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April 13,2010

Colonel Reinhard W. Koenig
District Engineer, Alaska District
US Army Corps of Engineers

PO Box 6898

Elmendorf AFB, Alaska 99506-0898

Re: Douglas Boat Harbor POA-2000-495-M3
Colonel Koenig,

On March 17, 2010, I met with your field office staff to go over the permit decision for Douglas
Harbor. We identified issues that needed to be addressed in order for you to make a final
decision on our application. As we understand it, the primary remaining issues are:

1. USEPA, NOAA, and USFWS objections arising from the increased availability of
mercury in the project area due to the movement of harbor bottom sediments; and

2. Additional information concerning practicable alternatives to in water disposal of the
dredge sediments.

With regard to item 1, I am attaching two letters that we sent to the U.S. EPA addressing their
objections to the proposed action. We ask that you incorporate them into the record and consider
them in your decision making process. We believe the letters and attachments satisfy remaining
concerns about the potential for adverse human health impacts resulting from the proposed
action. With regard to concerns about other ecological effects, our previous submittals,
including detailed analysis of your ERED database, show that adverse effects from our proposed
action are not expected.

What we are able to do with the dredge materials rests largely upon the financial capability of the
CBJ. Iam providing additional information on project funding so can understand our capability.

Discussion of Project Funding

The CBJ has approximately $4.0 million currently available for the project. I am attaching an
email from our accountant in the CBJ Finance Department documenting the amount of money
available for the project. In addition, we are eligible for a $2 million state harbor grant that will
be issued upon receipt of a DA permit. This will give us a total of $6 million for the project.

This is the only money available for the project. Unless the state or federal government provides
additional funding, the only other ways to obtain more money are to raise fees on harbor users,
transfer funds from another CBJ program, or raise taxes on the residents.
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We do not see raising harbor fees as a politically achievable alternative at this time. CBJ just
completed a doubling of harbor fees and has the highest harbor fees in Southeast Alaska. We
have lost several vessels to less expensive neighboring harbor systems over our higher fees.
Raising harbor fees at this time would cause adverse economic impacts to the community and
would be strongly opposed by harbor patrons and the Docks and Harbors Board.

The CBJ Assembly is in the process of balancing the city’s FY11/12 budgets. Due to significant
downturns in municipal tax revenues and a 15% loss of cruise ship visitors, the Assembly is
cutting the budget to the maximum extent possible. The Assembly will be using its budget
reserve in order to provide essential services. We do not expect additional monies from the
Assembly for disposal of dredge materials at Douglas Harbor in these tough budget times,
especially considering it would be done at the expense of essential municipal services such as
public safety or schools.

I am attaching an engineer’s estimate of the cost to replace the moorage float system in the
harbor. The current estimate, based on a fall 2010 bid time presuming in-water disposal as
proposed, is $5.4 million. This means the project fund has about $600,000 more than is needed
for the Douglas rebuild with in-water disposal as proposed. Since the estimated cost of handling
dredge materials as proposed is $960,000, CBJ has a total of about $1,560,000 available for
handling the dredge materials ($960,000 for the cost of the proposed action plus $600,000
surplus identified above). The remainder of the project funds is for the new moorage float
system and utilities.

In summary, the matter of what is achievable from a financial standpoint is rather simple. If the
cost of disposing of the dredge materials is more than $1,560,000 then CBJ will not be able to do
the project. If it is less, then CBJ will be able to do the project.

Additional Information on Practicable Alternatives

Of the many ideas suggested by agency personnel and the public to handle the dredge materials,
we have identified four methods that we consider achievable from a practical standpoint. These
include:

1. In-water disposal as proposed by CBJ;
. Shipment of dredge materials to an out-of-town approved landfill;
3. Truck transport of dredge materials to an unidentified approved uplands landfill on the
Juneau road system; and
4. Barge transport of dredge materials to an unidentified approved uplands landfill off the
Juneau road system.

1. In Water disposal as proposed by CBJ

This is the least costly alternative and easiest alternative to achieve. The estimated cost is
$960,000. CBIJ has adequate funds to achieve this alternative. The proposed action consists of
dredging 32,000 cubic yards from the harbor bottom and disposing all of the sediments in the
middle of Gastineau Channel in a manner similar to that employed by the DA in 1998 and by
CBJ in 2001. This alternative does not include work to place a clean fill cap over the harbor
bottom as suggested by EPA.
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2, Shipment Out of Town

This is the most expensive alternative. The estimated cost is $9.0 million if we over excavate
and place a 3’ thick clean fill cap on the harbor bottom as suggested by EPA. This alternative
consists of dredging up to 50,000 yards, disposing the upper layer sediments in Gastineau
Channel as proposed, and barging the lower layer sediments to a permitted landfill in the Lower
48. We estimate the cost at $6 million if only the lower composite is transported out of town and
no clean cap is required.

CBJ does not have the financial resources to do this alternative on its own. We would need
financial help from the state and/or federal government to undertake this alternative. Since there
are no other funding sources available, we have deemed this alternative impracticable due to its
excessive cost.

3. Truck Transport to Unidentified Uplands Landfill on the Juneau Road System

This alternative would include trucking dredge spoils to a landfill on the Juneau road system. In
March, I met with ADEC Deputy Commissioner to discuss upland landfill requirements for the
Douglas dredge materials. Based on this discussion, state law requires that the Douglas dredge
materials be placed in a permitted landfill if placed in an upland site. Juneau currently has a
single permitted landfill that is owned and operated by Waste Management, Inc. I have talked
with officials from Waste Management several times about the dredge materials. They have
made a corporate decision not to accept the Douglas dredge materials. Contact Eric Vance at
(907) 780-7801 if you wish to talk with Waste Management about their decision.

Since disposal at Waste Management is not an option, CBJ would need to permit a landfill on its
own if it were to pursue uplands disposal. ADEC stated that a liner and cap would be required
among other items and the permit process would take a minimum of six months with no
guarantee that a permit would be issued. In addition, Docks and Harbors would need to obtain
the approval of the CBJ Planning Commission. Again, there is no guarantee that approval would
be issued.

When looking for upland alternatives to permit as a landfill, we ruled out sites that do not belong
to CBJ. This is because, as a practical matter, it is extremely difficult coming up with liability
provisions acceptable to CBJ and a private landowner to govern the material in perpetuity.

Several agency personnel have suggested that the Fish Creek Quarry be used as a disposal site.
This site is under the jurisdiction of the CBJ Lands Department. The CBJ Lands Department has
stated that a portion of the quarry could be used for this purpose provided the CBJ Assembly
approves its use. The site was originally slated for a RV park but does not appear to be needed
for this purpose.

Presuming that the Fish Creek Site could be permitted, we are estimating the cost of this disposal
action at $4.8 million. This estimate includes dredging 50,000 yards, disposing the upper layer
sediments in Gastineau Channel as proposed, and trucking the lower layer sediments to the Fish
Creek Quarry. This includes an estimate to permit the new landfill and make it acceptable to
ADEC. It includes special trucks to transport the dredge sediments and a truck wash at the
harbor job site. It also includes an estimate to over excavate three feet and place a clean fill cap
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on the harbor bottom. The cost could be reduced to $3.5 million if the over-excavation is
reduced to 6 inches and to $3 million with no over-excavation.

With respect to over-excavation, we are presuming that a 3° layer can be excavated with
conventional dredging techniques. The northwest part of the moorage basin may not be able to
be excavated due to the density of the glacial till in this area. In this case, the unit cost would be
significantly greater due to extraordinary dredging difficulty. Prior to over-excavating, CBJ
would need to perform additional geotechnical exploration in order to reduce contract claims risk
and to better estimate dredging costs of the over excavation. This could add several hundred
thousand to the cost estimates.

In any event, CBJ does not have the financial resources to do this alternative on its own since it
exceeds the $1.56 million available for handling the dredge spoils. We would need financial
help from the state and/or federal government to undertake this alternative. Since there are no
other funding sources available, we have deemed this alternative impracticable due to excessive
cost.

4. Barge Transport to an Unidentified Uplands Landfill Off the Juneau Road System

This alternative would include using a barge to transport dredge materials to an uplands landfill
near the project site. Two areas have been identified as candidates for upland disposal. Both
sites belong to CBJ. One is the area know as the “Little Rock Dump” on the east shore of
Gastineau Channel. The other is the “kidney-shaped” depression above Sandy Beach in the
Treadwell Mine ruins near Douglas. Like above, both sites would need to be permitted by
ADEC and approved by the CBJ Planning Commission. We also presume liners and caps would
be needed at both sites.

The Little Rock Dump is currently under 35 year renewable lease to a private party that is
looking at the feasibility of using the area for condominiums associated with a marina. It is
possible that an arrangement may be worked out with the lessee to dispose of dredge materials at
the site. The estimated cost of this alternative is $3.6 million. It includes dredging 50,000 yards,
disposing the upper layer sediments in Gastineau Channel as proposed, and transporting the
lower layer sediments to the site. It includes an estimate to permit a new landfill and make it
acceptable to ADEC. It also includes an estimate to over excavate three feet (18,000 cubic
yards) and place a clean fill cap on the harbor bottom. Sediments would be trucked from the
barge a very short distance to the disposal site off the road system on CBJ property. We are
presuming that conventional trucks could be used to do this. The cost would be reduced to $2.5
million if we eliminate the over-excavation.

The primary detriment of this alternative is that it may interfere with development of the lease
area. As of the date of this letter, the lessee had not agreed to modify the lease to allow for the
alternative. It is possible that a financial arrangement could be made so the lessee would not
bear the cost of moving the landfill if necessary to allow for the future development of the site.

We have not explored this alternative any further since the cost exceeds the available funding. In
the event additional funds from the state or federal government become available, this alternative
may be worth pursuing.
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We also looked at filling the kidney-shaped hole near the Treadwell Mine ruins above Sandy
Beach. It looks like this site could be used for about 15,000 yards of material which is
equivalent to the volume of lower composite dredge materials. It could not accommodate the
over excavation materials. Like above, this site would require state and local permits. It is also
in an area of historical significance and in a popular park area so there may be significant
objections during the permit processes.

The cost of this alternative is estimated at $2.5 million. This only includes disposal of the lower
composite volume of 15,000 cubic yards. It does not include any over excavation costs. Like
above, this alternative was dismissed due to excessive cost.

Another alternative that was dismissed was the “Glory Hole”. The Glory Hole could easily
accept all of the dredge materials. The Glory Hole was used as a local dump site for the City of
Douglas for many years. It has a freshwater inlet and outlet. The outlet is believed to exit at the
cave-in site at tidewater. We did not explore this alternative because ADEC thought it would be
extremely difficult to permit because it would involve the freshwater water quality standards and
it would be difficult if not impossible to determine all of the outlets.

Moving the Harbor

Your staff asked about constructing a new harbor as an alternative. I am attaching relevant
portions of an areawide harbor study performed by CBJ in the 1983 that discusses harbor
alternatives throughout the borough. We see two main problems with constructing a new harbor.
One, the cost to develop a new harbor, entrance protection, and moorage significantly exceeds
our available funding and any of the dredge material disposal alternatives considered. Second,
permits for new harbors are extremely difficult if not impossible to obtain. We don’t see this as
a practicable alternative. Also, Douglas Harbor is a part of the Douglas community. CBJ and
the federal government have invested considerable funds into the general harbor area for the
benefit of the public. Eliminating the harbor would eliminate a major portion of the community.

Two alternatives for moorage in the downtown area were explored in the 1983 plan. We believe
this study is still accurate and are not aware of any other areas that could be developed as a
replacement for Douglas. One area is between the Big and Little Rock Dump on the east shore
of Gastineau Channel. This area is no longer available as it has been recently leased to a private
party under a 35 year renewable lease. The other alternative was to modify Aurora Harbor by
removing the rubble mound breakwater, expanding the harbor into Gastineau Channel, and
installing a new floating breakwater and rubble mound extensions at either end of the harbor.
The estimated project cost in 1983 was $11.7 million. We conservatively estimate the cost of
this alternative today at $50 million. Though this alternative provided more additional moorage
than what is proposed at Douglas, the cost of providing the same amount as Douglas by
downsizing the project would still exceed any of the disposal alternatives. The DA has good cost
data about building new breakwaters in the Juneau area since it is the process of doing two small
rubble mound extensions and a floating breakwater in Douglas.

Your staff also suggested we eliminate the need for dredging and build moorage for small boats.
The float layout was designed to satisfy existing and future moorage demand. Because moorage
costs have significantly risen over the past decade, most local harbor users trailer their smaller

boats in and out of the water instead of storing them in the water. We currently have over a 50%
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vacancy rate on the 22’ and smaller stalls at Douglas Harbor while we have an areawide waiting
list for vessels 32’ and over in length. The longest wait time is for vessels 40 to 70°. We
designed the harbor layout around this need. In short, we no longer have a need for small
trailerable boat stalls. This is the same as no action alternative.

In addition, Douglas is our only downtown harbor that is south of the Douglas Bridge. The
published clearance of the bridge is 51°. Many sailing and fishing vessels exceed this limitation
and are constrained by the bridge and need a facility like Douglas Harbor that is not affected by
bridge clearances.

Recommended Permit Decision

We recommend that you issue a permit for our proposed action. We are agreeable to including
the following conditions in the permit to assure compliance with the Clean Water Act:

1. Permittee shall install a silt curtain across the harbor basin to prevent suspended
sediments from leaving the harbor basin and keep it in good working order during all
dredging operations.

2. Dredging may only be conducted from October 1 through March 30.

Permittee shall use a dredging method, such as the clamshell or bucket excavator, in a

manner that minimizes suspension of sediment in the water column.

