference with high-quality genome as-
semblies from other populations to examine the extent of 

Universidad de Santiago de Compostela, Instituto de Acuicultu-
ra, Departamento de Bioquímica y Biología Molecular, Laboratorio 
de Biología Molecular y del Desarrollo, Campus Vida, 15782-San-
tiago de Compostela, Spain

luz.perez-paralle@usc.es
`Omic´ technologies refer to a range of modern methods that 

include genomics, transcriptomics, proteomics and metabolomics. 
These techniques generate numerous data that can be integrated 
using bioinformatics to provide information on how the organisms 
function and how organisms respond to various environmental con-
ditions. 

`Omic´ technology has a broad range of application. In the 
case of aquaculture its applications include genomic selection for 

-

products, molecular vaccine development, characterization of the 

associated to defence mechanisms or to cellular networks that reg-
ulate different biological processes, among which is the elimination 
of biotoxins in molluscs. 

`Omics´ based techniques are increasingly being applied into 
the study of the biology of many aquaculture species; however, the 
transfer of these resources to growers and industry, in areas such as 
hatchery production, diet and nutrition, immunology and disease 
and food quality and safety, has not been fully realised. 

Stony Brook University, School of Marine and Atmospheric 
Sciences, 239 Montauk Hwy, Southampton, NY 11968

bradley.peterson@stonybrook.edu
Growing evidence indicates that seagrasses may modify local 

-
tain the magnitude of this buffering effect. The spatial variability DO N
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and bottom boundary-layer biogeochemical processes affected the 
nutrient and oxygen dynamics. Biodeposit resuspension must be 
considered when evaluating oysters as a BMP for Chesapeake Bay.

1 1 2

1University of Southern Mississippi, Gulf Coast Research Labo-
ratory, 703 E Beach Drive, Ocean Springs, MS 39564

2NMFS Northeast Fisheries Science Center, 166 Water St. 
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leanne.poussard@usm.edu
The NMFS Atlantic Surfclam/Ocean Quahog survey uses an 

decades, a series of depletion experiments were conducted to esti-

all depletion experiments from 1997 to the most recent, using the 
Patch Model (Rago et al. 2006) to estimate stock density and dredge 

variability may include species size distribution, dredge size, and 
regional edaphic characteristics. The effect of an uneven distribu-
tion of animals across the depletion region may also be important. 
Finally, a comparison is made between surfclam and ocean quahog 
experiments under the assumption that ocean quahogs are not fully 
available to the dredge due to greater burrowing depth. Analyses pro-

and contribute to ongoing efforts to improve the surfclam and ocean 
quahog assessments. 
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since the 1900s. The ocean absorbs one third of the CO2 emitted, 

Genome-wide genotyping was performed via ddRAD sequencing, 
aligning paired-end reads to a 2nd generation version of the blue 
crab genome assembled using Dovetail’s HiRise technology. Ap-

preliminary analyses show that populations clustered genetically 
by region, with Gulf of Mexico populations grouping together and 
distinctly from Caribbean populations (e.g. Trinidad and Tobago 
and St. Lucia) and Brazilian populations. Pairwise FST estimates 
among populations were high for between-region comparisons 

scales. Interesting patterns of structure were also observed within 
regions, particularly for the Caribbean populations. Adaptive out-
lier analysis, genotype-environment associations, and comparisons 
of observed spatial structure with predictions based on biophysical 
modeling of larval transport and adult crab movement will also be 

-
ment of the blue crab across its entire range and results should ad-
vance understanding of how geography, oceanography, and latitu-

this widely dispersing species. 
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To test the effect of biodeposit resuspension on the nutrient and 

oxygen dynamics a 4-week experiment was performed in three 1000 
L shear turbulence resuspension mesocosm (STURM) tanks (R) and 
three 1000 L non-resuspension tanks (NR). All tanks contained de-
faunated muddy sediment and brackish estuarine water, received 
daily additions of oyster biodeposits, and had similar water col-
umn RMS turbulent velocities (~ 1 cm s-1), energy dissipation rates 
(~0.08 cm2 s-3), and tidal cycles (4h mixing-on and 2h mixing off). 
However, while bottom shear stress was low in the NR tanks, high 
instantaneous bottom shear produced sediment and biodeposit resus-
pension in the R tanks during the mixing-on cycles. Resuspension 
and biodeposit addition resulted in a complex nutrient and oxygen 

in the R tanks and were mediated by microphytobenthos abundance 
and biodeposit deposition. Dissolved oxygen concentrations in the DO N
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Every other week, growth, as well as physiological rates (feeding, 
respiration, ammonia excretion), were measured.   Results revealed 
an appreciable reduction in shell-length and live-mass growth pro-
portional to pCO2 concentrations. This decline can be attributed to 

or increased metabolic activity (respiration, ammonia excretion).
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a self-limitation on overharvesting has been proffered on occasion. 

(Banta et al. N. Am. J. Fish. Manag. 23:732-741). Estimates of the 
exploitation rate permissible under conditions of maximum sus-

37:833-849). The question becomes: to what extent does the in-

-
curs at oyster exploitation rates that are inconsistent with maxi-

if properly constrained. A model is developed that simulates the 
activity of oyster harvesting. This model tracks vessel behavior 

-
-

between apparent and real sustainability that may explain the in-
ability of state management to impose limitations consistent with 
long-term resource stability.

resulting in the ocean becoming less basic. Coastal ecosystems, 
where high nutrient levels and rapid growth of plankton further re-
duce pH, are especially vulnerable to pH declines. Facing abnormal 
CO2 levels, marine organisms may expend more energy to regulate 
physiological chemistry. The eastern oyster is an economically im-
portant bivalve in the U.S. that responds physiologically to ocean 

The effect of OA on oyster bioenergetics was explored through a 
10-week laboratory experiment in which 900 oysters were exposed 
to different pCO2 levels (2100, 1500, 800 ppm), with half unfed 
and the other half exposed to natural seston supplemented with mi-
croalgae. Every two weeks, 180 individuals were sampled for length 
and weight. On weeks 2, 4, 8 and 10, respiration and feeding rates 
were measured in seven individuals per condition. Results showed 

decreasing pH; however, cumulative effects over 10 weeks were not 

From these data, a bioenergetics model based upon the Dynam-
ic Energy Budget (DEB) theory was calibrated. DEB modeling 
has been applied widely to bivalves and has allowed researchers to 
quantify effects of physical conditions upon physiological rates and 
maintenance costs. A DEB model was applied to different scenarios 
to predict how oyster population could respond to elevated pCO2 
in the environment.

SPISULA SOLIDISSIMA

1 1 1

1 1 1

1 1 2

1 1

1Milford Laboratory, NOAA Fisheries NEFSC, 212 Rogers 
Ave., Milford, CT 06460

2

6959 Miller Ave., Port Norris, NJ 08349
3NOAA Fisheries NEFSC, 166 Water St., Woods Hole, MA 

02543
Shannon.Meseck@Noaa.gov

-
ly are managed sustainably and harvested responsibly. This species, 
however, is sensitive to physicochemical changes in the habitat, 
including temperature and salinity. Yet very little is known about 

3-month laboratory experiment, measuring physiological respons-

upon juvenile surfclams. Surfclams (n=198 each treatment) were 
pCO2 levels (576, DO N
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, associated with the incidence 
of OsHV-1 and impacting the aquaculture production at a global 
level. Long-term solutions such as the selection of resistant strains 

the information gathered by novel sequencing methodologies of-
fers new perspectives for the study of non-model species. 

RNA-seq data previously carried out for comparison of -
 spat with different susceptibility was further analysed for po-

tential molecular markers examination. For that, read mappings 
corresponding to differently expressed transcripts were manually 
checked for variant localization. Validation of potential polymor-
phisms was carried out in oyster families produced by single pair 
matting of adult animals with different susceptibility to OsHV-1. 
Families were naturally exposed to OsHV-1 in a culturing raft and 
after a mortality outbreak; survivors were collected and compared 
to initial samples. A total of 461 animals were genotyped by se-

Twelve transcripts containing 30 nucleotide variants were ana-
lysed. Among them, 18 variants were real single nucleotide poly-

loci on resistant families and 5 loci on susceptible families. More-

the disease susceptibility features of the broodstock. These results 

be used in selective breeding programmes.  

ICHTHYOBODO

Johns Hopkins University School of Medicine, Department 
of Molecular and Comparative Pathobiology, 855 Broadway Re-
search Building, 733 North Broadway, Baltimore, MD 21205

spoynton@jhmi.edu
 is 

among the most widespread, and among the most pathogenic, caus-
ing the disease ichthyobodosis. This ectoparasitic genus infects a 
broad spectrum of hosts, from cephalopods to teleosts to amphibi-
ans, and species of  are found in a wide range of salin-
ities, from many parts of the world. Among hosts held in captivity 
(whether for research, public display, or in aquaculture), -

host population, due in part to its direct life cycle (i.e. only a single 
species of host is required). The parasite has two stages in its life 
cycle, a free-swimming stage, and an attached feeding stage – the 
trophozoite. 

importance, particularly salmonids. In additional to classical ap-
proaches such as histopathology and scanning and transmission 

by immunohistochemistry, autoradiography, gene expression, and 
SSU rDNA sequencing. 

In comparison, the studies of  infecting cephalo-
pods are in their infancy, with most information coming from spe-
cies of octopus held on exhibit. Such limited studies show that the 

pathology, particularly moderate to severe bronchitis. Scanning and 

damage to its cephalopod host both by its attachment and feeding, 
and may provide a route of entry for secondary infections.  
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Although coastal organisms experience natural and anthropo-

genic stressors simultaneously across multiple spatial and tempo-
ral scales, the synergistic effects of multiple stressors are largely 

be caused by eutrophication (i.e. nutrient loading).  CA is strongly 

loads and stimulating algal and microbial production of CO2.  Even 
treated SE can cause CA because excess N is often removed with 

decreased pH and increased concentrations of CO2.  The physiolog-
ical effects of CA and SE have been well characterized separately 
but have never been examined together in early life history stages 
when organisms are most sensitive to stressors. Additionally, re-
sults from many studies have not been examined in a mechanistic 
framework, such as identifying the genes that provide resistance 
to multiple stressors. Here, multiple factorial exposures on eastern 
oyster larvae were used to characterize the effects of CA and SE 
on larval mortality and use expressed exome capture sequencing to 
detect which genetic variants lead to resistance and potential adap-
tation. Preliminary results indicate that CA, SE, and CASE induce 
clear changes in the allelic composition of larval pools and that 
the CASE treatment did not represent a composite of the CA and 
SE treatment.  Higher gene ontologies for outlier loci appear to be 
related to chemical and stress response, supporting the possibility 
of adaptive resistance to multiple stressors.
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The culture of the common octopus,  has been 

a big challenge for the aquaculture sector over the last decades. 
Animal settlement at the benthic phase was the main constraint to 
close the life cycle since massive mortalities occurred at the end 
of the planktonic stage. It is known now, that diet requirements 

culturing parameter. Indeed, a proper diet was the trigger element 
that allowed closing the life cycle on this species.

In this study, a transcriptomic comparison on 20 days post-hatch-
ing paralarvae was carried out to compare the effect of a mixed 
enriched diet and -based diet. The whole paralarvae was 
used for RNA extraction and subjected to RNA-sequencing using 
the Illumina platform.

Global performance in terms of weight and survival was sig-
-

er number of transcripts related to metabolism, biosynthesis and 
transport were up-regulated in -based diet. This might indi-
cate that the digestion process was still ongoing at the moment of 
sampling or internal reserves were mobilized for energy obtaining 

seem to be largely prolonged after feeding on , especially 
considering that animals were under starvation for 12 hours before 
sampling. 

The enriched diet, on the other hand, might favor the proper 
development of crucial traits such as vision and neuronal develop-
ment as transcripts related to crystalline formation and motor neu-
ron preservation are higher expressed in these animals.
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and community resilience in the face of climate change. As part of 
a series of “Integrated Marine Science” courses, students at the Uni-
versity of Maine explore how to measure the physiological toleranc-
es of the blue mussel, , a foundation species whose 

zone intertidal communities. In previous research, Braby and Some-
ro used a method known as impendance pneumography to measure 
how heart rate changes under acute stress among three species in the 
genus  and demonstrated that the patterns of distribution for 
these congeners is correlated with tolerance to temperature and salin-
ity stress. Our students use the same approach to estimate variation 
in physiological tolerance to acute temperature stress among mussels 
sampled from populations of  north and south of Cape Cod. 

-
perature (Hcrit) or Arrhenius break temperature, which is the point 
where heart activity falls sharply with increasing temperature. The 
class results suggest that mussels from southern populations show 
higher tolerance to acute thermal stress when compared to their 

curriculum in marine science and further students’ understanding of 
how climate change research is conducted.

1
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Oysters play a crucial role in regulating biogeochemical cy-

cles in coastal ecosystems. They drive removal of excess nutrients 
-

cling of nutrients, though possibly at the cost of greenhouse gas 
(GHG) release. As oyster populations have declined and human 
populations along coastlines have increased, environmental degra-
dation associated with nutrient loading have increased. In response 
to these challenges, there is widespread effort to increase oyster 
populations through restoration efforts and development of aqua-
culture. Despite these efforts, the biogeochemical impacts of oyster 
reefs and aquaculture remain unclear. In this study, a meta-analy-
sis approach was used to describe how oysters regulate important 
processes across system, species, and study type. Results of the 
meta-analysis are presented in the context of biogeochemical sus-

-
cation (Hedge’s  = 0.441 ± 0.162 (p < 0.001)) and drive nitrogen 
(NH4

+  = 0.605 ± 0.127 (p < 0.001)) and phosphorus recycling (g = 
-
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Manganese causes manganism a Parkinson’s-like disease and 

disrupts dopamine neurotransmission. The neurotoxic mechanism 
is not fully resolved. Lack of effective treatment is an obstacle in 
its clinical management. Gill lateral cell (GLC) cilia of 

 are controlled by serotonergic-dopaminergic innervations. 
Dopamine is cilio-inhibitory; serotonin cilio-excitatory. Acute and 
short-term manganese treatments block cilio-inhibitory effects of 
dopamine. This neurotoxicty of manganese is reversed by p-amin-
osalicylic acid and taurine. Reports suggest the dipeptide carnosine 
( -alanyl-L-histidine) is worth investigating as a neuroprotective 
agent for manganism. Carnosine has anti-oxidative and chelating 
abilities. To test if carnosine reduces neurotoxic actions of manga-
nese on cilio-inhibitory, acute experiments were conducted testing 
dopamine dose responses on gills treated with manganese in the 
presence or absence of carnosine. Cilia of control GLC respond-
ed normally to dopamine. Manganese disrupted the dopamine in-
duced cilio-inhibition and carnosine reduced this neurotoxic effect. 
Short-term experiments also were conducted where  
were treated for 2, 3 and 5 days with manganese with or without 
carnosine. For each treatment period co-treating with carnosine and 
manganese reduced the neurotoxic effect of manganese alone on the 
cilio-inhibition, similar to sham-treated control animals. The study 
showed carnosine is effective in reducing neurotoxic effects of man-
ganese on cilio-inhibition of dopamine in 
are helpful in furthering the understanding of the neurotoxic mech-
anism of manganese and provides evidence suggesting carnosine 
needs to be further investigated as a potential therapeutic agent for 
Manganism. Supported by grants NIGMS-2R25GM06003, NIH- 
K12GM093854-07A1 and 62344-00-50 of PSC-CUNY.
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Physiological adaptations play a key role in biogeographic pat-

terning. Understanding how variation in physiological tolerances 
structures species distributions is critical to predicting species shifts DO N

OT 
CIT

E



 112th Annual Meeting, March 29–April 2, 2020 129

fered ~10% mortality when challenged with the Australian and the 

other eastern oyster stock. There was lower mortality in -

died had high viral loads as measured by quantitative PCR. The 
oysters that died had, on average, about 1000 times higher viral 
loads than those that survived, although some survivors had high 
levels of virus.
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Oyster aquaculture is very labor intensive, often growing less 

than one million oysters per acre depending on gear types and 
site location. Floating and off-bottom gear is typically positioned 
in the near-shore environment or in the upper few feet of the wa-

land-owners and other stakeholders. 
The patent-pending Solar Oyster Production System (SOPS) 

has been developed to take advantage of offshore space not used 
-

teen feet of water and uses solar power to mechanically rotate each 
cage through the water column and up to the surface, providing 
desiccation/air exposure and mechanized washing, minimizing la-
bor inputs. The mooring system allows location of the SOPS in 
higher-energy environments, with integrated anti-poaching tech-
nology allowing units to be placed further off-shore, potentially 

and moderate energy, the system is estimated to accommodate up 
to 1 million oysters per culture unit, producing 8.7 million oysters 
per acre. 

-
ed.  State and federal regulatory agencies in the Chesapeake Bay 
watershed have approved procedures for nitrogen and phosphorus 
credits for oysters harvested from aquaculture operations that can 
be traded on the nutrient credit market.  Use of the SOPS for 1 acre 
of high density oyster aquaculture will remove nutrients equivalent 
to treating stormwater runoff from over 100 acres of impervious 
surface.  Prototype testing is currently ongoing at Chesapeake Bay 
Laboratory, Solomons, MD.

iment GHG production or consumption due to the limited number 

oysters play an important role in recycling nutrients to the water 
-

ters are being produced for food, this GHG cost is much lower than 
other animal proteins in terms of kg GHG released per kg protein 
produced. Taken together, these results indicate that restoring oys-
ter populations will lead to a biogeochemically sustainable future 
for coastal ecosystems.
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The Ostreid herpesvirus 1 (OsHV-1) and variants, particularly 

-

spread rapidly having particularly damaging effects on aquaculture 
industries in Europe, Australia, and New Zealand. Injection trials 

on mortality and viral loads in three different stocks of the Pacif-
ic oyster, , two stocks of the eastern oyster, C. 

, and a stock of the Kumamoto oyster, . Each 
‘exposed’ oyster was injected with 106 virus particles and control 

C. 
line experienced relatively low mortality when challenged 

-
 stock suf-DO N
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-
ordination of post-transcriptional events in all cells is mediated by 
RNA-binding proteins (RBP), which form protein-RNA complexes 
to regulate central cellular processes as diverse as proliferation, se-
nescence, apoptosis, immune activation, and stress responses. This 
study focused on a single RBP, Cold Shock Domain Containing 
Protein E1 (CSDE-1), as a model to probe the post-transcriptional 

. Tissues 
isolated from adult American oysters ubiquitously express CSDE-
1, with notable enrichment in the immunocompetent hemocyte 
cells. The coordinated regulation of the oyster primary immune 
response facilitated by hemocytes suggests a hierarchical control 
of multiple forms of gene transcriptional and translational events, 
some of which are predicted to be locally orchestrated by CSDE-1 
bound transcripts. Neural network-mediated binding analysis of the 

transcriptome, with respect to RNA secondary struc-
ture, predicted hundreds of putative target mRNAs of CSDE-1 reg-
ulation known to function in the immune response, ranging from 
antimicrobial defensins to toll receptors. To test these predictions, 
CSDE-1 expression and localization were characterized after -

spp. lipopolysaccharide immune stimulation of primary hemo-
cyte cultures. Furthermore, immuno-regulatory mRNA transcripts 
were found to bind CSDE-1 during  binding assays, impli-
cating CSDE-1 as a driver of protein expression changes during 
immune challenge.

NOAA National Ocean Service, National Centers for Coastal 
Ocean Science, Coastal Aquaculture Siting & Sustainability, 101 
Pivers Island Road, Beaufort, North Carolina 28516

ken.riley@noaa.gov
Digital mapping and geographic information systems (GIS) has 

forever transformed cartography and how maps are used to orga-
nize, visualize, and communicate large amounts of information. 
GIS has also transformed how we think about the coastal ocean and 
plan for growing the blue economy with industries such as energy, 

Aquaculture stands near the forefront of these industries with high 
growth potential for both nearshore and offshore environments. To 
keep pace with the growth of marine aquaculture, GIS technology 
and spatial intelligence have become essential for coastal planning, 

-
ment of aquaculture operations. The NOAA Coastal Aquaculture 

in expertise and GIS technology resources to provide high-quali-
ty science-based decision support tools to local, state, and federal 
coastal managers. This presentation will explore how NOAA is 
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 bacteria are associated with morbidity and mortality in 

marine life and humans. Some  spp., such as  
and 
while  and  are problems in shrimp 
aquaculture. Additionally,  and  in 
oysters and other seafoods infect humans.

This presentation describes the use of naturally occurring bac-
teriophages (phages) and predatory bacteria as potential processing 

 predatory bacteria, 
namely  species and -

, were shown to kill vibrios and other pathogens. -
 is an intracellular predator which attacks Gram-negative 

bacteria by invading and replicating within the bacteria. Many have 
host preference for . Another predator, -

, attacks vibrios by two methods. One is by the direct transfer 
of surface vesicles from the  to the surface of 
the host , where digestive enzymes in the vesicles form holes 
in the ’s cell wall. The other method is through the release of 
enzymes and other compounds which either inhibit the growth of 
or directly kill competing vibrios and other bacteria. In addition to 
natural predatory bacteria modulating vibrios in the marine envi-
ronment, phages (bacterial viruses) actively invade and kill  
spp. 

This presentation addresses phage therapy for use in hatcheries 
to combat larval oyster mortalities from  and V. 

. It also highlights efforts to develop a processing interven-
tion to reduce human pathogenic 
cocktail of phages and predatory bacteria.
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Oysters, like all organisms, can respond to environmental 

stressors by regulating the location, availability, and rate of trans-DO N
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Apoptosis, or programmed cell death, of hemocytes may be a 

critical step in oyster immune defense against  
infection in the eastern oyster. Increased hemocyte apoptosis may 
prevent or reduce  replication in infected individuals. 
The precise apoptotic pathway and molecules involved in response 
to intracellular infection with are poorly understood. 
To investigate which apoptotic pathways are involved in hemocyte 
response to , eastern oysters bred for high survival in the 
Chesapeake Bay were challenged  with  Hemo-
cyte apoptosis, caspase 3/7 activation, and lysosomal permeabiliza-

oysters, indicating possible inhibition by the parasite. Caspase 3/7 

affected by  challenge, indicating likely involvement of a 
caspase-independent pathway in hemocyte response.  Gene expres-
sion analysis also revealed increased expression of mitochondrial 
pathway molecules. To investigate direct functional involvement 
of the mitochondrial pathway of apoptosis, oyster hemocytes were 
challenged  with  at four multiplicities of infec-
tion (  to hemocyte 1:1, 5:1, 10:1, and 25:1). The levels 
of apoptosis and mitochondrial permeabilization, a marker of the 
mitochondrial pathway, were measured one-hour post-challenge 

-
hibiting the mitochondrial pathway of apoptosis following Dermo 
challenge. Understanding apoptotic pathways involved in Dermo 
disease response may aid in targeting genes for breeding for disease 
resistance.

developing and using the largest authoritative data sources to aid 
-

ciency and environmental sustainability. Further, the presentation 
will explore advanced web-based geospatial tools, like OceanRe-
ports and National AquaMapper, which are now publically avail-
able a explore and identify ocean neighborhoods compatible with 
aquaculture development.

Cornell Cooperative Extension of Suffolk County, 3690 Cedar 
Beach Road, Southold, NY 11971
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In 1991, Cornell Cooperative Extension of Suffolk County 

(CCE) founded a municipal hatchery on eastern Long Island that 
-

land, as well as producing seed of various species for applied re-
search projects.  In 2017, New York Governor Andrew M. Cuomo 

-
toration Project (LISRP)- to improve Long Island’s water quality 
and bolster the economies and resiliency of coastal communities 

with growing tens of millions of oysters and northern quahogs (= 
hard clams) for this effort over two years CCE built a state-of-the-

system for spat-on-shell production with a budget of $5.25 mil-
lion from New York State.  In 2018-19 CCE produced a total of 
50 million quahogs and spat-on-shell oysters for the LISRP which 
were planted at four sanctuaries in Nassau and Suffolk Counties. 
The presentation will discuss how production was scaled up for 
this project and what was required in terms of personnel, equip-
ment, phytoplankton, seawater and shell handling as well as plans 
for 2020 and beyond. 
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dredge) has been required seasonally in the Mid-Atlantic region.  

for both dredges.  Selectivity information for the turtle dredge is 

was originally assessed in 2008.  The SELECT method was em-
ployed to model scallop catch-at-length data for each commercial 
dredge with data collected during the Virginia Institute of Marine 

were conducted in the Mid-Atlantic and Georges Bank regions of 
the resource in three distinct areas.  A paired study design was em-
ployed, where a non-selective National Marine Fisheries Service 
sea scallop survey dredge and either a turtle dredge or New Bed-
ford dredge were towed simultaneously at each survey station.  Re-
sults indicated the 50 percent retention length was 98.2 mm, with 

the turtle dredge.  New Bedford dredge results estimated a 50 per-
cent retention length of 107.4 mm, selection range of 50.5 mm, and 

were also compared to the 2008 results to assess for time varying 
changes in selectivity.  Results indicated a shift toward increased 
retention of smaller scallops.  

MERCENARIA MERCENARIA
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Virginia leads the nation in production of aquacultured northern 

quahogs (= hard clams), (Linnaeus, 1758) 
with an estimated farm gate value of $38.8 million in 2018. De-
spite the high economic value, there are few genomic resources 
available to support the quahog aquaculture industry.  To develop 

-
derstand the native population structure. Quahogs have a pelagic 
larval phase that allows for dispersal, but the genetic connectivity 
has not been studied with high-resolution genetic markers and only 
at a limited number of sampling locations. This study uses genotyp-
ing-by-sequencing to delineate genetic structure of wild quahogs 
across the native range. Wild samples were collected from 16 loca-
tions along the East Coast of North America from Prince Edward 
Island, Canada, to Florida, USA. Following DNA isolation, 470 
individuals were sequenced and 153,842 single nucleotide poly-

Josephine Bay Paul Center for Comparative Molecular Biology 
and Evolution, Marine Biological Laboratory, Woods Hole, MA 
02543
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Epigenetics is the study of mechanisms that have the capacity to 

direct regional and local activation or silencing of genes and trans-
posons. The interest in epigenetic mechanisms has added an addi-
tional layer in the eukaryote genome complexity, which include co-

RNA. The genome contributes to epigenetic processes by encoding 
the necessary enzymatic machinery, such as methyltransferases, 
demethylases, or RNA-mediated silencing proteins. Altogether, 
with the inclusion of new sequencing techniques, it is becoming 
more feasible to characterize new molecular-level epigenetic fac-
tors even in non-model organisms.

Bdelloid rotifers are microscopic freshwater invertebrates able 
to survive desiccation at any life stage and to reproduce asexual-
ly. The genome of the bdelloid rotifer  is unusual in 
having over 8% of its genes originated from non-metazoan (pre-
dominantly bacterial) sources. Nevertheless, transposable elements 
(TE) span only about 3.5% of the  genome, an unusually 
low fraction for a eukaryote. TE content is apparently being kept at 
a very low level by an expanded machinery for RNA-mediated si-
lencing, which ensures production of pi-like RNA leading to TE re-
pression. Recently, it was found that bdelloid rotifers lack the typi-
cal eukaryotic Dnmt methyltransferases responsible for 5mC DNA 

bacterial origin, which is fused to a eukaryotic chromodomain. It is 
proposed that the  amino-MTase may form a new layer in a 
genome defense system against invading TE, which do not prolifer-

forms of epigenetic regulation.

Virginia Institute of Marine Science, William & Mary, P. O. Box 
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Size selectivity curves were estimated for two commercial 
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Integration of non-retroviral fragments into animal genomes 

has been found for a few decades as a result of infection and com-
pletion of their life cycles. To date, “endogenous viral elements” 
(EVE) of infectious hypodermal and hematopoietic necrosis virus 
(IHHNV) and white spot syndrome virus (WSSV) have been found 
in penaeid shrimp. For practical diagnostic approach, it necessitat-
ed a change in the routine method to distinguish between infected 
shrimp and EVE-containing samples. In the case of IHHNV, infect-
ed shrimp species have been developing resistance to the virus, thus 
it is a challenge to separate shrimp carrying both infectious form of 
virus and EVE from those that are infected only (i.e. the former and 
latter would be recognized by conventional PCR testing). Discard 
of domesticated shrimp breeding stocks based on such false posi-
tive results might have negative consequences, if such inserts are 
related to shrimp viral disease tolerance according to “viral accom-
modation hypothesis.” It is thus necessary to improve accuracy in 
diagnosis of IHHNV infection. For example, multiplex PCR anal-
ysis is developed to amplify the entire IHHNV genome, ensuring 
the accurate diagnosis, and the technique must be convenient for 
practical application. More recently, isothermal nucleic acid ampli-

(LAMP) comprises primers targeting OIE-recommended region 
and the 3’end of the viral genome that has been reported to be less 
occurrence of EVE in the shrimp genome.

Texas A&M University – Corpus Christi, Department of Life 
Sciences, 6300 Ocean Drive, Corpus Christi, TX  78412

John.Scarpa@tamucc.edu

oyster mariculture in Texas.  Therefore, a project was conducted 

with the general public of coastal Texas. Eight public meetings 

quality control and subsequently analyzed to delineate population 
structure and quantify levels of genetic divergence among popula-
tions. Data provides evidence of several genetically distinct popu-
lations with more structure than previously recognized. Data will 
be used to identify a subset of SNP markers capable of geographic 
discrimination and population assignment, and these will be tested 

loci will be available as an assay panel that is tailored to address 
industry needs, such as tracking hatchery lines, monitoring genet-
ic variation, and differentiating among wild and hatchery quahogs 
and among hatchery lines. 

MERCENARIA MERCENARIA  
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Larval stages of bivalves are particularly vulnerable to mul-

stress reducing larval survival, lipid storage, growth, and size at 
settlement. Few studies have assessed cumulative effects of larval 
exposure to stressors on juvenile performance, or the environmen-

and pH (7.4, 8) stress on early juvenile growth and survivorship in 
the northern quahog, . Larvae were reared 
under four (constant pH x temperature) treatments through meta-
morphosis, followed by a two-month common garden at ambient 

and two habitat types, characterized by differences in organic mat-
ter and seagrass coverage. Preliminary data suggest that -

juveniles exposed to thermal stress as larvae had increased 
survivorship in a thermally variable common garden, while larval 
pH stress and naivety to thermal stress reduced juvenile growth. 

-

study will evaluate if seagrass can serve as a refuge to juvenile M. 
, and whether lasting effects from larval exposure can 

be ameliorated at the juvenile stage by occupying these habitats.
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2020.  The goal is to have regulatory policy in place by September 
2020 for initiation of an oyster mariculture industry in Texas.

1 2

1Texas A&M University – Corpus Christi, Department of Life 
Sciences, 6300 Ocean Drive, Corpus Christi, TX  78412

2University of Florida/IFAS, Extension, Senator Kirkpatrick 
Marine Lab, 11350 SW 153rd Court, Cedar Key, FL  32625

John.Scarpa@tamucc.edu
The world continues to depend on aquacultured organisms for 

food, which has led to an increase in the number of different aqua-

molluscs as well, which requires a never-ending process for devel-

(i.e., conditioning, spawning, and rearing of the resultant larvae 
through settlement and early juvenile stage).  Although there are 
a number of different marine bivalve species being aquacultured, 
there are many similarities in their physiology, reproduction, and 
larval development that allows a hatchery to be produce more than 
one species without excess specialization for equipment.  A major 
difference noted is usually at settlement, especially if larvae pro-

species will be discussed in relation to their similarities and differ-
ences for hatchery design and process.

AGING
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Understanding the role of restored reefs in marine ecosystems 

and determining factors that affect how species utilize them are 
critical for restoring ecosystem services of oyster reefs. Two stud-
ies were conducted, one to determine use of subtidal reefs by ben-

use of reefs by macrofauna, benthic settlement trays were embed-
ded into restored reefs of varying complexity and environmental 

was used to collect demographic data and opinions regarding gen-
eral aquaculture and bivalve aquaculture. A presentation on bivalve 

followed by a question period and continuation of the survey. The 
post-presentation survey was used to determine if opinions regard-
ing general aquaculture and bivalve aquaculture changed.  

Meeting size ranged from 5 to 51 individuals as determined by 
those that returned surveys; total number of surveys obtained was 

-
er (72.5%), and living within a mile of the coast (58.4%). Before 
the presentation a majority (65.1%) had a positive opinion of aqua-
culture in general and a positive opinion of bivalve aquaculture 
(62.6%) as compared to a negative opinion of aquaculture (3.8%) 
or bivalve aquaculture (2.5%). After the presentation, the propor-
tion of respondents indicating a positive opinion of aquaculture 
rose to 89.8% and to 89.3% for bivalve aquaculture. The proportion 
of respondents still indicating a negative opinion to aquaculture de-
creased slightly to 3.3%, whereas it decreased to 0.9% for bivalve 
aquaculture. Public presentations regarding aquaculture and open 

short-term opinions.

Texas A&M University – Corpus Christi, Department of Life 
Sciences, 6300 Ocean Drive, Corpus Christi, TX  78412

John.Scarpa@tamucc.edu
Approximately three years ago, discussions with Texas state 

-
ed that a state regulatory framework for oyster mariculture did not 
exist. This past year, the 86th Legislature of Texas passed House 
Bill 1300 (HB1300) and Senate Bill 682 (SB682) that gave Texas 
Parks and Wildlife Department (TPWD) and TPW Commission the 
authority and requirement to establish a program governing “cul-
tivated oyster mariculture” by September 2020.  Since passage of 
the legislation, TPWD established a state task force with members 
ranging from regulatory to industry-interested to initiate the process 
of developing regulations and a process.  A local (Coastal Bend) 

-
sociation) were also formed, which have met with the state task 
force for initial reviews and comments of the forming proposal.  

-
tion (state designated and individual nominated), minimum size for 

-
cultured).  Public scoping sessions for presenting a proposal and 
receiving public input will be conducted before a formal proposal is DO N
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~10% shoreline development. Also, sigmoidal curves for  
sp., anchovies, menhaden, and hogchoker versus shoreline devel-
opment each had improved R2 values compared to linear a relation-
ship. The threshold levels of shoreline development for the latter 
four species were each different, with a range in the threshold of 10 
to 30%. For new data sets, upland use and shoreline development 
affected juvenile crab abundance. Juvenile crabs showed a gradual 
decline with increasing shoreline development (i.e., no threshold), 
and shallow sites from the blue crab winter dredge survey did not 
show a clear trend with shoreline hardening. Development and up-
land-use decisions should consider the negative effects imposed on 
forage species.

