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Red Crab: Harvesting Enhancements and
By-catch Utilization

Project Summary

Listed below are the Project Description, Project Objectives and Planned Outcomes taken directly from the Vir-
ginia Sea Grant Marine Extension Program: Fisheries and Aquaculture’s 2014-2016 proposal. Also included in
this report are the Project Activities by Virginia Sea Grant-Affiliated Extension Specialist Robert Fisher as well as a
listing of the Project Collaborators/Partners.

Instrumental to the success of the project activities was the additional project funding that was awarded to industry
partners: Atlantic Red Crab Company, LLC, Casey’s Seafood, Inc. and Graham & Rollins, Inc. Funding was pro-
vided by the Virginia Fishery Resource Grant Program (FRG) in the amount of $33,900. This FRG project period
covered September 1, 2014 to August 31, 2015. A copy of the FRG final report submitted by the industry partners
is included in this report as Appendix A.

Project Description

The Atlantic deep sea red crab (Chaceon quinguedens) fishery is an emerging opportunity for the Virginia seafood
industry. The red crab is distributed along the edge of the continental shelf of the Northwest Atlantic Ocean and
in the Gulf of Maine and the Gulf of Mexico. Red crab fishing occurs year round along the shelf edge from the
southern edge of Georges Bank south to Cape Hatteras using square and conical pots as the principal gear. There
are only 4 boats in the Atlantic deep sea red crab fishery, which traditionally land and process in Massachusetts. The
owner of 3 of the vessels recently moved 1-2 boats to Virginia to capitalize on Virginia’s blue crab processing infra-
structure, with intention to diversify his current crab product markets. Live market crabs and various picked meat
products are targeted. Live crab health must be maintained during on-board stowage since all red crab food prod-
ucts (picked meat, legs portions, body clusters, live) originate from live, healthy crabs as received from vessel and
maintained in shore-side holding prior to processing. Dead or severely lethargic crabs at point of receipt at dock are
discarded, resulting in waste of crab resource as well as posing land-based waste removal concerns. Red crabs are
caught in baited traps then transferred to compartmentalized fixed seawater tanks within the vessel hold which are
flooded with mechanically refrigerated re-circulated refrigerated sea water (rsw). Typical 7 day fishing trip requires
live-holding crabs 1-6 days at sea. Typical bait used for red crab fishing is menhaden, an oily, fatty fish which, when
processed through the crabs digestive system can negatively impact water chemistry (ammonia levels) in holding
tanks. Purging crabs of intestinal waste is important in establishing and maintaining water quality parameters to
ensure crab health and survival. Initial purging of crab waste occurs within the rsw holding tanks, and quickly
compromises water quality. In previous red crab work (Kaufman and Fisher 2010) with shore-based live-holding
trials, crabs stowed within vessels rsw hold for 5-6 days were still observed to purge intestinal waste upon transfer

to shore-side tanks, resulting in a necessitated purge holding period prior to transfer to longer-term live holding
tanks. If captured crabs were kept from consuming bait within the traps during soak period, while also presumably
processing /eliminating intestinal waste from foodstuff consumed prior to capture, water quality in purge tanks (on-
board and/or shore-side) should be enhanced and result in healthier landed crabs.

Project Methods

It is proposed to work collaboratively with industry, academic partners (VT, VIMS), and industry marketing associa-
tion (Virginia Marine Products Board), to fully address quality and marketing options that could enhance the eco-
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nomic viability of the emerging red crab fishery opportunity in Virginia. It is proposed to work with the boat owner
and crew of crab fishing vessel (May-September 2014) to research alternative bait holding devices designed to hold
bait within traps allowing for the release of bait plume to attract crabs, but not allowing access of entrapped crabs to
the bait, thus minimizing intestinal waste within crabs at point of onboard stowage, while maintaining catch effi-
ciency. Purging of crabs is essential to maintain water quality, and therefore survival of crabs throughout live market
holding and distribution channels. It is also proposed to continue collaborative work with VT and industry to improve
shore side live-holding system operation in support of local direct sale and/or wholesale distribution to live crab
markets. Maintaining water temperatures of 36-380F by mechanical chilling systems for shore-side holding systems is
cost intensive. This low temperature simulates ambient water temperatures on the fishing grounds and is targeted to
reduce thermal stress on crabs. It is proposed to research water chemistry and filtration parameters needed to support
red crab health given elevated holding water temperatures (45-500F) which would be more cost effective to maintain.

It is also proposed to conduct associated experimental trapping of wave whelk with specifically designed whelk
traps during normal red crab fishing activities, with captured whelk handled and processed for live market alongside
live red crab.

Project Outcomes and Measures

The intension of the Atlantic deep sea red crab industry is that through collaboration with the Virginia blue crab
industry, more diverse red crab products can be produced and marketed, thus increasing red crab value. Currently,
Virginia crab industry is experiencing a blue crab resource decline, with blue crab processors positioned to adapt
industry infrastructure to accommodate the receiving, holding, and processing of red crab. The potential exists to
boost economic returns for both crab fisheries. The success of this collaborative endeavor rests largely on maintain-
ing live red crab health from point of landing on board the vessel through off-loading and holding for live distribu-
tion or processing into various market forms. Reducing refrigeration and labor costs associated with maintenance
of water quality to support crab health will enhance economic returns. Proposed research and advisory provided by
VASG MEP can be essential for growth within both industries. Working directly with industry members within this
applied research capacity facilitates collaboration between VASG MEP and stakeholders while also educating those
stakeholders in scientific principles. Data and results generated from this work will be managed by VASG MEP and
made available to the public. Landing, processing, distributing, and sale of red crab in Virginia will provide eco-
nomic benefits within all sectors of Virginia seafood industry while expanding and diversifying traditional blue crab
industry infrastructure and markets. Since the red crab is a new product, economic contribution to each seafood
sector can be directly evaluated. Consumer education and seafood buying behavior is expected to be expanded.
Estimated the economic impact associated with increased production in Virginia will be completed.

Project Activities

*  Project funding was awarded to the industry partners by the Virginia Fishery Resource Grant Program
(FRG). The project period covered September 1, 2014 to August 31, 2015. The amount of funding
provided was $33,900.

e VIMS MAS staff provided guidance and participation in the FRG project.