4. Permittee shall assure good survey control is employed during dredging operations to
minimize over dredging quantities.

5. Permittee shall dispose of dredge sediments only in the proposed disposal area and shall
use GPS to assure the sediments are deposited within the disposal area. During incoming
tides, the permittee shall deposit dredge sediments only in the southern half of the
disposal area. During outgoing tides, the permittee shall deposit dredge sediments only
in the northern half of the disposal area.

6. Permittee shall install signs in harbor advising the public about the potential methyl
mercury content in seafood caught within the harbor.

e

Please let us know if this is acceptable. We started the permit process in late 2005 so we could
replace the floats before they needed to be closed down. The harbor float system is beyond its
useful life and we can no longer put off a decision about closing it down.

Port Director

Attachments




Attachment 1.

Letters from CBJ to EPA including the Attachments
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April 9, 2010
Dennis J. McLerran, Regional Administrator
U.S. EPA, Region 10
1200 Sixth Avenue, Suite 900
Seattle, Washington 98101-3140
Subject: ADFG Dive Survey Report for Douglas Harbor
Dear Mr. McLerran,
Please find an attached report from the Alaska Department of Fish and Game
concerning its dive survey of the proposed disposal area for the dredge materials from

Douglas Harbor.

We trust this report along with our March 26, 2010 letter and attachments addresses the
concerns expressed in your March 2, 2010 letter.

Don’t hesitate to contact us if you need more information.

Sin/?erely,
/

/]

Jim Preston, Chair
Docks and Harbor Board

cc:  Colonel Reinhard W. Koenig
CBJ Assembly
Govemor Sean Parnell
Juneau Delegation to the Alaska Legislature
Alaska Delegation to the U.S. Congress
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802 West 3° Street
Dougias, AK 95824-0024
DEPARTMENT OF FISH AND GAME P.0. Box 110024
Juneau, AK 99811-0024
DIVISION OF HABITAT PHONE: (907) 4654105

FAX: (D0T) 465-4759

MEMORANDUM

10: Jackie Timothy  oarz: April 8, 2010
SE Regional Supervisor
srnz: 865
stazzzt:  Douglas Harbor Disposal
Site Dive Survey
rron: Joe Hitselberger _ tzuzesons wo:  (907) 465-4346

Habitat Biologist | )

On December 21%, 2009 Alaska Department of Fish and Game Biologists Kyle Hebert and Dave Harris
conducted a dive survey of the proposed open-water disposal site for the Douglas Harbor dredging
project. The proposed site (Figure 1.) is located in Gastineau Channel, Sections 36 and 25, Township 41
S., Range 67 E, Copper River Meridian, USGS Quad Map Juneau B-2.

The City and Borough of Juneau (CBJ) is proposing to replace the moorage floats, upgrade the electrical
and water services, and reestablish the harbor’s depth so Douglas Harbor remains functional and safe.
To reestablish the depth of the harbor to -14” MLLW, CBJ is proposing to dredge approximately 30,000
cubic yards (cy) of material from the harbor and dispose of it in Gastineau Channel. The site in
Gastineau Channel has been used as a disposal site for dredged material from Douglas Harbor in the
past, and the water is approximately 120" deep. In 1997, the United States Army Corps of Engineers
disposed of 25,000 cy of material at the site, and in 2002, CBJ disposed of 15,000 cy of material at the
site.

Recent analysis of the sediment in the harbor show elevated levels of mercury and methyl mercury.
Methy! mercury is able to accumulate in the tissues of aquatic species. There is concern that if the
dredged material is disposed of in Gastineau Channel, methyl mercury will accumulate in species
targeted by commercial and sport fisheries. The purpose of the dive survey was to evaluate the habitat
type of the proposed disposal site and determine if the area supports populations of species targeted by
commercial and sport fisheries.

Observations

Before the dive, Kyle and Dave surveyed the proposed disposal site (approximately 5 acres in size)
using a depth sounder on their boat. The purpose of the initial survey was to find a uniform depth and
substrate density from the proposed disposal site to their actual entry point off of Mayflower Island.
They descended from the steep shoreline of Mayflower Island for safety reasons, and then continued to
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the proposed disposal site. During their dive, it is not certain if they made it to the boundary of the
proposed disposal site. However, given the uniform depth sounder readings and their previous diving
experience, they feel confident that what they observed was a good representation of the proposed
disposal site.

Gastineau Channel

A 582791, 1343816

B 532730, 1343794

D 58.2772, 134 3805
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While on the seafloor. they took video footage of the area and collected sediment samples. The site is
comprised of fine sediment {silt) and is very uniform throughout. There is no attached vegetation (some
loose) or rock formations, and there is limited activity in the area. The video footage shows 3 Tanner
Crabs. a small group of coonstripe shrimp. several unidentified small fish (possibly gunnels). a few
snails and hermit crabs. and a few juvenile flat fish. Kyle and Dave spent approximately ten minutes on
the seafloor. between 105 and 112 feet seawater.

Conclusion

I have consulted with Area Management Biologists and have reviewed historical harvest data to
determine the fishing opportunities at the proposed disposal site. Location. habitat type and depth of
the proposed disposal site drastically limit commercial and recreational fishing opportunities in the arca.
The site is located in the middle of Gastineau Channel. near the entrance to Douglas Harbor. Placing
crab or shrimp pots at the site. or fishing stationary over the site would be difficult due to the large
amount of vessel traffic. The habitat type and depth of the proposed disposal site is also not well suited
for species targeted by sport and commercial fisheries.

The proposed disposal site is close to 120° deep. and is charted at 18 fathoms. Male Tanner crabs are
commercially and recreationally harvested and they are found in muddy or very fine substrate in deep
water between 50 and 200 fathoms. Tanner crabs migrate extensively to deeper water during the
different stages of their life. Female Tanner crabs prefer harder surfaces. rather then the muddy
substrate found at the proposed disposal site. Considering the size and shell appearance. the crabs
observed during the dive were male tanner crabs. Dungeness crabs are also found in Gastineau Channel,
and are fished for recreationally. Theses crabs are widely distributed throughout the channel and found
in sandy or muddy substrate. Dungeness crabs are generally found at depth less then |5 fathoms and
fishing for them usually occurs at 10 fathoms.

Other species including Pacific Halibut and salmon that are commercially and recreationally harvested
are highly migratory. and the proposed disposal site is not a destination for them. Halibut spend the
winter months spawning in deep water, approximately 600 to 1.500 feet. In the summer they move to
shallow waters to feed. Adults generally migrate to the same feeding grounds every year. The proposed
disposal site is not one of these feeding grounds. Salmon will migrate through the area two times during
their life cycle. Various juvenile salmon species will out migrate from the streams emptying into
Gastineau Channel in the spring and early summer. These juveniles will stay in the near-shore
environment in shallow water before outmigrating to the ocean. Adults will migrate through Gastineau
Channel to their fresh water spawning grounds. During this time they are not actively feeding and more
focused on retuming to their stream to spawn. During both of these life stages. it is unlikely salmon will
be found at the depths of the disposal site.

ADFG has no evidence of aquatic species being harvested from the proposed disposal site. Considering
the habitat type. depth and location. we believe that the proposed disposal site does not support
important commercial. sport and personal use fisheries and hatcheries.
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March 26, 2010

Dennis J. McLerran, Regional Administrator
U.S. EPA, Region 10

1200 Sixth Avenue, Suite 900

Seattle, Washington 98101-3140

Subject: March 2, 2010 Douglas Harbor Letter
Dear Mr. McLerran,

Per your March 2, 2010 letter, we understand that EPA is objecting to the rebuild of
Douglas Boat Harbor as proposed by CBJ because it will “result in substantial and
unacceptable impacts to aquatic resources of national importance.”™

In 1962, the 1).8. Army Corps constructed the harbor basin and entrance channel at
Douglas Harbor. In 1963, the State of Alaska and the City of Douglas installed
moorage floats and associated utilities for about 100 boats.

CBJ wishes to replace the 1963 moorage floats because they are dilapidated and have
life-safety issues. CBIJ is proposing to reestablish the harbor’s design depth, as the
basin has filled-in over time due to glacial rebound and other factors. Our proposed
action consists of dredging the basin and disposing of the dredge materials in the middle
of Gastineau Channel at an area used twice before for the same purpose, removing the
old float system, and installing a new moorage float system and utilities.

We appreciate your national viewpoint and responsibility. However, we recommend
you visit the project sile so you can see it firsthand. The project area is far from
pristine.. Douglas Harbor is within an area that was heavily impacted by extensive hard
rock mining during the early part of the last century. Douglas Harbor is located on
mine tailings, as is the general area surrounding the project. Tailings are the likely
source of the mercury that is the concemn.

Moreover, the proposed disposal site for the dredge materials is under one of the busiest
waterways in Alaska and is also adjacent to the marine outfall of the Juneau Douglas
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Municipal Wastewater Treatment Plant. We do not consider this to be an area of
aquatic resources of national importance. We recognize there may be legitimate
concerns with our proposed action, but we do not believe that substantial and
unacceptable impacts to aquatic resources of national importance is one of them.

After carefully reviewing the technical aspects of vour letter and attachments, it appears
your primary concern relates to human health, and more specifically whether our
proposed action increases the ability of ambient mercury present in the submerged
sediments to affect the residents of Juneau.

I want to assure you that the CBJ Assembly and the CBJ Docks and Harbors Board
share the same concern. Prior to submitting our application, we carefully considered
whether our proposed action would impact the residents of Juneau. We concluded that
our proposed action would not. Had we felt there was the slightest possibility of risking
the health of our residents, we would not have submitted the application.

You have made many assumptions in order to arrive at your judgment concerning the
efficacy of our proposed action. The most startling is your assumption about the
amount of fish that the average Juneauite consumes from Douglas Harbor and the
disposal site. On page 2 of the attachment | to your letter, you present recommended
fish consumption values ranging from 43.4 10 469 |bs/year. Based on this range, you
are recommending that a regulatory decision be made using a consumption rate of 141
Ibs/vear.

As we understand it, EPA is thus assuming that

1. Juneau residents consume on average 141 lbs/yr of seatfood per year;

2. this entire amount comes from the harbor and the disposal site; and

3. the consumed seafood comes from species that have been at the sites long enough
to bio-accumulate significant levels of mercury in their edible tissues.

These assumptions simply do not stand up to critical analysis. While average seafood
consumption in Juneau is surely higher than the US average of 16.6 Ibs per year, we
know of no data supporting the idea that it would be nearly nine times higher, as your
141 Ibs per year figure suggests. Moreover, little to nene of the seafood consumed by
Juneauites comes from these sites. The salmon and halibut that are the most popular
locally caught species are highly migratory. Very little of the seafood actually
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consumed is derived from sedentary, benthic species that could even potentially remain
at the sites long enough to bio-accumulate significant amounts of mercury.

But, putting aside the debate over the assumptions, we think the issue boils down to a
rather simple question. Does a plausible food web connection exist between the dredge
sediments and the residents of Juneau? We think not. Here is why.,

The Docks and Harbors Board runs Douglas Harbor and 1s intimately familiar with the
waterway al the disposal site. Our knowledge of the use of these areas is first hand and
extensive. We are not aware of anyone harvesting seafood from either the harbor or the
disposal site in any appreciable quantity. This is why, despite extensive local media
coverage of our proposed action, very few residents of Juneau have expressed concern.
The fact is that Juneauites fish at places where the lishing is good and that is not in
Douglas Harbor or near the proposed disposal site.

While kids do fish in Douglas Harbor, their endeavors could hardly be described as
harvesting fish meals. A better description would be playing on the docks. Generally
speaking we discourage fishing within the local harbors for several reasons. There are
electrical cables and other underwater obstructions that fishing lines can snag, and
casting in close guarters on the docks presents safety issues to other harbor users.

If necessary, in order to address this issue, we can ban fishing within the harbor or post
advisories concerning fish meal harvesting. We have the authority to establish such a
restriction, and the ability to enforce it as our staff visits the facility several times a day.
From a risk management standpoint, we think the likelihood of routine fish meal
harvesting in the harbor is near zero and advisory signs would be a more than adequate
risk management measure.

As stated previously, the disposal site is located under one of the busiest waterways in
Alaska. Because of the extensive vessel traffic, it is impractical to fish or to set pots in
this area. We have data to backup this claim. The Marine Exchange of Alaska tracks
AIS equipped vessels into and out of the Juneau Harbor. AIS is required equipment on
SOLAS vessels, such as cruise ships and tugs. In attachment |, you will find AIS tracks
at the disposal site for the 2009 summer months. Recognize this represents only a
fraction of the vessel traffic over the disposal site. Most of the vessel trafTic, fishing
and recreational vessels, are not required to carry AIS, As one local mariner observed,
“fishing there (at the disposal site) would be like playing Frisbee on [-5."
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We also looked at habitat with the help of the Alaska Department of Fish and Game
(ADF&G). As you know, ADF&G tracks commercial and recreational fishing, In
addition, habitat experts from ADF&G conducted a dive survey of the proposed
disposal site. A complete report of their assessment will be available shortly. In short,
ADF&G pointed out in permit meetings that the most probable fish consumption from
the subject areas for the average Juneauite is near zero. This is based on harvest data,
actual observation over a number of vears, and the fact that the habitat at both sites is
considered by ADF&G as low value habitat for both recreational and commercial
species. We agree with their finding.

From a risk management standpoint, ADF&G also pointed out that the species of
concern are shellfish. Other harvestable species such as salmon and halibut are highly
migratory and do not spend enough time at either site to accumulate elevated mercury
levels into their tissue. ADF&G specifically noted that Dungeness and Tanner crab are
the harvestable species of concern near the disposal site. They further noted that crab
habitat studies published by the National Marine Fisheries Service/Auke Bay
Laboratory show that the disposal site is deeper than critical habitats for Dungeness
crabs and shallower than critical habitats for Tanner crabs (see exhibit 2), Also,
published studies show that the grain size characteristics of sediments at the disposal
site and the dredge sediments are not favorable for either species.