ZOSTERA 
MARINA 

Virginia Institute of Marine Science, William & Mary, P.O. Box 
1346, Gloucester Point, VA 23062

eshields@vims.edu  
Bivalve aquaculture has increased rapidly in recent years in 

order to keep pace with consumer demand. Most economically 
viable locations for aquaculture operations are in shallow-water 
estuarine environments, areas that frequently support the growth 
of submerged aquatic vegetation (SAV). SAV provide a variety of 
valuable ecosystem services, so state and federal regulators take 
a precautionary approach with leases or permits for aquaculture 
operations in or over SAV beds. In the Chesapeake Bay, Virgin-
ia, recent expansions in both SAV and oyster aquaculture require 
greater understanding of the impacts, positive and/or negative, of 

year of sampling for a multi-year project evaluating the effects of 

(eelgrass) bed was completed in 2019. A “beyond BACI” design 
was used, sampling before and twice after the establishment of 
the farm, as well as within 3 nearby control sites. Measurements 
reported here focus on eelgrass health (biomass, density, percent 
cover), epifaunal community structure, and sediment characteris-
tics (nutrients and organic content). Preliminary analyses show no 
effect of the aquaculture farm on any eelgrass metrics throughout 
the sampling period (June-October), however large-scale declines 
of eelgrass throughout Chesapeake Bay from 2018-2019, including 
within the study site, may have masked any potential differences. 
Results from this ongoing project will be used to develop approach-
es to reduce any observed negative impacts, and will be dissem-
inated to industry, resource managers, and the public to support 
environmentally responsible co-use of these critical habitats

characteristics in different rivers in lower Chesapeake Bay. After 
seven weeks, trays were retrieved to determine benthic diversity, 

was determined using gill nets. Abundance, mean length, stomach 

collected from restored oyster reefs and unstructured bottom were 
-

itively related to total macrofaunal biomass and density, as well 

on unstructured bottom. For silver perch, the consumption rate of 

those foraging in unstructured bottom. Utilization of restored sub-
tidal reefs by macrofauna will be enhanced with increased habitat 

 Reef-associated mac-
rofaunal prey enhanced by oyster reef restoration may be particu-
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Anthropogenic stressors can impact economically and ecolog-

ically important species, particularly in nearshore habitats. The 
consequences of shoreline development on blue crabs and forage 

and seine net surveys compiled for a meta-analysis were re-exam-
ined and new data on blue crab abundances from shallow-water 
sampling and the baywide winter dredge survey were examined. 

data (e.g., sigmoidal, piece-wise regression) was used to exam-

shoreline development. It was determined whether sigmoidal or 
step-wise curves showed improvement upon linear trends. Piece-
wise regression curves for crabs, spot, and croaker versus shoreline 
development each showed improved R2 values compared to a linear 
relationship (with Crab R2 = 0.16, Spot R2 = 0.29, and Croaker R2 

= 0.29). These three curves showed a breakpoint (i.e., threshold) at DO N
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ically, snails at the edge of the marsh are more likely to be preyed 
upon than snails in the interior, where predation is equally likely. If 
blue crabs have restricted access to the marsh interior, only a subset 
of the periwinkle population may be available to them. Second, the 

 diet will be characterized using a combination of tradi-
tional biomass and novel genetic barcoding techniques. Stomach 

Importance (IRI) to determine the prevalence of . Thor-
ough investigation of these interspecies interactions is critical to 
understanding how the salt marsh functions as an ecosystem.

CRASSOSTREA VIRGINICA
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The Aquaculture Genetics and Breeding Technology (ABC) at 

the Virginia Institute of Marine Science has been operating a breed-
ing program for the eastern oyster, , since the 
early 2000s.  What started as solely a mass-selection program aim-
ing to create fast growing-disease resistant brood stock for the oys-
ter industry, has in recent years, evolved into a family-based breed-
ing program with the ability to more precisely breed for traits of 
interest.  Such traits include not only survival and growth, but also 
economically-important traits such as meat yield and shell shape.  
Understanding the way in which the various traits are inherited is 
vital to maximizing genetic gains.  Calculations of heritabilities of 
traits have, in the past, been based on the progeny test data that has 
been collected since 2004, and though very robust, did not account 
for the genetic differences in the many founder populations that 

-
ing values and subsequently, genetic gains, have been calculated 
without truly benchmarking the families against “starting” popu-
lations.  In 2017, all founder groups in our family stocks were sur-
veyed and assigned them to genetic groups where appropriate.  The 
effect of adding genetic groups, benchmarking our families and the 
effect of this change on calculating EBV will be discussed.  An 
update on the heritabilities for  traits and a discussion 
of how ABC is now providing brood stock lines from our family 
program to the industry will be provided.

Research Laboratory, 6959 Miller Avenue, Port Norris, NJ 08349
jenny.shinn@rutgers.edu

-
teracting with their aquaculture gear. To quantitatively assess these 
observed interactions, point-of-view (GoPro) cameras were used 

and a natural marsh habitat on an oyster farm in the Little Egg Har-
bor region of Barnegat Bay, New Jersey in 2018. At least 21 spe-
cies from four phyla were observed across all days and sites; phyla 
included Chordata, Arthropoda (sub: Crustacea), Mollusca, and 
Ctenophora. Nekton abundance was determined using MaxN, de-

within each 1-minute segment of video. Species of both ecological 
and economic importance in the local ecosystem utilized the farm 
gear as habitat. MaxN values varied across seasons and habitat 
type. Most frequently, juveniles of a given species were observed, 
suggesting that the oyster farm may support and enhance the natu-
ral nursery function of the marshes. This collaborative work is part 
of an ongoing effort underway in Long Island Sound by the NOAA 

off-bottom oyster farms.

University of North Florida, Department of Biology, 1 UNF 
Drive, Jacksonville, FL 32224

a.p.small@unf.edu
A trophic cascade is an interspecies interaction where a change 

in the abundance or behavior of one trophic level has direct and 
indirect impacts on the others. In the salt marsh ecosystem, the blue 
crab ( ) facilitates smooth cordgrass (

) growth through its predation on the periwinkle snail 
( -
ing a set of recently proposed criteria and assess the role of the 
blue crab as a top-down predator. First, the predation pressure of C. 

 on  was tested with tethering. Periwinkle snails 
were attached to tethers and placed at varying distances (0m, 1m, 
3m, 5m) from the marsh edge. After 24 hours, the tethers were 
checked to determine snail mortality rates and the variety of pre-
dation techniques. Preliminary results suggest that the number of 
present and absent snails changed with elevation (p=0.002). Specif-DO N
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Hematopoietic Neoplasia (HN) has plagued northern quahog (= 

hard clam) ( -

appears to be a contagious disease and is very similar to a disease in 
.  The origin of the tumorous disease in -

ia
histologically in quahogs in other locations.  Research indicates 
that HN is spread directly between quahogs. Additionally, a second 
tumor-like condition of neural tissue was noted in quahog samples 
in MA during the 2019 annual quahog survey.  QPX, a cause of 

severity in the last few years. But, with the resurgence in quahog 
aquaculture, QPX may increase in prevalence again.  Information 
concerning the occurrence of HN, QPX and other diseases and re-
sults of recent research concerning HN will be presented.  

1 1 2

1 1 1
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3University of New Orleans, Department of Biological Scienc-
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Laura.solinger@usm.edu
Populations of the eastern oyster ( ) 

throughout its US range. Part of this is due to a unique charac-
teristic of oysters as the contribution of their carbonate shell is 
necessary to build and sustain the oyster bed for future recruit-

growth by removing both individuals from the spawning stock and 
the associated shell. This is further exacerbated by increases in 
adult mortality from two widespread diseases, MSX and Dermo. 

Virginia Institute of Marine Science, Department of Aquatic 
Health Sciences, William & Mary, 1375 Greate Road, Gloucester 
Point, VA 23602

jlsmith@vims.edu
-
-

through the hatchery phase, slowing industry growth and cutting 

attention as a possible cause. New data suggest toxins produced 
by HAB are more persistent in the environment than originally 
expected, with dissolved toxins remaining long after blooms have 
terminated. It is far from clear, however, if these dissolved toxins 
or HAB cells breakthrough into hatcheries or if cells proliferate 
post-treatment.

To begin investigations into algal toxins as a possible contrib-
-

by liquid chromatography coupled with tandem mass spectrometry 
(LC-MS/MS) and HAB cell enumeration. Overall, seven toxins 
likely produced by six different HAB species were detected within 

within the facility during that period. This suggests that hatchery 
production may be continuously challenged with low-level chron-
ic exposure to multiple dissolved toxins, instead of by the more 
typical single-species, episodic bloom events (i.e., high particulate 
toxins) experienced by market-size product outside the hatcheries. 
To determine if this toxin breakthrough could be contributing to re-
duced hatchery production, studies are needed to determine if these 

health, both alone and in the context of other potential stressors 
within hatcheries.
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reef interstices, reproduce, grow to a large size and die in place. 
Harvests on high-quality reefs beyond that which maintains reef 
cultch, and recruitment failure can cause a shift from a positive to 
negative feedback loop. Likewise, eliminating harvests and plant-
ing cultch on poor-quality reefs, together with successful recruit-
ment, promotes a shift from a negative to a positive state. 

VP
PENAEUS MONODON
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A recently emerged lethal shrimp bacterial infection known 

as Acute Hepatopancreatic Necrosis Disease (AHPND) has led 
to massive farmed shrimp mortalities including the black tiger 
shrimp, . This disease is mainly caused by -

 AHPND strain (VpAHPND) bacteria. During 
VpAHPND infection, an intriguing matter would be the possibility of 
synergistic co-infection or secondary infection of other bacterial 
species during VpAHPND infection and colonization in the shrimp gut. 
The biochemical changes of shrimp hepatopancreas during differ-
ent stages of toxin damage or site colonization by VpAHPND is also 
vital for understanding the host-pathogen interaction. The present 
study aims to provide an insight into the alterations of  
gut metagenome and hepatopancreas biochemical activity when 
challenged with VpAHPND. 16S metagenomic analysis was conduct-
ed for both control and infected gut samples. Different bacterial di-
versity was determined between the control and infected samples. 
Pathogenic bacterial species potentially involved in co-infection or 
secondary infection together with VpAHPND

resistance assists in understanding host-associated and environ-

farming. Biochemical tests including Phenoloxidase (PO) Test, 
Superoxide Dismutase (SOD) Test, and Nitric Oxide (NO) Test 
were conducted using challenged shrimp hepatopancreas samples. 

-
served across different post-AHPND infection time points espe-
cially in the middle time points (12 and 24 hours post-infection). 
In conclusion, besides the observation of empty gut, the underlying 

-
cruitment model to create a shell area-recruit (SA-R) relationship 
where the number of annual recruits is dependent on available shell 
surface area rather than spawning biomass. Survey data from four 
regions of the Delaware Bay oyster population were used to gener-
ate annual estimates of shell surface area for live oysters, boxes and 
cultch between 1953 and 2017. The estimated number of recruits 
from this data was then used to parameterize a Beverton-Holt-like 
SA-R relationship. This relationship was then incorporated into 

would produce sustainable levels of shell area with and without 
disease mortality. A population dynamics model incorporating shell 
accumulation and dissolution was built and conditioned on two pe-
riods of time in the Delaware Bay that represented years with and 
without disease mortality. These examinations suggested that in the 

shell necessary for recruitment to the population. 
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Since circa 2000, harvests of oysters on public reefs of U.S. 

Gulf States have been in decline. To address the decline, a shell 
budget model for the estimation of sustainable harvests of oysters, 
management of cultch and restoration of reefs is being applied 
across the northern Gulf of Mexico. Oyster density and size, and 
cultch density are provided from surveys by State agencies. The 
model simulates oyster growth and mortality, and cultch loss. Reef 
shell mass is increased when oysters die in place and diminished 

of live oysters that can be removed without diminishing reef quality 
(i.e., reef cultch mass), or when a desired cultch mass is achieved. 

Model heuristics focus discovery of negative and positive feed-
backs. A negative feedback loop is setup on poor-quality reefs. 
Lack of cultch and a paucity of live oysters diminish recruitment 
and shell replenishment. In the absence of recruitment, natural shell 
loss ultimately drives the reef to extinction. A positive feedback 
loop is setup on reefs with adequate cultch and an abundance of 
oysters. There oysters set, survive critical early stages in boxes and DO N
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The epigenome of an organism refers to markers that control 

how genes are expressed, without altering the underlying DNA 
sequences. When epigenetic landscapes are heritable, the parental 

Evidence of this transgenerational epigenetic inheritance in aquatic 
invertebrates is growing, and may be a mechanism linking parental 
exposures to offspring performance.

A major question, however, is how the underlying genome me-
diates epigenetic plasticity. For instance, DNA methylation chang-
es in a stress-response gene may be universal in a group of taxa. 

is important to know whether DNA methylation patterns are con-
sistent across genetically-distinct families and populations. This is 
particularly pertinent for studies attempting to link epigenetic mod-

genetic variability, such as oysters.
-

terns in the Olympia oyster ( ), individuals from two 
distinct populations in common conditions were raised and both 
relatedness and methylation patterns using 2b-RAD and MBD-seq 
were assessed, respectively. Distinct patterns in DNA methylation 
were found across populations and were able to associate DNA 
methylation with phenotype. Taken together, this study highlights 
the importance of considering DNA methylation in pursuing tar-
geted phenotypes. 

 gut metagenome and host biochemical response were 
also affected during VpAHPND infection.
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The intensive oyster aquaculture business continues to expand 

in Virginia – about one quarter of the oysters by number originat-
ing from Virginia are cultured. Industry expansion has inevitably 

-
 and species) in near to shore shallow waters where 

suspended sediment loads are low and water quality is generally 

water quality, exacerbating this spatial interaction. The history of 
SAV restoration in Virginia has been accompanied by an excluso-
ry approach to spatial management where SAV habitat has prior-
ity preservation over nearly all shallow water activities including 
oyster culture. Therefore, if SAV is present, then oyster culture is 
prohibited and existing operations can be required to move. Given 
that aquaculture is quickly becoming a space-limited industry in 
the Virginia Chesapeake Bay, this project examined the interaction 
between cage aquaculture operations and SAV over a six-year peri-
od using a combination of SAV aerial surveys and mandatory oys-

SAV can amicably co-exist on the same footprint, that oyster farm 
gear in the midst of SAV beds have realized footprints that will 
maximally cover only single digit percentages of a total lease area 
(current regulations may require culturists to move gear if any por-
tion of a lease contains SAV), and that culturists can, and should, 
be encouraged to develop culture in regions where SAV coverage 
is ephemeral.
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by a suite of environmental conditions such as temperature and 
food availability; however, the level of inter-individual variability 
for bivalve feeding rates, and the feedbacks between feeding and 
digestive processes are not well understood. There is potential that 
feeding rates are adjusted as a function of digestive processes to 
maintain constant energy uptake in a dynamic environment. 

The purpose of this study was to explore inter-individual vari-
ability in feeding rates, and feedbacks between feeding and diges-
tive processes in the blue mussel . Over the course 

ingestion) and digestive processes (assimilation and gut passage 
time) were measured using natural seawater every 20 minutes, and 
12 hours, respectively. Preliminary results suggest high inter-indi-
vidual variability in feeding rates, with some individuals (50 mm 
in length) continually pumping at high rates (~5 lh-1) and some at 
low (~1 lh-1), despite being exposed to the same conditions. To ex-
plore feeding-digestive feedbacks, gut retention time, absorption 

energy content (joules), will be discussed in relation to feeding 
rates. Results of this research are relevant for individual growth 
models, providing natural range of inter-individual variability, and 
potentially contributing to the mechanistic understanding of feed-
ing-digestive relationships.
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-
-

sessments of management objectives. Fluorochrome dyes, like 
non-toxic/non-hazardous calcein, have been successfully used to 

-
lusks. Yet despite the commercial and ecological importance of the 
eastern oyster, , a systematic evaluation of the 

multi-stage study, methods that have been successfully applied to 
mark freshwater mussels with calcein were tested on multiple age 
classes of.  Techniques used on three-day-old early ve-
liger larvae were then adapted and used to verify larval origin in 

setting involves the deploying of competent oyster larvae onto suit-
able settlement material . Results from initial experiments 
indicated that marked individuals of all age classes were recogniz-
able under blue light; multiple distinct marks could be placed on 
juvenile oysters, and that these marks could remain visible for over 
3 years. Growth of juveniles and adults treated with calcein did not 

differ between treated and control individuals for all treatments ex-
cept one. Direct setting results demonstrated that oyster larvae can 
be set in large quantities  and that all spat examined under 

they originated from the hatchery where they were tagged, rather 
than from natural recruitment. These experiments show promise 

product health tracking, and the monitoring of intentionally intro-

restoration).
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The development of the windfarm industry off the United States 

has great potential for the harvest of sustainable energy but will 
take up a large amount of space in an already crowded marine en-
vironment. One of the highest valued and historically productive 

-
). Sea scallops are mostly sessile after their larval 

are harvested offshore with a New Bedford style dredge towed be-
hind the vessel with at least a 3 to 1 length-depth ratio. The abil-

under debate. The impacts extend beyond the biological to include 
economic, social and institutional. Fortunately, sea scallops have a 

where the impact of the developing windfarms industry can be as-
sessed on a quantitative bases from scales of “individual” (growth, 
energetic, physiology, predation, distribution), “population” (abun-
dance, distribution, age structure, recruitment, fertilization success) 
and “community” (recovery, resilience, recolonization, equilibri-
um shift, tropic levels, physical/chemical shifts in habitat). Un-
derstanding the impacts of this new industry and suggesting ways 
to mitigate negative impacts is key to allowing both industries to 
prosper and produce a continuing supply of sustainable sea food 
and renewable energy to an increasingly hunger world.

University of Florida/IFAS, Extension, Senator Kirkpatrick 
Marine Lab, 11350 SW 153rd Court, Cedar Key, FL 32625

During the 1990s, federally funded job retraining programs 

alternative employment opportunity for rural communities along 

women in the Cedar Key area received training and aquaculture 
leases to start their new businesses. Adequate northern quahog (= 
hard clam),  seed availability was a major 
concern of this emergent industry as seed plantings increased from 
37 million in 1991 to 285 million in 1999. As demand increased 
so did the development of private-sector hatcheries throughout the 
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Oysters are keystone species in coastal ecosystems, playing a 

crucial role in nutrient cycling. Commensal bacteria are responsi-
ble for the ability of the oyster to cycle nitrogen. The aim of this 
work was to characterize commensal bacterial communities in 
oysters and their potential role in nitrogen cycling under different 
environmental conditions. Adult oysters were collected from am-
bient conditions at seven sites along the estuarine gradient of Nar-
ragansett Bay.  At two of the seven sites, an additional set of oys-
ters was treated with fertilizer, to simulate nutrient loading. Oyster 

rRNA sequencing to characterize bacterial community structures 
and shotgun metatranscriptomics to determine microbial function. 
The composition of the most transcriptionally active taxa was sim-
ilar at each site, but levels of gene expression in several pathways 

-
ronmental parameters.  Oyster samples from the most nutrient-rich 

of bacterial genes in stress response and phosphorus metabolism 
pathways than samples from other sites, while samples from sites 
characterized by higher dissolved oxygen and lower nutrient lev-

metabolism. The effect of fertilizer enrichment on bacterial com-
munity structure and function was more evident in samples col-

or gut samples. This study improves understanding of metabolic 
function of commensal microbial communities in oysters, and how 
that function is affected by environmental conditions.  
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In recent years there has been an increasing effort to assess the 

impacts of microplastic pollution on marine organisms, yet much 

commercial relevance. Other ecologically and economically im-
portant groups of organisms, such as sea urchins, have still received 

effects of marine microplastics on numerous species of adult sea 
urchins (

of microplastic pollution. Sea urchins live on the benthos grazing 
on food materials meaning that these organisms are at the inter-
face for plastic exposure, through plastic loading and resuspension 

which could induce microplastic resuspension from sediments cou-
pled with salinity changes associated with high precipitation during 
storm events. Furthermore, it assessed the longer term effects of 
ingesting PVC particles using environmentally relevant levels of 
each parameter. This study shows that numerous species of sea 
urchins are resilient to microplastic pollution even when coupled 
with additional parameters. More importantly this study shows that 
the urchins ingest microplastics, a phenomenon not previously doc-
umented for adults. 

4
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The oceans are changing, lowering in pH as atmospheric carbon 

dioxide (CO2) concentrations increase. Predicting how ecologically 

state. However, it was the development of land-based nurseries in 
Cedar Key, over 70 at one time, that contributed to alleviating seed 
problems early on. In this decade, hatcheries experienced unac-
ceptable losses of seed, resulting in an inconsistent and unreliable 
supply. By now, Cedar Key was producing over 90% of the state’s 
cultured clams, about 100 million annually. To obtain adequate 
seed for their growout operations, several nursery operators incor-
porated a hatchery component. Systems and methods used by these 
small-scale, “pop-up” hatcheries and nurseries will be reviewed. 
In addition, favorable local zoning ordinances, county “greenbelt” 
property tax exemptions, and state regulations, along with exten-
sion efforts to support these facilities, will be presented. 
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Offshore oyster reefs in the Big Bend region of Florida have 
declined by 88% during the last 30 years, driven by die-offs during 
high salinity, triggered by episodic and increasing periods of re-
duced freshwater input to estuaries. Repeated events have led to 
nonreversible conversion from shell to sandbar substrate resulting 
in the inability of oysters to recruit and rapid loss of elevation (8 
centimeters per year). These long coastwise chains of oyster reefs 
which occur 2-4 kilometers (km) offshore are of particularly high 
value because they act as barrier islands by reducing wave action, 
holding fresh water from the mainland near the coast, and main-
taining estuarine salinity regimes. A pilot study in which substrate 
was added in the form of limerock cobbles and recycled clam aqua-
culture bags demonstrated this one-way process can be reversed; 
oyster densities at test sites increased by 9.2 times compared to 
control sites. These results have led to the restoration of an exist-
ing, degraded oyster reef chain consisting of 22 reef elements to its 
historical footprint and elevation. With funding from the Deepwa-
ter Horizon oil spill settlement, limerock boulders (13,000 cubic 

km at a cost of $3.5 million. Monitoring efforts during a six-year 
period will determine if addition of durable substrate will improve 
salinity regulation in the surrounding coastal zone, reduce recov-
ery time of oysters following mortality events, and improve oyster 
reef resiliency to longer term effects of sea level rise and climate 
change.   DO N
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ability of methodological approaches becomes challenging. Using 
European sea urchin species,  and -

 as a case study, this work assessed the effects 

growth and physiology. This presentation will discuss those im-
pacts on both species and identify whether responses were species 

holding conditions and comparison across anthropogenic studies is 
required, especially across different species and will provide a list 
of recommendations for reporting these conditions to help improve 
transparency, repeatability and comparability across studies.

1 2 2

2
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Drive, New Brunswick, NJ 08901
2

6959 Miller Avenue, Port Norris, NJ 08349
3Atlantic Capes Fisheries, Inc., 985 Ocean Drive, Cape May, 

NJ 08204
kps@njaes.rutgers.edu
For more than 100 years, the oyster aquaculture industry of 

New Jersey involved transplanting wild submarket oysters on thou-
sands of acres of Delaware Bay planting grounds for subsequent 
harvest.  This type of oyster aquaculture thrived in the mid-Bay 
area, reaching peak oyster harvests of nearly two million bushels 
per year.  However, the practice effectively ended in the late 1950s 
when MSX disease decimated oysters on moderate to high salinity 
planting grounds. 

The development of disease resistant oysters rejuvenated the 
industry, generating hundreds of oyster farms along the U.S. East 
Coast.  Consequently, intertidal oyster farming has succeeded in 
the lower Delaware Bay for three decades; however, subtidal oys-
ter culture on the traditional planting grounds has yet to recover, 
limited by the challenging physical conditions of the Bay, a lack of 
capital investment, and the need for demonstrated success.  Recent 
industry initiatives are underway to revitalize oyster culture on the 
planting grounds using subtidal cage production methods.  This 
study aimed to evaluate the economic feasibility of two subtidal 
cage production methods deployed on the Delaware Bay.  

To this end, the presentation will include 1) the efforts to evalu-
ate the economic feasibility of two types of subtidal cage systems in 
the harsh Delaware Bay environment, 2) the results of the economic 
analysis of the two subtidal cage systems, 3) an economic compar-
ison of mid-Bay subtidal cage production to lower-Bay intertidal 
rack-and-bag production, and 4) future directions and potential for 
innovation in subtidal oyster culture on the Delaware Bay.  

and economically important organisms will respond to these chang-
es has become a major area of research, particularly for those spe-
cies needing to maintain biomineralizing processes. In recent years 
there has been a shift in focus from shorter (hours-weeks) towards 
assessing responses over longer term exposure periods (months-

-
dicted changes span across years and decades, and that organisms 
will be producing offspring, a greater consideration of multi-gen-
erational response is needed to better understand how organisms 
will respond under future climates. For many species, this is still in 
its infancy with the majority of focus on organisms with rapid life 
cycles. In an experimental context this is convenient as numerous 
generations can be achieved within weeks/months. However, they 
cannot be a substitute for higher trophic level organisms that have 
much more complex life cycle processes. High trophic levels typi-
cally comprise of slower growing organisms with longer life cycles 
and deferred maturity (i.e. years). With these, rearing multiple gen-

within normal grant time-scales (i.e. 2-3 years). This presentation 
will address this knowledge gap by discussing the physiological, 
somatic, reproductive and commercially relevant responses of a 
slow growing benthic invertebrate, the sea urchin, bred across sev-
eral generations under IPCC predicted CO2 conditions. Although 
this work focusses on a European species ( ) 
this information brings important considerations for other commer-
cially relevant organisms.
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Sea urchins are often used as model species in anthropogenic 

studies and their aquaculture productions has expanded in recent 
years. Yet, basic rearing techniques, such as stocking density and 

-
ported and have received little investigation. Without this informa-
tion, comparability of results across the literature and the repeat-DO N
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Bottle nursery systems have become commonplace in oyster 

to nurse post-set and larger seed for reduced labor.  The loss of 
commercial supply of bottle silos during 2019 initiated a prelim-

and 14 seconds per gallon (sec/gal) for 1 liter (L) of < R2 grade 
and R2 grade oyster seed, respectively.  Flow 

hatching jar due to the shallow top lip and discharge spout.  R2 
grade seed, therefore, were deemed as the maximum size for use 

setting.
A new source of commercially-available bottle silos resulted 

from a new collaboration utilizing prosthetic fabrication tech-
niques.  Bottle silos (4” diameter) were constructed of PETG 

resiliency.  Three designs were bench tested using 1L of micro-
cultch, resulting in a seamless clear silo, with threaded seawater 
connection, increased check ball size and improved performance, 

silos are now commercially distributed as single or multiple units 
or complete systems.   

SETTS

The Ecosystems Center, Marine Biological Laboratory, 7 MBL 
Street, Woods Hole, MA 02543

jtang@mbl.edu 
Salt marshes play an important role in global and regional car-

bon cycling. Restoration and conservation of salt marshes have a 
great potential for carbon sequestration. Greenhouse gas (GHG) 
emissions (CO2, CH4, N2O) were measured biweekly for two grow-
ing seasons across a nitrogen-loading gradient of four salt 
marshes in Waquoit Bay, Massachusetts, USA.  GHG emissions 
were also measured in a tidally-restricted wetland and a restored 

 with a 

CRASSOSTREA VIRGINICA
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Small UAV have recently become available to natural resource 

professionals as effective tools allowing unprecedented spatial and 
temporal control of remote sensing data collection. Researchers 
from the SCDNR have begun exploring the potential of consum-
er-grade UAV platforms to inform the restoration and management 
of intertidal oyster ( ) reefs. Such platforms 
support the accurate mapping of the extent of such reefs and the 
detection of temporal changes in their extent, elevation, and sur-
face texture under several scenarios of restoration and commercial 
harvest. This presentation will cover analyses completed for over 

dense oyster growth, areas subject to intense harvest, and plots re-
ceiving restoration plantings of loose oyster shell. Flights were 
completed before and after harvest periods and restoration plant-
ings to document changes resulting from these activities. Photo-

-
ics and digital surface models ranging in resolution from 0.4 to 2.0 

digitizing methods were explored for delineating natural and resto-
ration reefs. Multiple methods were explored for creating and eval-
uating textural surface metrics at the individual reef level. Eleva-
tional changes resulting from restoration plantings were calculated. 

show promise for natural resource managers and researchers seek-

and condition. Such indices have the potential to inform restoration 
siting choices, improve population estimates, and help evaluate the 
effectiveness of restoration activities.
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objectives,  options and strategies for eradication and control, edu-
cation, funding, and compensation.

†The views expressed in this publication are those of the author/s and do not 

the United Nations (FAO). Also, the designations employed and the presen-
tation of material in this information product do not imply the expression of 
opinion whatsoever on the part of FAO concerning the legal status of any 
country, territory, city or area or of its authorities, or concerning thew de-
limitation of its frontiers or boundaries. Content and errors are exclusively 
the responsibility of the author/s.

(MERCENARIA MERCENARIA

Maryland Department of Natural Resources, 580 Taylor Ave-
nue, B-2, Annapolis, MD 21401

mitch.tarnowski@maryland.gov
The Coastal Bays have been the primary source of northen 

quahogs (= hard clams) in Maryland ever since the opening of the 
Ocean City Inlet in 1933 and subsequent increase in salinities. Af-
ter the hydraulic escalator dredge was legalized in the Coastal Bays 
in 1968, it became the primary method used for harvesting hard 
clams in that region. In 2008 the state legislature banned the use of 
any mechanical gear in the Coastal Bays. Consequently, hard clam 

At the time of the prohibition, quahog densities were well below 
baseline values from surveys conducted in 1952/53 and in some 
bays were at near-record lows. After the ban went into effect, the 
general trend in clam densities has been positive, but at varying 
rates of increase. Isle of Wight Bay, characterized by the highest 
recruitment and density averages of the bays, approached its histor-
ic density benchmark within three years of the ban but has levelled 
off since then. Sinepuxent Bay also experienced strong increases 
but is still below its 1953 density. Perennially the tributary with the 
lowest quahog densities, St. Martins River nonetheless is the only 
coastal component to exceed its 1953 benchmark. Chincoteague 
Bay, the largest of the Coastal Bays and historically the primary 

-
ever, they are only back to the already depleted levels of the 1990s/
early 2000s and remain a fraction of the historic benchmark. 

state-of-the-art mobile gas measurement system using the cavity 
ring down technology that consists of a CO2/CH4 analyzer and an 
N2O/CO analyzer. The long-term carbon storage was measured by 
deep soil cores. Strong seasonal variations in greenhouse gas emis-
sions were observed. It was found that the studied salt marsh was a 

restored coastal wetland decreased CH4

tidally restricted freshwater marsh. It can be concluded that resto-
-
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Acute hepatopancreatic necrosis disease (AHPND) is caused 

by the bacteria  and related species. These 
bacteria have caused substantial mortalities, up to 100%, in Pacif-
ic whiteleg shrimp,  and giant tiger prawn, P. 

 cultured in Asia and the Americas. The economic losses 
due to this disease have amounted to over USD 7 billion annu-
ally. Thus, there is an urgent need to develop a contingency plan 
to effectively control, contain and eradicate AHPND. This plan is 
designed to ensure that all needed actions, requirements, and re-
sources are provided. Components of the contingency plan include 
(1) technical plans consisting of AHPND strategy manual, general 
procedures, and description of enterprise; (2) supporting plans in 

-

strategy manual, which serves as a framework for the development 
of national contingency plan, includes information on: (i) the na-
ture of AHPND: its etiology, and susceptible species; (ii) diagnosis: 
a description of gross clinical signs and laboratory methods; (iii) 
treatment and prevention: the use and development of antibiotics, 
bacteriophages, probiotics, disease-resistant shrimp; (iv) epidemi-
ology: the geographic distribution, genotype, persistence in the en-
vironment, reservoir hosts, modes of transmission, and risk factors 
of AHPND; (v) principles of control and eradication: methods for 
control, containment and eradication, trade and industry consider-DO N
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tured, discrete-time matrix model was applied to simulate the 
dynamics of an eastern oyster metapopulation in Pamlico Sound, 
North Carolina, USA. The model integrated empirical measures of 
oyster demographic rates, and represented the entire metapopula-
tion by integrating all known oyster reefs of different types in the 
system: (1) restored subtidal reefs closed to harvest (i.e., protect-
ed areas), (2) restored subtidal reefs open to harvest, (3) natural 
subtidal reefs open to harvest, (4) natural intertidal reefs open to 
harvest, and (5) oyster ‘reefs’ on manmade, hard structures such as 

yet slightly declining metapopulation, (2) variable reef type-spe-

in larval recruitment, (3) spatiotemporal variation in the source-
sink status of reef subpopulations wherein subtidal sanctuaries and 
reefs located in the northeastern portion of the estuary frequently 
served as sources, and (4) a greater relative importance of inter-reef 
larval export on metapopulation dynamics relative to local larval 
retention processes. Resource managers should consider oysters 
as an interconnected metapopulation, with continued protection of 

-
populations that serve as frequent ‘source’ subpopulations, while 
managing harvest from ‘sink’ subpopulations.
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al opportunity to simultaneously advance coastal ecosystem re-

marine ecoregions with the greatest potential for development of 

spatial analysis was conducted using key environmental (e.g., nu-
trient pollution status), socioeconomic (e.g., governance quality), 
and human health factors (e.g., wastewater treatment prevalence). 
Substantial opportunity for strategic sector development was iden-

aquaculture centered on Oceania, North America, and portions of 
Asia, and the highest opportunity for seaweed aquaculture dis-
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Intensive restoration efforts, conducted in the Peconic bays of 

eastern Long Island since 2006, have driven order of magnitude 
increases in larval recruitment, benthic population densities and 

. Harvest levels in 2017 and 2018 were each ~107,000 
pounds of meats: 32 times the average annual harvest during the 
12 years prior to the start of our restoration efforts. A very large set 
of juvenile scallops in summer and fall 2018 led to expectations of 
another excellent season. However, a mass die-off of adult scallops 
occurred between late June and early October 2019, with mortality 
levels of 90-100% at most sites; landings in November-December 
were much lower in 2019 than in the two previous years. Never-
theless, the set of juvenile scallops in eastern bays was larger than 
that seen in several years. Available data suggest that adult mortal-
ities were not the result of harmful algal blooms (HAB). Plausi-
ble reasons for high adult scallop mortality include: (1) combined 
physiological stresses of spawning, in conjunction with high water 
temperatures and low dissolved oxygen (DO) levels and/or (2) pre-
dation by cownose rays, , which were reported 
to have been much more abundant in local waters in 2019, com-
pared to prior years. Both of these scenarios are likely driven by 
climate change.  
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Metapopulation and source-sink dynamics are increasingly 

considered within spatially-explicit management of wildlife pop-
ulations, yet application of these concepts are generally limited to 
comparisons of the performance (e.g., demographic rates) inside 
vs. outside protected areas, and at spatial scales that do not encom-
pass the entire metapopulation. In the present study, a size-struc-DO N
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Restoration efforts for the eastern oyster , 

are often limited by sources and availability of cultch for remote 
setting. In southern New Jersey, a shell recycling program has been 
created to provide shell for restoration purposes, but the types and 
availability of shell can vary. Additionally, the growth of oysters 
on these shell types once planted may affect restoration success if 
set ratios are too high or low. This study evaluated the average set-
tlement of eyed oyster larvae in tanks with mixtures of three shell 
types: eastern oyster ( ), surfclam ( ) 
and knobbed whelk shell ( ). Spat settlement was 
assessed 24 days after setting and again after being deployed on the 
restoration site for four months. Initial settlement numbers (# oys-
ters per shell) were highest for surfclam shell and lowest for whelk 

Oysters were assessed during reef surveys in October 2019 to de-
termine growth survivorship on all three shell types. This study is 
important for optimizing aquaculture techniques for small-scale re-
mote setting that can be restricted by both the availability of shell 
types and permitting requirements prohibiting certain cultch types 
in shallow-water bays.    