* The industry partners submitted its final report to the Virginia Fishery Resource Grant Program. A copy
of this report is included as Appendix A and can be found at: http://www.vims.edu/research/units/cen-

terspartners/map/frg/reports/docs_frg_reports/FRG2014_22_RedCrabReport.pdf
e  VIMS MAS staff kicked off the 23rd Annual Chefs’ Seafood Symposium on March 10, 2015 at VIMS

by introducing the red crab as a new resource for Virginia culinary professionals through presentation on
the red crab commercial fishery, various market forms and nutritional values. A copy of the PowerPoint
presentation is included as Appendix B. In addition, the VIMS news article is included as Appendix C.



* As part of the 23rd Annual Chefs’ Seafood Symposium, a taste test evaluation was conducted between
the blue crab and red crab. A total of 82 chefs and culinary students participated in the evaluation. A
summary of the findings is included as Appendix D.

* Testing of alternative bait holding devices to improve crab survival did not materialize due to the
industry decision not to outfit and put into service larger fishing vessels in which this testing was to be

performed.

* Initial economic impact of new Red Crab
product development in Virginia. The project
yielded 302,884 Ibs. of whole crab products
yielding a wholesale value of $600,000. With
the offloading and ultimate wholesale distri-
bution additional economic impacts arose by
virtue of the new fishery. In total an esti-
mated economic impact of just over $900,000

Economic Impact of Virginia Red Crab Fishery

Development Project — 2015

Direct Impacts $600,000
Indirect Impacts $161 455
Induced Impacts $171,644
Total $933.099

was generated in terms of output as reflected in the table below. This does not reflect the ultimate
retail and food service values which reportedly arose along the vertical market chain.

Project Collaborators/Partners

*  Robert A. Fisher and Lisa Lawrence, VIMS Marine Advisory Services/Virginia Sea Grant (VASG)

Marine Extension Program (MEP)

*  Dr. Daniel Kauffman, Virginia Tech’s Virginia Seafood Agricultural Research and Extension Center/

VASG MEP

*  Dr. Michael Schwarz, Virginia Tech’s Virginia Seafood Agricultural Research and Extension Center/

VASG MEP
¢ Atlantic Red Crab Company, LLC
e Casey’s Seafood, Inc.
*  Graham & Rollins, Inc.

e Virginia Marine Products Board

'Adapted from: Murray, Thomas J. 2015. Economic Impact of Working Waterfront — Hampton, Virginia. VIMS Matine Resoutce

Report No. 2015-11 (VSG-15-04).




Appendix A

Final Report, “Making the Deep Sea Atlantic Red Crab Fishery a sustainable and profitable industry for Virginia,”
submitted to the Virginia Fishery Resource Grant Program (Reference Project No. 2014-12) by Atlantic Red Crab
Company, LLC, Casey’s Seafood, Inc. and Graham & Rollins, Inc..

Making the Deep Sea Atlantic Red Crab Fishery
a sustainable and profitable industry for
Virginia

Final Project Report
Atlantic Red Crab Company, LLC
Casey'’s Seafood, Inc.
Graham & Rollins, Inc.

Virginia Fishery Resource Grant Program
Project Number FRGP - 2014-22



Abstract

In the summer of 2015 about 303,000 red crabs were off-loaded in the Newport
News small boat harbor. This activity occurred in part because of a Virginia Fishery
Resource Grant. The wholesale value of the crabs was a little more than $600,000
for the crabs unloaded at the dock. Many of those crabs were sold directly into the
market. However, 48,000 of the 303,000 pounds of crab were put into a live holding
facility, which was built at the dock. The Fishery Resource grant funded some of the
equipment that went into that experimental construction. The majority of the funds
for site work, construction and equipment for the project were provided by industry.

The primary purpose of this fishery resource grant project was to develop the on-
shore live holding system for deep sea Atlantic Red Crab caught in off-shore Virginia
waters. A live holding system makes crabs continuously available so that both
export and domestic markets can develop. Hopefully a live holding facility will
assist a Mid-Atlantic fishery to grow to a catch of a million pounds or more.

The capital-intensive on-shore refrigerated recirculating marine water system was
built at Casey’s Seafood, 807 Jefferson Ave., Newport News. By the time system was
completely operating it could hold water at a temperature less than 40° F and keep
the water clean in which the crabs were held. The system'’s capacity was about
10,000 pounds of live crabs.

The biological filters in the system use natural nitrifying bacteria to reduce and
eliminate ammonia in the water, which is produced by the crabs. Ammonia must be
reduced or eliminated from the water or the crabs will die. Because the bacteria
must build naturally in the filters it took most of the summer to condition them.
They are now fully functioning and able to remove both ammonia and debris from
the seawater in the holding system. The crab boats supplied the initial seawater in
the system and subsequent exchange water. The boats took the water on-board
when far offshore. Before the filters were fully functioning, the crabs in the system
were kept alive through frequent water exchanges. Because the biological filters are
now fully functioning, exchanges are less critical but must still be done on a periodic
basis to maintain water quality.

Bringing the filters on line required close collaboration between industry and
academia. Frequent water quality samples of the recirculating system were done
during the summer. Tests for total ammonia, nitrite, nitrate and alkalinity were
done in order to ascertain when the filters were coming on line. During this process
industry personnel learned how to operate the filters. Industry employees, with
occasional university consultation, can now keep the filters running.



Project’s Purpose

Create a sustainable year-round Mid-Atlantic deep-sea red crab industry by building out
and improving local red crab infrastructure so industry participants can continuously
supply domestic and foreign markets with live crab. The primary infrastructure needs are
live holding system, which can maintain high quality crabs for extended periods of time.
The market has the potential to expand to over 1 million pounds per year as there is
approximately that much quota available.

Project Description

A large recirculating marine seawater system, capable of holding in excess of 10,000
pounds of live red crab was built in the Newport News commercial small boat harbor at
Casey’s Seafood, 807 Jefferson Avenue, Newport News, VA 23607. This system was
intended to provide a continuous supply of live crabs to both domestic and international
markets.

Construction of the large holding system in Newport News was almost complete
when this photo was taken in April of 2015.

With the exception of the deep-water ocean pressure, the holding system is capable of
maintaining water parameters similar to the ocean conditions where the crabs are caught.
The crabs are caught at depths of 2,000 feet in water that is 40° F. Red Crabs manage the
dramatic pressure differential between were they are caught and the ocean surface



without apparent physiological stress. Red crabs have been held in a live holding system
at the Virginia Seafood Agricultural Research and Extension Center for as long one year.