We think the preponderance of evidence shows that the likelihood of prolonged, day-in
and day-out consumption of seafood from either the harbor or the disposal site s most
likely zero. We note this evidence includes habitat evaluation and fish consumption
opinions provided by the Alaska Department of Fish and Game, crab habitat studies
published by the Auke Bay Laboratory, the vessel traffic documented by the Marine
Exchange of Alaska and actual observations of the harbor and proposed disposal site for
many years,

To further our risk management standpoint, we argue that your approach to estimate
risk using the reference dose for chronic oral exposure is probably not appropriate in
this case. As vou know, the reference dose you used is intended for multi-year, day-in
and day-out ingestion of seafood with elevated methyl mercury content. We do not see
any evidence to support that we have day-in and day-out consumption of fish meals
derived [rom either the harbor or the disposal site. Usmg commercial crab harvest data,
ADF&G estimated a worst case harvest level from the disposal site at 3 crabs per year.
Using this harvest rate and the same approach you used in Table | of Enclosure | of
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your letter yields a site-specific allowable tissue concentration (ATC) of 3 ppm methyl
mercury wet weight, which is significantly higher than our site-specific test results.

In this hypothetical worst-case scenario, we believe the appropriate regulatory level is
the FDA action level of 1 ppm methyl mercury wet weight instead of the ATS method
you employed. On page | of Enclosure 2 of your letter, you note that our site specific
effects based testing for Douglas demonstrates compliance with this level. We concur
with your finding and believe it is the best way 1o assess methy] mercury consumption
risk associated with our proposed action.

We are hopeful this letter addresses your concerns and would ask that vou withdraw

your March 2 objection to our proposed action after you take into account this new
information.

Sincerely,

Jim Preston, Chair
Docks and Harbor Board

cer  Colonel Reinhard W. Koenig
CBJ Assembly
Governor Sean Pamell

Juneau Delegation to the Alaska Legislature
Alaska Delegation to the 1.5, Congress
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Historical Track

Area : POJ Gastineau Study
Start  1st May, 2008 00:00
End : 1st June, 2008 00:00

| Ganaratunt: 13 Aogusi. 2008 £2:21- Provided by Manna Exchangn of Alaska




Historical Track

Area : POJ Gastineau Study
Stan - 1st June, 2008 00:00
End - 1st July, 2008 00:00
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Historical Track po—

Area : POJ Gastineau Study
Start : 1st July, 2008 00:00
End ; 1st August, 2008 00:00
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Auke Bay Laboratory Crab Studies
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BEHAVIOR OF FEMALE DUNGENESS CRABS, CANCER MAGISTER. IN A
GLACIAL SOUTHEAST ALASKA ESTUARY: HOMING, BROODING-SITE

FIDELITY, SEASONAL MOVEMENTS, AND HABITAT USE
Robeer P Srone and Charles E, O°Clair

Adiekn Fishones Science Center, Mabonal Muarine Fisheries Service,
Aukiz Bay Loboriory, | 1305 Glacier Highway, Junen, Aliska 99300, 1154,
{porrespoinding guthor [BFSpc-mal; bobosiome & nomn goy)

ABSTRACT

Asprecs af (b ehmoer ol spapemmas Damgensis crabs (Cmoer moeiieed were siudiod m Friie
Cove, Alask, To jesl- deliy ood himming abality of cnibs m thoir broodimg site, we chasomicolly
ligped eight ovagormes crubs anil transplmaed them 1.4 Km fromi ihiie troodimg =i, Eighe ilira
shleidly Iggel cunkiol crabs were el w the hrenibmz siie. Cah mowoments were sitme
sty mmoiored weekiy lrom fnie Febnaes ioDgoher o delsmmineg aciivimy e sl scacsial
sheifis by el deseriburion and Dbt use, Scwen Pemades trumspianted away Trom the brosding
sile il ek i shat siie Aithan 1Y e 20000 Chvigemuis Temale crabm shaweild Bldediny i e hegs)
af the oo and ranged & maxovam ol 32 o, Crabs had digtine sexsons] paneos of depli das
iritibiom. Bahita e il agtiviey which were relabed 1o repeoductive state: The peperal pnsern
lor leindle couls s (160 feimtbvely Ductive pediod duping winter and serly spring A degifs
greater ihan = s oveperous crabs wine Bymoally sl dormg ties peod o @ dénse sgenegs-
o €20 ahropi meyvemenimo shalqow waier (less than = 10 m) dhering mid-A&peid enid ressdence
IBscw nial lats Bine iy miemieid wiel Cosngident wiil the spiimi I’*'_«'Il'lﬂlri.ﬂhtl'lll talcenije el imis
taatiom ol laeyal Baihimp: sml O dmerdised dvtielly hepemmang i Foly weih movemsenl ek o deeper
wnter presamably oo lorago. Femules thay molted prior io aviposition did se beiwesn Jope Sy anil
Sepremnlaer, Femples covupied defifs Dot + 106 aml - BUTE e Home ringes weie simal] (< 495
ol i aaiial dove habitail mind varsgel with orab slie simaller eaby ol beger hoime minges. Ovige-
eus femnles benoded embeyos im posmall, dscrets ores of usconsainfesl. homogeneous, fine sl
Tinds sedvimesls wer alai Biahls peimealsie Aniial s ol e asin brooding e was documiesed

lor a L 3yvar pcri.l.u] nnid cenplasises the impomance of his esscontiol senda.

Adult femole Dungengss crabs, Camcer
rggister Duna, 1852, have a more yoarinhic
reproductive phenoloey than ather laree com-
mercially impormng crab speeies i Aliska.
Females oviposit for the st pine o about
1 1E-mumn carapace width (CW | personal ab-
servations) and molt annually {Honkin 5 af,,
1985). Moking probabilities approach seo st
i stee ol ahout 155- o T60-mm CW {Lehman
and Dwborn, 197 Mohr and Hankin, |95%),
Females wne only inseminated while soft-
shelled (Hornoll, 196%) but are capable of
femilizing chnsecutive epi clulches using
stored sperm without an intervening molt
{Honkin o7 o, FYE2Y Seze-specific fecundi-
tiets of femiles using stoned sperm are reduoced
compared o femsles thal molt and mane
{Hankin of e, 19949, Tag-recovery dota in-
dicate that most odolt females oviposit annu-
plly an soethern Californin (Hankin e al,
19EE, but thene s evidence thid some females
in Alaskan boys may not oviposit annoally

{Swiney ond Shirkey, 20011, Forthermaore, un-
like many ather species, female Dungeness
criths that brood clutches during consacutive
years are nonovigeroud for an extended pe-
misd (several months) between eclosion and
LIPSt o,

We previously documented thar ovigerous -
Dungeness cabs in Southeast Alaska have
distinct seasonal patteros of habilut use, depth
distribugion, and activity (Stome and € Clair,
HEIT ), These patterns are associaied with mi-
jor life history events. Femules are inactive
while brooding epgs in dense apgregmions
between spproximately Septomber and April.
Brooding aggregations have boen duou-
mented for Dungeness crabs elsewhere in
Southeist Adaska and in Washmeton and
nprthem California {Diamond wnd Hankin,
985, Dyinnel e of., 1987 Armstrong e af,,
[UER: O Clur & . 19y Scheding ef al.,
2] L Because ege brooding was restricied
1 & small propomion (< 0% of the total

1K1
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hubuat within the stody site, we concluded
thist ovigerous femules showed selective be-
hevior for that habitat, We hypothesize that
this hibitar his specific chiractenstics which
are opiimil for hrooding  eges, Alithough
O'Clair e e, (1998} Found repeated wie of
the sime brooding sites hetween years in
Gilacier Bay. Aluska, which they equated with
high site fidelity, we know of no study tha
has experimentally evilwated the Tideliy of
individuul Dungeness crabs 1o a brooding site
of wsted the ability of © magister 1o home
tovn brooding site.

Ohjectives of this study were o 1) fest [i-
delity and homing ability of tvigerous Dun-
goness crabs 1ooa brooding site and 27 inves-
gt movemerts and hobitat nse of oviger-
ous Pungeness cribs in u-osouthenst Alaska
estunry with particular emphasis on the pe-
riod between broods: We lnvestiguted site -
delity nnd homing behavior by 1ransplanting
ubrmssnically pegeed ovigerous orihs woway
from o brooding ageregation. We also men-
sured sediment and oceanogruphic character-
isiice an the argiv whiere crabs Formied o broud-
ng pperepnion o detecmne of wnigue prop-
orited existed there that were beneficial o
inigetiis erabs and therr develoging smbrvis,

MLWER ALY AanD METHDS

This stutly wus comtucied in Frice Cove, L km norih
ol Fumenis, .-".leu.“:l’. Ik, wlikeh hisa wadel surfice srés
al abeint f ken® a8 yecon higher high waser {MHEW), Frite
v iw a0 wmnnll estaery Tocorsd off o sysiem of lage,
fapd-iype climpeds. The Uespast area of the cove s whoo
105 m, und phown 12% af be aovie & snemids] bokcae,
Mlaisr il o subbdlal mec oo e Vowe dedper e - 2040
toeam e Tve wemier (ML) is coverml with placial
wlt. The cowve s strnagly Anfluemced by frosd) water) boath
ihe lope, placiol Mondeahall River ol the ¢l yigr
Fish Creck empty inpo the bead of ihe cove. Severl wa.
tersheds ensgiy amo Cimsbanens Chaneed; g Jlarge dmdal chan-
tiek, whach M ngo he heudal the Coie. & Sinig hioy-
i s st fpie Olaegler, VRUTE IS prominend,
eapecially abong the momthem parian ol he coee. Betwieen
lune und Digiaber The cove 1= cloasd 1e commensiul lish-
iag iy Enmponess ol Bub 1 an dmpaant s fioe reend
mistiad fshories

Woe el sidy the hetyvkar of ovigemss I,;h.u:g_:-
tiit=s drahy wilh alelmelry pstber thnea [nrrﬂ.t|.'|l.i|rr|- s
wpy i as o mandines distorimanee of the crabs wien ey
wele b the beoading appregorive, A popudarkos servey
wirld have nevessitsed periodic excivation of @ larpse
muaiber ol imdivichols o decsrmine the prgtesce or ol
sence of dilividisilly morked grabs, This uuln-ug il
vt dlTeted drab bebaremer anil perfaps sofiated ihe by,

Uviperoas female crehe were enflocts] by SULTRA
davers oo 1Y Febroory 1997 and prasspord o the A oke
Bay Lalwraiary far mgging, Al cobs were collecied from
o prevemsly slentifed broodsng aggregaion ares nédar the
hesid i dhe cuve ut o |JE|H1I ol bt <3 i (R 1) Si-

MIBMAL DIP CRGSTACEAN HAOLOGY, WO 220 A3, 2 Tl

Fig. 1. Sudy wred ol Fridz Cove, near Jongnu, Alaska,
where movemenis of avigeraus lemmbe Dungeness crabs
e with uhmmsanle orenemiaters were monitortd. The
apen siusre shows where experimenial crabs wers ool
lecied,, snd the solsd square-shows ihe release postiion for
transplanied cmbs, Trimmgles mark B sratkons where
dveanopFaphic profiles of by wsee cotupmm were col-
leeied: Diepih conlours are in mekers.

foen crnhswere paidomly assbgned (o teo neliuse dogs
oo grodaps. Eagha vimiml crsf wore relaried W the sise
of codlecmms within che aggrepoin sca anid 2 treamem
e wie imnEplonddd | 5%0 m 26T froan the eollec-
tiom sl o o depthool <4 mdFig. 1) Comoned crabe mnged
P D302 G (BT Tomnd CW 08 = 140D mmb ol
n‘-ﬂghr«d {wel wenghi) botween 230 pmd 793 g &= 564
£ Tramspliei ol panged fren TLG oy B 300h-mm OW
U= T MER mmd and weipbed bedween 343l 493 g i
= 20 ) Adl gped ot hisl full egg cluichise, i mass-
Itig ippeiibiges, ot slgnilvani estskeboivs cnslon, Cir-
cirmeEsies ermun a known preifasar- bl Demgenes orab
eggh fram Calilomis e Adasi {Wiekbam, [ TFClabe
aml Froeee, VIREY, wore o Tand moeges samphad fom
cach lapped crab

Ukradnmic imnameitens wish o twos yoar life especiny
wene utlachied Miwaly b the cuapice in ihe deriind
rapive Detwepdn U pisric aml cardise regrems with nis-
e Sealioin' Poay ik Soanin epoxy putiy Fach wmins
miies | Bonironivs pele] CHE-HT) ol & isigos ool
wndtle ined b ramge ol bl ke Togs wcve 105 o long.
16 mam i dimmerer ind wedpghesl 12 g i waige (liss thas
3,759 off the obpl By weight of ihe smibles cmb
fugged ). Crabe were hold im ot -bhrospheagunria m ik
Inhowabinny far 28 B prior o neises o enesng g ddhor-
onos (0 The parapie Costred crabs wene curied o the
st baimom i convas haps anid eleased by divers. Trans.
plam crubs wery misssed al the waeer, sl laie duer i big-
e 7w | depi, Crabs venri aclieasiil om 21 Febrnry
1],