-
ifornia, 90802

kthompson@lbaop.org 
There is great potential (ecological and economic) to grow nu-

tritious protein in U.S. waters to complement land-based agricul-
ture and support a more climate resilient food supply. Despite this, 
the growth of the sector in U.S. waters is negligible relative to its 
capacity for responsible growth. One of the barriers to growth is 
a lack of “social license” from the public. Negative perceptions 
among small, but politically powerful public stakeholder groups 
can greatly complicate, and even prevent the growth and expansion 
of marine aquaculture projects.

is working with diverse stakeholders from academic, government 
and nongovernment organizations, farming, and investor commu-

tributed throughout Europe, Asia, Oceania, and North and South 

governments, international development organizations, and inves-
tors should prioritize new efforts to drive changes in public policy, 
capacity-building, and business planning to realize the ecosystem 
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Aquaculture is among the world’s fastest growing forms of food 

-
tive impacts, done well, aquaculture can be a force for environmen-
tal and social good. The Nature Conservancy has established an 
ambitious program focused on working with countries to improve 
governance of the aquaculture sector to reduce impacts and meet 
food production needs, with a particular focus on capacity-building 
and transferable tools for regulators. The Republic of Palau con-

20,000 citizens. With limited arable land, Palau imports ~86% of 
its food resources and relies heavily on locally-caught wild seafood 

development of an aquaculture sector in Palau, including assistance 
from major international and national organizations; however, most 
aquaculture development efforts to date have focused on building 
capacity for aquaculture production (e.g., hatchery and grow-out 

-
nance and decision support tools for the sector, particularly around 
aquaculture siting and spatial management. To support sustainable 
development of the Palauan aquaculture sector, this project aims 
to co-develop national-scale aquaculture siting guidelines, conduct 
trainings and mentorship to build spatial planning capacity, and 
co-develop aquaculture spatial planning products. This presenta-

with a particular emphasis on transferable approaches, tools, and 
methods applicable to guiding aquaculture spatial planning and 
management in other geographies.
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University of Massachusetts Boston, School for the Environ-
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a worldwide production of 66.8 million tons in 2015, are the dom-
inant form of microplastic pollution in the environment. Sources 

-

-

only an ecological issue, but potentially a human health and eco-

values of oysters socially (oysters for human consumption), eco-
nomically (oysters as a source of employment), and environmen-
tally (oysters as an ecosystem service). This research is focused 

collected in Boston Harbor and coastal Massachusetts (Gloucester, 

Adult oysters and water samples were collected during the 

-

2,102 = 1.23; P > 0.05). For oysters col-
lected in watersheds comprising Boston Harbor, preliminary mi-

At various locations within the Harbor, water samples contained a 

discussed in terms of the larger context of environmental and social 

nities on a number of projects to help familiarize the public with 
marine aquaculture in the U.S. and facilitate collaborative action to 
disseminate accurate about marine aquaculture more consistently 
across diverse stakeholder groups. The tools developed as a result 
of these projects can be used to educate the general public, as well 
as engage stakeholders, including policy makers, with accurate 
information about marine aquaculture in the U.S. The success of 
these projects greatly depends on quality and diversity of participa-
tion. We will need all hands on deck! 

EUPRYMNA SCOLOPES

Department of Biology, New Mexico State University, Las Cru-
ces, NM

thujitha@nmsu.edu
Members of the thioester-containing protein (TEP) superfamily 

metazoan groups. Despite their important role in immune defense, 
many of these proteins are not well characterized in invertebrates. 
Based on sequence homology and protein domain structure, TEP 
molecules can be divided into three subfamilies: alpha-2-macro-
globulin (A2M)-like, complement component 3 (C3)-like, and the 
insect TEP (iTEP). Most TEP contain a highly active thioester mo-
tif that mediates covalent interaction of these molecules with other 
proteins, and have been recognized as one of the phylogenetically 
most ancient innate immune molecules. The present study focuses 
on characterizing the diversity and tissue-level expression of TEP 
and complement molecules in the squid, , a 
mollusc that has a mutualistic association with the marine bacteria, 

. Publicly available transcriptomes were utilized to 
identify homologous sequences of TEP and complement molecules 
using BLAST searches. Preliminary results revealed the presence 
of several representative proteins from each TEP subfamily, in-
cluding two A2M-like homologs, two C3-like molecules, and four 
transcripts closely related to the iTEP. Further analysis allowed the 

characterization of these molecules in relation to their function in 
the squid symbiotic association are currently underway using con-
ventional PCR and RT qPCR methods. Findings of this study pro-
vide new insights into the evolution of these molecules and their 
potential function in animal-bacteria symbiotic relationships. DO N
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enhance the satellite data. Through the combination of these tech-
nologies along with additional citizen scientist programs for bloom 
monitoring, the potential for a real-time monitoring system for 
HAB events in Chesapeake Bay is possible. 

Smithsonian Environmental Research Center, 647 Contees 
Wharf Road, Edgewater, MD 21037

tracyal@si.edu
The eastern oyster, , is a pillar of the 

culture, economy and ecology of the Chesapeake Bay. Historical 
declines in oyster populations have spurred bay-wide restoration 

reef recovery and persistence. The present study explored oyster 
reef habitat at a variety of study sites in the Maryland portion of 

restoration, a harvested tributary, small-scale restoration sites, and 
on-bottom aquaculture operations. Reef habitat quality was mea-
sured in terms of vertical structure and percent cover using a GoPro 
imaging tool. Environmental variables were also measured at each 
site to study the role of temperature and salinity gradients in reef 
structure. The results will identify the quality and range of oyster 

and allow for comparisons between the restoration tributaries and 
the harvested tributary. GoPro data for precise locations measured 
in 2017 and 2019 will be compared between years to track change 
in oyster reef habitat over time for four of the six tributaries. Char-
acterizing oyster reef habitat at the tributary scale will also pro-
vide valuable context for interpreting oyster habitat at small-scale 
restoration sites and aquaculture operations. This study advances 
knowledge on oyster reef habitat quality at small and large spatial 

restoration and aquaculture in the Chesapeake Bay.   
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Harmful algal blooms (HAB) are a national and international 

problem, and are associated with risks to animal and human health. 

aquaculture operations. While satellite imagery alone cannot dis-
tinguish a HAB from non-harmful algae, and is not useful for all 
species, it can be a useful tool when combined with other ecolog-
ical data. Several satellite-based algorithms have been developed 
for ocean color sensors (VIIRS, MODIS and OLCI) for bloom de-
tection.  

High-frequency monitoring through satellite remote sensing has 

several key US waterways.  In most instances, the success of these 
tools relies on strong optical signatures of some high biomass HAB 

in the 
Gulf of Mexico and in Lake Erie, dominate their envi-

-
tical satellites. In Chesapeake Bay, a variety of dense algal blooms 
appear. While these can be detected from satellite, they cannot nec-
essarily be distinguished only with satellite data.  Examples range 

 and -
 in the southern Bay, to both mono-spe-

in the northern Bay; however these mixed assemblages may be 
-

logical data. An approach using optical detection combined with 

(e.g., blooms during the winter). Several algorithms 
applied to the Sentinel-3 Ocean and Land Colour Imager (OLCI) 
have improved our ability to detect and characterize algal blooms 
at higher resolution. Heuristic models constructed with information 
regarding the ecological niche of individual species (time of year; 
bloom succession; salinity, temperature and nutrient regimes), can DO N
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relative abundance of shrimp to habitat characteristics; and deter-
mine the presence and seasonality of sBG to better understand dis-
ease dynamics in the region. Penaeid shrimp were collected from 
Virginia waters by trawl from 1991 to 2017 and individuals were 

sBG were placed on ice and brought back for further examination. 
White shrimp was the most numerous species captured, followed 
by brown shrimp, and pink shrimp.  Shrimp were captured primar-
ily from July to December. White shrimp was the only species that 

in October 2016 (13.4% prevalence); the condition continued into 
November and recurred the following year.  With the increase in 

under consideration.  Resource managers will have to balance the 

-

plans to ensure sustainability.  

ARGOPECTEN IRRADIANS

Virginia Institute of Marine Science, Eastern Shore Laboratory, 
40 Atlantic Ave., Wachapreague, VA 23480

rsnyder@vims.edu
Bay scallop aquaculture has been part of VIMS Eastern Shore 

Laboratory (ESL) history since the 1960s, and past econom-
ics forestalled market development.  With a greater demand for 
aquacultured molluscs, the economic basis for successful scallop 
production has changed.  Since 2009, work at VIMS ESL has fo-
cused on rearing bay scallops for ecological restoration and stock 
enhancement, and more recently we have been examining cultural 

-
mercial aquaculture.  The major roadblock is in the nursery phase.  
Although the transition from hatchery to nursery is accompanied 

-

and growth.  ESL has used vertical slats in shallow water tables 
for settling surfaces.  Downwellers did not improve nursery out-
comes.  Larval settling behavior was examined to provide guid-
ance for matching settling behavior to physical structure. A good 
production year was followed by a bust with very little production, 
followed by a year with the best production ever achieved at the 
lab. Estimated costs of seed scallop (5 mm) production for the two 
successful years using the ESL research scale system were $36 and 
$20 per 1000, respectively. Survival of seed scallops to market size 
in 11 months was about 12%, with a projected cost per scallop from 
fertilized egg to market of $0.53 in 2017 and $0.28 in 2018.
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Chesapeake Bay oysters, though 99% depleted from their his-

toric abundance, are important ecologically and economically. 
Consequently, oyster restoration efforts are a regional priority. Suc-
cessful setting of oysters on riprap could make use of hundreds of 
miles of hardened shorelines around the Bay, and greatly enhance 

larvae can be successfully set  on existing riprap. If success-
ful, these methods could be a new approach for larger-scale oyster 
restoration. Four experimental sites were constructed on existing 
riprap. At each site, a rock (granite) was placed inside an imper-
meable curtain (minimized larvae escapement), and paired with 
a nearby (7m apart) control rock. Approximately 360,000 oyster 
larvae were released into each enclosure. 28 days after larvae re-
lease, settled oysters were counted inside premarked quadrats on 
both treatment and control rocks. Three out of four treatment rocks 
had young oysters, while control rocks had none. A single-tailed 

-

this new approach has potential for successful enrichment of riprap 
shoreline throughout the Chesapeake Bay. 
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Since 1991, the number of penaeid shrimp occurring in Virginia 

waters of Chesapeake Bay (CB) has steadily increased prompting 

hampered by the presence of a disease syndrome known as shrimp 
black gill (sBG). Objectives of our study were to describe the spa-
tial distribution and patterns of abundance of shrimp in CB; relate DO N
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closures, ultimately improving health outcomes for humans. An ex-
tensive network of routine sampling by Chesapeake Bay Program 
managers makes this is an ideal location to develop and test future 
satellite data products to support management decisions. This a 

management community to save lives, time, and money while 
NASA is building and planning next generation space-based obser-
vations from Plankton, Aerosol, Cloud, ocean Ecosystem (PACE), 
the Geosynchronous Littoral Imaging Radiometer (GLIMR), and a 
Surface Biology and Geology (SBG) platform all improve spectral 
resolution with distinct spatial or temporal advantages. At NASA 
Goddard, we hold monthly discussions with scientists and stake-
holders from government agencies, universities, non-governmental 
organizations, and industry. Workshops are periodically conducted 
along with training so that non-traditional users can become more 
familiar with satellite data as well as uncertainties and limitations. 
These interactions provide an opportunity to collaborate and build 
consensus around addressing challenges.

1Virginia Tech, Virginia Seafood AREC, 102 S. King St., Hamp-
ton, VA 23669 

2Engle-Stone Aquatic$ LLC, 320 Faith Lane, Strasburg, VA 
22657 

jvansenten@vt.edu 

-
nia) was completed in 2017. The coverage rate for the responses was 

challenges and delays in obtaining licenses and permits for shell-

costs associated with obtaining permits and licenses ($6.8 million) 
were greater than the costs of ongoing monitoring and compliance 

review). From previous studies of regulatory costs on U.S. aquacul-
ture sectors, it was observed that delays and challenges in permitting 

2019, van Senten & Engle 2017). Using the data collected from the 

effects of permitting delays on return on investment was performed. 

infrastructure, in addition to operating costs for labor and produc-
tion activities. Delays in permitting have a demonstrable negative 

University of Florida, Department of Wildlife Ecology and 
Conservation, 110 Newins-Zeigler Hall, Gainesville, Florida 32611

It is widely hypothesized that salinity plays a dominant role 
in determining oyster reef zonal distribution: subtidal oyster reefs 
only persist in areas of low salinity, where predation and parasite 
load is low, while intertidal oyster reefs can persist in higher salin-
ity regimes because daily exposure provides refuge from aquatic 
predators and parasites. The effects of salinity and tidal immersion 
on oyster growth and mortality have largely been treated separately 
in the literature, yet their interactive effects could be powerful in 
explaining oyster reef type and may be critical in understanding 
oyster reef sustainability. To further assess this relationship, ap-
proximately 2000 wild eastern oysters ( ) were 
tagged and deployed at six sites in the Big Bend region of Florida: 
two low-salinity sites, two mid-salinity sites, and two high-salini-
ty sites. Oysters were deployed in 0.25 m2 trays, which have one 
side accessible by predators and one side closed to predators. Trays 
were deployed intertidally and subtidally at each site, adjacent to 
continuous water quality sensors. Mortality was assessed and shell 
heights measured monthly. The interactive effects of salinity and 
immersion time may have strong implications for our understand-
ing of the formation and maintenance of reefs, and therefore for 
their management and restoration.  
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information on a variety of water quality indicators at higher fre-

a higher level of detail than current satellite products can provide. 
Three upcoming NASA satellite missions offer novel technology 
to support the health and safety of aquaculture sites. Early warning DO N
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using quantitative PCR (qPCR). Starting in February 2016, sam-
ples of 100 wild oysters were collected monthly from Masonboro 
Sound, NC. Five lines (HC5-9, CI3-14, SS5-30, MM4-30, MM6-4) 
of cultured oysters were also sampled monthly after deployment 
on an adjacent farm. Prevalence and intensity of  and H. 

in wild oysters varied widely over the four-year sampling 
period. Peaks in prevalence of  occurred in August 2017 
and October 2018 (93%), and in April 2018 and June 2019 (100%) 
for . . was rarely detected in the wild oys-
ter samplings, with peak prevalence observed in November 2018 
(37%). Intensity of infection (estimated by Ct value) was greatest 
in late summer 2018 for and in early spring 2019 for 

. Prevalence and intensity of the parasites varied among 

-
tured oysters, although timing of parasite detection, prevalence and 

-

the occurrence of these parasites was also examined.

VIBRIO PARAHAEMO-
LYTICUS
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Acute hepatopancreatic necrosis disease (AHPND), caused 

by marine bacteria , is a huge problem 
in shrimp farms. The infecting material is contained in a plasmid 
which encodes for the lethal toxins PirABVp, whose primary target 
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was performed in 2019. Data were obtained from a survey of Mary-

-
dent data were utilized to develop standardized enterprise budgets 
for water column and bottom culture farm activities, from which 
an industry expenditure pattern was derived. Those expenditure 
patterns were used to develop custom industry spending patterns 
for an analysis by parts (ABP) approach in IMPLAN Pro. The ABP 
approach was selected, because IMPLAN does not contain a specif-
ic sector for aquaculture; instead grouping aquaculture with other 
terrestrial animal production activities. The ABP approach allows 

spending patterns were developed for water column and bottom 

output impact in excess of $10 million for 2018.    

PERKINSUS MARINUS HAPLOSPORIDIUM 
NELSONI BONAMIA  

CRASSOSTREA VIRGINICA

Hatchery, Center for Marine Science, 5600 Marvin K. Moss Lane, 
Wilmington, NC 28409

varneyr@uncw.edu
Populations of the eastern oyster  along 

the Atlantic coast of the United States have been severely impacted 
by a variety of parasites over the past 60 years. Prevalence and in-
tensity of three  protozoan parasites – -

 (Dermo),  (MSX), and sp. – 
were monitored in wild and cultured oysters over a four-year period DO N
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lated from eyestalk and pericardial tissue of males and females. The 
differences in transcripts length is a result of two polyadenylation 
sites present in the 3’UTR resulting in two transcription termina-
tion signals. Transcript sequences encoded one unique protein that 

-
teristics, as a glycine insertion in the mature peptide at position 32 
and no amidation is present in the C-terminal of the deduced amino 
acid sequence. The expression patterns show that this gene is ex-
pressed in eyestalk, supraesophageal ganglion (SoG), gill, gut, and 
heart, as well as in the terminal ampoule or spermatophore and 

 of males. Additionally, the expression of was also 
analyzed throughout the molt cycle and the results indicated that it 
increased from early to late pre-molt in all evaluated tissues.

IR VP VIBRIO PARAHAEMO-
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 toxin PirAB  is a virulence factor 
exotoxin that contributing to sloughing of tubule epithelial cells 
of shrimp in Acute Hepatopancreatic Necrosis Disease, an emerg-
ing shrimp disease with some big losses since 2009. The PirAB  
subunit of the toxin is a lectin that recognizes amino-sugars that 
mediates its attachment to cell surfaces, but to date the receptor on 

to binding and probably to entry of PirAB  into the cells. The toxin 
binds to one protein of approximately 100,000 Da, a proteoglycan 
expressed in the membrane of hepatopancreas of shrimp. The endo-
glycosidase treatment prevents the binding of the toxin  and 

assays. This indicates that the sugars are very important for 
the binding of this toxin. Binding of the toxin to the hepatopancre-
atic epithelium can be reduced by heparan sulfate analogues when 

tissue is the hepatopancreas, causing sloughing of epithelial cells, 
-

standing of the hepatopancreas response during AHPND, juvenile 
shrimp,  were infected by immersion with V. 

. We performed transcriptomic mRNA sequenc-
ing of infected shrimp hepatopancreas, at 24 hours post-infection, 
to identify novel differentially expressed genes. A total of 174,098 
transcripts were examined of which 915 transcripts were found 
differentially expressed after comparative transcriptomic analy-
sis: 442 up-regulated and 473 down-regulated transcripts. Gene 
Ontology term enrichment analysis for up-regulated transcripts 
includes metabolic process, regulation of programmed cell death, 
carbohydrate metabolic process, and biological adhesion, where-
as for down-regulated transcripts include, microtubule-based pro-
cess, and chitin metabolic process. The analysis of protein- protein 
network between up and down-regulated genes indicates that the 

sarcomere organization. Protein-protein networks analysis identi-

were selected to measure their mRNA relative expression levels in 
AHPND infected shrimp hepatopancreas by RT-qPCR. Our results 
indicate a close connection between the immune and metabolism 
systems during AHPND infection. RNA-Seq and RT-qPCR data 
provide the possible immunological and physiological scenario, as 
well as, the molecular pathways that take place in the shrimp hepa-
topancreas in response to an infectious disease.
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The crustacean hyperglycemic hormone (CHH) family is an 

important group of neuropeptides involved in controlling growth, 
reproduction, and stress response in decapod species. In this study, 
a new CHH containing 4 exons-3 introns was isolated from Litope-

Two full length transcripts of this CHH were iso-DO N
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CRASSOSTREA VIRGINICA 

-
phin Island, AL 36528 

billwalton@auburn.edu 
Oyster farmers are presented with a number of options for types 

of mesh bags in which to grow oysters. To test the effect of bag type 
upon the performance of eastern oysters, , oys-
ters were deployed in three types of commercially available extruded 
plastic 9.5 mm mesh bags: sealed, boxed and divided boxed. These 
bags were stocked at two densities (typical and high) with juvenile 
oysters (39.0 + 5.51 mm) and assigned in a randomized block de-

Oyster Park (Bayou la Batre, AL, USA) in November 2018. Oysters 
were maintained using typical farming methods through May 2019. 
Bags were sampled in February and May with oysters collected and 
analyzed (shell metrics, shell shape, weights and condition indices), 
with excellent survival throughout the study. By the conclusion of 
the study, bag type and stocking density interactions affected shell 
height and cup, bag type alone affected fouling (measured as the time 

bags stocked at the typical density, while oysters had the deepest cup 
ratios in the boxed bags stocked at typical densities. Oysters in the 

other bag types. Based on this work, divided boxed bags (stocked at 
the high density) appeared to offer a good compromise of growth, 
shell shape and reduced fouling.

IN VIVO INVESTIGA

University of Connecticut, Department of Marine Sciences, 
1080 Shennecossett Road, Groton, CT  06340

Evan.ward@uconn.edu
Over the past 30 years, endoscopic examination and vid-

eo-image analysis have provided a more in-depth understanding 
of suspension-feeding processes in bivalve molluscs and other in-
vertebrates. Performing direct  observations of whole, in-
tact feeding organs of undisturbed specimens has resolved many 
controversies, allowed for a more integrative assessment of the 
particle feeding process, and uncovered some surprising behaviors.  
A visually appealing overview of this research will be presented 
focusing on several suspension-feeding processes and their mecha-
nisms, including the capture, transport, and ingestion of natural and 
synthetic (plastic) particles.

performing experiments on membranal proteins of hepatopancre-

These data demonstrate , and pathological relevance 
of PirAB –proteoglycans interactions, and reveal a potential ther-
apeutic approach of protecting hepatopancreatic tissue by blocking 
these interactions.
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In coastal environments key abiotic variables such as tempera-

ture, dissolved oxygen, pH, and salinity can change dramatically on 
time scales of hours during day-night and tidal cycles. The intensity 
of short-term environmental variability and the frequency of ex-

can cope with some degree of environmental variability, but thresh-
olds that relate to non-lethal stress and implications of repetitive, 
more frequent and/or extended exposure to below-threshold condi-
tions are poorly constrained. 

Non-invasive high-frequency sensors now allow measuring 

heartbeat rates) at temporal resolutions adequate to identify envi-
ronmental thresholds and to gain insights into stress response and 

-
grated performance metrics. 

In this presentation  and laboratory data of cardiac ac-
tivity in bay scallops ( ) will be used to show 
the potential of non-invasive high-frequency measurements to 1) 

-
mals from their environment, 2) identify environmental thresholds 
that induce switching between regulatory to conformer responses, 
3) evaluate the role of acclimation, and 4) assess the timing of en-
ergetically demanding activities, such as spawning.    Application 
of non-invasive high-resolution sensors is a promising avenue for 

-
ously or sequentially. Such data will be useful to inform restoration 
programs and aquaculture, and to improve current understanding of DO N
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and protein assays. Lower lipid and glucose concentrations are ex-
pected in oysters at the Soundview site (New York), in addition to 
higher metal concentrations and lower condition indices, as this site 
has the greatest density of surrounding human population and thus 
is assumed to experience the most severe pollution. By contrast, the 
Mullica River site (New Jersey) is assumed to be the least polluted 
and thus is expected to have higher levels of lipids and glucose along 
with higher condition indices and lower metal ion concentrations. 
Oysters from the Barnegat Bay site (New Jersey) will likely have 
intermediate concentrations of each parameter. The protein assays 

The results of this study may provide insight on the practicality of 
oyster reef restoration as a mechanism for habitat revival.

MESOCENTROTUS FRANCISCANUS
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When sea urchin population growth is uncontrolled, they can 

over-graze and decimate macroalgal beds, creating areas termed “ur-
chin barrens”. Sea urchin gonad enhancement is a proposed method 
to remove sea urchins from barren grounds, promote the re-growth of 
macroalgal beds, and produce a highly-valued marketable product. 
Prepared feeds need to be developed that not only increase gonad 

sea-based enhancement, there may be benthic impacts due to organ-
ic enrichment from uneaten feed and faeces, but this has not been 
examined before. This project assessed the effects of two prepared 
diets (V10.1.9 and V10.1.10) and a natural feed (bull kelp, -

) and three seawater temperatures (8, 12, and 16oC) 
on gonad yield/quality for the red ( ) 
sea urchin held under laboratory conditions for 12 weeks. Red ur-
chins fed V10.1.10 at 12 oC had the highest gonad yields out of all 
the treatments, while the red urchins fed kelp at 8oC had the low-
est yields. The gonad colour was better overall with the red urchins 
fed V10.1.10, with the best colour obtained at 16oC. Ingestion rate, 
and faecal pellet size and settling velocity were also measured and 
will subsequently be used in a waste deposition model (along with 
various oceanographic variables of a proposed site) to predict the 
potential environmental impact a commercial-scale sea urchin farm 
could have. 

CRAS-
SOSTREA VIRGINICA MYTILUS EDULIS

University of Connecticut, Department of Marine Sciences, 
1080 Shennecossett Road, Groton, CT  06340
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Plastic debris is introduced into the oceans through anthropo-

genic waste. Large plastic material fragments into microplastic 
(MP; < 5mm) and nanoplastic (NP; < 100nm) particles via weath-
ering and UV degradation. Studies have shown that MP and NP 
negatively affect marine animals on an organ and cellular level. 
Despite the potential for exposure and toxicological effects, the 
uptake and accumulation of MP and NP by benthic animals, such 
as suspension-feeding bivalves, is largely unexplored. This study 

and NP by the eastern oyster, , and blue mus-
sel . Bivalves were exposed to a 0.1 mg/L/hr con-
centration of either MP or NP for two weeks and then allowed to 

experiment, animals were fed a standard microalgal diet. Feces 
were collected daily and replicate oysters and mussels sampled and 
frozen at the end of each week for later analysis. Tissue and feces 

-
-

gested a higher mass of MP than NP, and both plastic particles were 
rapidly depurated over several days. No bioaccumulation of plastic 
particles was detected after 14 days of exposure.  Results from this 
study will be used to develop biokinetic models of uptake and elim-
ination of MP and NP by bivalves, and have important implications 
for assessing internal exposure, toxic effects, and trophic transfer

CRASSOSTREA VIRGINICA

Stockton University, Department of Marine Science, 101 Vera 
King Farris Drive, Galloway, NJ 08205

wardk11@go.stockton.edu
Anthropogenic pollution in coastal ecosystems can alter the 

such as oysters are especially susceptible to environmental condi-
tions. In this experiment, differences in the physiology of the eastern 
oyster, were analyzed at three sites in New 
York and New Jersey with varying levels of contamination. The pa-
rameters used to assess the health of the oysters were: condition in-DO N
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sion will include the process for pulling together partners behind 
a single large objective, setting success criteria, tributary-scale 
restoration goal setting, and science-driven planning, implementa-
tion, and monitoring, as well as lessons learned and evaluation of 
ecosystem services and economic impact for portions of the effort.
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When The Nature Conservancy and National Oceans and At-

largely in the United States. Over the past decade, restoration has 
expanded and matured with small and large-scale projects through-

University of Maryland, College of Agriculture & Natural Re-
sources, Wye Research and Education Center, PO Box 169, Queen-
stown, MD 21658

dwebster@umd.edu

employment growth, especially in rural waterfront communities, 
-

cling.  However, because farming activities of bivalves are largely 

issues affect decisions concerning where it may be allowed and what 
production practices must be followed.  These may be counter to the 

-
culture ventures.  Protests from commercial and recreational users 
of public waters, riparian property owners and other members of the 
public occur frequently, which may delay or negate business creation.  
Laws and regulations enacted with minimal input from scientists or 
growers often results in situations that minimize investment in the 

The presentation includes information gathered through the 
author’s experiences in multiple states over several decades of 
analyzing restrictive laws and policies and developing recommen-

-
tive uses and protecting the environment.  It includes a discussion 
on the interactive relationship between public policy and politics, 

regarding policies that should be avoided when creating effective 
leasing programs.  These are presented based on experience gained 
by creating goals and researching obstacles to be avoided to devel-

National Oceanic and Atmospheric Administration, Restoration 
Center, 200 Harry S. Truman Parkway, Annapolis, MD 21403 

stephanie.westby@noaa.gov
This presentation will be an overview of the large-scale, collab-

orative, Chesapeake Bay oyster ( ) restoration 
effort that NOAA, US Army Corps of Engineers, state natural re-
source management agencies in Maryland and Virginia, and sever-
al non-governmental organizations and academic institutions have 
undertaken. Since 2011, the work has resulted in more than 800 
acres restored, and more than $55 million has been spent. Discus-DO N
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each subpopulation. Due to the stability of these populations and 
associating phage, they can facilitate rapid tracing of clinical ST36 
isolates and allow a better understanding of the movement of these 

and competitiveness of emergent pathogenic lineages. This study 
also paves the way for functional analyses to better understand 
the role of Inoviruses in the dynamics of evolution and pandemic 
spread of environmentally transmitted pathogens. 

CRASSOSTREA 
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Research Laboratory, Department of Marine and Coastal Sciences, 
6959 Miller Avenue, Port Norris, NJ 08349

2Rutgers, The State University of New Jersey, New Jersey 
Aquaculture Innovation Center, 3920 Bayshore Road, North Cape 
May, NJ 08204

mjw253@scarletmail.rutgers.edu
Large areas of high-salinity coastal waters of New Jersey and 

the northeast are well suited for the culture of oysters and oth-
er bivalve species.  In New Jersey, oyster breeding has targeted 
moderate-salinity environments as oyster farming has mostly been 
limited to sites in Delaware Bay.  In order to support existing and 
expanded cultivation in coastal bays, a long-term breeding program 
to improve performance of Rutgers disease-resistant stocks in high 
salinity was initiated in 2019.  Spawns were conducted in June to 
produce northern, southern, and New Jersey lines and their hybrid 
crosses using high salinity oysters from Maine to South Carolina.  
Larvae produced for each line were cultured in parallel in seawa-
ter of salinities of 28-30 and 22-25.  All groups grew faster and 
reached metamorphosis sooner at low salinity, but generally sur-
vived better at high salinity.  In November, four standard replicate 
culture bags from each of seven crosses were stocked with 500 seed 
each and deployed at three sites in Barnegat Bay to be maintained 
by industry partners for two years.  Sampling will occur four times 
per year to evaluate survival, growth, and meat quality, and disease 
status will be compared among groups in years two and three.  It is 

-
cantly better than the local New Jersey stock due to hybrid vigor 
and a combination of desired traits such as thermal tolerance and 
disease resistance.

host of different environmental and logistical challenges face prac-
titioners, yet expansion also provides new opportunities for innova-
tive research and shared learning. 

Colleagues from around the globe have collaborated to produce 

Reefs”, drawing on experiences and lessons learned. Key elements 

and identifying potential funding, 2) planning, feasibility and goal 
setting, 3) biosecurity and permitting, 4) restoration in practice, 5) 
scaling up from pilot to larger-scale restoration, 6) monitoring, 7) 

-

The Guide has contributing authors from New Zealand, Austra-
lia, Hong Kong/China, USA and Europe.  This presentation aims 
to introduce restoration practitioners to the revised Guide and its 
content.

University of New Hampshire, Northeast Center for Vibrio Dis-
ease and Ecology, 46 College Road, Durham NH 03824

cheryl.whistler@unh.edu
-

 called sequence type (ST) 36 into the North Atlantic, 
by an as yet unknown mechanism, caused a steep rise in illnesses 
from multiple aquaculture areas along the US Atlantic coast, re-
quiring intensive and proactive management to reduce disease risk. 
Thus far, accurate constructions of the dynamic of spread and es-
tablishment of new populations were hindered by a lack of accurate 
information linking infections to geographic locations. Through 
the cooperation of multiple agencies in the Northeast US, we have 
amassed an extensive collection of ST36 strains bridging critical 
temporal and geographic gaps in coverage of prior studies. Popula-

-
 (ino-

viruses) that form persistent non-lethal infections, occurred during 

was stably maintained by the endemic ST36 clonal complex for de-
-

west. Subsequently, at least seven distinct ST36 progenitors suc-
cessfully translocated into the Atlantic, giving rise to at least four 
clonal, geographically stable, and non-mixing subpopulations. The 
successful founders of two Atlantic sub-populations that repeated-
ly give rise to infections acquired new inoviruses diagnostic for DO N
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synthesis in the crustacean Y-organ is mainly under the negative 
control of the molt-inhibiting hormone (MIH), one of the type II 
peptides of the CHH family. Seven tandemly duplicated MIH genes 

the coexpression and cofunctionality of these genes during molt-
ing. Besides, type I peptides of the CHH family are also known 
to suppress ecdysteroidogenesis in the Y-organ, though at a higher 
dose than MIH.

Recently, two crustacean hyperglycemic hormone (CHH) 
genes (LvCHH1 and LvCHH2) and their putative receptor gua-

. LvCHH1 
and LvCHH2 belonged to CHH subfamily I members and LvGC 
was a membrane-bound guanylate cyclase. They were all differ-
entially expressed in eyestalks and gonads of males and females. 
RNA interference (RNAi) of either LvCHH1 or LvCHH2 increased 
LvIAG expression, while injection of their recombinant protein de-
creased LvIAG expression, indicating that LvCHH1 and LvCHH2 
are inhibitory factors of LvIAG expression.