A smaller live holding system, which could hold about 500 pounds, was installed at
Graham & Rollins, 509 Basset Street, Hampton, Virginia 23669. Its purpose was to
supply crabs to the retail operation and also allow Graham and Rollins to experiment with
picking red crabs if the supply of blue crabs wasn’t sufficient to keep their picking house
operating at peak efficiency. However, after a summer’s experiment with the system,
Johnny Graham, the president of G&R, decided that it wasn’t efficient use of his cold
room and that the bigger holding system could supply whatever needs he had. He
removed his system.

Outfitting the boat that was originally slated to fish for red crabs in the Mid-Atlantic, the
Benthic Lady, was not completed. So it was not sent fishing and the research intended to
be done on it was not accomplished. Instead another boat, the Hannah Boden, did most
of the fishing, in the summer of
2015, for the red crab. In all about
300,000 pounds of red crab was
unloaded at the dock from the
Hannah Boden and one other boat
this summer. All the boats that fish
for red crab have Refrigerated
Seawater holds.

However, the boat had a catch
capacity of 40,000 pounds, which
was too large for the systems in
Newport News. So it operated at less
than peak efficiency. It brought
crabs to the dock between May 19
#y and September 9, 2015.

A smaller boat, the Sea King, with a
capacity of about 15,000 pounds and
a handling system that will ease
unloading is being retrofitted in a
boat yard currently. She will have
greater water-cooling capabilities
than the larger boats and will be
outfitted with heat exchangers.

The Hannah Boden supplied crabs to the
project in the summer of 2015. She was one
to the two boats that survived the “Perfect
Storm.” A bestselling book and movie
detailed that harrowing storm.




This will allow the boat to maintain higher quality since fouled water in the hold because
can now be rapidly exhausted while pulling clean ocean water into the hold. The heat

Unloading red
crabs from the
refrigerated
seawater hold of
the Hannah
Boden

exchangers will enable transfer of the stored cold energy from the chilled exhaust water
to the warmer incoming ocean water. Then the increased mechanical chiller capacity of
the boat should be able to finish the job of cooling the water to 40° F. Last summer the
Hannah Boden sometimes had to idle at the fishing grounds for 18 hours waiting for the
chillers to cool the water to the desired temperature. The crew does not start fishing until
the water in the hold is cooled to 40°. The improved chilling capacity may increase the
rate of water exchange on the trip back to the dock. This should allow the boat to arrive
with little free ammonia in the hold water. The on-shore filters can rapidly eliminate the
ammonia that is in the water that is pumped off the boat into the land based holding
system. None of the red crab boats have room to carry biological ammonia filters.

Specialized Equipment Used

The large holding system in the small boat harbor uses mechanical devices to chill or heat
the water, filter solids and microscopic proteins, reduce ammonia and kill bacteria in the
water that circulates over the crab. All these water quality control devices are on a “side
loop” that is independent of the system that supplies water to the crabs in the trailer. The
machines in the side loop are:

1. Two 5-ton heat pumps/chillers.

The pumps were custom
built by Larry Yee,
Queens, New York. When
crabs are in the trailer the
target water temperature is
40° F. Depending on the
ambient temperature, the
pumps can either heat or
cool the water. The pumps




are somewhat redundant. If one malfunctions the water can still be cooled, preventing
crab loss.

2. Two Aquaculture Systems Technologies Propeller-Washed Bead Filters

The large propeller wash bead filters catch
the “solid” debris that accumulates in the
system. There is a sight glass in the top of
these pressurized filters, which go from
white to dark when the filters have
accumulated debris. When the filters get
dirty a propeller is turned on to agitate and
knock the debris from the floating beads.
The accumulated debris settles to the
bottom of the filter and is exhausted by
gravity flow before the tank is put back on
line.

When the crabs are in the tank, the filters need to be back-washed once a week. If
pressure gauge reading in the tanks increases it is an indication that the filters are
becoming clogged. In addition to catching solids, these filters also eliminate some
ammonia as nitrifying bacteria clings to the solid beads.

3. One 80 watt UV Sterilizer 45 gpm

The Ultra Violet Sterilizer is after
the solids filter because it needs clear
water to work. Rays from the ultra
violet tube do a non-selective kill of
the bacteria in the water that is
pushed through the sterilizer. If the
water is cloudy the sterilizer is less
effective. Most of the beneficial
nitrifying bacteria clings to the beads
in the filters and is not pushed into
the sterilizer. The bulb needs to be changed every nine months or so to maintain peak
efficiency. The sterilizer is the last component in the side loop to be fully pressurized.




4. Two fluidized bed ammonia filters

These relatively simple filters do the heavy lifting as far as ammonia removal is
concerned. There is an air manifold in them powered by a blower. Air from the blower
bubbles through the water and keeps the specialized “Kaldnes” beads, commonly called
KMT, in the filters fluidized. KMT, invented in Norwegian universities in the 1980s,
have multifaceted surfaces in each bead, which the ammonia (nitrifying) eliminating
bacteria can cling to. There are interiorpassages through the bead is that protect the
nitrifying bacteria so it can follow a natural life cycle from generation to death and then
regeneration. The dead and spent bacteria are constantly replaced with younger heavier
feeding bacteria. As the beads tumble in the bubbling water they self clean. Surface area
largely determines ammonia removal capacity. The quantities of nitrifying bacteria on the
beads move up and down in response to the amount of ammonia in the system.

5.  One Regenerative Blower

A Sweetwater
regenerative
blower forces air
through the
fluidized bed
filters with a

* rotating impeller.
~ This type of
blower is much
more efficient than
a compressor in
situations were
low air pressure can do the job. The impeller doesn’t touch anything as it spins so these
blowers last a long time and require relatively little maintenance.

10



6. One RK2 25PEm 25-40 gpm protein skimmer with venturi pump

In addition to the solid waste and ammonia in the
system there are organic substances in the water
from crab metabolic by-products, algae, etc. These
dissolved materials create water turbidity lessening
the UV’s effectiveness and cause other problems.
Venturis in the protein skimmer or foam
fractionator inject fine air bubbles into a water
column. When that happens the aforementioned
microscopic pollutants attach to the bubbles and
make foam. This foam can then be skimmed or
removed from the water column keeping the water
clearer and cleaner. In the RK2, in the picture to
the right, air is injected into the water column in
the gray canister. Organic substances in the water
attach to the bubbles and foam. The foam is then
floated off through the clear Lucite canister at the
top of the skimmer. Most of the water is returned
to the reservoir.

You can sometimes see nature’s own foam
fractionator at work in the ocean surf. The foam

coming off the ocean is created in the same way it is in the protein skimmer.

7.  Side loop pump for the water cleansing system

11

Water is supplied to the cleaning
and sanitizing system by a small 2-
inch pump. It is the same type of
pump that is used in many home
swimming pools. Once the water
moves through that side loop system
it is recirculated into the trailer
system.