Pusnions of the cmby wese flagd weedly through 17
Loy 191 W surveyil thy cove imos small hoat o
monriir crob madvemengs. We wied anouliresomiy feceiver
iRonitrankes moddel RS R-400 wul ddieggional Bydsoghiomg
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iSomnerness npuled [FH-20 w0 Jocime yrnha. A sniall Anal
Wi dhephigex] alver the i wis pistimmed over & b
Thie bomi wus msintsined &1 chis Saal whble ds pisiidon
Wi L) By s angies belusdes three shorewand
amirkers wilho benmecanvergmg seating ued oy @ pelongs
(Tl eroal, Ty, The pasitions of i shoewand
markers wire Sxed uging slandand surseying lechaigues.
We gxtimadeld =n drmor of = 2.5 my pssocuned widk s
“mutcon- o nidtid by caldislming the men distanes
beiwees favs igo= 273 for stallpnary s|érelice tngs | Stpee
andl (1Tl 200000

Depah wos messarsd wirh & Hummingharl Moded
AU degrh isder A S=alind Elochiomics Seacal Trofiler
wak el o enllen emperaiine, sfimdly, densay, and dls-
sl visl vy (D00 pelites ol e wikse dolosm ol six
skl i fhrsigism e cove. Physicol ocesnigraghic pa-
aueneters b depifis cecupied by craba wene estnass] froik
the prrlibe al The meseres | stala e each b Dxygen <i-
uraiion vEines wene cokcalmed from ke mbles o ided
i Wikas | 1)

Diwvers tsed SCUBEA and & spbmersible. receiverha
dhiiphme {anirmies nadel TSH-Hxp s rioover derglio
Sranainiglees dnae, detacined fom live coabed anid s pees
oidically absirve agped crabs wiihin nji'l.'in' dopily {38
il Bepaigy of cral within the Breoding Qpenizstion was
mmsisd dhiring Muarch P99 by aliners: Devers dlescended
o s agprepaiivn with o 2-m7 cage desipned s cag-
dure: and resln adl wrale wibin s perimeles; bn Sepliis-
By 2HHL, wodlpsjarbed cowre x-:mpl:t were cellecied withis
the briniding sgpreganion e Grcisg J80-ml plasde jas
10w elght By S50 disdsetare] i the sedimenl,
Three replicabe sampies were coflecied ur 5 locations 1)
centel ol sgpgregarion UL 16-m drpr.h, 2 Uridibpee freum ihe
Brinding agpregabive al A-idepih, Tooulvide B eep-
st hinanidary of the brooding qegmegation af 2hem tepihy,
Ly appeimutely 10 m spwih ol ke agprepalim alnag the
it bl id 5 b approsmmiely 36 moparidi of (b
ggporegmwm glong the- shime ssabach, Permahiliny was
mewsied wiH & comBinaiicg perimsimeen asig § dikde
siipd beadl peamuabdlily =4 Comproseive virengib (in
eernnl Tocsion ) of sedimenss way determingd witha hind.
Pl peeristiomerer Sedimen s weie amibyood Tar prain sin
composssan by wel sieving amd prmbed saeng the Wents
mirth glissifchtsin seale (Habing asd balnoee, 190701)
Sratimp Wik calemlnted with ibe Ieclusive Craphic Stam
dard Deyision (Liney, 1981 wiik higher saluss indicats
N premer graie-sie vadahilivg, Slapeof the s B
i the agpregation site was deperminod sy mezsurmg e
chanye i depil b 5o iniervals

Srmiival Srmibyees

The mial dseance und sngle of movenest from cach
eitbease panl [Fig 1) was mieasunnd for e agped crub,
aml he mean umgls L AN g L e vialiang Lvh was
ciboubind for cach oF The 1w gm‘l.mhl!lu::r]unln‘h] Com
el (e, 1596, Baylewgh'’s sl was i 113 ity
il 1B Gt o D misveisssl algnlfoumty -l
ed from rambom afier seloase (e direced mavesnanes
i gears A =l ve H'1 o b, whesse i dhe populs-
Lin asnicemrinl sl R [Zar, 1996 The ¥-1es ol
circular unildrmity wis sl 1w abeesrmeine iF the trans—
prlamed jiroeg hudd g s sliigetin GF moveimsal in i
villeciion sne pnd juests B =0 M- e b and
= 57T, whserie g i the expecisl ungle of movement (£ar,
[ bla]]

Thia: Bsnwe putigy Ton vowh Erib sas pstimaigd wil two
mmwtheds. 11 e mimimm conves pidvpon ieethind {3A0P)

343

UWiariom, 19RTE and 20 Bocuison Bxes wene finsd 1 o bhi-
wasigle probalsility density Tanetios ne wikleaion dian-
Ewsitiims (LFLY) PWErom, F98G0 jisiigg @ leas) sguoures ¢rode
salifainn smioniRisg miromster (SiEvermas, YR cil-
culwe w sl kermel homic range. Tworulilenisn disri

Isatsims were calcoisted for sach coal; che Minae Aies
v, Prhabiling (195 oA DR i e MAP ILSE. The
MAR (0N megonins fon 955 ol e spacy atitizimm sml
Usrils “thy o troversed By un imdividool in s mise-
mal detayiies ol Tocsd gothering munng, und corig. B
youreg ™, while the REAP (L5010 pecmmils for 50% ol the
Epaog wl | radinnil g is el o desoribe cone mreas ol e
[..‘\_m'.'lt-.rmu TOE20, Acrivity raie wis calciluied as disiance
e dbvidel by Lime between successive obsservainm.
A perndipal compomem oebysis wilk e jo peduce the
dbipmeisann o1l ihe seddimiem data P thve winables noone
Emcapld vongpemenl. Egaslily ol principsl compnnem
DS for the Ave siies was lesied-with (mE-wEy dry-
wan ol varinnge TAMONAL The priscml compiesen mesn
i i Dromding agpregation sde wis comparel o the prn-
tipal cxmmpnniemt nesans of ik Fopl nearfy siee dsimg
Fiubier's Treasi sipmitbcani difference e | Chew, 14850, The
irhevel was (L5,

EEesuLTs
Transplant Experiment

Tagged craby meleased mthe collection weo
had limited initial movement (Tig, 24 The
fiean distance imoved by these crubs after §
d was 76 m (runge = 11 to 324 m). Mean an-
gle of movement was A03"T (y = 5%
Movement wis oot signilicantly  different
from mmndom (Raykeigh's s = 1.5, P = 0,20
for this group of erabs. All crabs remiined
in the general area of the aggregation site un-
til June.

Females displaced 1,39 m 265°T from the
brpsoding agereganion moved oomean distance
of 1(M6 m (range = 931-1, 30 m}) after 6 d
(Fig: 2B} Mean angle of movement wos 63T
(5 = 20%) Movement of this group of crabs
wik sigmificantly different from random and
direcied owards the collecton sie at B5°T
(V=65 F< 007 One iransplanted female
initially behaved differenly than the other
kieven cribs, That crab moved 4% m ot on an-
gle of 340°T from the transplant site within
6o angd remained inothat area untl moving
back o the aggregation site after 75 d. The
remaining transplant crihs were in the im-
mediate area of the aggregation site within 2(
U and several were located within the center
ol the aggregation atier £3 d.

Seasonal Moverments ond Huobigat Use

Seasonal patterns of depth distabution,
haibitat use, and activiry (Fig. 33 of inadividual
females monitored between 97 amd 378 d
(Table 11 followed o peneral pattern that can
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Fig. & (A Despersal of sijhi ulirusonbc-tagped feimale
Cumpeness crabs fi 4 afier release io the ongimal collec-
tian skie within & brecding aggregaiion in Fri Cove.
{B1 Despers=al of mghl nltrsmomic-agged ovigerous fumsle
Dumgeness crabs & 0 ufier being dispiscsd 1,380 m
{265} from a Brooding apgregation i Frite Cove. Esch
tlack sl mpresenis the position of ane orab relative o
the relesse pusition & o ufer (clerse, The shaded aval in
iR m'pr:!:nll'lh.' poriition of the collecion sfe. i is vhe
mean angie ol movement relative o iree nosh and @ is
the divecuion o the colleciion sne. The significunce of
Ragleigh's st b shasn nexy to i an ah passls {ps. =
e significan, **4 = F < QM) Concenisic cirolés i
S50 A ey 200 me (BT apar

be divided info theee phases. First, ceobs were
relitively imective doring winter until early
April when crabs occupied depihs generally
greater than ubout —16 m. Crobs were typi-
cally buried close 1o one another at the ag-
grogition site doring this period ond wiene
brooding embryos. Second, crubs eshibied
abrupt foowemient into shallow witer (< <10
m} duning mid-Apr] and residence there un-
til kare Jume, The onsen of ifis movement wies
cinpgident wiath (he spong phyvtoplankion

MICRRAL UFF CRASTACEAN RRIAMGY, WL, JT MO 3 o

bipom, and larvae haiched mostly during or
gfter the secondary bloom (Fiemann e al.,
1951} io the tatter part of this period. Female
mortality was high at the end of this penod
iset below). During the third phase, crabs
showed incresised activity beglnming in late
June and graduilly moved into deeper water.

Individueal femades ranged in depih From
v L6 to -107 3 m. Females vecupied menn
depths betwenn -27 and =15 m during win
ter, andl moved inte shallow witers doring
April through July (Fig. 3A) In late July,
depth disiribution became more vandble as
sample size decreased and femples dispersed
o Porspe, madl and miare (Fig A0 Females
werd generally mackive dunng winter with o
sharp, brief increass in sctivity o= ey moved
into ghullow water in spring (Fig. 3B, Fe-
male ceahs were relafiveldy inictive during the
period of ferval hatch (April through June),
but activity increased again and hecame maorne
vuriable in lute June (Fig. 3B

Female crabs had very small home rangos
iToble 23, ond nome moved farther than 1.4
km from the brooding aggregation ared at the
head of the cove, Home range size was
dependent on length oF tme an mdivideal’s
movements were monttored (- = 0L P =
(.62, Home range sive varied inversely with
crith size; small crisbs hod larger home mnges
than farge crabs (F = 0,31, P =0.025). Home
ranpes cafoulated as 95% utilization disin-
burions ranged from 22,706 o 2005 72K m°
and represented between 0.04% to 3.3%: ol
the ool cove habitat, respectively. ( Tuhle 2§,

All 16 wgged crobs spent o lebst a brief
peerod n the teridal sone dunng s stidy,
Although the mojority of visis (o 1the inter-
tidal sone were in lule April and May, sev-
erul criths moved jnto the inenidal sone in
June through September. Three tageed crabs
molicd in the imtertidal pone between 29 May
and 28 Seprember (Fig. 4. One other Temale
dicd while attempting to molt there on 17
Tuly. The ning that molied of initiared ecdy-
sif did =o in shallow water { & = 7.9 m, runge
= LY o =Hhd nn), Crabs thar moled (5 =
1384, range = 122.6-16] .E-mm CW) did not
differ in premolt size from erabs that skipped
iwomoll (£ = 1368, range = 120 2-1H3.7-mm
CWHTANOVA, P = (LB6),

Four of the seven crabs that did not mol
during thisstudy returmed 1 the hronding ag-
pregation aren betwesn 28 Aggust and 25 (-
tober after occupying deeper water during
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Table b Carapace width (CW), durstion of tracking. ssd faie of 16 ovigzrous female Dunpencss siabs momdioed wit
ultrasinge buoietemeiry in Friz Cove, Alaska. Al erabs were selegsed jo 20 Fehruary 1990, Crabs & large were sill a
Iebery und apparenily maviag ol the lime of I position fix.

Lo oW i [T Fuiz o cra
ELE 1114 L Bindsed om SN w409 m
AT 424 L1k} Mobied-oa BOAT] a1 0% m
2137 160 ix? hkalzed oo G280 mt -13.4m
555 LM1L5 148 [heed mealving o TF TAFL 84 ()
ni 2L H g Ibiileee v TR 8l 104 m
i b3, | bk Molsed om T35 ni -8,3m
456 130.5 LT Bfuteedd fme BEXTANL Wt - 146 m
249 (226 el Pdifeced m WOTAT w1 -2800 m
2318 1358 29 halted om 92201 m-«h9 m
el 1202 Pl A large In desp wirel, avipenty unknian
I 136 H g A8 lurge in desp waler, svigerity unknesn
47 133.1 k| At lorge in sggregiion anes, GviEETOUS by iniuto |
a8 L m Arlargein desp waler, oviperiy unkigan
298 1374 138 Al liarge in zggregatian orex. ovigenity unknowe
204 1394 X5H Crah recgesred i aggregEion oies, dvigeous by BT
0% i3 17 Crah jecovennd in aggregalion ares, avigerous by 0]

s, Wie confirmed that theee of these -
dividunls were ovigerous of that time. bt
cimthl not determicne the reproduciivie status

Oceanoeraphic Intfluences on the
Brooding Aggreaation

Annunl physical and chemical oceuno-

of the |oorth crab. The remaining three crabs
were in deep water when weekly trcking wias
suspernded, their reprodictivie status wis -
kniwn.
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-
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Mean Depth [m)

2 s 8 b
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Mesn Movement (md)

Fig. 3. Mean doprib (Al uod mean ocisvoly e (B of
ulirmsonic-tagged female Dungeness crabs (21 standard
errar of the mean) beteeen Fetwanry ind eagly Oetober
19

graphic patterns-in Fritez Cove were similar
il consisient during (he two yvears they were
measured (Figs. 5. 6, Three prominent fea-
tures of the oocanography of Frite Cove ane
| b strong primary phytoplankton hloom be-
ginning esch April (Zicmann & al., 19])
prodlucing  elevated DOV comcentritions i