Key Laboratory of Aquatic Germplasm Resource of Zhejiang, 
College of Biological and Environmental Sciences, Zhejiang Wanli 
University, Ningbo 315100, China

Laboratory for Marine Fisheries Science and Food Production 
Processes, Qingdao National Laboratory for Marine Science and 
Technology, Qingdao, China

qinggxue@126.com

many native and aquacultural molluscs. The research on mollus-
can host defense is partially motived by the expectation that un-
derstanding the survival mechanisms of animals under pathogenic 
damages may help with the development of effective strategies 
for controlling major molluscan epizootics. Two protein families 
apparently involved in mollusc host defense, the I84 family of 
protease inhibitors and the dominin-related proteins belonging to 
the Cu/Zn superoxide dismutase (Cu/Zn-SOD) family, were found 
recently after a series of study on oyster hemolymph proteins. The 
I84 protease inhibitor family consists of novel proteins that are 

-
sion and there are lines of evidence for their involvement in host 
defense against pathogenic invasion and perhaps abiotic stressors. 
The dominin-related proteins constitute the most abundant protein 
in oyster plasma and are homologous to the extracellular type of 
Cu/Zn-SOD. The ancestral gene of the dominin related proteins 
seemed to occur before the speciation of Mollusca but has gone 

CRASSOSTREA VIRGINICA

Hatchery, Center for Marine Science, 5600 Marvin K. Moss Lane, 
Wilmington, NC 28409 

bmw1382@uncw.edu 
The decline in the wild oyster stocks over the past several 

decades has created a surge in the oyster aquaculture industry in 
recent years to supplement the production of oysters for human 
consumption. Triploid oysters are desirable in the oyster industry 
due to their faster growth and reduced gamete production, allow-
ing them to be sold year-round. Tetraploid oysters are polyploid, 
meaning they possess more than 2 sets of chromosomes, and are 
essential to the production of triploid oysters. Chromosome insta-
bility is a fundamental aspect of polyploidy and can be challenging 
for tetraploid breeding programs. This study investigated the tem-
poral patterns of chromosome loss, also referred to as reversion, in 
individual oysters by sampling hemolymph from each oyster every 
six weeks over an eight-month period. Growth was assessed at the 
beginning and end of the experiment while mortality was moni-
tored each sampling period. A large mortality event (75% mortali-
ty) occurred half way through the experiment due to the effects of 
Hurricane Florence in September 2018. Chromosomal loss was as-

experienced chromosome loss over time. Data analysis is ongoing, 
and the results will be presented. 
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The neuropeptides of the crustacean hyperglycemic hormone 

(CHH) superfamily are known to control a number of important 
functions ranging from energy metabolism, molting, osmoregula-
tion to reproduction. Decoding the  genome 

biological processes, but also provides valuable information for 
enhancing crustacean aquaculture. In , a striking ex-
pansion of the crustacean hyperglycemic hormone (CHH) family 
underpins the control of the enhanced ecdysone function. Ecdysone DO N
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4University of Massachusetts Boston, 100 Morrissey Blvd, Bos-
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5 672 Independence Pkwy, 
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6New Hampshire Sea Grant, 29 Wentworth Road, New Castle, 
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#142, Olympia WA 98501
8Boston University, 685 Commonwealth Ave., Boston, MA 

02215
9OysterTracker, 91 Water Street, Castine, ME 04421 
Chester.Zarnoch@baruch.cuny.edu
Excess loading of reactive nitrogen and the subsequent eutro-

phication of receiving waters is a leading cause of coastal degrada-
tion globally. Recently, interest in using oyster aquaculture and res-
toration as mechanisms for nitrogen removal has grown. To date, 
nitrogen removal through bioextraction has received the most re-
search and management interest. Yet oysters may also enhance the 

-
sion of reactive nitrogen to unreactive di-nitrogen gas). This work 
provides results from a workshop held in September 2019 focused 
on synthesizing the nitrogen removal capacity of oyster habitats 

-

efforts by various stakeholders. It also presents challenges to, and 
future research directions for, supporting increased implementation 

and aquaculture. 

certain bivalve species. In oysters, for example, the evolution has 
resulted in the loss of SOD enzyme activity and the acquisition of 
increased metal binding capacity. Results of studies on the two pro-
tein families indicated the complexity and uniqueness of molluscan 

limitations of the ortholog conjecture-based approaches and the ne-
cessity for the complement of functional genomics by traditional 
technologies in molluscan research. 

1 1

1Marine Biological Laboratory, Josephine Bay Paul Center, 7 
MBL Street, Woods Hole, MA 02543

2Brown University, 185 Meeting Street, Providence, RI 02912
iyushenova@mbl.edu
A distinct class of cellular reverse transcriptases (RT), named 

reverse-transcriptase related ( ) genes, is the only RT type which 
can be found in both eukaryotes (fungi, plants, protists, certain in-
vertebrates) and prokaryotes (selected bacteria). These genes are 
immobilized in genomes as single-copy genes and are preserved 
by natural selection. Phylogenetic analysis of more than 250  
sequences from all kingdoms of Life is more consistent with shared 
ancestry between prokaryotic and eukaryotic than with inter-
domain horizontal exchange. These  characteristics may imply 
a biological function that is applicable to both prokaryotes and eu-
karyotes.

Three organisms, which may constitute part of activated sludge, 
and possess active 
bacterium , bdelloid rotifer 

 and red “bread” mold ), not only display 
signs of altered growth and behavior after treatment with varying 
concentrations of several metal ions (nickel, cobalt, iron etc.) but 
also display strongly induced expression of  genes under metal 
stress conditions. Interestingly, all examined organisms demon-

-
more, when recombinant plasmid-borne bacterial HaRVT is trans-
formed into it apparently provides an advantage for survival 
in iron-rich environments. Participation of non-mobile RTs in metal 
stress response could potentially reveal an ancient function of these 
genes in early evolution of life on Earth. Moreover, studying RVT 
as a molecular sensor of water body pollution by transition metals 
could have practical implications for aquaculture and environmen-
tal sciences. DO N
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tory of blue crabs varies latitudinally as they display an increasing 
duration of winter dormancy from lowest to highest latitudes. In 
fact, blue crabs have year-round activity without winter dorman-
cy in tropical locations. The  reovirus 1 (CsRV1) is a 

later observed in blue crabs in Southern Brazil. However, little is 
known about the CsRV1 prevalence at lower latitudinal locations 
or in overwintering blue crabs. This study aimed to investigate how 
latitudinal variability in the life history of  affects CsRV1 
prevalence and to determine CsRV1 prevalence in overwintering 
blue crabs. Active blue crabs were collected from different loca-
tions from Massachusetts, USA to Uruguay, and winter dormant 

polymerase chain reaction (qPCR) with RNA extracted from crab 

in blue crabs with longer winter dormancy at temperate locations 
than in year-round active crabs at subtropical and tropical locations. 
In addition, CsRV1 prevalence of winter collections of -

 from the Mid-Atlantic coast was lower than the prevalence in the 
same locations during summer. These results indicate that CsRV1 
prevalence in wild blue crabs is affected by the host life history 
and could help scientists better understand the interactions between 
pathogen and host under different environmental conditions.  

Johns Hopkins University, Department of Biomedical Engi-
neering, 3100 Wyman Park Drive, Wyman Park Building, Room 
S220, Baltimore, MD 21211

alekseyz@jhu.edu
The cost of genome sequencing has come down tremendously 

in the past decade.  The variety of available sequencing data types 
has increased as well. Data ranging from short accurate reads by Il-
lumina sequencing to long high error reads from Oxford Nanopore 

-
ing linked reads and proximity ligation data can now be used for 
genome projects.  The long reads are essential for genome contigu-
ity, because they can resolve repeats in genomes, however they are 
not easy to use:  their error rates vary between 8-15%.  They can 
be combined with accurate Illumina reads to produce high quality 
consensus sequence.  The paired reads can then be used for linking 
the assembled contiguous fragments into chromosome-sized scaf-
folds.

In this presentation the genome sequencing and assembly pro-
cess will be described and the utility of the various data types for 
the assembly projects will be explained. The strengths and the 
weaknesses of different sequencing technologies will be pointed 
out and guidelines will be suggested to make genome project a suc-
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2University of Rhode Island, Department of Fisheries, Animal 
and Veterinary Sciences, 9 East Alumni Avenue, Kingston, RI 
02881

max_zavell@my.uri.edu 
The Atlantic purple sea urchin ( ) is a com-

mon species found on the Atlantic coast of the United States. 
While,  is a common model species for toxicology 
work, little research has been conducted to determine if there is po-
tential for this species for commercial production. The availability 

opportunities for potential exploitation of this species. Sea urchin 
gonads are considered a delicacy around the world, especially in 

urchins have been shown to generally cope well with future climate 
-

ploitation is worthwhile for meeting global demand. 
This study utilized four different diets 1) a commercial sea ur-

chin diet, 2) dried macroalage ( ), 3) a commercial ti-
lapia diet, and 4) a commercial salmon diet. An energy budget was 

-
chins when fed under these dietary regimes. This presentation will 
discuss the resulting somatic and gonadal growth, marketable attri-
butes, and energy budgets and identify whether these new emerging 
diets present a potential for commercialization for  

CALL-
INECTES SAPIDUS

5 6  
1Institute of Marine and Environmental Technology, 701 Pratt 

Street, Baltimore, MD 21202
2University of Maryland, Baltimore County, 1000 Hilltop Cir, 
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The blue crab, , has a broad latitudinal dis-

tribution from tropical locations into the temperate zone. Life his-DO N
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University of Massachusetts Dartmouth School for Marine Sci-
ence and Technology (SMAST), 836 S. Rodney French Blvd., New 
Bedford, MA 02744

azygmunt@umassd.edu
Planned offshore wind development in the United States is 

-
ment.  A lack of data that evaluate species abundance in relation 

research, and management communities.  The Vineyard Wind lease 
area, 13nm Southeast of Martha’s Vineyard, MA, is the next site to 
undergo development.  The project will introduce 84-turbines (each 
with scour protection) to the soft-sediment environment; potential-
ly creating new habitat for commercially harvested crustaceans. 

To detect impacts to targeted species, the Massachusetts Lobs-
termen’s Association, Vineyard Wind, and SMAST collaboratively 
began monitoring American lobster and Jonah crab populations in 
the area.  A survey was designed that pairs standardized Atlantic 
States Marine Fisheries Commission (ASFMC) ventless trap sam-
pling protocol with a Before-After-Control-Impact analysis.  The 
aim is to establish a multi-year baseline for future comparisons; 
year 1 baseline sampling was conducted from July-October 2019. 

Along with the area designated for impact, an adjacent control 
-

ties and evaluated for differences in lobster and Jonah crab relative 
abundance and size structure. Models were created to relate devia-
tions in lobster and Jonah crab CPUE to measured variables. This 
unique opportunity also allows for observation of the offshore lob-
ster resource not typically examined by ASMFC surveys conducted 
within state waters.  

LITOPENAEUS SETIFERUS, UN

 

Texas A&M University, Department of Wildlife and Fisheries 
Sciences, 534 John Kimbrough Blvd, College Station, TX 77843-
2258

aliabdulameer33@gmail.com
Chemical pesticides are commonly used world-wide, and they 

evaluated the effects of six concentrations of the phenylpyrazole 
-

cess.  The latest genome assemblers will be discussed with their 
strengths and weaknesses described. In the end the results from 
several recent genome projects will be summarized to show real 
life examples of data and resulting assemblies.

PENAEUS SETIFERUS
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1Marine Resources Research Institute, 217 Fort Johnson Road, 
South Carolina Department of Natural Resources, Charleston SC 
29412

2Grice Marine Laboratory, 205 Fort Johnson Road, Department 
of Biology, College of Charleston, SC 29412

zuidemasr@g.cofc.edu
The white shrimp ( -

-
tion known as black gill increased in prevalence in white shrimp 
throughout the South Atlantic Bight (SAB). Black gill is the out-
come of an immune response in crustaceans caused by gill irritants, 
including fungi and bacteria. This recent epidemic appears to be 
associated with the presence of an apostome ciliate on the gills of 
shrimp, coincident with impaired physiological performance. Par-
asites impact host growth, reproduction, immunity, and behavior. 
It is unclear, however, how parasites other than the ciliate may re-
late to black gill and how they may impact white shrimp health. 
The objectives of this study are to: 1) assess variability in parasite 
communities across shrimp life history and 2) examine variation in 
parasite communities within black gill and non-black gill shrimp. 

microsporidian species. Multivariate analyses revealed differences 
in parasite communities between tidal creek and harbor locations 
and across shrimp life-stages, a shift which was coincident with 
the appearance of black gill. Multivariate analyses also showed dif-
ferences in parasite communities between black gill and non-black 

-
site communities relate to shrimp life history and black gill, and 
how they may impact shrimp harvests in the SAB.
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The northern quahog (= hard clam), , is 

among the most economically valuable bivalve species in the Unit-
ed States. It is extensively cultured along the Atlantic seaboard and 
represents the most important marine resource in several states in-
cluding New York, Virginia, and Florida. Maintenance and growth 
of this aquaculture industry relies on hatchery production of seed, 

-
ture and restoration needs. Several states regularly suffer losses in 
aquacultured and wild hard clam stocks due to disease (e.g. QPX in 
the Northeast) and environmental stress (e.g. heat waves in Flori-
da). Therefore, the production of quality seed able to survive under 
harsh biological and environmental conditions represents a priority 
for the aquaculture community. This collaborative initiative builds 
on ongoing cooperation and new partnerships among Sea Grant 

develop a hard clam selective breeding program using state of the 

region. The team is about to complete the sequencing and assem-
-

cient and cost-effective genotyping platform (SNP array) for M. 
. The genotyping platform will then be used to enable 

genome-assisted selection for traits relevant to various regions sup-
porting the growth of the hard clam aquaculture industry. These 
activities will serve as a basis to establish clam breeding programs 
linking scientists, extension network, and the industry to provide 
growers with superior clam stocks.

viously observed in the environment, on white shrimp 
 (initially averaging 0.80 ± 0.08 g/shrimp). Compared with 

-
cantly at the higher concentration treatments. Growth was affected 

-
cantly. Inter-molt intervals were longer in all treatments. Changes 
in swimming and feeding behavior of shrimp were observed under 
all treatments, and change in body color was observed at higher 
concentration treatments. Lipid content in shrimp decreased sig-

Fipronil adversely affected white shrimp under the concentrations 
-

ed in coastal areas.

FARFANTEPENAEUS AZTECUS

Texas A&M University, Department of Wildlife and Fisheries 
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Increased use of pesticide is causing detrimental effects on 

non-target species worldwide. In this study, lethal and sub-lethal 

brown shrimp ( ). The effects of six con-

six concentrations of imidacloprid (0.0, 0.5, 1.0, 15.0, 34.5, 320.0 

moulting interval, survivorship, behavioral change, and body color 
-

exposure, shrimp in control showed the shortest inter-moult inter-
val (7.57 ± 2.17 day) compared with other treatments; similarly, in 
the imidacloprid experiment, moulting increased from 8.43 ± 2.52 

-

treatment. Under imidacloprid, survivorship decreased from 100% 

of the most sensitive invertebrates to the pesticide. Changes in be-
havior and body color were observed under both insecticides after 
different durations of exposures depending on concentrations. As a 
conclusion, at the corresponding EPA benchmark concentrations, 

concern, and monitoring is necessary in estuaries.DO N
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per bioassay in 700 mL of seawater of 28 salinity in controlled 
conditions; three replicates per treatment consisting of inocula-
tion of one bacterial strain killed by heat per experimental unit: 

 (ATCC 25922),  (ATCC 
25923),  (ATCC 6051),  
(ATCC 17802), and a control group without application of bac-
teria. It was found that  and  promote a high per-
centage of hatching and survival of nauplii after challenge with V. 

. Based on these results, a kinetic of stimulation 
was carried out during embryonic development until hatching to 
determine the expression of the genes involved in the immune re-
sponse and development during stimulation. Apparently different 
stimuli could generate a differential pattern of gene expression e.g. 

 induced a strong effector immune response while  a 

by molecular patterns detected in the environment. These results 
suggest that embryonic cells can participate in an effective immune 
response and the priming can be generated by different activation 
routes depending on the strain used to result in improvement of the 
immunocompetence of the hatched larvae.

PENAEUS (LITOPENAEUS  VANNAMEI
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Aquatic organisms have self-defense mechanisms that natu-

rally protect them from the actions of chemicals such as the her-
bicide and antimicrobial Glyphosate. The changes in expression 
levels of different types of enzymes could be used as biomarkers 
of exposure such as hepatopancreatic cytochrome P450-associat-
ed enzyme activity. It is also possible that the rate of release of 
reactive oxygen species (ROS) is increased during exposure and 
the defense mechanisms occurred in the cell because of rapid ox-
idation, reduction, hydroxylation and dealkylation reactions. The 
effect of Glyphosate exposure was examined to assess the oxida-
tive stress and biotransformationon  post larval stage 
collected from commercial farms. After measuring body length 
(1.760 ±0.197cm) and weight (0.629±0.081g) they were divided 
into groups (n=25/tank): control, 10 ppm, 20 ppm, 30 ppm 40 ppm 
and 50 ppm glyphosate concentrations for 24 hours. Water quality 
was maintained at pH 7.8, salinity of 32, and a temperature of 27-
28ºC throughout the study. Tissue samples were collected every 6 
hr, hepatopancreas removed for enzymatic reactions. The levels of 

Steven Allen
Bowdoin College, Shiller Coastal Studies Center, 240 Bayview 

Rd., Orr’s Island, ME 04066
sallen@bowdoin.edu
The Center consists of 118 acres of mostly coastal forest, and in-

cludes 2.5 miles of undeveloped shoreline. After remaining a coastal 
farmstead for over 150 years, it was developed by Bowdoin College 
for research and teaching in 1998 as the “Coastal Studies Center.” 
Improvements included the addition of a small Marine Laboratory 

Laboratory, and renovations of an existing Farmhouse. From 1998 
to 2013, the Center has been primarily used by Bowdoin faculty and 
students in the departments of Biology and Earth and Ocean Sci-
ences; and the Environmental Studies Program. Students and fac-
ulty from the Visual Arts department have also done landscape and 
marine science visual studies at the Center. Renovation of existing 
laboratory and teaching spaces, and the addition of new technical 

million gift from the Schiller Family is building new facilities to 
support increased activities, including a new dry laboratory, confer-
ence center, and a set of residential cabins for students and visitors. 
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The immune response in marine invertebrates of aquaculture 

importance is widely studied to generate strategies for the pre-
vention and control of viral and bacterial diseases. Aquaculture 
industry towards sustainability is focused on immunomodulation 
helping to prevent and control infections. In this work, “immune 
training” during the period of embryonic development until hatch-
ing on shrimp ( ) was studied. The 
experimental assay was carried out with mass spawning in a larvae 
farm production laboratory. Approximately 4,500 eggs were used DO N
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MYTILUS EDULIS
1 2 2

1Mount St. Mary’s University, Department of Science, 16300 
Old Emmitsburg Road, Emmitsburg, MD 21727

2University of Connecticut, Department of Marine Sciences, 
1080 Shennecossett Road, Groton, CT 06340 

j.g.baer@email.msmary.edu

that reside inside of them have been largely overlooked. Recent ad-
vances in high-throughput sequencing techniques have accelerated 
microbiome research. This study explored the potential differences 
between the resident gut microbiome and the transient fecal micro-
biome of bivalves. The fecal microbiome of the blue mussel ( -

) was directly compared to the gut microbiome of isolated 
individuals to detect any differences in microbial community com-
position. Mussels were collected  from Long Island Sound 
and housed in individualized sterile microcosms for three hours to 
allow for fecal egestion. For each mussel, fecal and gut samples 
were collected simultaneously and analyzed by sequencing pro-
karyotic community 16S rRNA amplicons. Results indicated that 

-
versity than gut communities from the same individual. The fecal 

the similarity in local conditions and environmental microbe pool. 
Gut microbiomes differed greatly from the fecal microbiomes of 
isolated individuals and were more variable in composition. These 
results serve as preliminary evidence that mussels maintain a ro-
bust resident gut microbiome that is characteristically distinct from 
the transient fecal microbiome, which is valuable information for 
future mussel microbiome investigations. These results also indi-
cate that, for mussels, the fecal microbiome is not a reliable proxy 
for the gut microbiome, unlike the gut and fecal microbiomes of 
many mammals. This discovery suggests that long-term microbi-
ome manipulation will continue to be limited by the requirement 
for invasive gut sampling. 

 

University of Florida, School of Forest Resources and Con-
servation, Fisheries and Aquatic Sciences, 7922 NW 71st Street, 
Gainesville, Florida 32653

Several tusk shells, or scaphopods (Mollusca: Scaphopoda) oc-
cur in shallow offshore areas of Cape Canaveral, Florida, including 

, , and -
.  The latter, which was the most common in the study, reaches 

antioxidant [superoxide dismutase (SOD), catalase (CAT) and glu-
tathione reductase (GR)] and biotransformation enzymes (CYP450 
isoform-EROD, MROD, BROD and GST) increased at 6hr and 
12hr in the 10-30ppm groups, their activity decreased afterwards. 
In the 40-50ppm groups, the antioxidant and biotransformation en-
zymes increased up to 24 hr. Results suggested that (a) antioxidant 
enzymes were elevated at early stages of exposure in 10-30 ppm 
groups, (b) GSH, SOD and CAT play a role against ROS and neu-
tralized it, (c) enzymatic biotransformation is essential to eliminate 
glyphosate, and (d) the cellular enzyme defense mechanism protect 
shrimp at certain levels of exposure.

MUSSELS
1 2 1

1

1Smart Farm AS, Dokkgata 14, 4014 Stavanger, Norway
2David de Leeuw Muschelzucht Gmbh, Dannhalmsburg 6, 

26441 Jever, Germany
ba@smartfarm.no
Mussel farmers rely on harvesting wild seed from natural mus-

sel banks. The seed are gathered by dredging and taken to the farms 
where they are grown to commercial size. The changes in the avail-
ability of wild seed banks for collection, whether political, natural, 
or environmental, require improved survey and management prac-
tices, as well as innovative ways of farming mussels. 

Roem van Yerseke Bv, Germany, has introduced SmartUnits to 
collect and harvest seed for their bottom-culture leases. To produce 
up to 3000 tons of seed annually, they have currently installed 250 
SmartUnits. Every SmartUnit is 120 meters long, stick 3 meters 
deep and gets its buoyancy from 250 mm pipes. They are moored 
with high holding power anchors or poles in each end and lie lon-
gitudinally with the current direction. The current is a strong tidal 
current of up to 3-4 knots and the weather is harsh. Due to local risk 
management regulations, sever winter storms and close by interna-
tional shipping lanes; the SmartUnits are disconnected and towed 
to harbor each autumn and set up again for spat collection in spring. 
During the spat growth period the SmartUnits are thinned by har-
vesting once or twice, depending on settlement and growth. The 

used in conjunction with the SmartUnits the team of three can har-
vest 100 tons of seed per day and spread them on the bottom culture 
leases for growth to commercial size. 
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1Ghent University, Laboratory for Environmental Toxicology 
and Aquatic Ecology (GhEnToxLab), Coupure Links 653 Building 
F - 2nd Floor, 9000 Gent, Belgium

2Ghent University, Blue Growth Research Lab, Bluebridge, 
Wetenschapspark 1, 8400 Ostend, Belgium

3University of Aveiro, Department of Biology, 3810-193 Aveiro, 
Portugal

4University of Aveiro, Centre for Environmental and Marine 
Studies (CESAM), 3810-193 Aveiro, Portugal

jana.asselman@ugent.be
Epigenetic mechanisms have gained relevance in human health 

and environmental studies, due to their pivotal role in disease, 
gene × environment interactions, and adaptation to environmental 
change and/or contamination. Epigenetic mechanisms are highly 
responsive to external stimuli and a wide range of chemicals have 

organisms. Furthermore, the mitotic/meiotic inheritance of such 
epigenetic marks as well as the resulting changes in gene expres-
sion and cell/organismal phenotypes has now been demonstrated. 
Therefore, epigenetic signatures are interesting candidates for link-
ing environmental exposures to disease as well as informing on 
past exposures to stressors. Currently, methodologies that study the 
entire epigenome, which refers to all chemical modifcations added 
to the DNA code, are routinely used to investigate potential epi-
genetic effects. While these technologies are increasingly applied 
in studies with model species, they remain challenging to apply to 
non model species. Here, the potential of these technologies in non 
model species will be discussed.

CRASSOSTREA VIRGINICA 

Medgar Evers College, Department of Biology, 1638 Bedford 
Ave, Brooklyn, NY 11225

kamecabaxter@gmail.com
Gill lateral cells (GLC) cilia of  are con-

trolled by serotonergic-dopaminergic innervations. Dopamine 
causes cilio-inhibition. Manganese causes manganism, a Parkin-
son’s-like disease in people by disrupting dopamine neurotrans-
mission. The neurotoxic mechanism of manganese is not fully re-
solved. Lack of effective treatment for manganism is an obstacle 

38 mm.  The study area was a shallow, offshore ridge-and-swale 
system, with major features tens to hundreds of meters across and 
3-25 meters deep.  Sediments ranged from coarse sand on ridges 
to muddy sand in swales.  Storm events temporarily mixed surface 
sediments but the ridge-and-swale topography remained stable.  

Sampling was conducted with a benthic grab, with 864 samples 
over a six-year period.  Thirty-four  were collected 
in 24 samples, all in swale sites greater than nine meters in depth.  

-
iments and high densities of Foraminifera, their reported prey.  Spe-
cies richness was higher in sites with than without , 

was associated brittle stars (Ophiuroidea), the irreg-
ular urchin (Spatangoida), and the morphologically 
similar coneworm, .  Some taxa abundant in ad-
jacent sand ridges, including burrowing amphipods (Haustoriidae), 
free-living bryozoans (Cupuladriidae), and sand dollars (Melliti-
dae), rarely occurred with .

CRAS-
SOSTREA GIGAS

1 2

1Genetic Information Research Institute, 20380 Town Center 
Lane, Suite 240, Cupertino, CA 95014

2Environmental Genomics Inc., ONE HEALTH Epigenomics 
Educational Initiative, P.O. Box 196, Southborough, MA 01772

weidong@girinst.org
 with its genome ranging 

from 545 Mb to 637 Mb, is an ideal model for investigating ad-
aptation to environmental challenges. This species exhibits enor-

genome is composed of repetitive sequences. Most of these repeti-
tive sequences are accounted by transposons. A large number of the 
transposon families are currently active in transposition. From the 

-

we categorized more than one thousand transposon families. The 
genomic transposon landscapes are compared in the two genomes. 
This thoroughly characterized repository of transposons will great-
ly facilitate our understanding of how these transposons shaped 
the genome, and the potential adaptive merit conveyed by these 
transposons.
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to a 30-seat classroom equipped with running seawater, moveable 
tables/benches, microscopes, seawater holding tanks, and Polycom 

-
ermen ply their trade so close to shore during early mornings that 
you can almost reach out and touch their boats. A 1,000 ft2 ecology 
wet lab can be used for experimental work, or to hold organisms 

quarantine lab, and climate control chamber.  In addition, we have 
-

fects of current and future levels of CO2 on calcifying organisms. 

Partnership for the Delaware Estuary, 110 S. Poplar St. Ste. 202, 
Wilmington, DE 19801

ibeal@delawareestuary.org
Since 2008, the Partnership for the Delaware Estuary (PDE) has 

been testing new living shoreline approaches to stem marsh erosion 
-

hancement. In 2013, PDE installed a hybrid living shoreline at the 
mouth of the Mispillion River near Milford, Delaware, consisting 
of oyster breakwaters in the low intertidal zone and erosion control 
structures along the eroding marsh in the mid intertidal zone. The 
primary goal was to provide water quality uplift via an increase 

densities and demographics were tracked between 2014 and 2019 
on all materials. These changes in population biomass were then in-

living shoreline matured. 
-
-

mal until 2016 when a dramatic increase in biomass was measured. 
-

tration by oysters increased slowly between 2014 and 2016, and 

TSS followed a similar pattern.  These results indicate that shell-
-
-

ally develop. Water quality managers should consider the value of 
-

tions while also enhancing bivalve populations where appropriate.

in its clinical management. Previous studies showed manganese 
disrupts cilio-inhibition of dopamine on GLC and the post-synaptic 
receptors are D2-like (D2R). Three D2R agonists (piribedil, N-pro-
pyl-piperidine and ergocryptine) were tested with and without man-

Results were compared to control gills treated with the natural li-
gand dopamine. Each agonists was cilio-inhibitory with N-pro-
pyl-piperidine being the most effective. With manganese present 
the cilio-inhibitory effectiveness of ergocryptine and piribedil was 
moderately reduced, but not N-propyl piperidine. The results show 
manganese interferes with actions of D2R agonists, however the 
three agonists were not equally affected. Since cilio-inhibitory ac-
tions of two of the agonists were impaired by manganese suggests 
manganese is not causing its toxic effect by directly acting on the 
dopamine molecule, but rather on one or more steps of the D2R 
signal transduction pathway. The three agonist likely have differ-
ent D2R binding capacities on GLC, which may account for their 
varied responses to manganese, especially if manganese is directly 
interfering with ligand binding activation of D2R. This study helps 
further understanding of the manganese neurotoxic mechanism in 
causing manganism and should be of value in testing for therapeu-
tic treatment. Supported by grants NIGMS-2R25GM06003, NIH-
K12GM093854-07A1 and PSC-CUNY 62344-00-50.

INSTITUTE
1 2 2

2 2 2

1University of Maine at Machias, 116 O’Brien Avenue, Machi-
as, ME  04654

2

ME  04611
bbeal@maine.edu
Marine science research and education are stronger and more 

active than ever in the easternmost coastal U.S. After 19 years of 
planning and development, the University of Maine at Machias and 

-

U.S. is open for business. Located on a 16-acre campus and adja-
cent to a 1200-acre preserve owned by The Nature Conservancy, 
this pristine setting is located 40 miles east of Acadia National Park 

and development center are only 100-ft from deep water that covers 
nearly 3,000 ft rocky intertidal shoreline where tides vary 12- to 14-
ft every six hours. Visiting scientists and their students have access DO N
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brackish, and freshwater marshes, barrier islands, and coastal and 
offshore waters of the northern Gulf of Mexico. 

The Marine Center is a modern complex of research, instruc-
tional, and residential facilities. This includes 26,000 square feet of 

-
vide housing for up to 80 people. Educational resources include 
camps and courses, three classrooms, two teaching laboratories, 
and a 99-seat auditorium. The Marine Center is also equipped with 

-
cosms, phytoplankton facilities, and a variety of indoor and out-

fresh to full-strength seawater. Additionally, LUMCON operates a 
R/V , a designated 

UNOLS vessel, the 58’ R/V , and 14 smaller vessels are 
used for oceanographic and coastal research and education trips. 
The location and resources provided by the Marine Center are 
available for use. Join LUMCON in beautiful southern Louisiana, 
where community members strive to support research and educa-

BUCCINUM UNDATUM

1 2 1

1

6959 Miller Ave., Port Norris, NJ
2British Antarctic Survey, High Cross, Madingley Road, Cam-

bridge, CB3 0ET, United Kingdom
sarahbor@rutgers.edu
Age determination is a fundamental tool for understanding 

characteristics of population dynamics of a species and aids in in-

-
ical that important life history data is obtained to enable successful 

Using growth rings observed in statoliths, an age-length rela-
tionship of  in the New Jersey region was estimated. A 
total of 45 sites in the Mid-Atlantic were sampled between 2016-

collected were aged (n=363). The lack of juveniles in the samples 
collected required the inclusion of growth data from lab-reared in-
dividuals. Age-length growth curves for whelk from the New Jer-
sey region show that maturity is reached between 4 and 6 years of 
age. This data was used to test the most appropriate growth equa-
tion to model this population. Collection of age-length information 
in the Mid-Atlantic Bight can be incorporated into future stock as-
sessments of this species to allow better management and sustain-

-

CRASSOSTREA VIRGINICA

University of Georgia Marine Extension and Georgia Sea 

Savannah, GA 31411
tbliss@uga.edu
Transition to oyster aquaculture in Georgia is necessary to in-

crease oyster production which is based on wild harvest. In an-
ticipation of regulatory changes to allow for oyster aquaculture, a 
study was undertaken in 2018 to evaluate the growth and survival 
of diploid and triploid oysters at a high and low energy site in Geor-
gia.  Diploid and triploid oysters were produced at the UGA Shell-

-
ter grew faster than diploid oysters.  Triploid oysters reached mini-
mum harvest size (52mm) at the low energy site by July at 59.2mm 
and by August at the high energy site at 69.1mm. Diploids reached 
56.7mm and 57.2mm at the high and low energy sites, respectively. 
By November, triploid oysters had reached 86.9mm and 77.7mm at 
the low and high energy site and diploids had reached 76.2mm and 
64.0mm, correspondingly.  Cumulative survival in July was high 
at each site with triploids having 94.4% and 86.5% at the low and 
high energy sites and diploids had 94.4% and 95.6%.  By Novem-
ber triploid cumulative survival at the low energy site dropped to 
33.2% but remained high at 70.4% at the high energy site, diploid 
survival was high at both locations with 70.6% survival at the low 
energy site and 85.8% at the high energy site. Differences in growth 
and survival by ploidy and site will be analyzed and discussed.

Clain
Louisiana Universities Marine Consortium, 8124 Highway 56, 

Chauvin, LA 70344
abockus@lumcon.edu
Louisiana Universities Marine Consortium (LUMCON) pro-

motes, facilitates, and conducts research and education in the ma-
rine and coastal sciences. The DeFelice Marine Center is located 
85 miles southwest of New Orleans, in the heart of the Mississippi 
River estuarine complex, providing an ideal and immersive loca-
tion for research and education activities. This site provides ready 
access to the most productive estuaries in the United States and one 
of the largest wetlands in the world, including proximity to salty, DO N
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Stony Brook University, School of Marine and Atmospheric 
Sciences, 155 Dana Hall, Stony Brook, NY

Christopher.Brianik@stonybrook.edu
The American horseshoe crab ( ) is an icon-

ic benthic invertebrate that has exhibited precipitous population de-
clines in the New York (NY) stock over the past decade and is con-
sidered an imperative multiple use resource. Horseshoe crabs serve 
as a crucial nutritional resource to multiple shore bird species and 

biomedical industries. Horseshoe crab populations in NY also face 
stressors commonly found in heavily urbanized estuaries, including 
anoxic conditions which are expected to increase in frequency and 
intensity as a result of climate change. Although highly-evolved to 

which subsist on the crab’s book gills, presumably impair-
ing respiration by laying cocoons that restrict surface area and dam-
age the gills directly. To examine the damage 
on its host, sub-samples (1/10 total gill area) of adult (n=30) and 
juvenile (n=30) horseshoe crab gill were collected in June 2019. 
Infection intensity and surface area of cocoons were an-

adult crabs with cocoon intensity ranging from 28-805 cocoons per 
gill subsample, whereas none of the juvenile crabs were infected. 
Findings suggest that infection prevalence is disparate throughout 
ontogeny and is considerably variable within adult populations. In 
an aim to provide insight into the effect of -
ness, future work will emphasize the potential impacts of -

 intensity gradients on horseshoe crab respiration capacities.

other populations under varying levels of exploitation worldwide to 

TIAL 
1 2 1

1

1Medgar Evers College, Department of Biology, 1638 Bedford 
Ave, Brooklyn, NY 11225

2Kingsborough Community College, Department of Biology, 
2001 Oriental Ave, Brooklyn, NY 11235

Tenise.bowman1@student.mec.cuny.edu
Manganese causes manganism a Parkinson’s-like disease. The 

mechanism of action is not fully understood and there is no effec-
tive treatment. Proposed mechanisms include manganese causes 
oxidative stress and mitochondrial dysfunction damaging dopa-
minergic neurotransmission. Manganese disrupts mitochondrial 
membrane potential of gill lateral cells (GLC). To test 
if PAS or carnosine, an antioxidant with possible neuroprotective 
properties protect against manganese on mitochondria membrane 
potential in -
tramethylrhodamine-methyl-ester perchlorate) was used. Gill sec-

-
lume microscope with a 50 watt HBO mercury excitation lamp 

were taken with a Leica DFC400 camera at 0, 10 and 20 min. All 
sections were photographed with the same microscope and camera 

-

-
brane potentials. Manganese treatment reduced FI by 40%. Gills 
co-treated with manganese and PAS showed no reduction. Gills 
co-treated with manganese and carnosine had a 15% reduction. 
This study shows PAS and carnosine protect against manganese 

of interest to those exploring possible therapeutic treatments for 
manganism. Supported by grant NIGMS-2R25GM06003, NIH-
K12GM093854-07A1 and PSC-CUNY 62344-00-50.
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ogy. Over the years, resident and visiting faculty with disciplines 
from hydrodynamics and water quality to marine ecology and 
habitat restoration have discovered how estuaries work and how 
they provide ecosystem services to us all.  These investigators have 
helped train hundreds of undergraduate and graduate students, and 
investigators have published more than 500 peer-reviewed journal 
articles as part of the JEL Contribution Series, accessible through 
the UNH Scholars Repository.  Each year a variety of K-12 classes 
and other visitors learn about estuaries and research at JEL, and 

at UNH.  Most of the research at JEL is supported by grants from 
state and federal agencies, hence the results are used in support 
of natural resource management at local, state and national scales. 
Researchers from other institutions and agencies also take advan-
tage of the lab facilities and unique setting to conduct their own or 
collaborative studies. Emergent research and monitoring challeng-
es are being tackled by faculty and students using new technology 
(e.g. DNA sequencing, drones) to collect, transmit and share infor-
mation about New Hampshire and New England estuaries.