8. Crab Totes
The crab’s claws are banded when they are caught and held in a
refrigerated seawater hold. When unloaded and placed in the live
holding system trailer, the crabs are packed in stacking fish totes.
The totes are constructed so they nest one way and stack, without
nesting, when turned 180° on each other. About 40 pounds of crab
go into each tote. The totes are stacked four high and under a
cascading water stream coming from a manifold attached to the
ceiling of the trailer. A fifth but empty tote is placed on top of the
“four stack™ to protect the crabs in the top tote from the pressurized
water cascading in the totes. Each of the totes has a series of holes
drilled in the bottom of the tote. The holes allow water to drain to :
the tote below. However, the rate of water coming from the supply  prqin holes in
manifold is greater than the drain rate of the totes. Because of this the bottom of
differential each tote eventually fills with water, immersing the i hote

crabs completely. Water then spills over the
side totes while also continuing to drain
through the tote bottoms. The trailer is slightly
sloped so water coming from totes goes to a
drain to the reservoir below the trailer. That
returned water is then cleaned and sanitized in
the “side loop” system (described in 1 through
6 above) and then recirculates back through
the trailer.

A two-way valve at the front of the trailer can
be adjusted to control the amount of water
sent to the manifold (the gray pipe in the
picture) that supplies the water to the crab
totes. The white stopcocks are opened as
stacks of crab filled totes are moved below
them. Only the stopcocks are opened that have
totes beneath them. If there aren’t many crabs
in the trailer, the valve in the front of the
trailer is kept mostly open so that the supply
pump does not have to pump against

Only the bottom four totes
contain crab. The top tote is
to catch water coming from
the pipe above and let it
drain down through the
lower totes.

backpressure. Backpressure causes extra wear
on pumps and increases electricity bills.
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9. 4” trailer supply pump

It takes a large pump to
pull chilled and cleaned
water from the reservoir
and push it up to the
manifold in the trailer
above. The pump motor is
five horsepower.

P -

This picture shows how the chillers, filters, UV and skimmer, which are discussed
above, are hooked together.
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Results

The system received its first crabs from the Hannah Boden on May 18, 2015. Between
then and September 9, 2015 a total of 13 trips were made with a total weight of 302,884
pounds packed. Of that total 47,815 went into the holding system. The dates and total
pounds packed and pounds into the holding system for each trip are reported in Table

One. Subtract the live system quantity from the total
landings for each trip to determine the quantities sold
across the dock on the day the boat landed. The
quantities in the live system were then sold in subsequent

days before the boat landed again with more crabs. This
allows for a more continuous availability of the red crabs
to the market.

Wholesale prices vary depending on quality, quantity
purchased, sort, whether delivered or picked up, etc.
Accounting for those variables, industry participants
estimated wholesale value of red crabs packed in
Newport News during the summer of 2015 at a little
more than $600,000.

Red crabs packed in Newport News this past summer
were sold in both domestic and foreign markets. Most of
the domestic sales were along the East Coast from
Virginia to Florida. Virginia markets did not develop to
the extent expected because it turned out to be the best
blue crab seasons in some time. Blue crabs were less
expensive than they had been in previous seasons.
Newport News live crabs were successfully shipped to
China this summer by a wholesaler purchasing the crabs
at the dock.

Table One.
Newport News 2015 Red
Crab Landings in LBS.

Live
Date Total System
5/18/15| 25,175| 11,140
5/26/15| 28,422 7,790
6/2/15| 29,913 5,200
6/9/15| 31,250 5,950
6/24/15| 20,310 2,085
7/1/15| 15,532 1,992
7/8/15| 16,545 1,190
7/20/15| 17,720 2,200
7/27/15| 11,710 1,500
8/12/15| 20,033 1,300
8/19/15| 32,018 1,500
8/26/15| 19,358 1,200
9/9/15| 34,898 4,768
T'tl LBS. | 302,884 | 47,815

Since the filters are now actively and quickly reducing ammonia, it is hoped even better
red crab markets can develop. It took more than three months for the nitrifying
(ammonia eliminating) bacteria to build in the tanks. When crabs are constantly being
added to the system and removed it can’t be accurately determined how well the
ammonia filters are working. That is because the quantity of ammonia the crabs are

putting into the system is unknown.

However it is clear that initially the filters were not eliminating much ammonia.
Attempts to condition the ammonia filters, prior to installation, were not successful. It

required time for them to condition naturally.

At first the crabs in the holding system were kept alive mostly by water exchanges from
the landing boat. Each time the boat landed, the reservoir in the holding system was
pumped down and new, higher quality chilled ocean water from the hold of the boat was
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pumped into the system. Crustaceans can handle higher ammonia levels than fish.
However initially ammonia levels in the holding system were not well controlled. On
June 22, 2015 the Total Ammonia Nitrogen (TAN) was measured at an unacceptable 41
parts per million. (TAN is made up of NH3 and NH4. It is the NH3 that kills marine
life.) This high TAN level necessitated shipping some of the crabs to New Bedford for
processing before they died. Subsequently less crabs were put in the holding system and
gradually the ammonia filters began functioning. On the last big load into system crabs
lived in the system without water exchange for three weeks until they were all sold.
Ammonia levels were reduced but not low as desirable. The filters have continued to
strengthen since that time. (See appendix for a report of all the water quality tests taken.)

Then pumps had to be disconnected from the reservoir because of the threat of saltwater
flooding from the strong offshore winds produced by Hurricane Joaquin. The storm
system put five inches of water over the office floor where the holding system is located.
The pumps would have been submerged in saltwater had they not been disconnected.

The disconnected slightly hurt the filters because no water was being pumped through
them. However, air continued to be bubbled through the two fluidized bed filters as the
regenerative blower did not have to be disconnected. The filters built strength rapidly
after the pumps were reconnected. With no crabs in the system, chemical ammonia had
to be added to the system to feed the nitrifying bacteria that took so long to build. Sodium
bicarbonate also needed to be adjusted to between 140 and 180 parts per million in order
to keep the filters healthy. Greg Casey was trained in how to do this.

With no crabs in the system, TAN was boosted artificially to 10 ppm three times. The
filters reduced the TAN level to almost zero in two days. It may even be sooner than that
because water tests have been spaced out for at least two days. In this relatively
controlled environment, the filters eliminate ammonia. The real test will be when a full
load of crabs is placed in the trailer.