Tabdz 2. Home mnges of 16 ovigerus femak Dunge-
nieis crabe moniied with ulmasonic hiomelsmsry in Fride
Cove, Aloska. Home ranges were estimated usmng 1)
minimum cpwven palygons (MOPE), asd 2 fived kemel
ulifizmsnn distribghon mesionid = isinkmen aree ve
probabilities iMATsE MOTLOW s for she fine 105 d

cachmling the fiesn week afier pelease
laany mzapa im'y
T i LI MECF Nl MAPRAS) U R R T
Conicols
18 HKAs 2nEA2 22T R 5 1L
2T 48,170 L] e TR 2h10
2237 &h, 743 LR 36 7 L1508
ERE AR SHA2G HKRELT 17080
2246 67116 32671 BILTO | 18466
158 a0 Rk 1R 154 ZIR. A6 A5 514
o B0, ¥ St faa 042 L B
H&S T1.573 13547 145.453 2d, | b5
TramsEamts

48 41471 L] 574384 TE Ghs
Ih | S0R524 AEThd DOE5TIM FTEAMR
450 [LESL0e8 RS QH0 THLSA LG
249 |04 508 A28 1136614 134,531
2228 L5O01610 BRI 0T L950addy  300A00
e L2334 TOO63 | ME.066 15043
447 T43,491) 102,754 505,945 49 027
34N a5 il 121 Eps  |ORDARS 246 HAS
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Fig 4. Study amea @i Frie Cove, mear Junsen, Alugis, showing disiibusion of 1 ulirasonic-mogged lemale Dunge-

news crahs hetween Frfraary and Chtaber 1991, Dasnbuiions ore bosed oo 373 position fines femall black circles
musk the jocolon of fixes oof within e mininwem ares Vo probabilisy (MAR uellizaton disuibsdions ). The black

sipunre whive s jhe ielense postian for ransplenied érabs. Thie dotwed ine encloses the minimum samves

polyzun s

limage of the home rangs of oll crebe combiced. Podygons 1,2 and 3 represen che MAF (10850, the Maf (b5,
snd yhe ceneer of activity or mean pesithan Tis, respectively, for all crabe combined The stars show whire mime
tagee fenmibo: malted doring this study. Depth conosrs e in mesers:

shallow water, 2) decrensed surface salingty
caused by large volumes of fresh water from
the glacially fed Mendenhall River ind de-
selopment ol 1 pronounced halocline tw —3()
m or deeper between May and November
iFig 0, and 33 coarnplite thecmohalme mix-
ing in November coused by couling of sur-
Face witers, decredse m [reshwater input. and
surface mixing by storms ( Broce o1 al. 1977},
The wirer column 1 penerally well mixed
thresugh March (Fig. 6.

Cheeanographic properties measured nedr
the eenter af 1he hrooding segremition during
the pwo-vear period betweaen Noyemher 989
and 1991 varied sgasomilly (Fap. 53 Temper-

amre and safinity during the brooding period
varled over a fairly narrow range (3-9°C and
26-31.5 psu). The area was well-oxygenated
during the entire brooding period (Fig. 53,
These properties were more varabie and ex-
treme at depths shallower than the brooding
nggregation,

During the brooding period, when crobs
were relatively inactive and in close prox-
imity to one another at the brooding site, they
wine exposed o similar levels of iemperature,
salinity, and DO. and therefore between-
individual varigtion in these properiies was
low, Variability mcreased during the larval
hatching and noobrooding periods as crabs dis-
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Fig. 5  Demsogiuphic properies neasored near the én-
ier af the hrioding wggregoinm sige (-3 m) bereees Mo-
vember TREF and Movember 1991 The shoded press in-
dicaie the periods when ovigerons femakes were gesss.
ully pecesnl &1 chy e,

persed from the appregation; and crabs did no
appedr o follw thermo- or halo-preferanda.

Brooding Aggreaation Siie Choracteristics

The muin aggregation site spanned depths
between —1 6 and ~26 m on i moderste slope
(18-33"1. The area of highest density was
wstrally well-defined ond small (12 m by B m)
and changed sensonally with depth, Sedi-
maeenes collected within the brosding agere-
gation sile had progemes that differed from
those collected ot nearby  locaiions. where
crihs did not ageregate e, < | crab m)
i Tuble 31 Sedimenis within the brooding ag-
pregation site hod o larger medan particle
sife, were better sorted (more homogeneous ),
and had a smaller percentage of siliicluy
i Table 31 Apgrepation-site sediments were
alsn mm:h more permeable ond had lower
compressive strength values, indicating that
they werg less consolidated (Table 3). The
first principil component of the natural-ing
tramsfio sediment data sceounted for T4%
of the tomal vanance. Eguality of principal
component means (or the five sites was re-
jected TANDVA, F=66,df =4, 1, P =
00071 Funher, the principal component

Diepif {m}
Ferszpusess.

Fig. . Depch of the bage of the thevmosling and halo-
¢line berween November 1959 anil Novemsher 1991 2t
Friiz Cove. The shoded areas indicoie the perinls wben
arahgerous females wers generully presont i the brood-

img BpEregation site.

mean of the brooding sggregation sie was
sigmficantly different than the principal com-
panent mesns of the four nearby sites,

M:ir‘la!il:!r ol Females Afler Larval Hafching

We begun observing dedd female crabs
near the head of Frie Cove in mid-April
1992, Although we made no anempt 10 quan-
lify the momality, we collected 49 dead crabs
in the immediate ares of the main gggrega-
oo site befweien 21 May ind 26 June {Fig.
71 Only a few desd orabs were observed af-
ter 26 June. All crabs were poancyagerous, hud
mitted pleopodal setue indicating that larval
hatch wis complete, and ranged in size from
128.9 to 173.0-mm CW (Fig. 7). Carcasses
were found berween -22 m and the interidal
sone, and 55% of the crobs were clussified
o5 skip-maits (i.e., had not molted within the
past 365 U} using critena similar 10 Hankin
et al. (1989) (Fig. 7).

Chseraspy
Brooding Site Fidelity and Homing

Dwigerous female Dungeness crabs in-Frite
Cove. Alaska, repeatedly ysed the same sie

Table 3. Medion prain sige, smieng, percesoge sidiclis o2 03 g, eociilsea of pepmeabilivy (K1, sl comigressive
srengh (05 bal seliment eolleened frosn e conier anil iysidisiun beatioes sutside ol the bromfing agpregative sie s
Frilre Lisve, Aduska. Sedimenty, wen graded sing the Wentwimh clasafiembin seple, Yalugs aiv the mean ol ires
replicute samplis snd (in parsniheses 1 sandand goror of e muan,

Lrawini IXrik imii Bt i wisd g Fawti iy sl LT W iaan B | LR b=y
Ceniss 1h 9T iR k30 (CARL AR R T AR (D)
Alning -4 153 (A1) (LRE (UL 1] 2 0Es) O3 (g ) {02 pihnd
Db -3h 141iR R A0S 9942435 (L34 (13134 R E R ETC
Simiify -1 Ted 44,41 BT {CLARE | frd{u.ady LT T T kil
i -l I7Ti55) LUAER R LR L] A3 TEIR (v (B2 ke
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Fip. 7, Stze-freguency distnbapon of dend femsle Dun-

geness orabe podlecied herween 1 My amd 26 June 1992
in Priie Cove: Alsska Shaded bars represen) (be pumber
af crabw which mnlesd wighin b peeviows. vear, silil b
repuessni the number of crahs which bhsd nos maligd far
a mimimum of ane year. 0= mimber of crabs measured

i brood developing embrvos, Annual use af
the main brooding arca in Frite Cove by
ovigerous females was documented For the
peredd (989 o 20000 [Sione and O Clair,
2041 Stone. personnl obyervations), Fuore
thermisre, we confirmed that individual crihs
used the same brooding sres internnnoally,
Fuur of the seven tigped crabs which did no
il diiring this study (three ol which ex-
truded eggs without an injerviening ecdysis)
hird veturned 1o the brooding spgregation ansh
by October. Ovigerous crabs displaced 1,390
mooaway froin the Broodme  aegresation
homed back o that site within 13 1o 200d, The
high ¢ost of wlirasonic transmitters did not
permit ws (o replicaie the transplant experi-
menl. 'We realice thit the resulting preudo-
replication fimHed the geneptlity of our comn-
chssions, bol nonetheless provided sirong
evidenoe ol homing behuvior in ovigerous
Dungeness crabs in this one instence.

Craly Dansity id Brooding-Site
Hibitnt Chirsclenistics
Agpregations OF Bureed ovigerous Dingengsy
crabs have proviously been observed in
Southedst Adaska (0OXClair e al.  1996;
Scheding er af, 20011 Washington | Dinnel
ef o, 1987, Armsirong er ol SRR, amd
pirrthern Califorma (Diamond and Hankin,
1R85, but there bs seant informsion on the
dezisity of cribs o the aggresations. O Clar
et ail (199} guantified adult Dungeness crab
dispersion a8 frve sites i Cillacler Bay, Alaska,
and Tound thit ovigerous coubs were mare: fre-
qoently snd more strongly aggregated than
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males and nonovigerous Fermales, especially
at smaller spattal scales ez, 20-80 m). Re-
examining the origingl transect data counts
bt Formied the basis of the anilvses reported
in O Clair er al, {1996), we calculaed the
density of the two most dense brooding agp-
grepalions observed in that study at 5.6 and
26 crabsm, Scheding eral (2001) give es-
timiptes of (K86 and (.75 craby.m for the den-
sity of ovigerons Dungeness crabs in two ag
gregationd thit they studied an Southens
Alasko.

Chur i xiti observations indicite that fe-
mitles brooding eggs form densely packed ag-
greganiony and often apear 10 he @acked ntop
pne dnother. Density of crubs messured
within the brooding aggregation in Frive Cove
in 19 was at least 20 crabs me 2 This mei-
surement was made inearly March when
most (emales were brooding eggs. Although
a few nonovigerous females and males were
found within this uggregation, most crabs
(865} were ovigerous femdles. Biased on our
calculufion of the relunonship between corn-
puce witth ind carapace surface area for fe-
males found within this aggregition (v =
1375 = 8.6, 7 = (0.96), 21% of the area we
sampled with the coge waos covered by crab
carppaces along, Crab density we mensured
in the Fritz Cove bropding aggregation wiis
mugh greater than that previows]y reporied
(O Clur er ol 1996: Scheding er al, 2001)

Chiigerous Dongeness crabs are imtmmately
pssocisted with benthic sediment. Fermales
completely or partially bury in sediment
while brooding embryos for shout nine
rrearrihis in Abrska and miiy meed W oviposl
i i sand substratum to allow for compléte
cementation of the eggs 1o the pleapadal se-
i#¢ {Fisher, 1976, Wickham, 1979, Females
pvipositing in the labortory without nocess
to sediment generally lose their entire cluwch
of eggs (Slone, personal observations).

Ovigerous craby may sgpregate whem ded-
iment is optimal for brooding embryoes
OV Clitir ef al. { 1996) speculate on the prop-
erties of the hahitat that are favormble w Dun-
peness crabs for brooding egps but provide
ne measurements of those properties, Cht
nial sediments should have high specific per-
meability, low compressivi sirength o comn-
solidation, #hd consist of well-sorted Tine
sands (25125 um). Sediments with (hese
propeties woold have a high rate of re-
placement of capillary water { Webb, 960,
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Us providing o high rte of exchange ol oxy-
geit and mefabolres, Very fine sediments such
as muds. which have gruins tightly packed 1o-
gether, have poor waler corculaton amd often
low oxygen tension (Gray, 1981), Sediment
conselidation 18 important. bocouse copillary
spoce changets with consolidation (Wobh,
1965, and crdbe cin Bacy mdre easaly o un-
consolidated sands (Stone, personal ohierva-
tionsk, Sediments in the main ggeoegation
e in Fritg Cove comsisted of muoderately
weell-sorted fine sand with o low proportion
of siltfelay {Table 31 In additon, sedimems
within the nggregation aréa had low com-
pressive strength, and we have often observed
percolittion (e, upwelling of water i the
sedvment interface) i sediments within the
apgregation  area.  Sediments  shadbower,
deeper, and 1o either side ol the npgregation
aredl wherd ernbs wene nid pgerezmed (< |
crah 'm ') had finer median particle sizes, o
highor propartion of siluclay, snd were not i
wiell sorted (Tibie 2h Sediment properties re-
ported by Seheding er-al, (2080F ai b pga-
gregition sives in Southeas) Alaska differed
from those we report Tor the Frotr Cove ag-
gregution site, In gpeneral, sediments ot the
twao sites they investigated had finer median
gramm size. o higher proportion of the silt'cloy
fraction, amd were not as well somed, Schied-
ing ef al (2001 ) did not cabeulate sorting co-
efficients, these were caleulated by us from
the prain size percentoges they presented.
Moreover, i contrast 0 the present stody,
they found nearly identical grain size distri-
butions within the ageregation and 20 m away
froom i

Funeiion of Brooding Agioegaions

O Clasr et ol (1996) discussed two possi-
ble functions of the brooding aggregstions
they observed: |1 muotuul eohancement of the
hrooding environment, and 2) group defense.
Based on imir migasaremends aml observitions.
we conclude thay crabs aggregoate in sedi-
imends conducive o enfuineed exchilnge of
oxygenated nedr-hottom wner with the pore-
wiler surrounding their cmbroos, We have
observed: laree numbers of ovigerous. crabs
uRing the seme aggregation site between 1989
and 2000, Continual reworking of the sedi-
ment by large numbers of crabs presumiahly
koeps the sediment well-sored and uneon-
solidated. In eddition, large numbers of non-
ovigensus females used this sume site 10 bury
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during the pnonbroosding percd  (summer)
which should keep the sediments unconsoli-
dated year-round.