1 2

4

1

6959 Miller Ave, Port Norris, NJ 08349
2Rutgers University, Cape Shore Lab, 297 S Delsea Dr, Cape 

May Court House, NJ 08210
3Rutgers University, NJAIC, 3920 Bayshore Rd, North Cape 

May, NJ 08204 
4Rutgers University, Fisheries Cooperative Center, 1636 Dela-

ware Ave, Cape May, NJ 08204
bushek@hsrl.rutgers.edu

Department of Marine and Coastal Sciences within the School of 
Environmental and Biological Sciences of Rutgers University. It 

131-year tradition of disseminating research results and working 

aquaculture communities in New Jersey and beyond.
The HSRL maintains four facilities in southern New Jersey.  

The Bivalve Laboratory in Port Norris is a modern research lab-
oratory with a high salinity recirculating wet laboratory and ready 
access to Delaware Bay.  The Cape Shore Laboratory in Green 

-
ies.  The Aquaculture Innovation Center in North Cape May is a 

1 1 1

1 1 2

1Negros Oriental State University, Capitol Area, Kagawasan 
Avenue, Dumaguete City, Negros Oriental, 6200 Philippines

2Silliman University-Angelo King Center for Research and 
Environmental Management, 1 Hibbard Avenue, Dumaguete City, 
Negros Oriental, 6200 Philippines

3School of Mathematics and Natural Sciences, Arizona State 
University, 4701 W. Thunderbird, Rd, Glendale, AZ

lilibethabs2013@gmail.com
The Philippines is currently ranked as the third top producer 

of plastic wastes, yet little research has been conducted on marine 

), 
in the coastal areas of Negros Oriental, central Philippines. Of the 

-
versity (8 polymer types) were highest in the guts of  
from Dumaguete, a densely populated city. Microplastic particles 
extracted from subtidal sediment samples across three sites ranged 

each other. Sediment samples from Dumaguete were dominated 

textiles; however, these microplastic types were absent in the guts 

and demonstrates the potential for these pollutants to reach other 

University of New Hampshire, School of Marine Sciences and 
Ocean Engineering, Jackson Estuarine Laboratory, 85 Adams Point 
Road, Durham, NH 03824

Stephen.Jones@unh.edu
The Jackson Estuarine Laboratory (JEL) opened 50 years ago 

in 1970. It is part of the University of New Hampshire and its new 
School of Marine Science and Ocean Engineering. Named after Dr. 
Floyd Jackson, an early marine ecologist and champion of Great 
Bay, the lab is dedicated to the study of marine and estuarine ecol-DO N
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ING 

Sandbar Oyster Company, 5117 Webb Street, Morehead City, 
North Carolina 28557 

clammerhead@sandbaroystercompany.com
Sandbar Oyster Company (hereafter SANDBAR) is com-

mercializing a patent-pending biodegradable hardscape licensed 
from UNC Chapel Hill that was co-invented by the SANDBAR 
co-founders Dr. Niels Lindquist (UNC Institute of Marine Sci-

Cessna. The degradable hardscape is a composite of mineral-based 
-

sions, infused with the binder then wet-formed to a variety of 
shapes tailored for use in oyster aquaculture, restoration of oys-
ter and saltmarsh habitats and creation of living shorelines.  These 
products have been given the trade names Oyster Catcher™ and 
Marsh Maker™.  For oyster aquaculture, SANDBAR developed an 
“oyster shell substitute” called Tufts, which are shaped like a 3-di-
mensional pretzel. Tufts provide high surface area for spat attach-
ment and open space among the Tuft strands that allows attached 
spat to grow to larger sizes with a minimum of shell fusing among 
neighboring oysters. As Tufts strands degrade, oysters are shed as 
singles and small clusters. In North Carolina, Tufts are deployed 
in late spring on intertidal leases for seeding with wild spat, held 
there into late fall when oyster pest activity is declining, and then 
broadcast onto subtidal bottoms.  Sourcing Tuft-derived seed into 
row crop-like, free-on-bottom culturing programs may enhance per 

systems and labor to manage gear is minimized.  Creating rotated 
ephemeral reefs could support high standing stock biomass oysters, 

lucrative harvests.

PLACOPECTEN MAGELLANICUS

1 1

1University of Maine, School of Marine Science, Darling Ma-
rine Center, 193 Clark’s Cove Rd, Walpole ME, 04573

2Bates College, Bates College Coastal Center, 2 Andrews Rd, 
Lewiston, ME 04240

struan.coleman@maine.edu
The U.S. imports more than 40 million pounds of sea scallop, 

was conducted in Penobscot Bay, Maine to evaluate the potential of 
scallop aquaculture to mitigate this trade imbalance. The coupled 
effects of lantern net stocking density and temperature on growth 

large production-scale hatchery with a modular design to support 
innovation and demonstration.  The Fisheries Cooperative Center is 

-
cluding Julius and Thurlow Nelson, Harold Haskin, and Susan 
Ford.  With a year-round staff of about 30, the HSRL generates and 
disseminates research information directly applicable to all aspects 

commercial importance to the New Jersey region.

University of Maryland, Horn Point Laboratory, 2020 Horns 
Point Road, Cambridge, MD 21613

bcampbell@umces.edu

the past few decades, production limitations still exist (e.g. biofoul-

-

However, little research has been done to investigate the physical 

growth or biofouling due to a lack of small, yet robust tools capable 
of monitoring hydrodynamic forces inside culture gear.

The main objectives of this research was to 1) develop a se-
ries of inexpensive and robust tools that can accurately monitor the 
physical environment in culture gear, 2) use tools to understand the 
hydrodynamics within aquaculture gear, 3) understand how biolog-

in culture gear, and 4) learn how changes in the physical environ-

To address these objectives, three documented tools were adapt-

-
tion), and accelerometers (jostling). The tools were then used in 
a two-month biofouling treatment experiment to determine how 

the internal hydrodynamics of culture gear and the resulting growth 
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time course. RNA-Seq transcriptomic analysis provided informa-
tion on what genes were differentially expressed by the probiotic 
and the pathogen during competition with one another. This early 
study will further elucidate what mechanisms are being utilized by 
both S4 and RE22 when they are in direct competition, and provide 
possible future targets to increase the effectiveness of probiotic 
bacteria for use in aquaculture systems.

1 1 2
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1School of Animal Sciences, Louisiana State University Agri-
cultural Center, Baton Rouge, LA 70803

2Department of Biological Sciences, Louisiana State University, 
Baton Rouge, LA 70803

3School of Fisheries, Aquaculture, and Aquatic Sciences, Au-
burn University, Dauphin Island, AL 36528

4School of Renewable Natural Resources, Louisiana State Uni-
versity Agricultural Center, Baton Rouge, LA 70803

5Harte Research Institute for Gulf of Mexico Studies, Texas 
A&M University-Corpus Christi, TX, 78412

6U.S. Geological Survey, Louisiana Fish and Wildlife Coopera-
tive Research Unit, School of Renewable Natural Resources, Loui-
siana State University Agricultural Center, Baton Rouge, LA 70803

jlapeyre@agcenter.lsu.edu
Increasing prevalence of hypoxia in shallow waters of Gulf of 

Mexico (GoM) estuaries can pose a serious threat to oysters and the 
oyster aquaculture industry. Some farmers have already associated 
oyster mortalities with low dissolved oxygen (DO). While oysters 
are considered more tolerant to hypoxia and anoxia than many 
other bivalves, their survival decreases drastically with increasing 
temperatures. The tolerance of oysters to hypoxia is not well char-
acterized especially at high temperature (>30°C) which is typical 
of GoM estuaries in summer. Moreover, it is unknown whether 
differences in hypoxia tolerance exist between oyster populations. 
Wild broodstocks were collected from four estuaries from northern 
and northwestern GoM, spawned and their adult progenies tested 
under constant severe hypoxia (<1 mg O2

differences in hypoxia tolerance were found between populations 
with calculated median lethal time (LT50) ranging from 4.5 to 17.9 
days. The study was repeated using the least and the most tolerant 
population, valve movement was monitored and oysters were sam-
pled to compare stress biomarkers including hemocyte lysosomal 
stability, digestive gland glutathione concentration, and lipid per-
oxidation. Gill and digestive gland tissues were also saved for later 
transcriptomic analysis.

with 10 and 20 individuals tier-1, respectively. Between December 
20th, 2017 and November 15th, 2018, shell height measurements 
were recorded eight times at each site. Water temperature was 
monitored hourly throughout the duration using HOBO loggers. 
Growth rates (mm day-1) were calculated, and then subsequent-
ly divided into three periods for analysis. At both the Stonington 
and Hurricane Island sites, individuals grown within low-density 

individuals grown within high-density stocking treatments. Growth 

treatments during Period 2 (between May 5th, 2018 and Septem-
ber 9th, 2018); during this time, the low-density stocking treatment 
offered a distinct growth advantage over the high-density stocking 

nonlinear relationships between shell height growth rates, tempera-
ture, and stocking density during Periods 2 and 3 (between May 5th, 
2018 and November 11th, 2018). These results stress the need for 
calculated lantern net stocking in order to maximize intermediate 
growth and expand the possibility for temporally dynamic stocking 
density management.

PHAEOBACTER INHIBENS, 
VIBRIO CORALLIILYTICUS,

1 2  2
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1University of Rhode Island, Department of Fisheries, Animal, 
and Veterinary Science, 120 Flagg Rd., Kingston, RI 02881

2University of Rhode Island, Department of Cell and Molecular 
Biology, 120 Flagg Rd., Kingston, RI 02881

3University of Rhode Island, College of Pharmacy, 7 Green-
house Rd., Kingston, RI 02881

jcoppersmith@uri.edu
Oyster aquaculture is a growing business, though it carries 

with it large risks, particularly related to disease outbreaks, which 
have been known to decimate larval and juvenile stocks. Probiot-
ics, like  (S4), can provide protective effects 
against disease causing pathogens such as 
(RE22) when added to aquaculture systems. The mechanisms of 
protection and infection are complex and are being investigated 
via competition assays using mutant strains for genes involved in 
targeted pathways (
quorum sensing). Transcriptomic analysis, however, can provide 
greater understanding of this complex interaction and identify nov-
el pathways involved in probiont activity. To this purpose RE22 

planktonic samples were sampled at multiple time points over that DO N
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Long-term monitoring of physical, biological, and meteorological 
processes in the Mullica River-Great Bay Estuary system is sup-
ported by waterside facilities at the Rutgers University Marine Field 
Station.  

-
tively by the JC NERR staff and partners include: 

•  Changes in abiotic parameters driven by natural and anthro-
pogenic factors

•  Range Shifts in organisms and habitats including invasive 
species 

• Role of Marsh ponds in ecosystem dynamics 
• 
• Microplastics in coastal areas
The place-based monitoring approach allows study of episodic 

events that would be missed by short-term, question-driven pro-
grams. Education and outreach activities focus on research oppor-
tunities for undergraduate and graduate students, as well as science 
education programs for teachers, K-12 students, and community 
members. Available summer internships are modeled after the NSF 
Research Experiences for Undergraduates program. A new Mar-
garet A. Davidson Graduate Research Fellowship Program will be 
initiated in 2020 at all 29 NERRS. 

Biology Department, University of Louisiana at Lafayette, PO 
Box 42451, Lafayette, LA 70504

led9784@louisiana.edu
There are no published values for ventilation rates in shelled 

due to the route of the ventilatory current through the shell and 

represent an exception, in that the anterior shell is elongated into a 
siphonal canal.  The mantle is rolled into a functional siphon and 
extended just beyond the end of the shell and water is pulled into 
the siphon by the activity of cilia on the gill.

In this study, the siphonal end of the shells of specimens of 
, , and  

were inserted into calibrated plastic pipette tips or transfer pipettes.   
The animals extended their siphons into the pipettes and appeared 
to ventilate normally.  Aliquots of red food dye were introduced to 
the end of the pipette and the movement of the dye front along the 
pipette was timed with a stopwatch.  

Rates for  ranged from 0.1 to 0.6 mL/sec. for an 811 g 
(13.5 mm shell diameter) animal and from 0.7 to 1.5 mL/sec for a 
295 g (7.5 mm) snail. Rates for  (323 g; 4.5 mm) 
ranged from 0.1 to 2.9 mL/sec.  Ventilation in  was 
0.02 to 0.11 mL/sec in a 52 g (4.2 mm) animal and 0.04 to 0.15 mL/

-
edge of the physiology of marine gastropods.

University of Southern California, Wrigley Institute for Envi-
ronmental Studies, 3454 Trousdale Pkwy, Los Angeles, CA 90089-
0153

lauren.czarnecki@usc.edu
The University of Southern California (USC) Wrigley Marine 

Science Center (WMSC) on Santa Catalina Island, California of-
fers a wealth of assets for conducting research and education in 
coastal aquaculture, oceanography and marine biology, as well as 
historic and present-day topics at the human-coastal interface. The 
facility offers easy access to the Catalina pristine waters and nine 
Marine Protected Areas, and proximity to deep ocean environments 
in the San Pedro Ocean Basin. With a location in the Los Angeles 
region, the WMSC also provides opportunities for studying con-
tinuums from urbanized to pristine, and facilitating research-in-
dustry partnerships toward productive regional aquaculture in the 
Southern California Bight. The facility hosts hundreds of under-
graduate, graduate and K-12 students in educational programming 
each year from institutions nationwide, along with approximately 
2000 general public visitors and community scientists. Research 
assets include laboratory and waterfront facilities, a ‘blue house’ 
for marine mesocosm work, subsurface aquaculture longlines in 
nearby Catalina Harbor and a hyperbaric chamber onsite. Offshore, 
the USC Wrigley Institute maintains a mid-channel oceanographic 
time series station and an anchored depth-cycling installation to 
study novel kelp farming techniques. The WMSC Boone Center 
serves as a “Camp David for the Environment” to convene scien-
tists and policy makers to discuss pressing environmental issues 
and strategize productive paths forward.  

MANAGEMENT

Rutgers University, Jacques Cousteau National Estuarine Re-
search Reserve, 130 Great Bay Boulevard, Tuckerton, New Jersey 
08087 

deluca@marine.rutgers.edu
The Jacques Cousteau National Estuarine Research Reserve 

(JC NERR), is one of 29 National Estuarine Research Reserves 
(NERRS) created to promote the responsible use and management 

research, education, and stewardship. Serving as a sentinel site in 
southern New Jersey, the JC NERR conducts a variety of collabo-
rative research and long-term projects such as understanding coastal 
marsh sustainability, early detection of environmental change, and 
development of web-based tools to inform coastal decision making. DO N
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1Old Dominion University, Center for Coastal Physical Ocean-
ography, Norfolk, 4111 Monarch

 Way, VA 23508
2

Norris, 6959 Miller Ave, NJ 08349
3University of Southern Mississippi, Gulf Coast Research Lab-

oratory, 703 East Beach Drive
Ocean Springs, MS 39564
4Virginia Institute of Marine Science, William & Mary, Glouces-

ter Point, Andrews Hall 442, VA 23062
mgonz023@odu.edu
The Atlantic surfclam ( ) along the continen-

tal shelf of the Mid-Atlantic Bight (MAB) supports an important 

consequences. Surfclams along the MAB have an observed north-
south gradient in size, with larger sizes at the northern end of the 
range.  A model developed for surfclam population dynamics is 
used to simulate surfclam growth and biomass distribution along 
the MAB.  Growth rates input to the model are based on param-
eterizations derived from surfclam stock surveys.  The simulated 
surfclam distribution shows a spatially variable size-at-age and a 
gradient in size that matches observations. The simulated biomass 
distribution indicates that the biomass is maximal inshore and to-
wards the northern end of the range.  Sensitivity simulations con-
sider changes in the biomass distribution in response to changes in 
the mortality gradient on the MAB. These simulations show why 

-
cially viable concentration of surfclams. The resultant changes in 
biomass distribution and size-at-age have implications for the surf-

Marine Research Institute (IIM), Spanish National Research 
Council (CSIC), C/Eduardo Cabello 6, 36208, Vigo, Spain

mprado@iim.csic.es
Keystone species, such as  play a 

special role in the structure of ecological communities and in de-
termining biodiversity. A glycoprotein named KEYSTONEin was 
characterized in , , and -

. Its role is crucial since it constitutes a cue of predation for 

1 1 2

4

1Friday Harbor Laboratories, University of Washington, 620 
University Road, Friday Harbor, WA 98250

2Institute of Marine and Environmental Technology, University 
of Maryland Baltimore County, 701 E Pratt Street, Baltimore, MD 
21202

3University of Washington, School of Aquatic and Fishery Sci-
ences, 1122 NE Boat St, Box 355020 Seattle, WA 98195

4Stony Brook University, Department of Ecology and Evolu-
tion, 650 Life Sciences Building, Stony Brook, NY 11794

colleenb@umbc.edu
The Friday Harbor Labs (FHL) is a marine station located on 

San Juan Island, about 70 miles NW of Seattle in inland waters 
of Washington State. It has supported research and education in 
the marine sciences for almost 120 years in an egalitarian, col-
laborative culture where every student is a scientist worthy of re-
spect. Part of the University of Washington’s College of the Envi-
ronment, FHL is open year-round to researchers from around the 

-
tion, from genetics and development to anatomy and ecology. One 
active current research program is Dr. Adam Summers’ project to 
“Scan All Fishes”, bringing researchers from all over the globe for 
free use of a CT scanner, from which all data and images are made 
publicly available. Infectious marine diseases are also a current 
research topic. In spring, summer, and fall, FHL offers graduate 
and undergraduate courses on similarly diverse topics. Generous 
private donors help to defray costs for students. FHL facilities in-
clude 13 lab buildings, most of which have running seawater tables 
for maintaining marine organisms; a variety of modern equipment 
for shared use; several classrooms; a full-service Dining Hall; and 
roughly 200 beds in housing units ranging from student dormitories 
to private apartments. Also on the FHL campus, the Helen Riaboff 
Whiteley Center provides a refuge (seven cottages and a study cen-
ter) for established scholars and artists to create and interact in a 
peaceful environment. As space allows, FHL also rents its facilities 
for workshops and conferences.
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of a stress response, and abundance of energy storage (quantifying 
glycogen). Results may show interactive effects of multiple stress-
ors have an antagonistic impact on the overall physiology, greater 
than the sum of individual stressors, or perhaps less likely, a syner-
gistic impact, disrupting the harmful effects of individual stressors 
impacts. This study aims to elucidate the mechanism of survival 
strategies over chronic exposure to stressors in  an 
important, economically valuable, ecosystem engineer. 

ZOSTERA MARINA 

Virginia Institute of Marine Science, William & Mary, P.O. Box 
1346, Gloucester Point, VA 23062

jcdrey@vims.edu  
In recent years, bivalve aquaculture has increased rapidly in es-

tuarine and coastal waters of U.S. Atlantic and Gulf of Mexico.  
Most economically viable locations for oyster aquaculture are in 
shallow-water coastal and estuarine environments, areas that fre-
quently support the growth submerged aquatic vegetation (SAV) 
and/or are targeted for SAV restoration.  SAV habitats are widely 
recognized for the ecosystem services they provide.  Because of 
their value, resource management agencies frequently apply a pre-
cautionary approach to permitting, denying requests for any activi-
ties with unknown impacts on SAV habitats.  The goal of this multi-

oyster aquaculture on a  (eelgrass) bed in terms of 
SAV health, sediment characteristics, and macrofaunal community 
structure but only data on infaunal invertebrates are presented here.  
In 2019, the farm site and three control sites were sampled once 
before farm construction was complete (June) and twice afterwards 
(August and September).  Core samples were collected during each 

-
est practical taxonomic level.  Opportunistic capitellids ( -

 and Capitella spp.) and the spionid, 
, were the most abundant polychaetes in all samples in all 

months, but declined in abundance as eelgrass declined.  Prelimi-

impact on infaunal community structure to date.  Continued moni-
toring of these sites is necessary to identify long-term patterns and 
to assess any interannual variability.

sea stars. In this work KEYSTONEin expression was analyzed un-

2 ppm) regarding the 
current situation (400 ppm) to determine if it could be affected by 
climate change.

Mussels were acclimated to the experimental pCO2 concentra-

system. After that, half population was exposed to crushed con-

from each experimental group and dissected. Several tissues were 
sampled for RNA and/or protein isolation and qPCR was carried 
out for KEYSTONEin expression.

There is a tendency towards downregulation of KEYSTONEin 

role in keystone molecules expression. This might lead to import-
ant ecological effects such us spatial distribution not only for foun-
dation species but also for other species. Nonetheless, when the 
faux prey is introduced, the predation signal seems to be strong 

experimental infections showed also that KEYSTONEin might 
function as acute defense protein, even when it is considered to 
have evolved from ancestrally immunological roles to be a chemi-

MYTILUS EDULIS

Sonoma State University, Department of Biology, 1801 East 
Cotati Ave, Rohnert Park, CA 94928

draluck@sonoma.edu
Sessile marine invertebrates in the rocky intertidal zone live in 

changes, predator pressures and differences in food availability. 

ideal system to study the effects of anthropogenic climate change, 
expanding the already immense challenges faced by organisms 
that reside there. Exploring how these organisms respond to stress 
demands a closer investigation into the cellular and biochemical 
pathways of marine invertebrates, and whether there are energet-
ic strategies involved in enabling them to survive these pertur-
bations. Little is known about the long-term effects of multiple 
stressors on the ecologically important blue mussel, -

. In this study, a variety of subcellular pathways were measured 
during a multifactorial design by combining food availability (fed 
or starved), increased water temperature (ambient or +2°C), and 
risk of predation (predator cue or lack thereof). Mussels sampled 
across a 12-week period were measured for aerobic and anaerobic 
capacity by measuring citrate synthase and malate dehydrogenase 
enzyme activity, respectively, heat shock 70 protein as an indicator DO N
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1Auburn University, School of Fisheries, Aquaculture, and 
Aquatic Sciences, 150 Agassiz Street, Dauphin Island, AL 36528

2Louisiana State University, School of Animal Sciences, 101 J. 
Norman Efferson Hall, Baton Rouge, LA 70803

mce0028@auburn.edu
With the establishment of off-bottom oyster farming in the Gulf 

of Mexico, oyster farmers in the region have widely adopted trip-
loid oysters as the mainstay of their production, due to their faster 
growth and better summer meat condition. Wadsworth et al. (2018) 
found that triploids grew larger and faster than diploids, but also 
had higher mortality rates across farm sites. Salinity changes were 
suggested as a possible driver of this pattern. To determine the ef-
fect of salinity on growth and survival of triploid and diploid oys-

-
ducted at three coastal Alabama sites: Grand Bay, Mobile Bay, and 
Dauphin Island. Six groups of half-sibling oysters were spawned 
from wild broodstock collected from areas with different salini-
ty regime histories: Calcasieu Lake, Sister Lake, and Vermillion 
Bay in Louisiana. At each site, 12 replicates of each experimental 
treatment (2 ploidy x 3 broodstock origin, or 6 total experimental 
treatments) were deployed in November 2019 and sampled every 
other month. Data collection is ongoing, and growth and mortality 
records will provide a comparison among groups under different 
salinity gradients. The goal of this study was to test whether use 
of broodstock selected from areas with different salinities can de-
crease triploid mortalities in the region. 

VIBRIO 
PARAHAEMOLYTICUS

Ava Ellett 2

1CSS Inc., Cooperative Oxford Laboratory, 904 South Morris 
Street, Oxford, MD 21654

2National Ocean Service, National Centers for Coastal Ocean 
Science, Cooperative Oxford Laboratory, 904 South Morris St, Ox-
ford, MD 21654

3University of Maryland Eastern Shore, 11868 College Back-
bone Rd, Princess Anne, MD 21853

ava.ellett@noaa.gov
The naturally occurring marine bacterium, -

is capable of causing gastroenteritis from consumption of 
raw or undercooked seafood. There is a substantial amount of effort 
put into modeling  growth in seafood, such as 
live oysters. The purpose of this type of research is to inform the 

Aquaculture Research Institute, University of Maine, Darling 
Marine Center, 193 Clarks Cove Rd, Walpole, ME 04573

meggan.dwyer@maine.edu
The Aquaculture Research Institute (ARI) at the University of 

Maine (UMaine) is an interdisciplinary institute that coordinates 
the UMaine aquaculture facilities and assets. The ARI supports a 
broad range of aquaculture research and education programs and 
has the ability to access resources across the UMaine System to of-

-

Station (AquEOuS). Each of the UMaine aquaculture facilities can 
support unique research and experiential learning opportunities us-
ing both the facility location on the Maine coast as well as its staff 
and equipment. The following are brief description of each facility:

•  Aquaculture Research Center (ARC), Orono, ME: a recir-

rooms for education and research;
•  Aquatic Animal Health Laboratory (AAHL), Orono, ME: a 

new, state-of-the art, high containment aquatic animal health 
research facility;

•  Darling Marine Center (DMC), Walpole, ME: a marine sta-

research farm;
•  Center for Cooperative Aquaculture Research (CCAR), 

Franklin, ME: a compound with industrial RAS systems and 
a business incubator;

• 

The poster will include in depth descriptions and photos of re-
search resources, housing and staff available at each site as well as 

facilities.  
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and transcription regulations. The same result was observed with 
the DMR analysis, suggesting that DE between phenotypes is re-
lated to DMR in promoters. This presentation will summarize how 
families were selected, the differences between thermal phenotypes 
at the transcriptomic level and in methylation of promoters, and on 
the relationship between methylation in promoters and phenotypes 
differential gene expression. This research will serve as the basis 
for further basic research needed to understand the impact of cli-
mate change stress on oyster genomes.

LIMULUS POLYPHEMUS
1 2

 
1Fairleigh Dickinson University, School of Natural Sciences, 

1000 River Road, Teaneck, NJ 07666
2

6959 Miller Ave., Port Norris, NJ 08349
3NOAA Northeast Fishery Science Center, 166 Water Street, 

Woods Hole, MA 02543
sestrada@student.fdu.edu
Horseshoe crab eggs are a primary food source for many migra-

tory species of shorebirds, and their blood is essential for maintain-
ing the safety of injectable drugs. Despite their importance, little 
is known about the effects of aquaculture and tidal conditions on 
horseshoe crabs’ movement (speed, direction, and path) as they 
transit through oyster farms to come ashore to spawn. This study 
was designed to test for effects of oyster farms and tides on the 
movement of horseshoe crabs. Two DIDSON (Dual-frequency 

control site in Delaware Bay during spawning migrations to record 
horseshoe crab movement during peak spawning (full moon in 
May 2019). Videos made with sonars were analyzed using Tracker 

amplexus pairs were measured. Path straightness was on average 
3% greater at oyster farms (ANOVA; p<0.001) and path direction 
was affected by tidal conditions (ANOVA; p<0.001) with horse-

the ebb tide they returned to the bay. Velocity, net distance, and 
gross distance were not affected by oyster farms nor tidal condi-
tions. Although crabs traveling around or through oyster farm racks 
had a less straight path than those passing through the control, over-
all movement to and from inshore spawning habitat was not affect-
ed.  In conclusion, oyster farms do not affect the overall ability of 
horseshoe crabs to access spawning habitat. 

aquaculture industry about  risks associated with harvesting 
practices. These models have proven to be extremely useful but 
have led to questions about pathogenic strains and whether or not 
their growth rates may differ. Furthermore, select pathogenic V. 

 strains have been shown to migrate around the 
country and the globe as evidenced by the ecological invasion of 
the Northeast U.S. by sequence type (ST) 36 strains in 2012. While 
infections originating from cooler waters are typically rare, studies 
have shown an increase in infections attributed to ST36 strains, 

This work aims to understand the growth rates of certain ST36 
strains at lower temperatures that are typically not suitable for -

 growth.  ST36 strains obtained from the 
Northwest Fisheries Science Center and the Gulf Coast Seafood 
Laboratory were inoculated into broth culture and growth rates cal-
culated at lower temperatures. These growth rates were compared 
to non-ST36 PNW and local (Maryland) strains.
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roeste, La Paz, B.C.S, México, 23205  

3University of Washington, School of Aquatic and Fishery Sci-
ences, 1122 NE Boat St, Box 355020 Seattle, WA 98195-5020

rarredondo@pg.cibnor.mx
Thermal stress is one of the factors that affects production 

 in 
Mexico.  Increases in temperature up to 34°C or more in shallow 
waters had been associated with high mortalities. Selective breed-
ing of thermal-resistant oysters represents an alternative to improve 
survival. This research aimed to understand if genetic differenc-
es exist for resistance among families within a breeding program 
being developed in CIBNOR since 2013. After an induced acute 
thermal challenge, three families were phenotypically character-
ized as thermal-resistant and three as thermal-susceptible. Unex-
posed oysters from the same six families were subjected to a chron-
ic thermal stress for 30 days using daily oscillating temperatures 
between 26°C and 34°C. On day 30, gill tissue was sampled and 

(WGBS) with the objective of identifying differentially expressed 
(DE) genes and differentially methylated regions (DMR) between 
phenotypes in response to thermal stress. Gene ontologies for DE 
genes were assigned to energy production, metal ion binding, DNA DO N
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 is an important foodborne pathogen 

and has recently gained particular notoriety because it causes acute 
hepatopancreatic necrosis disease (AHPND) in shrimp, which has 

-
 strains acquired a 63- to 73-kb plasmid, which harbored 

binary toxin PirABvp. These toxins have been determined to be the 
primary virulence factors causing AHPND. In this study, a consec-
utive monitoring in a shrimp farm was conducted to observe the 
horizontal plasmid transfer. Results showed that PirAB-negative 
(avirulent) strains were present in the environment until the intro-
duction of PirAB-positive strain. Afterwards, horizontal plasmid 
transfer occurred between different genotypes of -

. Thereafter, an insertion sequence IS excised from the 
PirAB-positive plasmid, resulting in several insertion and deletion 
events in the chromosome of , including an 11 
kb deletion regulating cell mobility and the production of capsular 

-
-

al1 from 
plasmid to chromosome, a co-culture experiment of -

with IS containing plasmids was conducted. The results 
was transferred from the constructed plasmid 

in 6.9% of  colonies. In conclusion, the intro-
duction of the AHPND-associated plasmid offers a novel mecha-
nism of genetic exchange mediated by insertion sequences and im-

in a harsh environment.

1 2

1Stockton University, Marine Field Station, 30 Wilson Avenue, 
Port Republic, NJ 08241

2Stockton University, Schools of Natural Sciences and Mathe-
matics, Marine Science Program, 101 Vera King Farris Drive, Gal-
loway, NJ 08205

steve.evert@stockton.edu
The Stockton University Marine Field Station (MFS) in Port 

Republic, New Jersey is located within the Jacques Cousteau Na-
tional Estuarine Research Reserve.  The location of the MFS is 
central to its offerings; less than 15 minutes from the main campus, 
only 7 nautical miles from the Atlantic Ocean, and just minutes by 
vessel to estuarine habitats and sampling sites.  The MFS offers 
dockage and modest laboratories with access to an array of resourc-
es including vessels, sampling equipment, and marine technology 
instrumentation.  Visitor housing is available in the summer months 

consists of shallow-draft vessels ranging from 16’ – 24’ and the 
.  The 

marine technology program includes a 300m-rated remotely oper-
ated vehicle, side scan sonar, multiphase echosounder, mobile Li-

marine operations staff provide support services and oversee the 
maintenance and use of the facilities, vessels, instrumentation and 
sampling equipment.  

The faculty associated with the MFS have active research and 

and restoration, SAV monitoring and restoration, marine geology, 
marine chemistry, and several areas of oceanography including es-

The MFS is a UNOLS - member laboratory and organizational 
member of multiple professional societies, including National As-
sociation of Marine Laboratories, Organization of Biological Field 

-
gy Society, and the Hydrographic Society of America.
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convergent genes with Ptrue (probability of true convergence) > 0.9. 
Products of the convergent genes tend to be on the plasma mem-
brane associated with salinity tolerance. Importantly, convergence 
is more often manifested at a higher level than at amino acid (AA) 
sites. Relative to > 50 plant species, mangroves strongly prefer 4 

-
dencies. In conclusion, the selection of taxa, the number of species 
and, in particular, the empirical controls are all crucial for detecting 
genome-wide convergence. This large study of mangroves is the 

The University of Southern Mississippi, School of Ocean Sci-
ence and Engineering, Gulf Coast Research Laboratory, 703 East 
Beach Drive, Ocean Springs, MS 39564

read.hendon@usm.edu
Established in 1950 by the Mississippi Legislature, the Gulf 

Coast Research Laboratory (GCRL) is the designated marine labo-
ratory of the State, located in Ocean Springs, MS. In 1988, GCRL 
transitioned from an independent marine laboratory to a research 
and teaching unit of the University of Southern Mississippi and 
was incorporated into its School of Ocean Science and Engineering 
(SOSE) in 2016. The GCRL serves as the easternmost SOSE lo-
cation along the Mississippi Gulf Coast, with other sites including 
the Marine Research Center (Gulfport) and the Division of Marine 
Science (Stennis Space Center).

As a university marine laboratory, the focus of the GCRL is 
on academics and research associated with the marine and coastal 

academic achievement and also promoting economic growth and 
workforce development. Mission components are achieved through 
the SOSE GCRL-based faculty in the Division of Coastal Sciences 
and researchers and educators in the Center for Fisheries Research 
and Development, the Thad Cochran Marine Aquaculture Center, 

With approximately 200 faculty members, staff, and graduate 
assistants and 275,000 square feet of space, GCRL is one of the 
largest marine laboratories in the southeastern United States. A 
diverse array of laboratory, teaching, administrative and housing 
space supports the SOSE priorities on the GCRL 50-acre Halstead 
and 224-acre Cedar Point campuses. Large vessel operations for 
the 97-foot  and 60-foot  are con-
ducted from the GCRL Point Cadet site in Biloxi.

Cornell University, Department of Natural Resources, 226 
Mann Drive, Ithaca, NY, 14853 hh693@cornell.edu 

For commercially harvested organisms, understanding popu-
lation structure and connectivity is key for metapopulation man-
agement to maintain sustainable harvest protocols. Additionally, 
differentiating cryptic marine species is crucial to proper harvest 
and conservation management. High-throughput genomic DNA se-
quencing offers a powerful tool for studying metapopulation struc-

data can unambiguously identify cryptic species and their hybrids, 
as well as estimate the relative roles of genetic drift and selection 
generating divergence. Commercially valuable offshore populations 
of  surfclams are broadly distributed 
from Georges Bank to the Mid-Atlantic Bight, but also occur in-
shore where they grow to more modest size. Recent genetic analy-
ses demonstrated that its sister taxon,  is 
sympatric in nearshore waters of southern New England and New 

-
tions of either taxon. Furthermore, because inshore environmental 
conditions make these taxa phenotypically indistinguishable, noth-
ing is known about hybridization where they co-occur. Small-scale 
studies to date have had limited population and genomic sampling 
to address these questions. This poster will constitute a progress re-
port on sample collections and genomic analyses of surfclams to 
address the above questions, funded by the Mid-Atlantic Fisheries 
Management Council. Primary focus will be on development of 
markers to test for hybridization between these two taxa.