Conclusions

Deep-sea red crabs can be successfully kept alive in an on-shore holding facility once the
filters are successfully conditioned and maintained. The on-shore facility appears to be
fully functional. That should make crab continuously available to markets, once the Sea
King gets out of the boat yard and starts to supply the facility with crab. Water quality in
the holding facility is high which should allow the holding of very high quality crab.
Dependable availability should allow both domestic and international live markets to
expand and the red crab industry to become more firmly established in Virginia.
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Appendix

Record of water quality tests taken during the summer of 2015

Water Quality

Analysis
Lbs Lbs.
PPT Bicarb | NH3
Date TAN NO, NO; ALK pH Salt added | add Comments
5/18/15 4.5 0.242 10.2 170
5/19/15 7.6 0.264 18.9 200
5/20/15 113 0.220 18.4 220 7.8
5/21/15 19.32 0.264 18.4 260 7.2
5/26/2015 Boat
AM 0.69 0.019 1.6 160 | NA Memorial day weekend
5/26/2015 Tank
AM 26.25 0.168 4.4 320 | NA water dark almost opaque
5/26/2015 Tank
PM 14.7 0.124 4 260 7.9 crabs added
5/27/15 17.25 0.129 4.8 340
5/28/15 13 0.117 4.3 300
5/29/15 14.25 0.109 3.6 340
6/2/2015 Fore 1.88 0.026 2.2 130
6/2/2015 Aft 5.35 0.059 2.4 160
6/2/2015 Live 8.45 0.265 2.2 160 crabs added
6/3/15 7.95 0.108 3.7 200
6/4/15 9.63 0.077 2.9 220 7.9 rained torrentially
6/5/15 125 0.056 1.7 200
6/8/15 11.25 0.046 1.7 200 8
6/9/2015 Fore 4.13 0.03 4.9 180 7.8
6/9/2015 Aft 9.4 0.076 25 200 7.4 boat came in with foam
6/9/2015 Live 13.75 0.051 2 220 8.2 Crabs added
6/10/15 15.63 0.036 2.4 220 7.8
6/11/15 22 0.03 1.9 240 7.9 64 oz of nitrifying bacteria added
6/12/15 18 0.028 2.1 260 8 reservoir loaded with foam
6/15/15 36.25 0.034 4.7 300 8.1 foam coming out of the reservoir
Urick did 6/15/15 sample
6/16/15 26.75 0.042 1.7 340 8.05 Bucket test for alkalinity 6/16
Student did H20 test 6/16
Skimmer not skimming A.M. 6/16
6/18/15 45 0.042 5.9 360 8.21 Urick did test
skimmer working, water and
foam with black organics
6/19/15 37.5 0.045 2.8 360 8.2 less foam water appeared better
salinity 27.5
6/22/15 40.75 before dilution urick did test
added water with sump on
incoming tide after dilution urick
6/22/15 28 did test
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6/23/15 32.5 Urick did
6/24/15 Fore 9.5 140 7.35 31.1 salinity 31.1
6/24/15 Aft 8.6 Urick did all 3tests 6/24
tank salinity 28.3; boat water
pumped on shore but no crab in
On Shore system when sample drawn
6/24/2015 20 0.055 5.3 200 8.18 | 28.3 white foam
salinity 29. More boat water
added after 2,000 Ibs of crab
were put in the system. Foam on
tank. Foam still white but black
6/25/15 16.63 0.050 6.2 180 8.0 | 29.0 organics on top of foam. Urick
Rain the previous night.
6/26/15 21.5 0.043 3 240 27.3 Squadrito
Rain over the weekend.
6/29/15 24.13 0.044 1.8 240 8.3 | 26.5 Squadrito
Fair amount of foam in tank.
Black organics in it. Student did
6/30/15 23.75 0.046 2.2 220 8.4 | 25.6 test
7/1/15 Fore 7.30 7.38 32.1 Squadrito-Urick (salinity/pH)
Squadrito-Urick nitrate ph
7/1/2015 Aft 6.00 8.6 7.5 31.7 salinity
Some Boatwater already in tank
when sample drawn @ 8:15 a.m
7/1/15 shore Squadrito-1992 Ibs into Trailer-
skimmer 16.50 4.5 200 8.1 29.2 total 2500
foam below bottom of deck;
7/2/15 sk'mmr 15.37 160 8.15 28.9 white but with black flecks; Urick
little foam on the tank; 1,000 |b
7/6/15 sk'mmr 18.63 220 8.3 27.6 crab in tank, Squadrito
7/7/15 sk'mmr 21.88
sample taken at 8:10 a.m. after
7/8/2015 sk'mmr 14.13 7.9 29.6 boat pump
7/8/2015 Fore 7.38 7.5 | 29.6 Boat samples early a.m.
Water still being pumped from
7/8/2015 Aft 8.63 7.4 boat
Squadrito, little foam in the tank.
Water clarity good 1100 Ibs in
7/9/15 14.13 200 8.0 | 295 trailer
Squadrito, No foam, Water
7/13/15 20.75 200 29.2 clarity good 200 Ibs in tank
Urick, a little foam in tank,no
7/17/15 225 160 crabs in trailer
7/20/15 shore tank
b4 any boat water 20.25 Urick
7/20/15 fore tank 6 Urick
7/20/15 sk'mmr
after boat water 14.5 30 Urick, but crab not yet added
Urick, little foam, 1700 Ibs in
trailer, no water exchange
subsequent to sk'mmr tan
measurement 7/20 crabs added
7/21/15 sk'mmr 15 7.6 30 7/20
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7/24/15

16.75

7.8

30

Urick, thin layer of foam some
black flecks in it, 900 Ibs in trailer
1500 yesterday

7/28/15 skimmr

10.75

77

29

Urick, slightly more foam with
black flecks, 1900 Ibs of crab
added to tank (7/27) with 400
still in there from last week.
Crabs added 7/27

7/31/15 skimmr

17

7.8

28

Urick, about 1500 Ibs in tank.
Water clarity excellent, tan up
more than during similar period
last week. Possibly cuz of weak
crabs

8/7/15 skimmr

25.75

27

Squadrito, very little foam in the
tank, water clarity good, 150 Ibs
crab left in trailer & all of that
will go out today. Next crabs not
until next Wed.. Aug 12

8/11/15 skimr

19.25

0.209

8.1

27

Urick, no crabs in system for 4
days. 6.5 drop in TAN first solid
indication filters are kicking in.
NO2 4 times higher than
previous best (confidence in
tests)

8/12/15 skimr

12.25

30

Urick, boat water exchange, 1300
Ibs of crabs into trailer, boat
caught 20,000-all shipped except
for those in trailer

8/26/15 skimmr

15.75

0.348

9.4

180

77

27

Urick, 1500 Ibs in trailer on 9/19.
900 still there on 9/26. Data
indicates filters are cycling

9/9/15 fore tank

8.75

Squadrito. This TAN was turned
around quick enough that red
crab participants used it to make
real time shipping decisions

9/9/15 aft tank

14.38

Date

TAN

NO,

NO;

ALK

pH

PPT
Salt

Comments

9/9/15 skimmr

12.38

0.313

11.6

Sqadrito. Reading after exchange
from the boat but no crabs in
the trailer. Shore tank water
better than aft tank, but not as
good as fore tank. Indicates
should not do further exchange
from aft. Boat landed with
approximate 30,00. About 5,200
in shore trailer system but
probably some of those will be
taken out.