Both male and female Dungeness craby of
all sezes: bury in the substrate and by doing
S0 may gain refuge from some prediators,
Cwigerous ¢rabs that cannol move as quickly
as nonovigerous crabs becaase they ore en-
cumbered by therr ege clutches may, when
disturbed by predutors, confuse them by
emerging from the sediment simultaneously
ol dispersing in all divections. We have wit-
néssed this “confusion effect” (Hobson, 197)
on nwmerous aecasions, when perhaps thoa-
sands of ovigerous crabs emerged from 1he
sediment, reducing visibilioy instanily (o mwear
zer. Aside from this potential selective ad-
vantoge of dggremting belavior, brooding
sites themselves apparently do not function
a5 refupes from preédatior or exlrame acewnis-
graphic conditions, Tn fiet, becawse the sites
are highly predictable i spave and tme, they
may confer a selective disadvaniage on the
crabs in the brooding agaragation. 11 discoy.
ered] by o prediator spch as a0 sen aler, which
wipnld hove essy access o crabs, the brood-
ing uggregation would, an least in the shin
ferm, provide o rexdy and religbbe source of
prey, The sea oter(s) could quickly deplese
the numbser of crabs n the aggresuiion dur-
ing one hrooding season. The number of crzbs
in the man broodimg sgareaiton in ang bay
at Glacier Bay, Alasky, declined markedly af-
Wb sed oiters moved inta the bay (0 Clor,
personal ohservations).

Post Brooding-Period Mortaliby

In Southeass Alsska, females gensrally
brood their eggs for eighl iy e months be-
tween Seplember and May or June (Stone and
Q' Clair, [1. A comseguence of the lengthy,
over-winter brooding period in Alasko, may
be-a hipgh momality of fermules fallowing lar-
vill hatchmg. The mortality of female crabs
that we observid in Lde spring wnd early sumi
rver may be i common event i the life his-
tory of female crabs in Aluska, In the present
study, ovigerous femuiles were penerally in-
active bul made periodic, shorr forevs away
fromi the spgrepation ared dunng the brood-
ing period. They muy fornge during these in-
Freqieen forays. Schulte erall (19 presen
lmited evidence from the field (one snmpling
dute in April) which indicmed that ovigeroos
lemuiles Tonaged less frequently than pmiles.
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Diwigerous erabs Can survive in the loboriiory
after being stnved for aix monihy between
December nnd May {Schultz er af., 1996).
Our hypothesis for the murality we observed
i s spedy is than afver the larvae hachked
toll carvasses collected hod matted pleopo-
dal setae), females were weak Trom a Iz,
mactive peridd when energy teserves wers
ckhduzied due (o siarvation, Asoa resull, some
females dicd. Hankin ef o, (1983) observed
size-dependent declines in annus!l molting
probabalities Tor femake Dungeness crabs and

concluded that adult females ulmutely die of

senescence. Il senescence were solely- re-
sponsible for annual mass morality of fe-
miles, then the maomty of crabs should be
akfer (kes very lurge or, 15 smabler, ofd-
shelled), In this study, we dbserved martl -
ity from at lenst several age-clusses (Fig: 7).
dlvhough, in gensral, crabs were from larper
stig-classes. These dot implicate some other
Tactor in addition to senédcence, such s star-
vation during the brooding penod. that con-
tribted o the obzerved masy moality,
Stevens and Apmstrong {1951 docwmented
mass morality of adult female Dunpeness
erib ( 110< | 62amm CW) along the southem
Washington coast. The description of that ac-
coslnt s similar 60 our observitions aibeit
on o much larger scale. All females were
v genods i the miass morality ocegmed
i April, mmmediitely ufter the ege-brooding
perind, They atiribeted the muss mormality (o
an unknown disease o which older anomals
weTe e susceplibile,

Sensomal Movements

In this study, cvigerous Temales dispersed
trom the brooding sggregution and moved
into shallow water (< =10 m) in mid-April
and remaaned. there: thevagh June, Durng
mid-May we found hundreds of crubs-ex-
posid by low tides throughout the fower in-
tertidial zome at the hewd of the cove. Most
wierfes puiried diepily an course end medinn- fing
i, nd about B0 percent of the craby wene
ovigerous females. We ohserved no foraging
behayion in these crabs. Lurvie were hatched
throughont this penod, although peak hatch-
ing owcurred an Juoe, This movemenl ot
shallow water during the period of larval
hateh is contrary o the affshore movement
reported for females durmg the peciod of Tar-
witl hateh in porthern California and Wish-
sngto (Dvamond aod Henkin, 1985 Creen-
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sang amd Galluect, 1988}, Onshore movemeni
i this study. wad coincident with the spring
phytoplankton bloom and accompanying
rapid increased in DO fevels o shallow wa-
ter. The larvae of some species of crobs be-
gin hatching: when exposed 10 cartam chem-
cal cues (Rinschol er al., 1985) In this case,
larval hatch might be initiated by high DO
leveld of some compound o Byprodicl of
phytoplankion. Additionally, onshore move-
ment by ovigerous femades muy sccelerare
emhryo development in warmer, highly oxy-
senated woter and ultimately retzin hatched
Farvae within the bay,

Many of the crabs that we ohserved in the
miteriidal region during mad-Maiy had been
cxcavated From the sediment, and we oh-
served  bald  eugles. (Maliceetus  lewcn-
ceiiesy, northwestern orows (v g
rimdesh, anid deveral species of gulls (Lo
spp.) preving on the crabs gnd cating their
egps, Wharever the purpose of the =udiden
movement mto shallow-water areas during
this-period, risk of predation iz apparently
hugh, Bird predation o Dungeness cribs his
previously boen reporied on juveniles and on
large crabs in poor health i the interridal
rone (Orensune and Calloce, 19585,

Essentinl Fish Huabitit

Thee mutin gist] of our study was (o further
our understanding of adult female Dunzeness
crah behavior during and afer the period of
gpp brooding. Although thiy tesacarch s ba-
sig in mature, it has menagement mpliceticns
us It relotes 1o exsentiol (ish hobitat | EFFD.
The Sustiinable Fisheries Act of 199 defines
EFH us "those waters and subsirae necessary
ta fish for spowning, breeding. (eeding. or
rowth 1o mEurity,” A managers sirive 1 ap-
ply s defimtion we individual species, they
must consider which spatinl -scales ure im-
portant to the key life-history stages of that
spocies. For adult fermale Dungeness crobs we
progase § hierarchy of thnee sparial scales for
cofstderation by management m the defini-
tion of crab EFH. First, the broadest ond
iherefore most conservative delinition of FFH
wiould include the ares within the MCF for all
tagged crabs. This aren encompassed about
575 of the toto] cove hahitat and probably in-
cluded mosy of the habital wecessary foradull
femule crubs to complete major fife-history
requirernents e, spowmng, breading. feed-
ifg, and prowih), The second, mome restne-
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tive defimoon of EFH would include only
core areds of hobit use (1.6, the 953% and
SR habstal utthzation kemels), These arcas
represented 3% and 0,9% of the toal cove
habitat, respectively, and sccommodaied
spawning (embryonic development and eclo-
ston), We also abserved limited feedimg and
breeding (miting) in these core oreas. The
third amd maost restrictive definition of EFH
would include only the aren of the brooding
apgregation where cgp development, obyi-
ously erieal o the contineed cxistence of the
population, repentedly takes place. This arei
tepresented only a fraction of one percent of
the total cove habital,

Argas contiining i large percentage of the
trood stock.of o population for a subsrantial
pait of the year (such as the brooding agpre-
gations of Dungeness crabs§ should rank high
uider thie inosl restrictve defmition of EFH,
These arcas are strong candidites Tor protec-
tion as reprodective refugia sensi Orensani
el U,
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Seasonal movements and distribution of Dungeness
crabs Cancer magister in a glacial southeastern

Alaska estuary

Robert P. Stone®, Charles E. O'Clalr

Aunke Bay Labordory, Alssha Fishories Science Centor, Matlonal Marine Faheries Secvice, Malinnal Oreemic

e

Admigsphedic Administralion, 11305 Glacker Highway, Junean, Alaska 905801, USA

ABSTRACT The movements of 1 female and 8 male sdult Dungensess crabs, Cancer magister
Tama, 1ESLY, wars memilored biweekly to monthly with ulirisonic blotelemstry fof periods ranging
from 73 to 555 d, Female and male crabs hod differont seasenal pattorms of habitet use. depth distr)-
bution, and adctivity, Tho general pattemn for female crabs waz=: (1) a relatively mactive periad
bietweisn Movember dmd mbd-April o) dopthy boloe 20w ovigerous crabs wers typically borisd dur-
ing this period moa-dicee agpregalion: (2} abcupl noeement inte shallow water (<Bmp in e Aprl
ardl residence here until early Juse; this movemenl was cotneldenl with the spring phyloplankion
tmoary anel Sedbybbon ol lerval hatching: (3) increased sctivity begimming te July with nesesmant ek
to despor water, presumalbly 1o forage, Famales that molted prior 1o oviposition did so in June anid
Jduty. Mile crals ocoapard deop wator (= 400m| trom Movember fo April then concentrated i shallow
worler (<25 mj, sagregated from fomebes, until ste July, Males wera most active in late summer and
mavnd inta deeper waler [=200m| near the mooth of the cove in fall The mnge of depths were 0.5 o
<EL3 i b loEnales and =000 b <820 oy Fer malas. Pamhals crats showed Hodelity fo tho Head of the
coverand bypically rangod only 1.5 km from thece, Wale crabs; however, moved opto 7.2 km from the
had of the ooree, Bob did ool movi clasd 1o the nosrest established poputation of Dinneness crabs
B 6 ke distant, The discrete pomilation of adull Dungeness crabs in Frite Cove may be reprossntatiee
ol mnst Dmangeiess crab populations mbabiting shollow embayments of the constal Tord sytem of
wintheastorm Alaslkn

KEY WORDS: Dungeness crab - Hiotelameiry - Essential habiblal - Migration

Nitgadler a pyrpi il afune mddl poepmm el eifleadl v ovgsgatn ! o Dy b

INTRODUCTION

The Dungeness crab, Caipeer snagiser |[Dand, 1852),
ranges Trom the Pribiled Ialamds, Alazha to blegdekena
BGay, Mesbio [Jepsen & Annstrong 1UBT) and 18 éx-
plolted in commeroal and recreational Hsherias throogl-
ot inost of this range. However, Dingeness crab popo-
lalions do nol show the same paticrn of distnbuetion
Prvreary ol 1hia spocins” ramge. In the-soarthorm praTt of
fhers range, the coasiline i more unilonn and fees fra-
quantly indented wilh bays and estuanies, and Dunge-

*E-mskll kb sloned® noes gy

£ [nifer-Hesearedi 201

nefs crabs inhabit mare of the euter coast, In the narth-
arn part of the rapge, Dumgeness crabs predominately
inthabit bays and Hord-tyge ostpadny. Distinet fnfand-
waler ammd ouiler enast pupul&:h‘n‘m fare Iln|:||.|5|'l1'| o oetur
frrosanpes dpeas of Washinglon and Hritish Colomibia
|Orenzanz & Galiuec) 1088, DeBcosse eof al. 1880, Din-
miedet-al. A3 In northem Calilormi, safe oulisr cbdst
populations may be dizcrete and geographically iso-
latad trom one anasther (Biamond & Honkin 198.5)
Cheeanogrephic conditions vary greatly throwghou
the 380 K lativudinal range of the Dunopeness crah,
and these conditions can allect the fiming of life history
gwenks and totes of biobogical processes. Latitodingl
variiton oxishy in the timing of sgg oxtreslon, larvad



1isH Wlar Bl Prog S 204 171786, 2003

hatehing, mating, and ecdysws inoadulis (Cleaver 1H4G,
Buther 1956, Gobihall 1978, Wild 1980, Diamond &
Harlen 1885, Sulkin & MceKeon 10896, Hankin e al
1407, In general, te toprodictoschedulas for crabs
trom the southerm end of the range orcur earlior in the
year than those lrom northern areas. Rates of emboy-
anir devetopment and larval growih alse sesm tester in
the sinith, Waler tfemperature aifecis the roles of egg
e birvil developernest Wikl 1980, Shirloy ol al, 1887}
and growih of varous iostars (Orensan: & Callbcs
15688, Kondeola & Shirdey (905, Local wvariabslliy
within regisns also occors in the fiming of these life
Blstory everts, and fhis variabillty has been attobuted
ta dkifferences in walor temiperature bebwesn inshore
and offshore ameps {Sulkis & MeEeon | 996), Recause
many lisiveros aro schedulod o avoid fishing activity
duting peeiids of Ligh eolierahility and senstive lile
history events fe.q., ccdysis kad mating], knowldgp ol
Uae Bopa] Bpakng ol theses cvenis js erifical for aliective
MmN gemEL

The muignitudes of migrithens inade by sonme spadies
ol cyabs may depend on local bathymetry and the
spatiel distribution of essentel habstat |'Wallsoe et al
1440, Stope &t el 19892 We hypothesized that migra-
tions mada by Dunganess crabs in the deap fjord-type
w=tnanes of sopthoastorn Alaskha are more restrictad
ihan those by erabs in oceanks gmeiionmonis The oh-
jectves of this stuady weere (o determine the seasonsl
maveraenis and halbilai use of sdult Dungeness oabs
i 1 southeastern Alaske estuary and to relate them to
life history evants. We al=a mvestigatod the relaton-
ship hetwean these fife history events and ocsano-
ardaphic conditions

MATEEIALS AND METHODS

Thilw stridy wos conducted in Frity Cove, 11 ke porih
of Junesig, Alaska (Fig. 1), which has a wator surfaos
area al aboul B Em’ o1 mesen higher bhigh water, Fritz
Coye 5 a small estuary localed off a system of lange,
fipud-type channels. The deepsst parl of the cove s
grogkor than 1 m) aboot 12 % of the cove is intertidal
habital, The cove & sieongly nlluenced by several
froshwatsr watersheds that empty mio Gastineau
Chonned, Including the glaciel Mendenhall Biver dod
thn clearwater Fish Cresk (Fig 1) A sitong beoyani
Flumﬂ estuanng Front I_LtITI:FiI_-!'I' 1882 is prommiament,
espacially. along the pofthom portion of the covn,
between June and Cktobed in geneal, sub-surface
currents are wedk, non-directional, and tdally derived
(U5 Department of tha Interor 1966). Bost of the
subtidal area of the cove despar | han 20 m balow maan
lowel how widlise 1!'1'T.LL‘|."|'] is tovored wiilh glacial sile
The pobe s Closed fo oo elal Bshing for Dunges-

Fig. 1. Study ared al Pritz Cove, naar Juneau, Alscks, whaia

\he mgvemenls of adubl Cancer rmagsier fited with wlirm-

somic ansmitlers ware mealbared, (O Localion of area whars

crahs were matiadly captured: (@) siofions where ocoano-

graphlc profibes-of e water colunn were colleciad. Tegih
ko ame in matum

ness creby but 15 used extensively for recreational crabe-
biang.