Sun Yat-sen University, 135 Xingang W Rd., Binjiang Road, 
Haizhu, Guangzhou, Guangdong, China

lssssh@mail.sysu.edu.cn
Sequencing multiple species that share the same ecological 

niche may be a new frontier of genomic studies. While such studies 
should shed light on molecular convergence, genomic level analy-
ses have been unsuccessful, due mainly to the absence of empirical 
controls. Woody plant species that colonized the global tropical 
coasts, collectively referred to as mangroves, are ideal for conver-
gence studies. Here, the genomes/transcriptomes of 16 species be-
longing in three major mangrove clades were sequenced. To detect 
convergence in a large phylogeny, a CCS+ model is implemented, 
extending the more limited CCS method (convergence at conser-
vative sites). Using the empirical control for reference, CCS+ re-DO N
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if algal densities achieved were comparable to products current-
ly used in the industry. Oyster waste nutrient media in a range of 
concentrations (100%, 50% and 25%) was compared to commer-

treatments was measured using an  and subsa-
mpled counts. Successful growth of all species was observed. In 
general, L1 performed the best, with 100% nutrient water, 50% 
and 25% producing in decreasing amounts.  Interestingly, however, 
some species demonstrated faster growth at lower concentrations 
of oyster nutrients, suggesting that at least for some situations, a 
combination of nutrient water and L1 could achieve greater algal 
culture densities faster. 

Hurricane Island Center for Science and Leadership, 19 Com-
mercial Street, PO Box 1280, Rockland, ME 04841

phoebe@hurricaneisland.net
The Hurricane Island Center for Science and Leadership inte-

grates science education, applied research, and leadership devel-
opment through year-round educational programs and a seasonal, 
environmentally-sustainable island community. Ten miles offshore 
in the Fox Islands Archipelago in Penobscot Bay, Maine, Hurri-
cane Island offers access to unique terrestrial and marine environ-
ments for middle and high school students, researchers, college 
and university faculty and students, and adult learners from around 
the world May through October. Committed to sustainability, the 
Island is solar-powered, utilizes composting toilet systems, culti-
vates a growing garden to increase on-Island food production, and 
is breaking ground on a new state-of-the-art Passive House De-
sign research facility in Spring of 2020. The Island itself consists 

seaside goldenrod/ goosetongue open headland, and rose/bayber-
ry maritime shrubland. The marine subtidal bottom habitat around 

outcrops with accumulations of coarse-grained sediment in low-ly-
ing areas. The intertidal zone includes areas with dense rockweed, 

built-up granite faces from the quarrying-era. Situated at the con-

Hurricane sits in the heart of lobster country, perfectly positioned 
to participate in monitoring studies and research on climate change, 

and management. With a 3.2-acre aquaculture site growing scal-
lops, kelp, oysters, and mussels, the Center leads research, work-
force development, and education efforts focused on the growing 
aquaculture industry in Maine. 

SPISULA SOLIDISSIMA 

Fisheries Department, Virginia Institute of Marine Science, 
William and Mary, P.O. Box 1346, Gloucester Point, VA 23062

ahhollander@vims.edu
The surfclam, is a benthic dominant in the 

shallower waters of the mid-Atlantic through Georges Bank region. 
-

imating 57 million pounds annually. The moving footprint of the 
range of exploited surfclams in these regions over the past four 
decades is now well documented in both NEFSC stock assessment 
surveys and the gradual northeasterly movement of harvest activ-
ity. This moving footprint is related to warming of the US eastern 
continental shelf. This project is developing a 33-year retrospec-
tive, spatially explicit time series of growth rates in surfclams over 
the surveyed range to both document the aforementioned moving 
footprint in terms of population productivity and provide an explic-
it forward projection of future productivity. The research material 
is an archive of surfclams collected in NEFSC surveys over the 
survey range. This archive has previously been used to estimate 

examination to estimate growth rate in a spatially explicit man-
ner at smaller scales of space and time. Forward projections in the 

a stock-recruit relationship and a life history strategy adapted to 
sedentary life on the rapidly changing continental shelf. These pop-
ulation traits drive observations that may be incorrectly interpreted 

of density in southern section of surveyed range) when the signal 
is, in fact, driven by warming waters.

Morgan State University, Patuxent Environmental and Aquat-
ic Research Laboratory, 10545 Mackall Road, Saint Leonard, MD 
20685

Borgert.rebekah@gmail.com
Oyster nurseries and broodstock conditioning systems often 

-
able algae to promote fast growth of young individuals or gonad 

for other purposes and potential value-added product. Investigators 
-

tioning system to culture micro algae. Cultured algae could then 
be used to feed broodstock or young individuals, off-setting pro-
duction costs. Investigators determined 1) if algae cultures could 
grow in oyster-waste media, without additional nutrients, and 2) DO N
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itory and hyperpolarizes the plasma membrane. GLC dopamine 
receptors are D2-like (D2R), which open G protein-coupled in-
wardly-rectifying potassium channels (GIRK) causing hyperpolar-
ization. It is unknown if GLC have GIRK or if hyperpolarization is 

with GIRK antibodies showed GIRK is present. Physiology exper-
iments with ML297, a GIRK activator, hyperpolarized the mem-
brane but did not change cilia beating. BaCl2, a GIRK inhibitor, did 
not change membrane potential or cilia beating. However, applying 
dopamine after BaCl2, decreased cilia beating but not membrane 
hyperpolarization indicating BaCl2 was effectively blocking GIRK 
channels. Gills also were treated with manganese, a neurotoxin 
causing manganism, a Parkinsons-like syndrome in humans. Man-
ganese interferes with cilio-inhibition and blocks hyperpolarization 
of dopamine in GLC of . Manganese did not affect 
GIRK activation or inhibition, suggesting the toxic effect of man-
ganese on the dopamine system is not involved in altering GIRK 
activity, but rather activation of D2R. The study differentiates steps 
of D2R signaling pathway involved with cilia beating from those 
controlling membrane potential. The study also shows manganese 
does not affect GIRK in GLC. This is important because the neu-
rotoxic mechanism of manganese is not fully resolved and lack of 
effective treatment for manganism in humans is a major obstacle 

D2R signaling pathway as well as manganese neurotoxicity. Sup-
ported by grants 2R25GM06003 of NIGMS, NIH K12GM093854-
07A1 and PSC-CUNY 62344-00-50.

LIMULUS POLYPHEMUS
U.S.A.

Marine Resources Research Institute, South Carolina Depart-
ment of Natural Resources (SCDNR), 217 Fort Johnson Road, 
Charleston, SC 29412

kendrickm@dnr.sc.gov
The American horseshoe crab ( ) is known 

to spawn along the Atlantic and Gulf coasts of the United States. 
Spawning aggregations often occur on sandy beaches but have also 
been documented from non-beach habitats, such as salt marsh-
es. Beaches are generally recognized as the optimal habitat for 
developing horseshoe crab embryos due to faster development 
rates documented from sandy habitats when compared to muddy 
sediments often found in salt marshes. Despite the apparent high 
quality of beach habitats, the large potential quantity of available 
salt marsh habitat, particularly in the states of South Carolina and 
Georgia where vegetated wetlands make up approximately 290k 
ha, necessitates a greater understanding of the viability of horse-
shoe crab embryos laid in salt marshes. The objective of this study 

PLA-
COPECTEN MAGELLANICUS

1 1 1
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1Hurricane Island Center for Science and Leadership, 19 Com-
mercial Street, PO Box 1280, Rockland, ME 04841

2College of the Atlantice, 105 Eden St, Bar Harbor, ME 04609 
phoebe@hurricaneisland.net
The sea scallop (

-
ulations and highly productive inshore aggregations supporting a 

catch, compared to peak harvests in the 1980s, and projections 
-

eries has supported the rise in scallop aquaculture; however, bi-
ological and ecological effects of aquaculture on sea scallops is 
not well-understood and there is currently no hatchery production 
of scallop for culture. This pilot study compares gonad ripening 
of sea scallops grown in lantern nets and bottom cages to those 
of wild scallop populations in Penobscot Bay, Maine. A difference 
in gonad ripening both between these two gear types and between 
farmed and wild populations was hypothesized. Farmed scallops 
(n = 240) were sampled weekly from a lantern net and a bottom 
cage on the Hurricane Island Center for Science and Leadership 
aquaculture site from early July 2019 to mid-October 2019. Go-
nadosomatic indices (GSI) were analyzed to identify gonad ripen-
ing and spawning events. Temperature recorded on the lantern net 
and the bottom cage. Maximum gonad ripening and peak spawning 
occurred earlier in the bottom cage than in the lantern net. Maxi-
mum GSI were lower in the bottom cage than in the lantern net. 
Differences in gonad ripening and spawning in farmed vs wild pop-

dynamics.

CRASSOSTREA VIRGINICA
1 2 1

1 1

1Medgar Evers College, Department of Biology, 1638 Bedford 
Ave, Brooklyn, NY 11225

2Kingsborough Community College, Department of Biology, 
2001 Oriental Ave, Brooklyn, NY 11235

alexciajohnson1997@gmail.com
 gill lateral cell (GLC) are controlled by 

serotoneric-dopaminergic innervations. Dopamine is cilio-inhib-DO N
OT 

CIT
E



 112th Annual Meeting, March 29–April 2, 2020 181

Patuxent Environmental and Aquatic Research Laboratory, 
Morgan State University, 10545 Mackall Road, Saint Leonard, MD 
20685

ming.liu@morgan.edu
The Morgan State University Patuxent Environmental and 

Aquatic Research Laboratory (PEARL) is a coastal science and 
policy-focused research and education facility located in St. Leon-
ard, Maryland. Morgan State University is a historically black col-
lege and university (HBCU) with the main campus located about 
80 miles north of the PEARL in Northeast Baltimore (Maryland). 

-
-
-

ical/chemical oceanography, and environmental/natural resource 

experiential learning for students K-College, and a 10-week paid 
summer internship program for undergraduate students. During the 
internship program, each student develops a research project under 

summer-concluding symposium.
The PEARL is located in a 520-acre state-owned park that has 

approximately 2.5 miles of shoreline on the Patuxent River, a major 
tributary of the Chesapeake Bay. The main PEARL building con-

space. Key laboratory assets include six laboratories with chemical 

-

mesocosm facilities. The PEARL has a private deep water pier in 
a protected cove that provides quick access to the Patuxent River 

also has on-site housing for hosting interns and visiting researchers.

was to compare the relative frequencies of developmental stages of 
horseshoe crab embryos collected from naturally spawning adults 
at beach and salt marsh sites across South Carolina. Sediment 
samples collected from both habitat types were preserved in eth-
anol and returned to the laboratory where a subsample of embry-
os, ranging from newly laid eggs to trilobites, were staged under 

was recorded from both habitat types and few differences in devel-
opmental composition were documented. These results highlight 
the potential importance of salt marsh habitats to horseshoe crab 
populations in South Carolina, and have important implications for 
migratory shorebirds that utilize horseshoe crab eggs as an import-
ant source of nutrition.

1 1 1

2

1University of Maine, Darling Marine Center, School of Marine 
Sciences, 193 Clarks Cove Rd., Walpole, ME 04573

2Darling Marine Center, Maine Aquaculture Innovation Center, 
193 Clarks Cove Rd., Walpole, ME 04573

3Plymouth Marine Laboratory, Prospect Pl, Plymouth PL1 
3DH, United Kingdom

thomas.kiffney@maine.edu

States, sea scallop ( ) demand still out-
-

sibility of growing scallops has been demonstrated at some sites 
in New England; however, extending this understanding to the 

process-level understanding of optimal growth conditions. Bioen-
ergetic growth models, such as ShellSIM, can inform site selection 
by using both living and detrital organic matter as food sources 
coupled to abiotic parameters to simulate growth across contrasting 
environments. To calibrate ShellSIM for sea scallops, feeding re-

-1) and 
suspended particulate matter concentrations (5-200 mg L-1) were 
measured using the bio-deposition method. Results of this study, 
data from the literature, and high-resolution satellite imagery are 
already being combined to develop more advanced decision sup-
port tools to support commercial development of the species.

DO N
OT 

CIT
E



182  112th Annual Meeting, March 29–April 2, 2020

consequences in dogs associated with short-term dietary exposure 
to BPA. Fourteen healthy, privately-owned dogs were used in this 
study. Blood and fecal samples were collected before and after 
dogs being placed for two-weeks on one of two diets (with one 
considered to be BPA-free). Both diets contained BPA, and after 

levels of circulating BPA concentrations, comparable to amounts 
detected in humans. Greater circulating BPA concentrations in the 
dogs were associated with serum chemistry and fecal microbiome 
changes. Dogs, who share internal and external environments with 
people, are likely excellent indicators of potential human health 

-
ings may also have relevance to aquatic and terrestrial wildlife. The 

-
ence of BPA are likely not limited to just a few species, but are far 
reaching, thus elucidating the extreme importance of a One Health 
approach to further research and environmental advocacy efforts.

CALLINECTES 
SAPIDUS

Stony Brook University, School of Marine and Atmospheric 
Sciences, 39 Tuckahoe Rd., Southampton, NY 11968

Jeffrey.Kraemer@stonybrook.edu
Many shallow coastal and estuarine systems experience diel 

-
ing balance between photosynthesis and respiration.  During the 
warmer, summer months, particularly in eutrophic environments, 

-
tion. In temperate regions, the economically important blue crab 

Early stage blue crab larvae are susceptible to persistent low DO 

of such conditions is unknown.  Multiple 4-day experiments were 
performed to investigate the survival of stage one blue crab larvae 

~2.21 mgL-1 and ~7.24 pH units, to ~7.31 mgL-1 and ~7.85, over 
a 24-hour period, averaging ~4.76 mgL-1 and ~7.54) compared to 

-1, ~7.34), moderate DO 
and pH (~4.70 mgL-1, ~7.61), and control conditions (~7.44 mgL-1, 

low DO/low pH treatments, by 89% and 92% respectively, rela-
tive to the control (

may limit the ability of stage one larvae to recruit to the juvenile/

1 2 2
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1University of Missouri, Dept. of Biomedical Sciences, 
E102 Veterinary Medical Building 1600 Rollins, Columbia, MO 
65211

2University of Missouri, Dept. of Veterinary Medicine and Sur-
gery, 1520 East Rollins Street, Columbia, MO 65211

3University of Missouri, Dept. of Informatics Research Core Fa-
cility, 1201 Rollins St #113, Columbia, MO 65211

4University of Missouri, Dept. of Bond Life Sciences Center, 
1201 Rollins St., Columbia, MO 65211

5University of Missouri, Dept. of Animal Sciences, 920 East 
Campus Drive, Columbia, MO 65211

6West Virginia University, Dept. of Occupational and Environ-
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7University of Missouri, Dept. of Agriculture Experimental Sta-
tion-Statistics, 3600 E New Haven Rd, Columbia, MO 65211

8University of Missouri, Dept. of Veterinary Medical Diagnos-
tic Laboratory, 1600 East Rollins, Columbia, MO 65211

9University of Missouri, Dept. of Veterinary Pathobiology, 201 
Connaway Hall, Columbia, MO 65211
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York State Department of Health, Empire State Plaza, Albany, NY 
12201

11University of Missouri, Dept. of DNA Core Facility, 216 Bond 
Life Sciences Center, 1201 Rollins St., Columbia, MO 65211

l2University of Missouri, Dept. of Molecular Microbiology 
and Immunology, 113 Bond Life Sciences Center, Columbia, MO 
65211

13University of Missouri, Dept. of Genetics Area Program, 241 
Engineering West, Columbia, MO 65211

14University of Missouri, Dept. of Thompson Center for Autism 
and Neurobehavioral Disorders, 205 Portland Street, Columbia, 
MO 65211

zlk4gb@mail.missouri.edu
Bisphenol-A (BPA) is a widely present endocrine disrupting 

chemical found in many household items. Moreover, it can bio-
accumulate in terrestrial and aquatic sources; thereby ensuring 
continual animal and human exposure. For most species, including 
humans, diet is considered the primary exposure route; however, 
there has been little investigation into whether commercial-brands 

BPA-dietary exposure in dogs. It was sought to determine BPA 
content within dog food, whether short-term consumption of these 
diets increases serum concentrations of BPA, and potential health DO N
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-
tat. This study aimed to characterize the gut microbiome of the 
Olympia oysters ( ), a native oyster whose population 
crashed due to overexploitation. Oysters were deployed at four 
sites throughout the Puget Sound to assess microbiomes across 
geographic location. In addition, each of the sites supports eelgrass 
beds and plots of bare sand, to which oysters were equally divided. 
Water and sediment samples were also collected to understand the 
resident bacterial community in the surrounding environment. 16S 
rRNA sequencing followed Earth Microbiome Project protocols. 
Characterization of the 
that reveals both a host-associated microbiome and high variability 
by site for the rest of the microbiome. While eelgrass habitat 

sample types (p-value = 0.001). This has implications for future 
restoration efforts in the Puget Sound and stresses the importance 
of microbiome in and around oyster farms.

IN-SITU
VIBRIO PARAHAEMOLYTICUS

1 1 2

1

1Spatial Science for Public Health Center, Department of Epide-
miology, Johns Hopkins Bloomberg School of Public Health, 627 
North Washington Street, Baltimore, MD, 21205

2

3Food and Drug Administration (FDA) Center for Food Safe-
ty and Applied Nutrition (CFSAN), 7201 River Rd, College Park, 
MD 20740

akvit1@jhu.edu
The bacteria, (Vp), is endemic to the 

-
ing behavior, and can cause vibriosis, primarily through human 
consumption of oysters. Concentrations of Vp vary throughout the 
Bay, both spatially and temporally, and are affected by a wide range 
of environmental variables such as water temperature, salinity, dis-
solved oxygen, and recent precipitation. Predictive models based 
on these covariates can help identify locations where high levels 
of Vp might be detected, and thus help control the occurrence of 
vibriosis.

In this analysis, a machine-learning approach was considered 
for predictive modeling of Vp occurrence based on a pool of 25 

-
tic and Tobit regression, generalized additive models) as well as 

adult population.  Although it has been suggested that warming 

to low DO and low pH conditions, which could become even more 
common under climate change.

CRASSOSTREA VIRGINI-
CA 

Hofstra University, Department of Biology, 114 Hofstra Uni-
versity, Hempstead, NY 11549-1140

jkuldell1@pride.hofstra.edu
Bivalve molluscs have a similar innate immune system to verte-

brates, allowing them to combat viral, bacterial, and protozoan in-
fections. Antimicrobial peptides (AMP) are among the convergent 

that associates with bacterial membranes and can inhibit peptido-
glycan synthesis or disrupt membrane integrity.  Bivalves produce 
remarkably diverse defensins compared to mammals, yet they share 
similar mechanisms.  Bioinformatics analyses of AMP from eastern 
oyster, , revealed that Defensin hemocyte 1 
(Defh1) mRNA has a predicted binding site on its 3’ end for an 
RNA binding protein, Cold Shock Domain Containing Protein E1 
(CSDE-1). CSDE-1 is highly conserved among animal phyla, in-
cluding molluscs, and is known to regulate immune-related RNAs 
in mammals. To test the hypothesis that CSDE1 regulates defensin 
translation, Defh1 mRNA was synthesized by transcription 
and used in an RNA electrophoretic mobility shift assay (EMSA) 
with recombinant molluscan CSDE-1. Defh1 RNA and CSDE-1 

. Whether this RNA-protein inter-
action up or downregulates the defensin RNAs  is being ex-
plored by lipopolysaccharide/peptidoglycan immune stimulation 
of primary hemocyte cultures and qPCR of defensin transcripts. 
The prediction of CSDE1 binding sites on Defh1, as well as other 
defensins in molluscs and animal phyla, indicates that translation-
al regulation of defensins by CSDE-1 may be evolutionarily con-
served and an important component of defensin deployment.  

OSTREA LURIDA

Scripps Institution of Oceanography, 8622 Kennel Way, La Jol-
la, CA 92037

ekunselm@ucsd.edu 
Oysters are an ecologically and commercially important ani-

mal. Bacteria and other microorganisms that travel into the oyster DO N
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Roger Williams University, Center for Economic and Environ-
mental Development (CEED), 1 Old Ferry Road, Bristol, RI  02809

dleavitt@rwu.edu
With a waterfront campus in Bristol, RI, the RWU Center for 

Economic and Environmental Development (CEED) includes 
7,000 ft.2 of marine laboratories supporting marine research; three 
research vessels, and a 200 ft. dock extending into Mt. Hope Bay. 
CEED offers an exceptional opportunity to study all aspects of 
aquaculture and applied marine science. 

-
search, education, outreach & extension and restoration. These 
efforts are conducted with a focus on expanding the regional aqua-
culture industry. Facilities include nursery technologies and an ex-
perimental aquaculture farm adjacent to our dock. Researchers and 
students study operations on a working aquaculture farm, aiding in 
the development of improved culture technologies.  

An Aquatic Diagnostic Laboratory (ADL), under the direction 
of Dr. Roxanna Smolowitz, uses traditional pathological diagnostic 
methods as well as cutting edge molecular techniques. The focus 
of the ADL is on diseases of aquatic animals, primarily bivalve 
molluscs. 

Our Marine Ornamental Research Facility, under the direction 
of Dr. Andy Rhyne, conducts wide-ranging research with an em-
phasis on the culture of marine ornamental species. Working in 
collaboration with several Public Aquariums, the lab tries to solve 
bottlenecks inhibiting commercial ornamental production and a 
sustainable aquarium trade. 

The Sharp Lab, directed by Dr. Koty Sharp, examines the mi-
crobial ecology of a wide range of marine invertebrates, including 
corals, sponges, tunicates, bryozoans, and bivalves. The lab em-
ploys techniques from molecular biology, microbiology, chemical 
ecology, and advanced microscopy.

trees, random forest, multivariate adaptive regression splines, 
support vector machines, gradient boosting machines, neural net-

were used to assess prediction performance via internal and exter-
nal validation. 

Generalized additive models (GAM) were found to perform the 
best overall, resulting in a median internal cross-validation speci-

Tobit regression performed slightly worse (sensitivity: 0.812, 

to previous literature and identify GAMs as viable models for Vp 
occurrence. 

LYTECHINUS VARIEGATUS

Birmingham-Southern College, Department of Biology, 900 
Arkadelphia Rd., Birmingham, AL 35254

atlasher@bsc.edu
Metamorphosing from a larva to a juvenile urchin is a vital 

transition in a sea urchin’s life; however, few larvae complete this 
metamorphosis (about 2% in mass culture). Histamine, a common 
excitatory neurotransmitter, has been shown to be a modulator 
of metamorphic competence in larvae. Histamine’s role in meta-
morphosis brings into question the role of other excitatory neu-
rotransmitters. This study investigates the effects of exposure to 
L-glutamate, another excitatory neurotransmitter, or L-glutamine, 
an L-glutamate precursor, on the metamorphosis of -

Larvae were raised at a density of 1 larva/mL in six-well 

single celled algae and 
at a concentration of 4500 cells/larva for each (9000 cells/larva in 
total). Water changes occurred before feeding and before chemi-
cal exposure. When larvae reached metamorphic competence at 
approximately 14 days after fertilization, they were exposed to ei-
ther 1 mM, 0.1 mM, or 0.01 mM concentrations of L-glutamine or 
L-glutamate, , for 24 hours. No metamorphosis was observed 
in any group; however, in the L-glutamine treatment, arm loss was 
observed in more larvae exposed to 0.1 mM and 1 mM L-glutamine 
(61.67 and 91.38% of larvae lost arms, respectively) compared to 

2 2 = 379, P<0.001, d.f.=6). Arm loss 
was not observed for larvae exposed to L-glutamate. These results 
demonstrate that while L-glutamine may not trigger metamorpho-
sis in sea urchins, it may play a role in apoptosis associated with 
metamorphosis. DO N
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northern Gulf of Mexico, co-culture of green sea urchins, -
with the eastern oyster, , is 

being assessed. Juvenile urchins, collected from St. Joe Bay (Flor-
ida), were deployed at three densities (0, 4 and 8 urchins) into rep-

2019 at commercial farms. Monthly thereafter, each bag was mon-
itored for both urchin and oyster survival and growth. Quality of 
urchins and oysters will also be assessed using standard laboratory 

In addition, qualitative feedback on urchin quality will be evaluated 
by chefs at seafood restaurants. Initial results suggest that urchins 
could provide substantial control of biofouling.

SPISULA SO-
LIDISSIMA

2 2 
1Maine Maritime Academy, Corning School of Ocean Studies, 1 

Pleasant Street, Castine, Maine 04420
2Milford Laboratory, NOAA Fisheries NEFSC, 212 Rogers 

Ave., Milford, CT 06460
jessica.m.lindsay@noaa.gov 
Carbon dioxide (CO2) released into the atmosphere is absorbed 

by the world’s oceans. CO2 reacts with water (H2O) to form carbon-
ic acid (H2CO3), which dissociates into bicarbonate (HCO3-) and 
hydrogen ions (H+). This addition of H+ is decreasing ocean pH, 

organisms, especially those with calcium carbonate shells. The 

States economy, supplying 1.62 million jobs and bringing in 208 
billion in sales. Atlantic surfclam, , harvest is 

effects of OA upon surfclams are largely unknown. Physiological 
functions (i.e., growth, feeding rates) also may be affected by OA 
conditions. An experiment was conducted to test the effects of OA 

-
der three different CO2 conditions: 641 ppm (pH 7.84, the control), 
1369 ppm (pH 7.53), and 2180 ppm (pH 7.33) from April 11 –July 

during the exposure period using the biodepostion method to de-

-
tion and clearance rates. Moderate increases in CO2 (1369 ppm 
CO2

exposure (2180 ppm) did, resulting in lower values.

University of Maine, Darling Marine Center, 193 Clarks Cove 
Rd., Walpole, ME 04573

heather.leslie@maine.edu
ROUHROU
Darling Marine Center (DMC) was established in 1965 as the 

marine laboratory of the University of Maine. In keeping with the 
statewide mission of the University of Maine, this unique facility in 
Walpole, Maine delivers distinctive research, education, and com-
munity and industry engagement programs, transforming knowl-
edge into solutions to meet the needs of coastal communities in 
Maine and beyond. As a hub for marine research and education in 
the region, the DMC is a destination for professional and citizen 

-

to conduct controlled laboratory experiments in close proximity 

and ecological interest. In addition, the DMC hosts the University 

event space for groups as large as 100 people. Faculty in residence 
conduct research in Maine and around the globe and engage gradu-
ate and undergraduate students in active exploration of coastal and 
ocean environments. Through Semester by the Sea every fall and 
research internships in the summer, undergraduates have diverse 
opportunities to immerse themselves in hands-on education at the 
DMC. As engaged community partners, Darling Marine Center 

entrepreneurs and citizen scientists to advance workforce devel-
opment and education through fundamental and applied research, 
product development and commercialization, and business incuba-
tion. The DMC also hosts programs for visiting college students 
and has a long tradition of informal education programs for the 
public and local schoolchildren. 
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phin Island, AL 36528 

2The University of Alabama at Birmingham, Department of Bi-
ology, 1300 University Blvd., Birmingham, AL  35294-1170

JCL0072@auburn.edu
To potentially diversify production and also control biofouling 

in off-bottom oyster culture in the Florida Panhandle region in the DO N
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North Atlantic appeared grey to brown with variable meat shrink-
age, resulting in an unmarketable product and a tremendous loss 
of income.  This “grey meat disease” has since been attributed to 
infection by an apicomplexan parasite ( ), which 

-
tions of the Icelandic scallop ( ); however, there is 
currently controversy concerning the association of the parasite with 
the adductor muscle color and condition in Atlantic sea scallops.  
Using conventional PCR methods (cPCR) combined with standard 
histology, a positive correlation between abundance of the parasite 

identify the quantity and location of the parasite, a quantitative PCR 
(qPCR) method will be developed to enumerate the abundance of 

identity of the parasite will be determined through  hybridiza-
tion. This data will be correlated with meat color and condition of 
the adductor muscle tissue, in order to better understand the relation-
ship between the parasite and abnormal meat color and condition.  

CRASSOSTREA VIRGINICA, 

1 2 2

1Stockton University, School of Natural Sciences and Mathe-
matics, 101 Vera King Farris Drive

Galloway, NJ 08205 
2 -

er Avenue, Port Norris, NJ 08349
paul.mcdonald295@gmail.com 
The eastern oyster, , is an important spe-

of different diseases and the devastation of natural reefs, geneti-
cists have selectively bred oysters in order to increase their rate of 
survival. As a result of selective breeding, over many generations, 

recessive allele in the population.  Selected strains, such as the Del-
aware Bay Cross (DBX), are more adapted to hatchery conditions 

put into stressful conditions compared to wild oysters.  In this ex-
periment, DBX and wild oyster larvae were tested under “natural” 
conditions and hatchery conditions.  Once the oyster larvae reached 
the pediveliger stage, they were allowed to naturally settle on oys-
ter shells.  The results of this showed that DBX survived better in 
hatchery conditions, while wild oysters survived better in natural 
condition, but there was no statistical difference between them; 

rate in DBX oysters.  This research aids in making sure that selec-
tively bred eastern oysters are healthy and allows for the continued 
use of selected oysters by oyster farmers.
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ington, Delaware 19801

3Philadelphia Water Department, 1101 Market St., 5th Floor, 
Philadelphia, Pennsylvania 19107

kab543@drexel.edu
As freshwater mussel populations continue to decline across 

the country, researchers are investigating how to grow hatch-

below 1 millimeter in shell length. Once juveniles reach an ade-
quate size they may be transferred to an intermediate waterbody to 
grow large enough for relocation or other restoration efforts in the 

well-oxygenated water that contains ample food in the form of ses-
ton. Finding waterbodies to serve as grow out locations near ur-
ban environments can be a challenge. Within Pennsylvania, Green 
Lane Reservoir in Pennsburg, and Van Sciver Reservoir in Tully-
town were determined to meet these criteria and the authors have 
gathered data suggesting superior mussel growth in these waters. 
Two species,  and , have 

-
ing basket technique. Both reservoirs have had high juvenile U. 

 growth rates, and a greater than 99% survival rate of L. 

has also been a success at both locations. Data suggest that reser-
voirs are excellent grow out locations for freshwater mussels prop-
agated near urban areas, potentially due to the secure and consistent 
environment necessary for successful mussel development. 

IN SITU

MEROCYSTIS KATHAE
PLACOPECTEN MAGELLANICUS
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1Roger Williams University, Aquatic Diagnostic Laboratory, 1 
Old Ferry Rd., Bristol, RI 02809

2Coonamessett Farm Foundation, 277 Hatchville Rd., East Fal-
mouth, MA 02536

vlove048@g.rwu.edu
The adductor muscle of the Atlantic sea scallop (

) is the basis of one of the most economically import-
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at least two weeks prior to each trial. Oysters were desiccated for 24 
hours before re-submersion, or left submersed as controls. Triplicate 
samples were taken prior to and immediately following desiccation, 
7 and 14 days post re-submersion. Vp and  levels were determined 
using a most probable number real-time PCR technique. For all trials 
and locations,  spp. levels increased by 0.5-2.8 logs after desic-
cation treatment. Following seven days of re-submersion, Vp and  
levels in treated oysters were either less than those in control oysters, 
or within 0.8 logs of levels in control oysters, except for one trial at 
two sites. Following 14 days,  spp. levels at these sites recov-
ered; however, Vp levels at one site were 2.1 logs greater in treated 
oysters than in control oysters. Regardless of regional geographic 
variation, levels of  spp. in desiccated oysters generally recov-
ered within 7-14 days after re-submersion. 

University of California Davis, Coastal and Marine Sciences 
Institute Bodega Marine Laboratory, 2099 Westshore Rd, Bodega 
Bay, CA 94923

klmenard@ucdavis.edu
The Bodega Marine Laboratory (BML), was established in 1966 

by UC Berkeley and acquired by UC Davis in 1983. It is a multidis-
ciplinary research institution capable of hosting visiting aquaculture 
researchers year-round. Numerous indoor and outdoor aquaculture 

-
ture, as well as barren urchin ranching and algal culture.  Abalone 
and native oyster aquaculture are current focal points.  In collabo-
ration with industry partners, BML develops SOP’s for native and 
non-native oyster culture, producing “spat” for commercial and re-
storative out-planting of underutilized oyster species.  The abalone 
aquaculture project includes efforts to save an endangered species.

White abalone ( ) once supported a lucrative 

quickly decimated stock, triggering a harvest ban in 1993.  White 

species in 2001. In coordination with NOAA Fisheries, California 
Sea Grant and the California Department of Fish and Wildlife, BML 
houses a captive breeding program.  The White Abalone Resto-
ration Consortium (WARC), consisting of 10 agencies, collaborate 
to spawn and raise captive bred abalone for out-planting. Culturing 
viable abalone larvae requires year-round brood stock condition-
ing, feeding, induced spawning, and rearing of juvenile abalone.  
The white abalone captive breeding program has been successful, 
increasing larval production from dozens in 2012 to thousands in 

-
curred during November 2019 in southern California.