9/11/15

22

0.43

27.7

170

7.8

28.7

Urick. Boat in on 9/9. As many as
5700 Ibs of crab were put in the
trailer while boat unloaded and
by the end of the day 4800 in the
trailer. On 9/10 another 1000
were sold so this reading was
taken with about 3800 Ibs in
trailer
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9/16/15

14.75

0.58

26

7.6

29

Urick. The 3800 Ibs remained in
the trailer 6 days. This morning
(9/16) another 1,020 sold. Death
loss 144 (12% of those pulled).
After morning sales about 2600
in the tank. 3 or 4 inches of foam
on the tank.

9/22/15

0.656

40.5

Squadrito. 800 Ibs sold
yesterday, leaving about 1200 in
the trailer. Out of those 800,
about 25 Ibs were found dead or
about 3%. If that ratio applies to
the remaining crabs in the
trailer, there are about 40 |bs of
dead crabs in the 1200.
Tomorrow this group of crabs
will have been in the trailer for 3
weeks.

9/30/15

5.75

2.02

60.25

No crabs in tank. Jim removed
both the main 4"pump and
sideloop 2" pump last Thursday
because of coming high lunar
tides. Reconnected the 2" pup on
Monday. Will probably have to
take it down again because
Joaquin. Lowest TAN reading
since May 18

10/8/15 skimm

0.86

Joaquin and strong offshore
winds led to 12 consecutive high
tides. Both pumps had to be
disconnected. Casey's had 6"
water in the office. Two inch
pump reconnect on 10/6

10/9/15 tank

Tank water at 42F & skimmer
water at 61. Always had some
differential but not that big.
Need to scope out. Also will start
feeding the tank ammonium
chloride to keep the nitrifying
bacteria alive.

10/9/15

1.26

Just a little ammonium chloride
added to tank-about 12 grams

10/10/15

Added two small scoop of
ammonia

10/12/15

0+

Measure with strips

10/12/15

Added two small scoops of
ammonia

10/13/15

>.5-<1

Strip measurement a.m.

10/13/15

0.86

Spectophometer Measurement

10/16/15

2.7

Spect measurement. 860 grams
of ammonium cloride added to
tank

10/19/15

0.25

Strip measurement a.m.

10/20/15

Strip measurement after 250
grams of ammonium chloride
added
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SpecAnother 250 grams
ammonium cloride & plenty time
to mix. Spec measurement

23-Oct 7.74 subsequently.
Spec added ~5 Ibs sodium bicarb
10/26/15 8.9 <20 subsequently
spec a.m. reading added five
pounds of sodium bicarb
10/27/15 7.9 50 subsequent to 50 reading
10/27/15 7.8 120 spec p.m. reading
spec; a.m. reading added 2.5
10/29/15 6.55 110 bicarb after reading
>100
spec out spec a.m reading added another
10/30/15 5.4 of range 120 2.5 lbs of bicarb after reading
spec added another 2.5 Ibs
10/31/15 bicarb
speca.m reading added 500
11/2/15 1.2 75.5 120 grams ammonia in p.m.
spec; added 5 lbs bicarb @ 6a,
3-Nov 4.85 180 sample taken @11a
11/5/15 0.21 150 a.m. sample spec
| added bicarb and ammonia at
11/6/15 10 180 10 a.m. Sample taken at 1.
sample 8:30 a. Greg added 5 Ibs
bicarb and 1 Ib ammonia at 2:30
p. yesterday Guesstimate
yesterday p.m150 Alkalinity and
11/9/15 0.54 >155.5 100 5tan
11/11/15 1.14 120 sample taken at 2:30
Greg added 8 Ibs bicarb, 1.5 Ib
11/13/15 0.19 140 ammonia after sample taken
Greg adds 2 Ibs ammonia and 1
11/16/15 0.11 180 Ibs of bicarb in p.m.
11/18/15 0.19 100
11/30/15 0.21 180
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Appendix B

PowerPoint presentation by Robert A. Fisher at the Chefs’ Seafood Symposium on March 10, 2015 at VIMS.

Robert Fisher
Marine Advisery Program, Virginia Sea Grant
Virginia Institute of Marine Science
College Of William & Mary.
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Chaceon quinquedens

Size comparison with blue crab (Callinectes sapidus)

South Atlantic and
Gulf of Mexico

2 species of deep water crabs
commercially harvested
Red Crab
Chaceon quinquedens

Mid- and North-Atlantic
(but also found in S Atlantic
and Gulf of Mexico
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Yield: Blue crab = 9-12% Red crab = 17-20%

Atlantic Deep-Sea Red Crab
Chaceon quinquedens

Live along the edge of the continental shelf from Nova Scotia down along

the US East Coast and into the Gulf of Mexico at depths from about 650
to 6,000 feet

Commercially fished (male only) year round from Cape Hatteras (North
Carolina) to the Canadian border at depths of about 2,000 feet using
pots (traps). Ave ~2000 MT per year. Males5-7 inches carapace (shell)
width, ~1lb

Deep Sea Red Crab fishery management plan (FMP) was implemented by
the New England Fishery Management Council in 2002, and certified by the
Marine Stewardship Council (MSC) as sustainable in the fall of 2009.

Red crabs are tasty with a purported sweet flavor and meaty texture
more similar to lobster and have the potential to be marketed as a
premium product.




Commercial trap
fishery outside the
continental shelf in
water depths
2,000 +ft




F/V Hanna Boden

Refrigerated seawater hold system Typical trap design used for deep water
(40,00 Ib capacity live crabs) red crab. Baited with menhaden
1 of the 2 boats that survived the “Perfect Storm”

crab at the
port News, VA.