Female and male Cancer magoator were collected by
SCUBA divers on B Movomber and 10 Ooiobar 1589
resspochively, and brought beck te the lsboratory for
tagoing, ALl crabs eere eolleciod near the esad of thn
cove (Fly. 1) at g depih ol about 20 m, ani] dpoen rebsgie
ware relurned to the bottom al the colleciion sils by
divers to minimize disonentation gssociater)  with
release in an untamifinr area [Powel] 168041 Ultrasonic
bigs wilh & 2 yr life fxpoclaney wore attached 1o 5
lemale amil 5 male crabs. Two additional lemales wore
tagged an 13 Aprl and 3 additonal females wore
logged on 18 May, 20 June, and 11 July 19890 when
divips reemvepmd debelit tags e, detsched Trom live
eriabs] Two additional males were Lagged wn 13 A
1600 and § male was tegoed on 11 July 1990 Fampale
crobs ranged from 1439 10 160.2 mm carapace widih
(W) (X = 153.0 mm] and weighed [wei weighll bke-
twoon 53 and T3 g (% = 676 gi Male crobs ranged
from 1678 o 1988 mm OW {F = 1797 mm] and
weldghed bebwesn 859 and 1182 1y (X = @6 g) All
female crabs were ovigerous and bad Tull or nea-ful
efg cliutches Cmby crabs m good physical condltion
lin., no mossing appendages of gress endence of
digiibe ] wore g
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Tags were attached directhy ho tho carspace m the
vervical oroove betwees Lhe gasthic and - cardiac
reglons with nontexic Sealioin’ Posy Ol 5 min opoxy
putty Each transnuiter [Sonobonies Model CHIEET)
had & uniqoe dural code snd a ramnge of aboul 2 km,
Tha togs were 105 mm long, 18 mm in diamater and
weinghied 12 g in water (<221 of tha fofal hordy weig ht
for leanale crabm and <LEYW for male crals). Crabs
winre held in flew-throogh equana in the laboratoey tor
al least 13 b privr o release (o ensurs g adherence
thir cirapacn

Positbens of Lhe crald wore “Tixed approscdmately
daprtlily throwigh winbisr and thin Brwookly theroalter
blovemnenld were moniioresd by survevisg the cove ima
skl Pl Toolocate enaby e el an allbasodme
recaivel [Bonoironics Model USR-40) and directional
byddropdione (Senotramios Moadel DH-2) with & beai
wiickth of plesfminus 6% a1 hali-power poinis. & small
ftoal wais deployed atter the boal was positioned over a
crofy The hoat was mainlained at this float while its
posmition, was Uied Ly meedsotog dngle botwecn 3
markers on shore with & ‘beam-concerging sexlant
vmed as a palomus [O'Claim et al, 159590 We estimated an
error of +8.8 m assocuited with tis ‘mars-on-top'
migthod by calcoliting the meen distenen  hotweon
fixes (o= 27 for-stabinng iy derelict Hhgs.

Dhapth was msasured with a Huwnmimnghird kodel
40800 depth tHnder and s reported ralatlve 1o MLLW
A Seabinrd Electromas Seacat Profiler was used fo col-
lect fomperature, salinity, demsity [sigma-d), and dis-
wobve] oeviom Frnfi'l:]ul:rl tho wabisr column ot f stabaons
thriughoul the cove. Physical oceanogrsghic varublis
al depths occupiod by crabs were astimated (rom
the protile at the neapesi station tooeach crab,
Divers used SCUBA and a submetsible receiver’
hydrophone {Sonotromics Mode| USEAHE] 1o -
cover deretict transmittars and to perodicably
obeiye  fagued crabs  within diving  degpth i
=A% mh. o osife observations oo agged and

i)

mum-convex polygon mathod |Wortom 1R Activlby
rete was caleulated as distancs inoved nometers dl-
vidpdd by time m days between successive obsarvathons.

BESULTS

The movaments of 10 female and 8 mals adull Can-
cer pumster wers manilooed for ponods renqng from
T3 1o 555 d (Table 1, Fig. 2j. Pemale crals wone moni-
tored for between 73 and 244 d and mate crabs were
monitored for babween 75 and 555 d (Table 1, Fig 2.
Imitially, we intended o monlior the movement o
crabs throbgh 1 complete reproductive oycle (12 mo),
whon biwoekly fracking was suspended sfter 1y,
e, only 3 of tho ongimal males and none of the
citiaibnel Lermnaieg buait] actiye iransoultiers attacked Tho
signal from only 1 transmitber was lost diging e
antire study penod [Table 1) this crab oblher moved
oul of the stwdy area or the transmitter failed.

Femdle and male craby had dilterent seasonal pal-
tarns ol habital e, depth distribotion, and activity, Fo-
mals crabs lollowed & gensral patiern ol seasondl
movement anid hahitat use that coull be divided into 3
phases; 1] d relativaly inaryive pernd balwsen No-
vembess and mipd-April atdopths bobosw 20m, when ovis
qErous crahs wors usualby burked in o dense agoréega-
tiony (2} abrupt movement nto shallow water (<8 m)in
late April and residence there aniil sarly fune; onset
of this movemani was coincident with the spring phyto-
plankton biomm, and lervan hatchod mostly during the
latter part of this perod; [3) imeresand activity. bogin.
ning in Julywith gradual moeemaend nto deaper wiler

i

tintagned crabe Incleded data on sedimeant Sy,

crab mssocidbions, molling or mating behavior,
uwpesifaon, and the comdilinn ol U e s 1

gt g

for owvigerous crabs (evidenoe of hatehing, iE;

apprxtmale dogres of devolopmenl),

Renthic sadiment-core samples ware coflec-
bl frori Lhe bop B0 ool Bplbom sediment by
SCUHA divers, Sediments wers welaieved and
gragled wsing the Wentworlly scale jHolmie &
hdclntyre 1931},

All maans of time-saries vanakbles ||e,, actie-
iy rate, depth, oocanographic dats) are pro-
sented a8 the mesn =1 55 of the mean Al
mnyaments wers charted with o microcomputer
design asud dratting program (Aulodesk 1T0E8),
Thiss Disgne range was edimated by the min-

O A R e R =
i
| .

0

|
]

N

Fig. 2 Cancer magisten Trackdng recands for 18 crabe Gtted witl wir-
sonic iransmiliers. Each symbol indicates when an individual crab's
posillcen was Oxed Crab pumbers for [emales and males oo ortinate
ourrespond te ardar the crabe sre lesled n Table 1 Patisin of sdch -
dle indicates the acitvity rale jmean mrvemet per day, mod ' Jor the
pariod from the progedding peaiion fis o e present positon bix
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Tabdo 1. Crncwrmsgislor Carapioa width [CW), date of maleats, duration af rackiong. homs canipe (mesered st the mamimum
cireex pabywon, MCT methed |, anad lade of 10 bomala and 8 male Bundgamess orabs montiorsd wiil ulirasome biolslemsiey in
Fiilz Cowd, naar Jomnsicin Abdsha, moe ol mesured hies s of small sarmigle sive nd OsIHGN e (0= 4)

LW P Rl s aln Tharation (i) MO fm Fair ul crab

Famale crale

155.4 TRy Fi 8501 Miodled on L5700 ol <1804 s
L LiH e 1454air iy 2 Ldi 1S bbudlesd an 1 LAFM0 - B9 1
1415 1HA5 /0 o Famaas AL largo®

1552 1B U4 LASHSS AL laige”

1510 SR 181 1341 30 Al e

1554 a1 BT 1d1 313 200 Drerplict tag — unknawn gause
1525 LR R 20H B3 IMS Belodled on 560 &l 55 m
'llﬂ_? ey L 1Al 401 hlodiad on 'l':'"E-"'HI @k -5.9 m :
LETFI a4 1B 244 it el (] Wload on 1 AFM0 af 31,0 m
1494 o 1 E 244 d44478 Mlodteid on 10570 ad - 185 m
Male crabs

JELH o IER LI 74 i Zlgnal lasl

14z HIFES 2[HY | LEA R Lktopus predil s

(L] § LSRR and T L5 250 Al large

£57.0 bid o o 1 a2 ary foktan om 22 ab B m
1767 [ REC NIl i 3109 6HED Crab and Ty reoesimed

i 6] W P Sdid T GO0 il Klobad an 188 A0 6 -30.8 m
I1H:2 T TP ] 44 R L LT Al laroe"

[}k I as 555 &R0 5 Al lwrge®

*Crabi b large s sbill ol libeny and apparenily imovineg el Gme of Last jix

[ranonyg, winter, ovigarois female crabs generally
renunned near the hesd of the cove inoa well-dafined
ared al 20 to 25 m depth |Fig. JA) Dive observations
indicated that ovigeross temales in dense aggrega-
lons were often complelely buded inoa mixtore of
miaderately gorted thne sand and il fmedian partbele
sizge = 138 pny Table 2§ on & moderate slops (18 1o
A3 %4 Several crabis, bowever, madé sporadic forays of
less than 700 m during this B mo pariod {Fig. 34

mng bade April, temale crabs moved abropthy nfo
shallsw water [<H mij arcss near the hepd of the cove
iFiy. 4B, Thie ondel of Ui fogement was eninoldon
with the spring phyloplankion bloom Dieer obzarva-
fems ol ovigeroes crabs imdicdted thal larvas hatched
(45T mlljh-nr.l.l Weis period ol anasily during ther latios
peart ol Lhee pariod. By late Juns, all female ciiba had
mated selpe on their plespods, mdicaling recent tar-
val halching, Mevements in shallow  water wers
restrictnd.

By warly Junn, many omales had incroased activity
and began to mgve to desper wates |Fig. 307 We goe-
sume (hat this movemeant 10 deeper wabsr wid gaso0i.
abed with increased foraging or disperaal to molt and
titih. Fromiabies that moled pror te sgg extrosion did so
betwesn garly June and mid-July al depths botwenn &
and 21 'm [Table 1, Py, 301

Maln crabs ocoupied deep wiator (=40 m) from
Mlovestiber to Apdl (Fig, 44, then concentrated in shal-
lust walees = 25 ). Py pleally segregabed from demales,

until| late July [Fug. dB). el observations made -
inig this shallow-water phase indicated thal males weorie
lpe=aly aggregated on the slope habltal and were shal-
lowly buned in the sadimenl, Males wore very active
in late summer and movod into despar swater (=30 m)
near the mouth of the core. whore 2 ol the tagged
erabis moltéd in January and Pabroery [Tabbe 1,
Fig. A7),

Fermate erabs had smallor home randges and moved
shorter distomoes from the release site near the head o
the cove than mabe crabs. Female crabs had home
ranges of 63 to 134 km? 1§ = 0,40 k), whoroas

Talde 2, Parlicle-scee. anslyen of sedhiment collectond wissrm

oWligeraus Cancar mapisler Toomed derme Bubied agyega-

s b Fold o, Sedimenis wilis collarled &l 256 i betow
RLLAY and graded asing Wenlwarth seals

Bediment typsn Sige Weughl  Compowiion
[ il )
Pebille a0 il LT
Ciramite HHHI- 20 (LR 1] LUt
Very ooarss s 000 1000 1.5 (1]
Codrse sanil 1000500 05 .1
Bladium sand Ak 2E 165 4.0
Fine sand 250115 (LI RETRT]
Wary Finm saned 12545 The | .5
Salb il 747 o |
“Conebsied of approd 67 % bivalve shall frogmenis
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Fig. . Cancer magistor, Aress of distibation and movement patierns of femalas Died with ultssonic ransmiflers. Arrows (-

cabe lusge-scale movemenl. [A) Distobulion from Mowember 1508 1o mid-Apnl 1990 (B} distnbation from Iste Apl throagh earky

T 1980, (7] tistribialicn [rom mid-June threugh Auagust 1880, Siar symbpls (o= 5) show where female cratis moflind. Deptb
confoin are in meters

immli=s had hognee rasges betwieen 104 amd 1005 ko'
(%= 3.35 km") (Tabile 1. Female cabs moved betwesn
(1,38 ared 4.23 kin from the besad of the bey wheme they
werra tagyeod, and none lel the bay [Fig. 3] Male crabs
miggrhlicd bhetwesn 213 amd 7.24 km mom Lhe bead ol
the bay but all either molbed near fhe entrance of the
by or returmesd to the bay in spring (Fig. 4]