1 2 1 
1Maryland Department of Natural Resources Fishing and Boat-

ing Services, 580 Taylor Ave., Annapolis, MD 2140
2Maryland Department of Natural Resources Fishing and Boat-

ing Services, Cooperative Oxford Laboratory, 904 South Morris 
St., Oxford, MD 21401

margaret.mcginty@maryland.gov
Information on the epibenthic community of oyster bars in Mary-

land (rank indices for various organisms) has been collected during 
an annual survey of eastern oysters since the 1970s, with electronic 
records available beginning in 1995. These data were evaluated to 

species. Angler concerns over reduced catch rates prompted inves-
tigation of potential habitat stressors, including the status of forage 
conditions. Initial efforts suggested hypoxia and low abundance of 
polychaetes in soft bottom could have contributed to changes in 
spatial distribution of resident Striped Bass in spring and summer. 
Additional concerns regarding declining catch rates for Spot and 
Atlantic Croaker and a need to understand forage conditions on hard 
bottom habitat prompted this evaluation of available epibiotic data 
from the Maryland Fall Oyster Survey.  Electronic datasets were 

evaluation shows promise in using these data to complete develop-
ment of an index that can be used to measure one aspect of habitat 
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1Gulf Coast Seafood Laboratory, U.S. Food and Drug Adminis-
tration, 1 Iberville Drive, Dauphin Island, AL 36528

2School of Fisheries, Aquaculture, and Aquatic Sciences, Au-
burn University, 150 Agassiz Street, Dauphin Island, AL 36528

Madison.McGough@fda.hhs.gov
Consumption of raw oysters can lead to severe bacterial illnesses 

associated with  (Vp) and ( ). 
Desiccation of farm raised oysters is routinely performed to eliminate 
biofouling organisms and improve shell quality. This practice increas-
es bacterial levels, which can increase risk of consumer illness. This 
study evaluated the effect of geographic location on the re-submer-
sion time needed to return elevated  spp. levels to ambient lev-
els at Gulf Coast farms. Two trials were performed at multiple sites 
across ~100 km; three in Alabama and one in Florida, May-August 
2019. Oysters were deployed in Oyster-Gro cages at each location for DO N
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Stony Brook University, School of Marine and Atmospheric 
Sciences, 239 Montauk Hwy, Southampton, NY 11968. 

brooke.morrell@stonybrook.edu
Georgica Pond is a small (~300 acre) embayment located on the 

south shore of Long Island, NY that in recent years has experienced 
blooms of toxic cyanobacteria resulting in hypoxic conditions and 

Pond is a transient inlet to the Atlantic Ocean that is opened ~twice 
a year (spring & fall) and naturally closes, resulting in a broad, 
annual salinity range (2-30). Due to the euryhaline tolerance of 
oysters and the refuge from Dermo provided by low salinities, this 
study examined the potential for introducing oysters into Georgi-
ca Pond as a restoration strategy. Two size/age classes of oysters 
were deployed in triplicate cages at three sites across the Pond from 
July 2019 to present, capturing a full cycle of the inlet opening 
and closing, resulting in salinities between 7.7 and 29.6. Survivor-
ship and growth were monitored and compared to oysters placed in 
Conscience Bay, a Long Island embayment with a permanent inlet 
and more stable salinities (~25). Additionally, water quality and 
disease parameters were monitored to explain differences in oys-
ter performance. To date, survivorship is higher at Georgica Pond, 
while growth is higher at Conscience Bay. Three months after de-
ployment, Dermo prevalence and intensity were similar in the two 
embayments and cannot explain differences in growth or mortality 
while differences in salinity and dissolved oxygen can. Monitoring 
will continue for a second year to determine if oysters are capable 
of reproduction in Georgica Pond. 
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Research Laboratory, 6959 Miller Ave, Port Norris, NJ 08349
2University of Southern Mississippi, Gulf Coast Research Labo-

ratory, 703 East Beach Dr., Ocean Springs, MS 39564
3Old Dominion University, Center for Coastal Physical Ocean-

ography, 4111 Monarch Way, Norfolk, VA 23508
4Virginia Institute of Marine Science, College of William & 

Mary, 1370 Greate Rd., Gloucester Point, VA 23062
dmunroe@hsrl.rutgers.edu
The Atlantic surfclam (

from offshore wind farm development because of the limitations 
imposed by the vessels and gear used, large boats with hydraulic 

 the Aquatic Resources Group - 
Facility-wide animal care and life support services, Anadromous 
Fish Facility, Climate Change Facility, Fluorescence Imaging 
Facility, Invasive Species/Pathogen Facilities, Bivalve Hatchery, 
Algae Culture Greenhouse, Abalone Culture Facility, Housing/
Conference Facilities, Vessel Operations, and the Boating/Dive 
Program.

Chesapeake Biological Laboratory, University of Maryland 
Center for Environmental Science, 146 Williams Street, Solomons, 
MD 20688

miller@umces.edu
Established in 1925 by the visionary scientist Reginald Truitt, 

the Chesapeake Bay Laboratory (CBL) is the founding laboratory 
of the University of Maryland Center for Environmental Science.  
Far ahead of his time, Truitt recognized that to understand the 

(somethings never change it seems), he needed to understand not 
only their biology, but also the chemistry and physics of the Bay, 
to map the Bay’s foodweb, and understand what factors drive our 
use of the Bay and its resources.  Today, recognized as an ecosys-
tem-based approach.  In 1925, there was nothing else like it! 

CBL stays true to Truitt’s original vision.  CBL continues to 
conduct groundbreaking research and communicate the results of 
our work to local, state and federal agencies to improve the man-
agement of the Chesapeake Bay, and our nation’s coastal ecosys-
tems that Truitt so loved.

Truitt selected Solomons as the base for his new laboratory 
because the people in Solomons extended a warm welcome and 

CBL recruited staff and trained students.  Initially, activity occurred 
only in the summer months, but by 1931 Truitt had built Beaven 

our future growth were already evident.  Today, CBL occupies 20 
buildings on the tip of Solomons Island, including three modern, 
state of the art research laboratories.  Yet, CBL strives to remain 
part of the community and regularly welcome residents and visitors 
to our campus.
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using a histology-based assay (TUNEL). Hemocyte 
smears from control oysters and histological sections were used to 

-
etry and gene expression studies, will aid in determining the role of 
hemocyte apoptosis in oyster immune defenses against  

Roger Williams University, Department of Biology and Marine 
Biology, 1 Old Ferry Road, Bristol, RI 02809

Dnunez505@g.rwu.edu
Many of the commonplace algal culture techniques used for 

1800s and early 1900s. Throughout the 1940s and 50s the need 
for mass volumes of dense microalgal cultures increased for use 
in wastewater management and aquaculture. During this time, cul-

large-scale greenhouse culture in “k-tubes” which is still employed 

scale-up have advanced, with options such as continuous culture 
hanging bags, raceways, and photobioreactors available, the early 
stages of the process have remained largely unchanged through-
out time. Typical batch culture in hatcheries consists of scaling up 

-

from smallest culture vessel to carboys is labor intensive and time 
consuming- taking two to three weeks. Additionally, cell densities 
are relatively low ranging typically between 5-10 million cells/mL.  
Updated culture methods have been developed and put in place at 
Roger Williams University that reduce the number of transfers and 

(~25 million cells/mL of ).  

dredges, which affect the total revenue landed at the major ports 

developed to assess these economic impacts of the proposed off-

-

-
ment scenarios by integrating spatial dynamics in surfclam stock 

-
-

ed to determine anticipated vessel responses to array and turbine 
locations, and effects on stock abundance dynamics. Simulation 
strategies are informed via detailed interviews and input from ad-
visory teams from industry, management, and the Bureau of Ocean 
Energy Management. These simulations will improve understand-
ing of how new offshore wind energy infrastructure may affect the 

PERKIN-
SUS MARINUS
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1University of Rhode Island, Biological Sciences Department, 
120 Flagg Rd, Kingston, RI 02881

2University of Rhode Island, Department of Fisheries, Animal 
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The eastern oyster, , provides important 

ecological and economic services.   Oyster populations have been 

the emergence of several parasitic and bacterial diseases. Since the 
1950s, Dermo disease caused by the parasite 
has led to increased oyster mortality in both wild and cultured east-
ern oysters. The parasite causes disease by invading oyster hemo-
cytes and replicating within them, eventually causing hemocyte 
rupture and release of parasitic cells. Severe infections are charac-
terized by anemia and general degeneration of the tissues, leading 
to death. Infected oyster hemocytes, however, can commit suicide 
by apoptosis (a form of programmed cell death), thus preventing 
replication of the parasite. Flow cytometry analysis of oyster hemo-
cytes collected from selectively-bred oysters with varying levels of 
dermo-disease resistance after challenge with showed 
no consistent effect of challenge on total levels of apoptosis.  The 
goal of this research was to optimize protocols for further evalua-
tion of the role of apoptosis in immune defenses in oysters against DO N
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and environmental conditions which could facilitate disease man-
agement strategies. 

One stock of oysters was split in two groups and settled in two 
culturing sites where massive mortalities were previously detected. 
In one site, oysters were grown in trestles and in the other, on rope 
rafts. Oyster tissues and sea water were collected regularly over a 

temperature were also recorded. OsHV-1 was detected by standard 

One peak of abnormal mortality associated with a rapid increase 
in sea water temperature was observed in oysters grown in trestles. 

load in sea water reached a maximum value of 4.5x10E4 viral DNA 
-

talities were observed in rope rafts although sea water temperature 
was constantly over 16ºC and prevalence of infection reached 40%.

OCTOPUS VULGARIS
1 1

2 2 1

1Marine Research Institute (IIM), Spanish National Research 
Council (CSIC), Eduardo Cabello, 6. 36208. Vigo, Spain

2

Vigo, Subida Radio Faro, 50. 36390, Vigo, Spain
mprado@iim.csic.es

-
al demand on aquaculture products. The common octopus, 

, is a specie with a high interest for human consumption. 
Octopus physiological characteristics make this specie very inter-
esting for culture due to fast growth and short life cycle. Recent 
investigations have achieved to close the life cycle under captivity. 

In this study, the ostreid herpes virus OsHV-1 and the bacte-
ria , which has caused mortalities in this species were 
evaluated at the transcriptomic level.  Paralarvae at 0 and 40 days 
post-hatching were exposed  to pathogen suspensions for 24 
hours. Samples were collected at 24 h post-exposure and RNA was 
extracted for RNA-sequencing.

membrane organization were up-regulated after  exposure. 
Virus exposed paralarvae overexpressed genes related to apopto-
sis regulation and also antiviral defences. Regarding cell interac-
tions, different protocadherins were up-regulated in both experi-
mental trials suggesting a different pattern of expression for each 
host-pathogen interaction.   
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1Partnership for the Delaware Estuary, 110 South Poplar Street 
Suite 202, Wilmington, DE 19801

2Philadelphia Water Department, 640 Water Works Drive, Phil-
adelphia PA 19130

apadeletti@delawareestuary.org
The Partnership for the Delaware Estuary coordinates a Fresh-

water Mussel Recovery Program (FMRP) with many partners in 
the Delaware River Basin (DE, NJ, PA). The FMRP strives to con-
serve and restore native unionids to help achieve National Estuary 
Program goals related to ecological integrity and water quality. 
Two bottlenecks to the FMRP are public awareness about the im-
portance of freshwater mussels and the availability of live mussels 
for educational programming. To alleviate these constraints, two 
new mussel-focused facilities are being developed in Philadelphia, 
PA. In February 2017, a 600-square-foot exhibit was opened at the 
Fairmount Water Works Interpretive Center to educate the public 
about the life history and ecological importance of freshwater mus-
sels. The exhibit contains innovative displays, interactive videos, a 
website, and a functional hatchery to demonstrate mussel propaga-
tion technologies. Educational programming is now being expand-
ed with a “Mussels in the Classroom” teaching curriculum being 
piloted with regional middle school teachers. Teaching programs 
being piloted include hands-on monitoring and “mussel garden-
ing” of juveniles held in grow-out ponds. The second facility is 
a 7,500-square-foot mussel hatchery that is being constructed at 
Bartram’s Gardens, Philadelphia where up to a million juvenile 
mussels will be propagated per year.  An associated educational 
center is being planned that will expand outreach programming us-
ing juveniles supplied from the two hatcheries. These educational 
programs will build awareness for the need and importance of mus-
sel recovery as part of ecosystem-based restoration.

CRASSOSTREA GI-
GAS

Marine Research Institute (IIM), Spanish National Research 
Council (CSIC), Eduardo Cabello, 6. 36208, Vigo, Spain

mprado@iim.csic.es
The incidence of OsHV-1 is highly associated with sea water 

temperature of 16ºC, the threshold for disease development and 
-

gression as higher density of animals and direct contact favour viral 
transmissions. In order to minimize the impact of the disease in cul-DO N
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The routine handling of oysters is a common industry practice 

for off-bottom oyster farmers, who aim to produce a high-quali-
ty oyster. These practices inherently expose oysters to elevated 

of ( ) and (Vp) within the 
oyster. In order to mitigate increased health risks to consumers, 
farmers can re-submerse their oysters in the water after handling, 
allowing the elevated levels of to recover to ambient levels 
before harvest. To determine the appropriate re-submersion time 
after routine handling, a set of studies was performed in Grand Bay, 
Alabama and Cedar Island, North Carolina using the Oyster Gro 
system. Two handling treatments were applied to oysters [tumbled 
and refrigerated (TR) or desiccated] over a 24-hour period, and 
then re-submersed. A set of non-treated oysters (submersed con-
trol) remained in the water to provide the ambient levels of 
in oysters as a reference. Levels of in all oysters were exam-
ined over a 14-day period by sampling before and after treatments 
were applied, and at 3, 7, and 14 days after re-submersion. In both 
study years in both states (2018-2019), desiccated treatments expe-

levels (Vp: 1.63-
2.63 log MPN/g, : 1.00-1.69 log MPN/g), while TR treatments 
did not (Vp: 0.13-0.21 log MPN/g, : -0.27-0.33 log MPN/g), in 
comparison to control levels. Re-submersion times may differ in 
the two states, with all types returning to background levels 
in 3-7 days in North Carolina and 7-14 days in Alabama. 
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1Morgan State University, 1700 E Cold Spring Ln, Baltimore, 
MD 21251

2Morgan State University, Patuxent Environmental and Aquat-
ic Research Laboratory, 10545 Mackall Road, Saint Leonard, MD 
20685
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Despite the face that eastern oysters can thrive in wide range of 

salinity (5-35), low salinity (usually <10) severely impacts larvae 
survival and adult growth. Studies on oyster transcriptome when 

1

1USDA ARS National Cold Water Marine Aquaculture Center, 

2University of Rhode Island, Department of Fisheries, Animal, 
and Veterinary Science, 120 Flagg, Kingston, RI 02881

dina.proestou@usda.gov
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ter resistance phenotypes for Dermo disease, caused by the parasite 
-

tant phenotypes characterized by low parasite elimination rate/low 
survival and moderate parasite elimination rate/high survival re-

analysis which showed a strong, immediate response consisting of 
upregulation of protease inhibitors and oxidation-reduction process-
es in the resistant oyster and a weak, poorly-organized response 
in the susceptible oyster. Here a third phenotype, characterized 
by high parasite elimination rate and low survival is discussed. To 
better understand the mechanisms underlying this phenotype, pat-
terns of differentially expressed transcripts between control oysters 
and those exposed to the parasite through either feeding or injec-
tion were compared to previously described phenotypes. At 7 days 
post-exposure the number of differentially expressed transcripts in 
the third phenotype was similar to the susceptible phenotype, how-
ever only one transcript overlapped between the two groups. Within 
the same time frame, more differentially expressed transcripts were 
detected in the resistant phenotype than the third phenotype but ten 
transcripts were shared between them with notably fewer protease 
inhibitors upregulated in the third phenotype. At 28 d post-exposure, 
92 downregulated, differentially expressed genes in the third pheno-
type overlapped with those in the susceptible phenotype and were 
associated with microtubule-based processes and organelle assem-
bly. Additional analyses probing the function of transcripts differ-
entially expressed in the third phenotype and how they relate to the 
susceptible and resistant phenotypes will be discussed.
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benthic substrate, moving ideal substrate for oyster recruitment into 
areas outside the ideal temperature and salinity range for Olympia 
oysters. To test these predictions, study sites across the salt marsh 
looked for potential recruitment of oyster larvae. One oyster re-
cruit was found on a site with preferred substrate, temperature, and 
salinity. Understanding the lasting effects of natural disasters on 
this foundation species can inform future adaptive management of 
wetlands as frequency of natural disasters increases.
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Manganese causes manganism a Parkinson’s-like disease and 

disrupts dopamine neurotransmission. The neurotoxic mechanism 
is not fully resolved. Lack of effective treatment is an obstacle in 
its clinical management. Gill lateral cell (GLC) cilia of 

 are controlled by serotonergic-dopaminergic innervations. 
Dopamine is cilio-inhibitory; serotonin cilio-excitatory. Acute and 
short-term manganese treatments block cilio-inhibitory effects of 
dopamine. This neurotoxicty of manganese is reversed by p-amin-
osalicylic acid and taurine. Reports suggest the dipeptide carnosine 
( -alanyl-L-histidine) is worth investigating as a neuroprotective 
agent for manganism. Carnosine has anti-oxidative and chelating 
abilities. To test if carnosine reduces neurotoxic actions of manga-
nese on cilio-inhibitory, acute experiments were conducted testing 
dopamine dose responses on gills treated with manganese in the 
presence or absence of carnosine. Cilia of control GLC respond-
ed normally to dopamine. Manganese disrupted the dopamine in-
duced cilio-inhibition and carnosine reduced this neurotoxic effect. 
Short-term experiments also were conducted where  
were treated for 2, 3 and 5 days with manganese with or without 
carnosine. For each treatment period co-treating with carnosine and 
manganese reduced the neurotoxic effect of manganese alone on the 
cilio-inhibition, similar to sham-treated control animals. The study 
showed carnosine is effective in reducing neurotoxic effects of man-
ganese on cilio-inhibition of dopamine in 
are helpful in furthering the understanding of the neurotoxic mech-
anism of manganese and provides evidence suggesting carnosine 
needs to be further investigated as a potential therapeutic agent for 
Manganism. Supported by grants NIGMS-2R25GM06003, NIH- 
K12GM093854-07A1 and 62344-00-50 of PSC-CUNY.

they are in low salinity water can help understand the molecu-
lar mechanisms response to the low salinity and develop genetic 
markers to assist selective breeding. To investigate transcriptome 
response to low salinity in adult oysters, wild adult oysters were 
collected from Patuxent River, then were split into three groups 
evenly and challenged in three tanks with different salinities (20, 
5, and 1). Gill tissues of four oysters per group were sampled at 
24-hour after challenge. RNA from the same group were pooled 
into one sample based on equal RNA amounts. Compared with the 
gene expression in the sample with salinity of 20, 2,399 genes were 

of 5, 2,083 were up/down-regulated in the sample with salinity of 1. 
Of them, 786 were observed co-up/down-regulated in the samples 
with salinity of 5 and 1. Twenty-six percent of these genes were an-
notated directly through the eastern oyster genome. To investigate 
transcriptome response in larvae, fertilized eggs were split evenly 
and were cultured in two 200L tanks with salinity of 15 and 7. Af-
ter 36 hours of fertilization, D-larvae were collected for each tank. 
Transcriptome sequencing and differentially expression analyses 

genes. Only 21 of these genes were also found in those differential-

OSTREA LURIDA 
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The Olympia oyster, , is the only oyster species 

native to the West coast of North America. Populations once ranged 
from British Columbia to Baja California, but have declined dra-
matically due to coastal development and polluted coastal inlets. 
The decline of these native oysters is problematic because they pro-
vide many ecosystem services such as shoreline stabilization, water 

for many migratory birds. The Carpinteria Salt Marsh, a University 
of California Natural Reserve, was historically one of the largest 
natural populations of Olympia oysters in Southern California; 
however, a recent survey of the salt marsh in early 2019 found a 
76% decrease in the oyster population from historic levels. It is 

dramatically altered the ecosystem which lead to the decline of the 
Olympia oyster population; however, the exact mechanism behind DO N
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bloom. After 48 hr, oysters were placed in clean seawater. Through-

via LC-MS/MS. Preliminary data indicate GDA concentrations in-
creased in oysters during exposure to GDA and declined over 24-48 
hr when oysters were placed in clean water. A full-scale study is 
planned to more comprehensively investigate uptake and transport 
to different tissues and longer-term depuration. 
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Suspension-feeding bivalve molluscs have evolved a high-

ly-effective particle discrimination mechanism, allowing them to 
-

anisms controlling this pre-ingestive sorting process have been 
described as either passive or active. Passive selection is depen-
dent upon physicochemical interactions between particles and 
the feeding organs, whereas active selection is dependent upon a 
physiological response by the feeding organs to food stimuli (e.g., 
chemoreception).  Evidence for a passive selection mechanism has 
been demonstrated in several species of bivalves. In contrast, to 
date there has been no evidence that active selection mechanisms 
underlay particle selection, although the possibility of such mech-
anisms has been hypothesized numerous times. The present study 
was designed to assess experimentally the response by the fron-

dissolved extracellular and intracellular substances from algae.  In 
experiments examined particle transport by the frontal cilia 

of the eastern oyster , as the gill in this spe-
cies is involved in particle selection.  Results demonstrated that 
addition of algal 
transport of particles being transported dorsally or ventrally (i.e., 
likely ingested  likely rejected, respectively) between control and 
experimental treatments. Although contact chemoreception can-
not be completely ruled out as a factor in active selection, these 

active physiological response (i.e., chemoreception of dissolved 
metabolites), best determine particle fate.

PLACOPECTEN MAGELLANICUS

Virginia Institute of Marine Science, William and Mary, P.O. 
Box 1346, Gloucester Point, VA 23062

terobitaille@vims.edu
The sea scallop displays a subtle 

change in morphometry as it increases in size and age. Previously, 
Dadswell and Weihs (1990) related these changes to hydrodynam-
ics and swimming capability in scallops from Passamaquoddy Bay, 
Canada and indicated a three-stage adult life history of early seden-
tary, mid-life mobile, and a later second sedentary stage. Herein, the 
discussion of Dadswell and Weihs is extended to collections from 
the Georges Bank and Mid-Atlantic shelf regions of the U.S. East 
Coast. The project aims to compare the morphological transitions 
associated with life history stages and adds the important function 
of age to these transitions and stages. It includes a discussion of 
the time sequence of morphological change in terms of the role of 
scallops as benthic dominants in their bathymetric range, temporal 

CRASSOSTREA VIRGINICA

Virginia Institute of Marine Science, Department of Aquatic 
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The toxigenic algal species,  is known 

to form harmful algal blooms (HAB) in marine and estuarine wa-
ters on the southeastern coast of the US and in the Gulf of Mexico. 
This species produces goniodomin A (GDA), a lipophilic toxin that 
has been isolated from  spp. in Asia, the Gulf of Mex-
ico, and Chesapeake Bay. Laboratory research has demonstrated 
adverse impacts of both  cells and isolated GDA to 

well as mortality of juvenile oysters and grazing inhibition of oys-
-

ty contributing to these adverse impacts is currently unknown. In 
addition, no controlled bioaccumulation and depuration assay has 
been carried out in the laboratory to investigate whether this toxin 
accumulates in animal tissues and, if so, to what extent depuration 
occurs and over what period of time.  In a preliminary study to 
examine uptake and depuration of toxin, sub-market size oysters 
( ) were placed in individual jars and exposed 
to a clonal strain of  isolated from a Chesapeake Bay DO N
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pletion of their life cycles. To date, “endogenous viral elements” 
(EVE) of infectious hypodermal and hematopoietic necrosis virus 
(IHHNV) and white spot syndrome virus (WSSV) have been found 
in penaeid shrimp. For practical diagnostic approach, it necessitat-
ed a change in the routine method to distinguish between infected 
shrimp and EVE-containing samples. In the case of IHHNV, infect-
ed shrimp species have been developing resistance to the virus, thus 
it is a challenge to separate shrimp carrying both infectious form of 
virus and EVE from those that are infected only (i.e. the former and 
latter would be recognized by conventional PCR testing). Discard 
of domesticated shrimp breeding stocks based on such false posi-
tive results might have negative consequences, if such inserts are 
related to shrimp viral disease tolerance according to “viral accom-
modation hypothesis.” It is thus necessary to improve accuracy in 
diagnosis of IHHNV infection. For example, multiplex PCR anal-
ysis is developed to amplify the entire IHHNV genome, ensuring 
the accurate diagnosis, and the technique must be convenient for 
practical application. More recently, isothermal nucleic acid ampli-

(LAMP) comprises primers targeting OIE-recommended region 
and the 3’end of the viral genome that has been reported to be less 
occurrence of EVE in the shrimp genome.
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3American Museum of Natural History, 200 Central Park West, 
New York, NY 10024

meschedl@uri.edu
Coastal environments are the primary habitat for much of the 

diversity of marine organisms, but are also heavily impacted by hu-
man activity. Anthropogenic nutrient input can come in many forms, 

as well as other human wastes into the environment. Nutrient input 
increases primary production, leading to increased respiration, fol-

of the effects of multiple anthropogenic stressors on the particularly 
vulnerable larval life stage of coastal organisms is lacking, name-
ly the potentially synergistic effects of stressors have not yet been 
tested with robust molecular techniques. In this experiment, east-
ern oyster ( ) larval pools were subjected to 24 

pCO2

Tufts University School of Medicine, Department of Immunol-
ogy, 136 Harrison Ave., Boston, MA 02111 

beverly.rubin@tufts.edu
Since the inception of the term endocrine disruptor, the idea 

that the environment is an important determinant of phenotype has 
motivated researchers to explore the effect of low dose exposure 
to BPA during organogenesis. The syndrome observed was com-
plex, affecting various endpoints: reproduction and reproductive 
tissues, behavior, mammary gland development and carcinogen-
esis, glucose homeostasis, and obesity. This constellation of im-
pacted endpoints suggests the possibility of complex interactions 
among the multiple effects of early BPA exposure. Rodent studies 
showed alterations of energy and amino-acid metabolism that were 
detected soon after birth and continued through six months of age. 
The classical manifestations of obesity and associated elements of 
metabolic disease took a longer time to become apparent. Here, 
the validity of the often-mentioned lack of reproducibility of obe-
sogenic effects of BPA is examined, starting from the known envi-
ronmental causes of variation, which are diverse, ranging from the 
theoretical like the individuation process and the non-monotonici-
ty of the dose-response curve, to the very pragmatic like housing, 
feed, and time and route of exposure. The environmental condi-
tions that may hinder reproducibility are explored and the effect 
of confounding factors such as BPA-induced hyperactivity will be 
discussed. In spite of all the potential sources of variation, it was 
shown that some obesogenic or metabolic effects of BPA are re-
producibly observed when study conditions are analogous. Study 
authors should describe details of their study conditions including 
the environment, husbandry, and feed. Finally, when experimental 
conditions are strictly maintained, reproducibility and stability of 
the obese phenotype is consistently observed.
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1National Center for Genetic Engineering and Biotechnolo-

gy (BIOTEC), National Science and Technology Development 
Agency (NSTDA), 113 Thailand Science Park, Phahonyothin Rd., 
Klong Neung, Klong Luang, Pathum Thani 12120 Thailand

2Centex Shrimp Faculty of Science, Mahidol University, Rama 
VI Rd., Bangkok 10400, Thailand

vanvimon.sak@biotec.or.th
Integration of non-retroviral fragments into animal genomes 

has been found for a few decades as a result of infection and com-DO N
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Duke University Marine Laboratory,135 Marine Lab Road, 
Beaufort, NC 28516

Tom.Schultz@duke.edu
The Duke University Marine Lab (https://nicholas.duke.edu/

marinelab) is a satellite campus of Duke University located on Piv-
ers Island in coastal North Carolina.  The campus is a full-service 
campus operating year round and offering courses four terms per 
year (Fall, Spring, and two Summer Terms).  There are approxi-
mately 15 full-time faculty based at the marine lab.  The marine 
lab has a vibrant student community consisting of undergraduate, 
professional Masters, and PhD students.  Facilities at the marine lab 
include dorms (5), a dining hall, a library, an auditorium, a student 
activity center, teaching classrooms, teaching and research labora-
tories, running sea water, docks, boats (in- and off-shore capabili-
ties).  Faculty at the marine lab maintain active research programs 
and engage students at all levels.  Multiple programs are currently 

aquaculture farm that provides students with volunteer opportuni-
ties for doing oyster culture.  The Marine Robotics and Remote 
Sensing Facility (aka. “Drone” Lab) employs multiple platforms 
for remote sensing of the marine environment.  Pivers Island 
Coastal Observatory (PICO) is a long-term physical and biological 
monitoring program for coastal oceanography.  The Marine AlGae 
Industrialization Consortium (MAGIC) is a DOE-funded project 
focused on growing algae at industrial scales for biofuels.  These 
programs and the facilities at the Duke Marine Lab provide both 
students and faculty with numerous opportunities for participating 
in cutting-edge research in marine science. 

1 2 2
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1Stony Brook University, School of Marine and Atmoshperic 
Sciences, 100 Nicholls Road, Stony Brook, NY, 11794

2Station Biologique de Roscoff, CNRS/Sorbonne Université, 
Place Georges Teissier 29680 Roscoff 

Caroline.Schwaner@stonybrook.edu
Natural genetic variation is a valuable source of resilience to 

changing environments. The eastern oyster ( -
) lives in spatio-temporally highly variable environments. This 

species is able to survive in a wide variety of environments due 

environments, or both. It is well-recognized that the evolution of 
resilience to climate related stressors depends on the standing stock 
of genetic variation. The oyster genome is highly polymorphic and 

genes are not shared across any of the three treatments, suggesting 
that the stressors do not have an additive expression response in the 
combined treatment. Further analysis of the function of these genes 
will shed light on the transcriptional response to these stressors and 
help to provide a more comprehensive understanding of how eastern 
oyster larvae respond to coastal anthropogenic effects.

2

1

1Northeastern University, Department of Marine and Environ-
mental Sciences, Marine Science Center, 430 Nahant Road, Nah-
ant, MA 01908

2

Emerson Avenue, Gloucester, MA 01930
3

Causeway Street, Suite 400, Boston, MA 02114
schenck.f@husky.neu.edu
Aquaculture does not happen in a vacuum, but rather within 

and, in some cases, in place of natural ecosystems. The resulting 
interactions among aquaculture and the ecological structure and 
function of natural ecosystems can have consequences for the ben-

Massachusetts (MA), the vast majority of aquaculture permits are 
for “farms” that grow oysters ( ) in shallow, 
protected waters, where they closely abut eelgrass ( -
na) habitat. In MA, eelgrass habitat has declined substantially over 
the past 20 years and is recognized as a conservation and restoration 
priority. Current aquaculture regulations in MA discourage the in-
teraction of oyster farms and eelgrass, limiting the opportunities 
to test for potential synergism between aquaculture and eelgrass 
conservation in this system. In order to effectively manage oyster 
aquaculture and eelgrass going forward, decision makers need to 
know the answers to questions regarding both the ecological and 
human aspects of this interaction. To address these knowledge gaps 
this project will 1) develop collaborations to transfer knowledge 
from studies investigating interactions between oyster aquacul-
ture and eelgrass in other regions to MA and 2) engage with local 
managers, stakeholders, and oyster farmers using a participatory 

-
couraging greater interaction between eelgrass and oyster aquacul-
ture in MA. The ultimate goal is to compile this information into a 
document of best management practices regarding eelgrass-aqua-
culture interactions in MA to guide bivalve aquaculture permitting.DO N
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frequency water quality data, including temperature, salinity, pH, 
-

lected over the years by the Chesapeake Bay Program. These data 
were analyzed for correlations between the various water quality 
parameters and bloom occurrence.

CRASSOSTREA VIRGINICA
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Cold Shock Domain Containing Protein-E1 (CSDE-1) is an 

RNA binding protein involved in post-transcriptional processes 
and neuronal development in vertebrates. The CSDE-1 gene is 
conserved in metazoan animals but has been studied almost exclu-
sively in mammals and ; little is known about its role in-

within the 3’ UTR, gene body, or 5’ UTR of mRNA transcripts 
to upregulate or downregulate their translation. The Wnt signal-
ing pathway, a critical process for development, including dendrite 

in the Wnt signaling pathway, is one important target of CSDE-1; 
CSDE-1 is essential for the Wnt signaling pathway to occur and 
produce normal, fully functional neurons in humans. Since homo-
logs for component proteins of Wnt signaling are found in mollus-
can genomes, it was predicted that CSDE-1’s role as a translation-
al regulator of these proteins would be evolutionarily conserved. 
Quantitative western blots are being used to identify tissues where 
CSDE-1 is expressed in adult and juvenile tissues of 

. Bioinformatics analyses and RNA electrophoretic mobil-

genes. CSDE-1 localization in neuronal tissue is being determined 
-

pressed in ganglia. The role of CSDE-1 in regulating 
translation in neuronal development appears to be, at least in part, 
evolutionarily conserved in molluscs including C. 

has many genes related to environmental stress, supporting a high 
capacity for the species to adapt to changing environments. This 

-

spawned and larvae were reared in ambient (pCO2 of ~600 ppm) or 

RNA and DNA samples were collected at different time points (time 
0 before larvae were moved to pCO2 treatments, after 96 hours, and 
after metamorphosis) and processed for gene expression and SNP 

were applied to DNA samples. Frequency shift of SNPs was con-
trasted between sampling times and pCO2 conditions to identify ge-
netic variants associated with resilience. RNASeq was performed 
on RNA samples to identify differentially expressed genes in the 
larval and juvenile oysters in different pCO2 treatments. Results 
will be discussed with a focus on molecular pathways and mecha-

Virginia Institute of Marine Science, Department of Aquatic 
Health Sciences, William & Mary, 1375 Greate Road, Gloucester 
Point, VA  23062 

gpscott@vims.edu
Late summer blooms of  and -

(formerly )  have occurred 
throughout the lower Chesapeake Bay since 2007. Laboratory bio-
assays have demonstrated acute dose dependent toxicity of these 
species to oysters at different stages of development. Local oyster 
culturists have reported several juvenile oyster mortality events to 
researchers at the Virginia Institute of Marine Science during and 
immediately following these blooms at grow-out locations. This led 
to increased tracking of bloom activity. In some years, such as 2015 
and 2016, dense blooms of both species occurred with -

cell counts greater than 100,000 cells/mL in the York River in 
some water samples. In other years, such as 2014 and 2018, there 
were no blooms of either species in the York and extremely low cell 
counts. Annual variations in weather conditions, nutrient levels, 
and other environmental parameters likely affect the density and 

and low salinity seen in 2018 due to heavy rainfall that summer 
may have contributed to the lack of blooms.  The Virginia Estuarine 
and Coastal Observing System (VECOS) of the Chesapeake Bay 
National Estuarine Research Reserve (CBNERR) has maintained 
continuous monitoring stations in the York River that record high DO N
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mortality and disease data. Health assessments at COL have since 

mammals and sea turtles. Research priorities have also broadened 
to help better inform local, state, and federal decision-making. Cur-
rent priorities address coastal habitat assessment and restoration, 

-
uation, and climate related risk vulnerability. COL scientists con-
tinue to expand our understanding of estuaries and improve com-
munity resilience by developing and applying novel techniques and 
by transforming research into products used by people every day. 

The laboratory is located in the town of Oxford on the Tred 
Avon River, a tributary of Choptank River in Chesapeake Bay. It 

wet labs, quarantine facilities, and a 58’ research vessel and smaller 
boats to support research operations. COL employs about 50 fed-
eral, state, and contractual staff and welcomes visiting scientists 

among COL partners.

1 2 1 
1

11350 SW 153rd Court, Cedar Key, FL 32625 
2University of Florida/IFAS, Nature Coast Biological Station, 

552 1st Street, Cedar Key, FL 32625

The Big Bend region of Florida has a long history of natural 

crossed the docks of rural communities in this region at one time 
or another in abundance. To highlight the unique and diverse shell-

In partnership with visitors’ bureaus and chambers of commerce 
in four coastal counties and with support by The Conservation 
Fund, a map identifying local businesses where visitors can buy, 

National Maritime Heritage Grant Program funding, the map was 
recently expanded to an actual trail through the placement of col-
orful, interpretive signage kiosks in the area. These kiosks serve 
as points of interest and convey cultural and historical information 

-
terfront location. An interactive website, 
org, provides information on kiosk locations, suggested road trips, 

-
hogs, oyster, shrimp, and stone crab), recreational and commercial 
harvesting, importance of water quality, recipes, and more. The Big 

1 1 2
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1Maryland Department of Natural Resources, 580 Taylor Ave., 
Annapolis, MD 21401

2Oyster Recovery Partnership, 1805A Virginia St., Annapolis, 
MD 21401

3Versar, 9200 Rumsey Rd., # 100, Columbia, MD 21045
4National Oceanic and Atmospheric Administration, 200 Harry 

S. Truman Parkway, Annapolis, MD 21401

Understanding benthic habitat is critical for determining areas 
suitable for oyster restoration. Oyster habitat can be initially classi-

-
ducted to determine the type of oyster restoration required. Some 
restoration areas may need reef-building substrate added to the reef 
footprint, followed by planting with live oysters, while other areas 
are suitable for planting live oysters on existing remnant reefs. A 
habitat quality index was developed to assess benthic habitat using 

habitat components: percent exposed shell, primary and second-
ary substrate, surface sediment, number of live oysters and surface 
shell volume. Binary scores were assigned to each benthic compo-

-
tially explicit maps of habitat suitability scores for a sampling grid 
were developed and assessed at the site level for benthic habitat and 
restoration treatments. This method proved to be a useful tool for 
ground-truthing benthic habitat for oyster restoration in the Upper 
St. Mary River oyster sanctuary.