Currently, live crabs are bulk
stowed in hold compartments
flooded with refrigerated
seawater until off-loading.
Holds are drained and crabs
are offloaded.
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Upon off-loading from boat, holdlng live crabs was performed by
placing them in large refrigerated seawater holding tanks until
distributed to various markets. This holding period is critical for
crab health/survival, which involves good water chemistry
management. Currently,

-

RS
l —
...we are testing an alternative holding method in which involves water running over
crabs and recirculated through a bio-filtering systems. This should provide for more
control of water chemistry, therefore healthier crabs that can sustain market

distribution.
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BENTHIC LADY

Larger fishing vessel being prepared for service harvesting red crab in deep
off-shore waters along the Mid-Atlantic coast for landing in Virginia .

Melanosis (black spot)....Polyphenol oxidase enzyme...use of sulfites or ascorbic acid




20z (56g) servingsize  ; cooked moist heat

Red crab Blue Crab Dungeness crab Golden crab  (85g)
Calories 50 (0 from fat) 49 62 80
Total fat 0.5g (1%) 0.61 (1.08%) 0.70 1.5g
Saturated Og 012 g 0.095g 0
Trans Og
Cholesterol 40mg (13%) 44mg 43mg 50
Sodium 230mg (10%) 166 mg 214mg 280
Total Carb Og 0.02g 0.54g 0
Protein 12g 10.23 g 12.65g 16
Vit A 0 1
Calcium 4% 50mg 33mg 8%
Iron 2% 0.42 mg 0.24mg

...the red crab compares quite well with the blue crab.... as with other crustaceans
which occupy ocean habitats (verse brackish water habitats as the blue crab),
sodium levels in red crab are higher than blue crab. On the other hand, and also
likely due to different habitats, the red crab has more protein and less total fat | am
still trying to find specific info on red crab...and also for its relative, the golden
crab.....bob




Red crab can be substituted
for blue crab in recipes

Crab cakes

| have a taste-testing for
everyone during the break:
will you be able to taste the
difference between blue and
red crab picked meat?

Opening of retail outlet in Norfolk to promote the red
crab. Market forms: live, whole cooked, fresh and frozen
clusters, cooked leg and picked meat, cracked claws.




Appendix C

VIMS News Article, “One crab, two crab, red crab, new crab.” Posted on the VIMS website dated March 18, 2015.

VIMS | i

VIRGINIA INSTITUTE OF MARINE SCIENCE

Red Crab

The Atlantic red crab Chaceon quinquedens served
as the highlighted species during the 23rd annual
Chef's Seafood Symposium at VIMS.

Photo by Erin Fryer

Home » News & Events » Top Stories

One crab, two crab, red crab, new crab

by Erin Fryer | March 18, 2015

VIMS hosts 23 annual Chef’s Seafood Symposium

Chefs from across Hampton Roads visited the Virginia Institute of Marine Science last
week for a daylong symposium designed to introduce a new player in the local seafood

game—the red crab.

The annual education program—sponsored by VIMS Marine Advisory Services, Virginia
Sea Grant, and the American Culinary Federation’s Virginia Chefs Association—brings
together culinary professionals, culinary students, scientists, and representatives from

the seafood industry and related businesses for a day of learning, cooking, and tasting.

This year highlighted a newcomer to local seafood markets, the Atlantic red crab Chaceon
quinquedens. This deep-sea species resembles a snow crab and is caught using hive-
shaped traps deployed along the edge of the continental shelf. The crabs are harvested

sustainably, available year-round, and arrive at the local markets fresh, not frozen.

Robert Fisher, VIMS extension staff affiliated with
Virginia Sea Grant, kicked off the symposium by

providing some background on the red crab as a species.
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Fisher explained the crabs are found in the deep cold
waters of the Atlantic, and live along the edge of the
North American continental shelf from Nova Scotia down

along the East Coast and into the Gulf of Mexico.

Fisher explained that the water temperature where the
crabs live—at depths from about 650 to 6,000 feet—is a
constant 38 degrees Fahrenheit, thereby producing a

cold-water crab with superior taste and texture.

Freshly picked red crab

The Marine Stewardship Council certified the species as
sustainable in 2009—meaning all retail and food service
partners can be assured of the viability of the stock and the endurance of a well-managed
fishery. Fisher describes the crab as sweeter than snow crab with a texture much like the
Dungeness. “The crab’s purported sweet flavor and meaty texture has the potential to be

marketed as a premium product,” he says.

Fisher says the main challenge of taking a deep-water crab into the live market is keeping
them alive and healthy. “To keep red crab healthy for five or more days in a live market,
we have to develop entirely new ways for managing their water chemistry: controlling for

temperature, ammonia concentrations, pH, and many other factors,” he says.

“In an area famous for a preference for blue crab, the red crab compares quite well with
its blue counterpart,” Fisher says. “However, blue crab is found in brackish water while
red crab resides in salt water, so sodium levels in red crab are higher than blue, and due

to different habitats, the red crab has more protein and less total fat.”

Symposium organizer Lisa Ayers Lawrence, VIMS extension staff affiliated with Virginia
Sea Grant, says chefs—especially young chefs—aren’t necessarily familiar with the
seafood items they’re serving, and may even be hesitant to serve seafood. “They need to
know what’s local, in season, sustainable, and how best to handle and prepare the

seafood,” she says.
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“Besides being a healthy, low-fat, high-protein, delicious

food, seafood is also an important Virginia natural

resource and very much tied to coastal Virginia’s culture,”

says Lawrence.

John Williams, a fisherman that catches red crab, and
Jim Casey, owner of Casey Seafood in Newport News,
gave the students some insight about how red crab is
caught and distributed, where and when to buy it, and

answered questions from the chefs.

Event participants also had the opportunity to taste red
and blue crab and compare the two. Then, members from

the Virginia Chef’s Association apprenticeship program

™ §riry W ORI SNRRATTHAE
Chef John Maxwell gives a red
crab cooking demonstration during
the Chef's Seafood Symposium at
VIMS.

engaged in a friendly cooking competition where they incorporated red crab into three

different dishes, with a crab-salad pita sandwich ultimately winning the grand prize.

Culinary Educator John Maxwell finished the day with a seafood cooking demonstration

where he walked through several different dishes incorporating red crab, including red

crab cannoli and red crab cheesecake.

Lawrence says the goal of the symposium is to provide the chefs with information about

local Virginia seafood to encourage them to serve it and make informed decision about

what they serve. “We definitely want to continue to provide these connections to the

culinary community,” she says.