National Oceanic and Atmospheric Administration (NOAA), 
National Centers for Coastal Ocean Science, Cooperative Oxford 
Laboratory, 904 South Morris Street, Oxford, MD 21654

shawn.mclaughlin@noaa.gov
Cooperative Oxford Laboratory (COL) is a unique combination 

Oceanic and Atmospheric Administration, Maryland Department 
of Natural Resources (DNR), and U.S. Coast Guard. All three orga-
nizations collaborate to meet their respective missions and address 
science. 

The laboratory was established in 1960 to investigate oyster 
diseases in Chesapeake and Delaware Bays. The year 2019 marks 
the 80th anniversary of the Maryland Fall Oyster Survey, an an-
nual assessment by DNR to provide managers with reproduction, DO N
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A recently emerged lethal shrimp bacterial infection known 

as Acute Hepatopancreatic Necrosis Disease (AHPND) has led 
to massive farmed shrimp mortalities including the black tiger 
shrimp, . This disease is mainly caused by -

 AHPND strain (VpAHPND) bacteria. During 
VpAHPND infection, an intriguing matter would be the possibility of 
synergistic co-infection or secondary infection of other bacterial 
species during VpAHPND infection and colonization in the shrimp gut. 
The biochemical changes of shrimp hepatopancreas during differ-
ent stages of toxin damage or site colonization by VpAHPND is also 
vital for understanding the host-pathogen interaction. The present 
study aims to provide an insight into the alterations of  
gut metagenome and hepatopancreas biochemical activity when 
challenged with VpAHPND. 16S metagenomic analysis was conduct-
ed for both control and infected gut samples. Different bacterial di-
versity was determined between the control and infected samples. 
Pathogenic bacterial species potentially involved in co-infection or 
secondary infection together with VpAHPND

resistance assists in understanding host-associated and environ-

farming. Biochemical tests including Phenoloxidase (PO) Test, 
Superoxide Dismutase (SOD) Test, and Nitric Oxide (NO) Test 
were conducted using challenged shrimp hepatopancreas samples. 

-
served across different post-AHPND infection time points espe-
cially in the middle time points (12 and 24 hours post-infection). 
In conclusion, besides the observation of empty gut, the underlying 

 gut metagenome and host biochemical response were 
also affected during VpAHPND infection.

has the potential of being a valuable public educational tool that 
will simultaneously enhance the authenticity and sustainability of 

working waterfront communities in the region.

NE
1 2

1 1
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1University of Southern Mississippi, Department of Coastal 
Sciences, Gulf Coast Research Laboratory, 703 East Beach Drive, 
Ocean Springs, MS 39564

2University of Washington, School of Aquatic and Fishery Sci-
ences, 1122 NE Boat St, Box 355020 Seattle, WA 98195

3Old Dominion University, Ocean Earth and Atmospheric Sci-
ences, 5115 Hampton Blvd, Norfolk, VA 23529

Laura.solinger@usm.edu
Overharvesting and disease outbreaks have led to a decline in 

abundance for many of the seven abalone species of the US West 
Coast, including two of which are currently listed as “endangered” 
pursuant to the US Endangered Species Act of 1973 and three of 
which are listed as species of concern. While management actions 
have been taken in the recent past to limit harvest of abalone, the 
emergence of Withering Syndrome (WS) in 1985 has since exerted 

and on the culture of red abalone. WS is caused by the intracyto-
plasmic rickettsia-like organism (RLO), which disrupts functioning 
of the digestive gland, leading to catabolism of the foot muscle, 
and eventually death. El Niño conditions and elevated seawater 
temperatures have been associated with increased prevalence of 
WS-RLO infections. Understanding the characteristics of RLO 
transmission and proliferation (e.g. sinks and sources of infective 

-
bility) and how they may impact population dynamics of abalone 
are important to promote stock rebuilding. Here, a SLIP (suscepti-
ble, latent infection, patent infection, waterborne infective particle) 
modelling approach is presented to simulate disease progression 
and subsequent population dynamics of three species of abalone as 

and proximity to sources/sinks of RLO. This work will inform man-
agement plans for restoration of wild populations and sustainability 
of farming operations to disease incidence in projected near-future 
climate change conditions. DO N
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S4 (S4) and RI06-95 (RI), have 

to larval oysters against bacterial pathogens.  Commercial formu-

commercially-produced formulations in protecting larval oysters in 
hatcheries, and 2) determine probiotic treatment effect on hatchery 
bacterial communities.  Two hatchery trials were carried out in June 
and July 2019. Probionts S4 and RI were administered to treatment 
tanks (n= 3 – 6) daily for 12 days. Larval survival, growth, size, 
and environmental factors were measured in control (no probiotic) 
and treatment tanks. Larval-associated bacterial community struc-
ture was analyzed using sequencing of the 16S rRNA V6 region. 
Probiotic treatment had no negative impact on larval survival or 

-
hancement was observed in S4-treated tanks between days 4 – 6 
after spawning in one of the trials. Probiotic treatment altered the 
microbial community of the oyster larvae in both trials. Further 

including variability in pre-existing microbial communities, on 
-

otic application to enhance oyster larval production.
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Yellow Sea Fisheries Research Institute, Chinese Academy of 
Fishery Sciences, Shangdong, P.R. China 266071

ktangnelson@gmail.com
Acute hepatopancreatic necrosis disease (AHPND) has caused 

substantial production losses in penaid shrimp farming industries 
in Asia and the Americas. Strains of  and 
related species have been proved to cause AHPND. However, the 
mechanisms underlying the burgeoning number of  species 
that cause AHPND is not known. AHPND-causing bacte-
ria (VAHPND) harbor a pVA1 plasmid carrying PirAB toxin genes. 
This plasmid also contains a cluster of conjugative transfer genes, 
suggesting that pVA1 plasmid can be disseminated via conjugation. 
In this study, the pVA1 plasmid was shown to transfer from VAH-

PND to non-pathogenic  bacteria. A pVPGX1-  plasmid (a 
pVA1 plasmid) was constructed by adding a chloramphenicol re-
sistance gene as a marker in a donor AHPND-  
Vp2S01. Transfer of this plasmid was successfully performed from 
the AHPND-Vp2S01 to a non-pathogenic strain of  at 

 transconjugant/recipient; DNase 
I treatment did not eliminate the transfer. The recipient -

BONAMIA EXITIOSA IN OSTREA EDULIS
CRASSOSTREA VIRGINICA

Roger Williams University Aquatic Diagnostic Laboratory, 1 
Old Field Road, Bristol, RI 02809

asurian706@g.rwu.edu
Infections of spp. have caused mass mortalities in 

oyster species such as , , , and 
, compromising both farms and wild stocks. Infections 

of  in 
Massachusetts in 2013 and were not observed again until 2018. 
Because of its history as a pathogen in other species and as an OIE 
reportable pathogen,  has arisen as a pathogen of interest 
in  in the northeast United States. There is currently a 

B. 
 infections in , and any morbidity and mortality 

that may occur. This study investigates the prevalence of  
in cultured and wild  and 

 was performed through PCR and  hybridization 
 from previous 

works by Ramilo et al. (2013, 2014) were used to determine B. 

-
tions of infection and severity of infection to provide information 

occurrence and location and association with pathologies will help 
inform aquaculturists and regulators who need to understand the 
effects of infection by  in and . 
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evelyn-takyi@my.uri.edu
The rearing of eastern oyster,  larvae in 

hatcheries is crucial to ensure supply of seed to the aquaculture 
industry. Bacterial diseases, particularly vibriosis, continue to be a 
major cause of mortality in hatcheries. The marine bacteria, Phaeo-DO N
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University of Rhode Island, Department of Biological Sciences, 
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Certain coastal stressors are becoming more prevalent as ur-

-
tion (CA) which can disrupt the normal physiological processes of 
an organism. This sudden increase of nutrients can promote algal 
growth and can cause a hypoxic environment due to microbial con-
sumption of organic matter which produces more carbon dioxide. 

produced by anthropogenic activities and carries a variety of chem-
icals that can affect the pH of coastal waters. It is known that acid-

an increase of nutrients can disrupt marine ecosystems. The eastern 
oyster, -
tem engineer that is found in coastal waters. These organisms must 
adapt to an increase of CA and SE, however, little is known on how 
they acclimate to these stressors in their larval stage. Eastern oyster 
larvae were exposed to four different treatments: control, sewage 

SE. Larval density samples were collected after 1, 12, and 24 hours, 
the larvae were counted, and their shell dimensions were measured 
through ImageJ. CA+SE had the highest mortality rate compared to 
CA and SE individually. This indicates that when multiple stressors 
are acting simultaneously they do more damage than when they are 
acting individually. There were no clear differences in the shell di-
mension measurements throughout each treatment and time period.

University of New England, School of Marine Programs, 11 
Hills Beach Road, Biddeford, ME 04005

ctilburg@une.edu
The infrastructure, location, and people of the University of 

New England Marine Science Center (MSC) uniquely position 

marine and coastal systems.  
The assets that make MSC unique include interdisciplinary in-

ter-agency research programs, high quality seawater facilities, and 
access to the Saco River and the Gulf of Maine allow UNE to of-
fer collaborative opportunities to interested researchers. The MSC 

 acquired the pVA1 plasmid, and was shown to produce PirA-
B  RNA and proteins. Laboratory infection demonstrated that the 
transconjugant caused 100% mortality in exposed groups of -

. Challenged shrimp, infected with the transconjugant bacte-
ria, showed typical gross signs and histological lesions of AHPND. 
The transfer of pVA1 plasmid was also demonstrated  from 
AHPND-  to non-pathogenic present in the 
healthy shrimp. These studies explain the increased numbers of AH-
PND-causing  bacteria, and will be useful in the development 
of strategies leading to the prevention and control of AHPND.
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1Charles Darwin Research Station, Charles Darwin Foundation, 
Ave Charles Darwin 854, Puerto Ayora 200350, Ecuador

2Scripps Institution of Oceanography, UC San Diego, 9500 Gil-
man Drive, La Jolla, CA 92093

3Humboldt State University, Department of Fisheries Biology, 1 
Harpst Street, Arcata, CA 95521

4Pristine Seas, National Geographic Society, 1145 17th Street, 
NW, Washington, DC 20036

nicolas.moity@fcdarwin.org.ec

are disappearing rapidly. Ecuador and countries within the Tropical 

coverage in the last 40 years. One reason for this destruction is 

policymakers and markets can understand. Multiple ecosystem ser-
-

ple ES for the Galapagos, for Ecuador and for the TEP. Mangrove 
forests in the Galapagos are composed of three species belonging 
to three families: , and 

. Considered a mangrove associate, Con-
is found in the transition zone between true man-

grove forests and the arid zone, non-mangrove species. These for-
ests store 778,000 tons of carbon with mean belowground carbon 
being 211.03 ± 179.65 Mg C/ha, valued at $2940/ha or $22,838/
ha depending on the valuation methodology. Mangrove-dependent 

ha -
pelago. The value of mangrove-based tourism was estimated at 
$16,958/ha, contributing $62 million to the industry. By accounting 
for stakeholders and existing property rights, the results allow for 
the discussion of institutionalizing ES payments for the Galapagos 
Islands. DO N
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correlated with respiration ( ) and thus an ideal approach to 

-
ronmental data, elevated heart beat rates under warming tempera-
tures and/or coastal hypoxia ( , ANOVA), suggest these 
stressors may have contributed to the local extirpation of the New 

VIBRIO PARAHAEMO-
LYTICUS

1 2

4

5 6

7 2 1

1Laboratorio de Patogénesis Microbiana, Centro de Investiga-
ciones Biológicas del Noroeste, S. C. (CIBNOR), La Paz, B. C. 
S., México

2Programa de Cátedras CONACyT, Centro de Investigaciones 
Biológicas del Noroeste, S. C. (CIBNOR), La Paz, B. C. S., México

3Laboratorio de Metabolismo Energético, Centro de Investiga-
ciones Biológicas del Noroeste, S. C. (CIBNOR), La Paz, B. C. S., 
México

4Parque de Innovación Tecnológica, Centro de Investigaciones 
Biológicas del Noroeste, S. C. (CIBNOR), La Paz, B. C. S., México

5Departamento de Bioquímica, Facultad de Estudios Superiores 
– Universidad Autónoma de México, Estado de México, México

6Departamento de Acuacultura. Instituto Politécnico Nacion-
al-Centro Interdisciplinario de Investigación para el Desarrollo In-
tegral Regional, Unidad Sinaloa (IPN-CIIDIR Sinaloa), Guasave, 
Sinaloa. México

avelazquez@pg.cibnor.mx
Acute hepatopancreatic necrosis disease (AHPND), caused 

by marine bacteria , is a huge problem 
in shrimp farms. The infecting material is contained in a plasmid 
which encodes for the lethal toxins PirABVp, whose primary target 
tissue is the hepatopancreas, causing sloughing of epithelial cells, 

-
standing of the hepatopancreas response during AHPND, juvenile 
shrimp,  were infected by immersion with V. 

. We performed transcriptomic mRNA sequenc-
ing of infected shrimp hepatopancreas, at 24 hours post-infection, 
to identify novel differentially expressed genes. A total of 174,098 
transcripts were examined of which 915 transcripts were found 
differentially expressed after comparative transcriptomic analy-
sis: 442 up-regulated and 473 down-regulated transcripts. Gene 
Ontology term enrichment analysis for up-regulated transcripts 
includes metabolic process, regulation of programmed cell death, 

facility plays an integral role in aquaponics, marine and estuarine 
research, and instruction.

-

and facilitates access to UNE owned Ram Island, a one-acre island 
that serves as a “living laboratory.”  In addition, UNE manages an 
ocean-based kelp farm just off the coast of campus in Saco Bay.  The 
island and surrounding waters are home to migrating songbirds, har-

2 (2560 m2

laboratories. Individual equipment includes a Deep Trekker ROV, 

rooms include a phytoplankton culture lab, a Macroalgae Nursery 
and Research Lab, a Recirculating Aquaculture System, a tropical 
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and/or temperature, that can elicit negative effects on their physiol-
ogy and survival. Coastal environmental perturbations (i.e. coastal 

stress) can occur over temporal scales as short as minutes, hours, 

populations in their environments (i.e. measurements of growth, 
gonad indices) require weeks to months to integrate information. 
These measures alone are, therefore, often inadequate to explain 
the drivers of precipitous population declines, as recently exem-

the northern bay scallop,  in New 

be monitored on shorter timescales (i.e. minutes to hours)? Using 
 as a model organism, optical infrared sensors 

were employed to assess cardiac activity  over timescales as 
-

ning most of the scallop growing season. Lab-based experiments 
were also performed to assess drivers of cardiac activity under con-DO N
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heart, as well as in the terminal ampoule or spermatophore and 
 of males. The expression of 

higher than that in other tissues, indicating that this peptide has an 
important role in this tissue. The increase in expression from early 
to late pre-molt seen for all evaluated tissues suggest a possible role 
in osmoregulation and ion exchange, and the high expression in gut 
further suggest a role in water uptake during molting.
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 toxin PirAB  is a virulence factor 
exotoxin that contributing to sloughing of tubule epithelial cells 
of shrimp in Acute Hepatopancreatic Necrosis Disease, an emerg-
ing shrimp disease with some big losses since 2009. The PirAB  
subunit of the toxin is a lectin that recognizes amino-sugars that 
mediates its attachment to cell surfaces, but to date the receptor on 

to binding and probably to entry of PirAB  into the cells. The toxin 
binds to one protein of approximately 100,000 Da, a proteoglycan 
expressed in the membrane of hepatopancreas of shrimp. The endo-
glycosidase treatment prevents the binding of the toxin  and 

assays. This indicates that the sugars are very important for 
the binding of this toxin. Binding of the toxin to the hepatopancre-
atic epithelium can be reduced by heparan sulfate analogues when 
performing experiments on membranal proteins of hepatopancre-

These data demonstrate , and pathological relevance 
of PirAB –proteoglycans interactions, and reveal a potential ther-
apeutic approach of protecting hepatopancreatic tissue by blocking 
these interactions.

carbohydrate metabolic process, and biological adhesion, where-
as for down-regulated transcripts include, microtubule-based pro-
cess, and chitin metabolic process. The analysis of protein- protein 
network between up and down-regulated genes indicates that the 

sarcomere organization. Protein-protein networks analysis identi-

were selected to measure their mRNA relative expression levels in 
AHPND infected shrimp hepatopancreas by RT-qPCR. Our results 
indicate a close connection between the immune and metabolism 
systems during AHPND infection. RNA-Seq and RT-qPCR data 
provide the possible immunological and physiological scenario, as 
well as, the molecular pathways that take place in the shrimp hepa-
topancreas in response to an infectious disease.
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The crustacean hyperglycemic hormone superfamily (CHH) is 

-
lis of the X-organ sinus gland complex (XOSG) of decapods. This 
group of neuropeptides is associated with the control of important 
physiological processes as reproduction, molt, and stress response. 
In this study, a novel CHH gene was characterized. The gene or-
ganization (KJ660843) allowed identifying it as a type I CHH, but 
no conserved CPRP region was observed. The deduced amino acid 
sequences lack the amidation site in the C-terminus which is as-
sociated with hyperglycemic activity, and there is a glycine inser-
tion at position 32 of the mature peptide not present in other type 
I or II CHHs. Two full-length transcripts differing in length were 
characterized, the differences are a result of two polyadenylation 
sites present in the 3’UTR resulting in two transcription termi-
nation signals. The expression patterns show that this gene is ex-
pressed in eyestalk, supraesophageal ganglion (SoG), gill, gut, and DO N

OT 
CIT

E



 112th Annual Meeting, March 29–April 2, 2020 203

1 2

1ePaint Company, 25 Research Road, E. Falmouth, MA 02536
2University of Connecticut, Department of Marine Sciences, 

1080 Shennecossett Road, Groton, CT 06340
3

West Hartford, CT 06117
alex@epaint.net
Novel non-toxic coating technology for biofouling control de-

veloped for the aquaculture industry is presented that relies on the 
photoactive generation of hydrogen peroxide to reduce the settle-
ment of biofouling organisms rather than the leaching of pesticides. 

Biofouling, the unwanted growth of biological organisms on un-
derwater surfaces, has long been recognized as a major problem for 
commercial aquaculture. Biofouling dramatically increases labor 
costs, reduces the value of product, and can harm cultured species. 

with culture organisms for food or space, and can directly affect the 
growth and survival of cultured organisms.  As a result, considerable 
physical and economic effort is directed toward the prevention and 
control of biofouling at culture facilities.  Cleaning of gear and use 
of toxic coatings are the primary methods employed by the industry 
to maintain biofouling-free surfaces.  Time and energy expended to 
keep gear clean taxes aquaculturalists consuming as much as 30% 
of labor costs and contributing 15% to operational costs.  

Results from biofouling resistance testing on PVC test panels 
and aquaculture gear (bags, trays and cages) performed from 2015 

-
er in treated bags and trays over a three month grow-out period. 
Treated gear requires less maintenance and can be reused without 

release coating technology is a viable solution to the biofouling 
-

es and cleaning to control biofouling.
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The Flax Pond Marine Laboratory (FPML) on the north shore 

of Long Island, New York, has a long and rich history in marine 
research, outreach, and education. Operated by the School of Ma-
rine and Atmospheric Sciences and located just 3 miles north of the 
Stony Brook University main campus and 50 miles east of Manhat-
tan, FPML serves a diverse community of researchers and exter-
nal users including higher education colleges, high schools, state 

the Flax Pond Tidal Wetland Area. This research preserve - con-
nected to Long Island Sound through a narrow inlet – is owned by 
the New York State Department of Environmental Conservation, 
and encompasses a complete miniature (0.6 km2) tidal embayment 
ecosystem with a mosaic of saltmarsh, un-vegetated mud and sand 

barrier beaches. FPML therefore offers unique opportunities for the 
integration of multidisciplinary research on function, services, and 
resilience of saltmarsh ecosystems in a changing coastal ocean.

FPML is currently undergoing major renovations, which include 
-

new seawater system. In concert, these innovations will strengthen 
the FPML leading role as a multi-user research facility in the New 

ecology in an urbanizing environment and educate and train the next 
generation of researchers, stake-holders, and decision makers.
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The most common cause of bacterial disease in humans eating 

raw molluscs is (Vp).  Less problematic 
in the NE U.S., but equally as important is ( ).  
Knowledge of aquaculture methods that would reduce the abundance 

avoid closure due to vibriosis outbreaks. Abundances of Vp and  
in eastern oysters were determined over the summer of 2015 from 
two different locations in Massachusetts with unique environmental 
conditions that each practice two different methods of aquaculture. 
Abundance of Vp,  and two pathogenic genes (thermostable direct 
hemolysin (tdh) and tdh-related hemolysin (trh)), both found in Vp, 
were analyzed using quantitative polymerizase chain reaction (qPCR) 
data gathered from examination of oyster tissues. Recent work has 
shown that a non-pathogenic variant of the trh gene is present in V. 

 (Va).  PCR analysis of tissue samples was conducted to 
determine whether the presence of Va in samples undermines the trh 
qPCR as a test of toxicity of a Vp. Sea surface temperature, salinity, 
turbidity and chlorophyll content were also collected in 2015 and 
were tested for correlation to Vp and  abundances as well as the 
abundances of pathogenic genes. The data gathered from this study 
was used to predict Vp and  growth in oysters based on environ-
mental parameters and aquaculture methods.  
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Freshwater inputs pose osmotic challenges to marine organisms 

living in coastal, estuarine ecosystems. Intensity, duration, and fre-

to understand how organisms respond to environmental changes 
that cause lower than average salinities. Two exposure experiments 
were executed to determine if condition index (CI) and percent sur-
vival (%S) of the eastern oyster, , adults are 
affected after exposure to low salinities. CI is the ratio of dry tissue 
mass to shell volume; higher CI numbers indicate ‘healthier’ oysters. 

salinity exposure of 0, 2-day recovery at salinity of 10. Experiment 
2 exposures included three pulses of two treatments: 7-day salinity 
exposure of 0, 3-day recovery at salinities of 10 (T1) and 5 (T2). Ex-
periments occurred at 18°C and 30°C to mimic water temperatures 
experienced during winter/summer in South Florida. Upon comple-
tion of exposures, average CI of experiment 1 oysters was 4.09 + 
0.29 and 3.82 + 0.46 (18/30°C). Average %S of oysters was 92% for 
both temperatures. Average CI of experiment 2 oysters in T1 was 3.91 
+ 0.64 and 3.63 + 0.45 (18/30°C; 2 oysters for 30°C). Average CI of 
oysters in T2 was 3.78 + 0.56 and 3.36 (18/30°C; 1 oyster for 30°C). 
Average %S of T1 was 97% and 5% (18/30°C). Average %S of T2 

was 73% and 3% (18/30°C). Results from these and additional ex-
periments will assist the South Florida Water Management in under-
standing conditions that maximize oyster survival and recruitment.
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The ‘curl-back’ shell abnormality, present in many stocks of 

farm raised eastern oysters, is characterized by a sharp, downward 
curvature of the right valve and plane of commissure close to the 
hinge.  The trait is undesirable to consumers and can result in extra 
work on farms or decreases in sales.  To determine if the ‘curl-back’ 
trait is heritable, a group of 3-year-old cultured oysters of wild 
stock origin were sorted into two groups based on whether or not 
they exhibited the curl-back hinge trait and crossed amongst each 
other.  The progeny from each of the two four by four crosses (16 
families per culture) were grown separately in a common garden 
experiment, and, in the following year, the crosses were repeated 
using selected F1s (nine families per culture), resulting in two gen-

-
parisons of the relative lengths or heights of right and left valves of 
100 four-month-old F2s per group showed that the curl-back trait 
has a genetic component.  To more accurately describe the trait and 
better visualize the effects of selection, forty eleven-month-old F2s 
per group were used to estimate the tangent angle of the logarith-
mic spiral, alpha, of the valves of the shells and values were plotted 
in a two-dimensional theoretical morphospace.  Calculated alpha 
angles of right valves between the two groups were found to be 

left valves, likely due to occlusion, was not as strong (p = 0.06).
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system, increasing potential for ecological, economic, and cul-
tural losses. Currently, productive coastal systems lack vertically- 
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Few simulated climate change studies focus on decapod crus-

taceans (crabs) because they are largely thought to be tolerant to 
a future ocean. Most existing studies are relatively short-term and 
utilise IPCC forecasted pCO2 and temperature conditions. More 

responses of temperate crab species to multiple-parameters (ele-
vated pCO2 and reduced salinity) under year 2100 IPCC forecasts 
will be presented. Two species of crabs with contrasting abilities 
to compensate for environmental change were used in this study: 
the highly tolerant and invasive European shore crab, 

, inhabiting the intertidal; and the less tolerant edible crab, 
 a commercially important European species in-

habiting sub-littoral areas. Crabs were exposed to elevated pCO2 
and reduced salinity to assess the physiological response to change. 

-
tion) will be reported, determining their abilities to survive under 
future forecasted conditions. These results indicate that responses 
cannot be generalized across taxa, as vulnerabilities vary among 
species with differencing experiences of environmental change, as 
explained by differences in physiological capacities to respond to 
change.  
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Secondly, the protocol of using MO-Vivo to immerse oyster eggs and 
embryos has been established. The treated oyster spat were deployed 
to the river and sterility will be evaluated upon sexual maturity based 
on germ cell marker gene expression by qPCR, PGC development by 

 hybridization and gametogenesis by histology.
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The increasing understanding of the oyster microbiome suggests 

that the bacterial community living on, and within, oyster tissues 
plays an important role in the immune functioning of the oyster, akin 
to the connection observed between health and microbiome in other 
organisms. In turn, the bacterial community of the oyster is shaped 
by various aspects of the health status of its oyster host. This study 
explored correlations between bacterial communities of the oyster 
microbiome and the health status of Delaware Bay oysters, with 
particular attention given to Dermo disease. Samples were collect-
ed from two sites in the Delaware Bay with relatively high salinity 
(~18) and low salinity (~11). Tissues from the digestive gland were 
sampled from wild oysters monthly between July-October 2019, 

Plate incubations on marine and TCBS agar (selecting for the genus 
) were used to quantify bacterial loads and 16S rRNA V3-

V4 sequenced to characterize the bacterial community composition. 
RFTM analysis was used to rate the intensity of Dermo infection 
in individual oysters and determine if infection was correlated with 
any observed bacterial dynamics. Enhancing our understanding of 
the bacterial underpinnings of oyster immunity is becoming more 
important as increasing environmental variability presents greater 
challenges for the oyster immune defense system.
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Crustacea, particularly Decapoda, contains many economically 

important species, such as shrimps and crabs. Crustaceans exhibit 

resolved high-resolution ocean carbonate system measurements 
on timescales relevant to organism ecology and life history. To 
address this issue, a newly developed deep ISFET (Ion Sensitive 

to Fall 2019, seasonal pH glider deployments were conducted in 
Atlantic surfclam ( ) and Atlantic sea scallop 
( ) commercial management zones in 
the Mid-Atlantic Bight. Simultaneous measurements from multi-
ple sensors on the same glider allow the calculation of carbonate 
system parameters (e.g. aragonite saturation state) and mapping of 
these parameters against other variables, such as dissolved oxygen 
and chlorophyll. These data are being used in conjunction with 

coastal systems are necessary to predict the impacts of ongoing cli-
mate change on ecosystem services and the economy.
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Triploid oysters are considered as sterile and preferred by oys-

ter farmers because of their fast growth and premium meat quality 
during the summer seasons; however, recent reports revealed the 
phenomenon of ‘triploid mortality’ and found that triploid eastern 
oysters are more susceptible to environmental stressors than dip-
loids even though their gonadal development was delayed and/or 
diminished. These results highlight the need for alternative steril-
ization technologies to preserve the market advantages of growing 
sterile oysters without altering their chromosome sets. Reproduc-

-MO-  
to transiently silence , an essential gene responsible for 

Morpholino oligomer through a molecular transporter, Vivo.
To apply this bath-immersion technology to produce reproduc-

tively sterile eastern oyster ( ), the clone genes 
-

 ortholog was found in oyster. Several genes in in-
vertebrate model organism Drosophila have been shown to be crucial 
for PGC development including germ plasm and germ cell forma-

-
tants of these genes are reproductively sterile. The orthologs of these DO N
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coiled-coil domain allows the RVT proteins to form multimers and 
could be a good candidate for interacting with metal ions, such as 
Ni2+, Co2+, Fe2+ etc. This is important because most free-living or-
ganisms can be frequently exposed to transition metals and may 
therefore need potent mechanisms to cope with such stresses. In 
addition to the general stress response mechanisms (for example 
heat shock proteins), there may be additional systems to alleviate 
transition metal-induced stresses. It is of special interest to uncov-
er an ancient molecular mechanism which is common to different 
kingdoms of Life and operates in environments which may be con-
taminated by hazardous pollutants.
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Growth is one of the most important production traits for all 

aquaculture species. Growth of the eastern oyster -
, a major aquaculture species in the United States, is not well 

understood at molecular levels. Growth rate varies greatly among 
individual oysters, and the variation apparently has a strong genetic 
basis. In this study, transcriptomes of the largest (fast-growing) and 
smallest (slow-growing) eastern oysters from the same family were 
sequenced to identify differentially expressed genes (DEGs) that 
may regulate growth. Mantle tissue from 16 oysters were pooled for 
each size group with three replicates per group. The six pools were 
subjected to transcriptome sequencing on the Illumina platform. Be-
tween 41 and 52 million 150-bp paired reads were obtained from 
each pool. Analysis showed that 104 genes were differentially ex-
pressed between the largest and smallest oysters (adjusted p<0.05), 
including 48 up-regulated and 56 down-regulated in the large oys-
ters. As the mantle tissue is involved in shell formation, several shell 
or extracellular matrix proteins such as shematrin-like, perlucin-like 

III domain-containing proteins, are up-regulated in large oysters, 
suggesting that they may contribute to shell formation and growth. 
Other DEGs included genes regulating diverse biological processes 
such as transcription, TGF-beta/Wnt/mTOR signaling, metabolism, 

exact genes controlling growth, this study provides a rich set of can-
didate genes that may be involved and highlights the complexity of 
growth regulation in the eastern oyster.

enormous (nearly 500-fold) variability in genome size, and also ex-
hibit complex body plans and novelties, such as segments and ap-
pendages, which render them interesting models for developmental 
biology study. Here, in order to investigate the genome character-
istics of decapod shrimps, we reported the low-coverage genome 
sequencing and draft assembly of three economically important 
shrimp species, , -

 and .  Comparative genomics analyses with 
other reported crustacean genomes were made. pos-
sesses a large complex genome (5.73 Gb), with size twice higher 
than those of many decapod shrimps; however, clues associated 

transferred sequences were detected. Ultimately, the burst of trans-
posable elements, especially retrotransposons, was determined as 

-
ey and Gypsy) and ancestral (DIRS) originated retrotransposons re-
sponsible for the genome evolution. A great many simple sequence 
repeats (SSR), which account for about 10% of the genome, was 

Litopenae-

Therefore, the expansion of SSR may stem from the common an-
cestor of the penaeid shrimp. By virtue of their special mutational 
and functional qualities, SSR play a major role in generating the ge-
netic variation underlying adaptive evolution. This study suggests 
repetitive elements play important roles in genome size evolution 
and adaptive evolution of decapod shrimps.
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Reverse-transcriptase related (RVT) genes represent a remark-

able class of reverse transcriptases (RT) found in bacteria, fungi, 
protists, plants and invertebrates from aquatic and soil-dwelling 
environments. These are cellular single-copy genes, which are pre-
served by natural selection. Their occurrence in prokaryotic and eu-
karyotic representatives, previously unknown for any RT, suggests 
a conserved biological function that is applicable to both prokary-

bacterium,  and the ascomycete fungus 
 display a peculiar property of initiating polym-

erization via protein priming, which is abolished by site-directed 
mutagenesis of the catalytic aspartate in the RT domain. Thus, the DO N
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subsequent microbial respiration results in increased acidity of 

known to negatively affect the survival and development of import-
ant coastal species, like the eastern oyster, 
Oysters have a sessile adult stage making them entirely dependent 
on their pelagic larval stage for long-distance dispersal and gene 

variety of natural and anthropogenic stressors. Oyster populations 
may be structured through reduced population connectivity if SE 

point sources of pollution, potentially limiting larval exchange by 
-

ent plumes. To investigate the effects of SE and CA on the connec-
tivity and genomic diversity of oyster populations, adult oysters 

-
ronmental conditions and distance from SE sources. Sequence cap-
ture probes were generated from mRNA extracted from larval oys-
ters exposed to treatments of CA, SE, and CA+SE. These probes 
were used to capture regions of the adult exome highly expressed 
in larvae as a response to these stressors. Seascape genomics anal-
yses will identify populations with higher frequencies of resistant 
genotypes and relate frequencies to environmental conditions and 
distance to pollution sources.
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The Mendocino College Coastal Field Station near Point Are-

na, about 150 miles north of San Francisco, is a 15-acre property 

intertidal zone of a relatively protected cove. The site, surround-
ed by the California Coastal National Monument, provides unique 

geological features which abound.
The facility was created in 1981 when the US government trans-

ferred the former Coast Guard facility to Mendocino College.  The 
facility offers dorm houses with kitchen amenities and beds to com-
fortably accommodate about 20 guests at a time.  There is an educa-
tion building on-site with space for class meetings and a dry lab room.

courses such as Environmental Science, Botany, Zoology, and Ma-
rine Biology. Students have established vegetation plots and par-
ticipated in intertidal zone transect surveys, plankton surveys, and 
other experiential opportunities.

When Mendocino students are not utilizing the station, the facili-
ty is used by university classes such as UC Berkeley Jepson Herbar-
ium, CSU East Bay and the UC Field Ecology Supercourse.  It has 
also been a base for researchers from Humboldt State and UC Santa 

-
fornia.  In addition, the facility hosts research equipment of UC Da-
vis (monitoring coastal currents) and UNAVCO (GPS ground mo-
tion).  With our current nominal fee structure, the facility is a great 
choice in a unique location for research and educational activities.
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Coastal urban areas are major sources of marine pollution in 

-
water treatment facilities. SE is one of the largest inputs of nu-
trients into coastal ecosystems, driving primary production. The DO N
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