Home » News & Events » Top Stories
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Appendix D

Summary of Blue Crab vs. Red Crab Taste Test Comparison at the Chefs’ Seafood Symposium at VIMS on March
18, 2015.

Taste-test evaluation between
blue crab (Callinectes sapidus) and red crab (Chaceon quinquedens)

Conducted by Robert A. Fisher

At the Virginia Institute of Marine Science (VIMS), the Marine Advisory Services, through its
Marine Education Program provides various educational extension programs on Virginia
seafood products. One of these programs is the Chefs’ symposium. The Chefs’ Seafcod
Symposium is an annual educational program for culinary professionals, culinary students, and
representatives from the seafood industry and related businesses. Scientists and chefs provide
the latest information on seafood science, fisheries issues, and cooking techniques. This year
the Atlantic Deep-Sea Red Crab (Chaceon quinquedens) was the highlighted species, which
provided an opportunity to not only educate Virginia chefs and culinary students on this newly
available Virginia seafood product, but also obtain information on this product from food
professionals. The emerging Virginia red crab fishery has the potential not only to supply
consumers with a new seafood product, but also a product that can be substituted into various
markets and restaurant menus when traditional products, as blue crab, are not available.

A straight forward evaluation comparing blue crab meat against red crab meat as to
“sweetness” and “tastes better” was conducted with comments from the culinary professional
participants recorded. This paired preference evaluation was not robust enough for statistical
inferences, but was conducted with the intention to generate information on red crab meat
which could be used to explore market potential, especially within the added-value product
forms.

Due to the symposium being held in March, the probability of getting fresh Virginia blue crab
for comparison to fresh red crab was low, so both blue and red crab were processed (cooked,
picked, pasteurized in cans, and frozen) in December and used for the evaluation. This product
form would be similar to that used in restaurants for added-value menuitems. The day prior to
symposium cans of frozen crab were placed into refrigerator for thawing. On morning of
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Symposium, 1 oz. portions of each crab species were placed into 2 oz. plastic serving cups,
lidded, and given a number 1-100. All blue crab samples were given odd numbers while all red
crab samples were given even numbers. Samples were placed into refrigeration until
evaluation commenced (2 hours).

At time of testing, coded samples were removed from refrigeration and randomly placed on
large serving trays. Testing was performed by first instructing participants to sit apart from one
another and to perform evaluation independently from each other. Two samples were
presented to each participant, 1 odd numbered sample and 1 even numbered sample as well as
water for mouth rinsing between samples. They were further instructed to remove the lid from
each sample and evaluate samples relative to questions provided on a paper handout: “In
comparing the 2 crab samples, which sample is sweeter? Which sample tastes better?
Comments?”

Results

A total of 82 chefs and culinary students participated in the crab comparison evaluation. To the
question of which sample is sweeter, 63 (76.8%) responded red crab and 19 (23.2%) responded
blue crab. To the question of which sample tastes better, 56 (68.3%) responded red crab and
26 (31.7%) responded blue crab. Within “sweetness” discriminator and “taste” preference,
definitive differences were observed between the crab species. There are many significant
food qualitative components used in food attribute testing (as texture) which are important in
crab products that were not part of this evaluation. Specific attributes of both crab species
were captured within comments written on evaluation sheets during comparison testing.

Listed below are the comments received from the majority of participants which reflect
additional quality and culinary attributes. Comments are listed per individual and decoded
(species listed instead of sample code number) for clarity.

e Blue crab tastes firmer

s Blue crab greater flavor

o None

s Red crab very good

s Red crab stringy like snow crab

s Blue crab was grainy

e Texture better in Red crab, Blue crab had similar taste to snow crab, but not as tender as
Red crab

e Red crab wasn't the best I've had

e Red crab had a saltier/bitter after taste

s Red crab overall texture and flavor much better

o Red crab had a more appealing aroma, rounded flavor, better mouth feel

s Red crab slightly "spongier" texture, Blue crab is more like the traditional crab I'm used
to but | like Red crab more
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| personally like Blue crab better but enjoy both. Very different flavors. | would cook
with and use both.

Red crab was sweeter and a bit more briny. Blue crab was a better flavor, more tender.
Blue crab sample has a better texture and mouth bite

Red crab much sweeter, Blue crab taste better. Very nice.

Red crab has more of a flavor profile but texture is a bit "chewier". Blue crab pales in
comparison

It was really hard to taste a difference.

Red crab was sweeter and lots of sea flavor. Blue crab had more body and savory flavor.
Both are good. Red crab is good but love Blue crab, it tastes like home.

Both are good, but Red crab is sweeter, very soft and more filling,

| like them both, but the Red crab was better which is the red color.

Both are good. The cocking method can vary depending on recipe.

N/A

Red crab had a bitter taste.

| enjoyed both, but | found Red crab more flavorful and juicier.
mmmmmmmm.....both delicious.

Red crab has a fresher taste

Red crab was very good tasting, thank you

Both were good and both were different

Blue crab has shell, real? And taste like crab. Red crab does taste good, but not like crab,
I could see applications for its use. What is its cost?

I think the red crab is the 19 and #6 is the blue crab

Red crab seems fresher. | like both

Blue crab was too tart. Red crab has more of a snow crab taste

Red crab has sort of a butter type flavor. Blue crab has more of an earthy flavor

| love crab

Red crab was definitely sweeter and taste better. | can definitely taste the difference
You can really taste the difference in color texture and flavor. Red crab was my favorite
Blue crab smoother texture. Red crab has mini "crystals" making texture unappealing
| loved #6 (Red crab). #27 (Blue crab) wasn't as sweet but | wasn't disappointed, it was
good but | prefer the #6 (Red crab). It was wonderful.

Sample 15 (Blue crab) left a bitter, clammy taste, whereas sample #22(Red crab) was
delicious perfectly salted and no after taste. Just left me wanting more

Red crab had a better texture to it

Red crab was very delightful

Red crab tastes better by itself

The crab meat that was red taste like snow crab and the white crab meat taste fishy
Red crab is much sweeter and has a better flavor

#30 (Red crab)has overall better texture and sodium content

They both were delicious

I really liked the texture and taste of the red hue crab meat

Tastes great

Red crab tastes great, but #17 (Blue crab ) also good

#30 (Red crab) slightly watery

Red crab was like Peaky Joe

Sample 31 (Blue crab) taste a lot better. Sample 24 (Red crab) was too sweet for my
taste

Both real good

| like the brine taste with this sample #16(Red crab) seems more balanced

28 (Red crab) is more tastier
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