Tho mean depth accapiad by females was sha lower
than sl oicupis] by nales dicring each mesth,
exreph when both grougs oocupded shallow water due-
ima June and July (Flg, S54), Female crabs oceupled
depths from ~i05 o -610 m, wheress mabe dagthy
ranged {rom +0.1 o -850 m,

Baih temafe and male crabs hd jow activity Tatos
during winler [throogh bMarchi, bot activity rete in-
croasad shorply in spnng when orabs: maved into shol-
o water (Figs. 2°& 38). Pemale crabs wers relat|valy
inactive dunng the penod of larval hiatch, bof activiey

Ineredsed: again flurlng suminer shon lenules pon.
guindbly doraged ai greater deplhs (Fig. 58], Male
crabs i maxirmem activity in earky Apail wieen ey
moved intn shallow water, followed by a relntively qui-
esrenl period. whils incshallry eter Shrough Jom
(Fhy. SHE Males were very active betwoen July amnd
Crrtober (Figs. 2 & 5B,

Becausa the eceanographic vanahles measured dior-
o Lhis stindy varied with depth, and bolly lemale and
mals crabs had similar pattecos of depth distiiboation
(Flg. SA), thase vanzbles did nod diffes greally lor tle2
oo |Fig. 6] Mean waler tomperature of aneas eoo-
pled by temaies ranged trom 3.1°C during early March
o 100PC dunng late August |Fig. 841 Males oorupied
aress with mean waoter temporatores onging o
A0 dunng early March to 9.5°C in July [Fig. GA).
Individuel crabs occupded water lemperatures bas
twean 17 amd 12.2%C

Bl am

Fi 4. Cancer magisier. Aread of disfribalion and mavemeinis of mabes [l with alirasdnic iransmill=rs. Ariows madicale lange-

scale movomant. 4] Distabution frem BNovembar 1965 Ueruaigh March 85580 (B distribution fram Apnl ihiolagh late July 15580

(T distribgtion trem lale July throegh October 1890 Star symbals (n = 2) show wheire male crals mofied. Deglh comosrs ame in
MREne
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Ther mean sdalinity al areas occupled by liapales=s
tarsged frors 26,5 to 410 compared wilh 24,8 10315 |n
dreas aeccupled by males [Fig GB) Crabs were exposeil
P thie borweest salimity in July, when they ooowpind shal-
I svater inuandabnd with lresh wiloor frosn siteatns,
anid wisre prpised o the Bighest ailinity b late goch
betore iy moved inlo shallow water Individoal
temale crabes oicupisd amas where salingty was 210 ta
J1 8, whereas miales ooeapied areas where salimty was
I[Bdl3dla,

Boih groups of crabs oocupred areas of fairiy well-
ouypenstad water tooughout the year (Fig. 60 In
ganeral, shallow water had higher dissolved ooypen
(DY comontrations, and thig wis aspecially ovidonl
beginmng o Apsil dunng the speing plytoplankion
tloom, when bl groups of erabs moved into shaliow-
wiitar areas, Larvan began to hatch during this period,
at evidenved by sl obkervatiods ol Tenteles will
mEhiud pleopsetal sietee sl sbyegeatbony on collecisl

crads hiakd m the laboratory: We suspact that the shamp
throp in DEY in early June (Fig, 601 was doebo the rapid
spttbemenl of seniscont phytoplonkton from shallos
witber. Mean DO coneentrations of amas orcupiod by
female crabs ranged from 5,1 mb ' (ESE saturation) in
Decombar to 78 ml ' [118% -saturation] in July
iFigr. 6, Indvnduals oocupied aress ranging from 4.4
(62 %% swlxrration) vo B.7 ml s 113 % satoratiom ) TaCh,
Bdalos gocupied gress wWith mean DO concentrations
ranging from 4.3 il 7 (6519 saturation) oo Descomiber
fo B2 ml ' (124% saturationh m-July, Individunl crebs
crtranpind dreas will 10 rancing froom 3.5 t0 S0 ml [
(@&l o 135 % l.:_l!lJ.h'.lIIL‘ll'l.I'.
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DSCLUSSIOMN

Bespite the exmtence ol mporian Canoer maipser
fisheries (1 Alasza jeg.. Alaskan harvesds weoount for
almpost S0% of the total S harvest in some years
Alasku Departmont of Fish and Game 1990), informa-
o o umw;menh andl the Sming of critical bie hsiory
avants o Dungeness crabs boAlaska ia incomplotn.
Althoogh we do not intend the dita colletted in this
sludy 1o be comprelensive, we beligve the movenent
andl life history, patterns that we infer foom relatively
shuort trdacking periods (73 (0 555 ) are indicative for
ihils speesies am goal heduiem Adauka

Research an the vty and distribastion of Dun-
yenuss rrabs o inland waters of soulheasiorn Aldska
has heen limited. Lohman & Csborn (1370 tagged
baoth female and male crais oo ord-type estuary amd
cgnchuded from fag recovenes that posi-larval crabis
prabably doonot underfake exfsmse migrations. They
atigibute the lkmited movements to the discontinuity of
apprapriate habillal, Resulls ran thal study on mmmye-
ment and depth distribution patterss Tor males aed
females were simiblar o o study, exeepd they did not
vbserye mpveament by fomadoy fnto shallow waler n
spring.

Resulrs rom this stwdy sobatantiele previoms work
o short-tenm movements [up to 1 d) of Dungeness
crabs in southesstarn Alaske, which indicated that
oviiperons lemmalio Cra by wire less .u-rl.il.rr:, e shoctor
distances, snd used fewer of e avadlable hebitats
than mitls crabe |0 Claie o &l 1990). Furfhermarne, wi
were able to confirm that avigerous coaba use a vy
restiocted area for misch of (he ago-broading period.
The restriction of egg-broading Lo & small proparthon
(=10%) of the tolal habitat at the lead of Pritz Cove 1a
strong ewidonen for hahitat selection by ongerous
furmibe crabs. W suspesct this habilal has specitic char-
arleriaiies whileh @ oplimal Tor Sreoding sdgs

Compated tosdult Dungenass crab popalatons oot-
side soulheastern Alaska, Frile Cove crabs fdl vory
Hmited maovemenis and restricted disiibotion. Meroil
{1085 ) briefly suminarzod data frami a mark and fecap-
ture program conducted on Dungenesy ciabs in Lowsai
Conk Inkrt, Alaska, which indicated thal mevemant of
iratss diffored with geographical area. Crabs inhabi-
iy bays appostod o have more restricied and local-
bed tpeezents Bhin crabs which accupied coastal
ureas Aliboosh deSordbsed o locabizod movomenis,
crabs in Lower Cool - [nlet had estimated boomie ranges
52 1o GHT km®) much lermer thin those we estimabisd
for orabs in Frile Cove

Seith & Jameson (1981 studied (he mavemant - of
adufl Dupgeness criabs in southem Botlsh Columbua,
erut afltegh Ly chessoribiod modements as non-migra-
fory and lmitel, iy stlmatd movesent rotes moch

greater than those ebserved in this study. They eslti-
migted rates o 419 m d'" for Demabis and 288 md- far
mitles compared o our measdrements of 23 and 50 m
a7, respectivaly, for femabes and males. They monkbored
the movemiesets of crabs from August throogh February,
whereas we inonltonesd ciab movemonis from Rovombsr
through August for lemales and for § Tull year for males.
They used boam trowling, mark and recapluce, and
acoustic tegning methocds fo infer that femoekles moved
reuete than iakis, & tesull that diffors from thot of the pice-
sent study. Smith & Jamieson (1991) found thal both fo-
miilias and males werd less active duiing wintes, and thad
males retredted to deeper wiater nfall and winter and
retirrmed to shallow water in spring and summer; Lhese
rosulis sgroe with those of the present study

That thovemients of male Dungeness crabs (2135 mm
W alting coastal Washington wore studied ss part of
mark dngd recapture study by Cleaver [1945), hMales
made condbderalle alsng-siooe nugrationg averagiog
18:5 to 22 kmoafter & mo. Although most crals movod
Tass fhan 37 Km, | ol masverd] gweer 14848 o o just 6 mo.
amalley crabs (2165 mm CW) tended o migrate more
thin Larges crabs,

blovaments of Dungenass craks were albo gladisd in
rorthern Californda (Gotshall 1978, DMamond & Hankin
185), Godshall analyzed mark and recaptura dita
from o muolt-year siudy of fnale crabs Moyememits
were descrbed as HBnied and crabs as resident Lo
areas. despile moving ol rates op o F40 mod " and
sirpight-line distances of G0 km or more ina fshiog
soazen || crab moveed 28 km in 19 d). Extonsive afong-
afinre movoments worn made in some areas and pre-
vailing curronts wers suspocied as lacioss govorming
those ingvaments. The farthes1 strasghé-hne distance
moved by a mials inoour sbody wes 72 k. Geahall
{1974 also observed the seasonal deep o shallow.
walter movemant of males observed inoour stedy and
thul of Smith & Famigson {1881,

Diamend & Hanlin [1985) studisd the provemonts of
adult (=00 mm OW) femile Dungensss ol L narthi-
orn California using mark and recapture methods. OF
the lemalas rocoversd that wore al largpe Tor § full yoar
AT N WEre TEcowERs(l within 2 km ol thair reloase stle,
Thee autheers soggest Ut Lhis degree ol siee-Hdsliy
implies that adult temales constitiie highly localized
stocks there Ower 40% ol the lamales moved more
than 5 km, kowser, amd sevaral moved oyer 6 km
Thoy did nol mdicals the reprodoctive status fiae,
cvitjeEnias or nonsovigenms) of the lenmiales in thow
stully; ovigaraus lemaliss bend o b les acdve thom pon-
ovinerous craks (CFClair o al. 150) . Biamond & Hanlin
(1985) found no ditference in lemale movenvents 0 e
lation o body- size. In geneml, fomales moved inshore
In-apring. for moliing, mating, and ego extrason, and
then moved offshore m the fall 1o release larvae
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Tibie 2. Peuk timing of life ksiory events of silull Dungenss crabs bom locationa throughaat U Fangs

Lirculinei Fminkn Bl KiLabing Cheipiomiion Erlostorn Smaree
erikynis rrelyEs
Calfmrmi Martodun  Lube Sep o W 1 )
Moy nmdaty provicisd
Cetiral Calilornz ek Lanbiy Thetc lix - WWRE (] S,
Eally Felr b dlaba pirovidisd
MCalilarle Qe BT P s SR T T FETTTET
Pl v dlarka o ydisd
M. Caliorus djar & My {enbshumll | JHFE]
M Calioniie Lt Rl Cataspmianl & Hanlly (1565)
S Califarmia bl -Fuls 1o Ll (J5id fab bud-Dor b FHankin et al, (1959
Mlig-hlayt Laabst Augy® Laje Fish
Cuossli] Wrahingion Blay & Ton  Easly Moy May &.dun’  Early Mo lar bk Mag Cledeer [ 1040
Waghingian Btid-Petlk  Swilln & MrEsed || BO6|
Washumipion Pelay &l Til 10 E3e) bfay B S Uirensane & Cinliecr) | 19HEH)
Bt Columiisg Sag (o Feh Bauller | LB56)
SE Akasiia Ot & Mow Shivtery o al. [1087)
SE Aliska dil loSep My io Ao Aug & Sep Shdriey & Shariey (] HEH].
i chata pravivied
=E Aluska Fib do By Sep & O Apr Lebhiman & Csham (1971
A6 Aluska Jun & Jul Dier b binr Juen o Sep®  Aag o Ol Agc g dul  This stusdy
“Peaks inclide Augusd *Cihgapvad aoft-slwlied crabs Fn'Hd"Ler{llll ol Januiry
Poaks iy early Aqol Tolervad Eaery math micepd Febiuary
“Obssrved every moolls exrept Januany

Comparad to the above stodies on movemanis of
Dungpeness oraby, the adull population in Frite Cove
shownd vy locolized movemenis, None of the female
crabm maved furthor than 4.2 km from the head ol the
i, and afthouwoh several mokes moved oulside the
e, B which didl not moll @and which wa wore able
Lo eontirise mokitoring, ritoroed Wthie sha I,Il:mr.awull:r
areas of e cove in the spong. Mo Lligoged crabsmayed
close to the nearest established population of Dunge-
nigss crahs B i kmodistant. Hocause of the dissanct diz-
tribufion of grab populations in southeastern Alaska,
arid] s on rosulis of s sludy, lmiked toviemenl of
adull creibs in populations insouthaastern Alaska may
b more the nide than the sxception. Glven the noted
roovenenle gnd siell home sunges of aduft Dungenoss
eiaba ln soulheablem Alaska popitations, they may be
& ol candidaie species lor studying ihe elfectivenoss
ol maringe rosprves designed o prelect pogauilations
from overexplaitation and himman disturbance

Tho timing of 1ife history aeents ber oraks in this stody
oreurred Later inthe yedr then i seuthern popalntions
[Talve 3] Ome pokable sxceplion was Lhal wo obsisoe]
mating [Le, crabs in a pro-copulatory embrace| pairs of
Dungemess crabs in sifd evary month axcept Febrary
in murthern seuthossiorn Alaska (Slone & O'Clair
pets. obi]. Maling bn Dungeoess ctabe s not stricily
seasomitl or synchronous (n sopiheastern Alaskea, el-
thbugh o pesih o mating oocors in fEte summer i
iaely Ll The thoang of puting may differ botween

female reproductive classes. We obsesved puliescent
females jie., females shout to wndeego their moll o
maturty; < 18 mm CW) mating betwesn Awgusl and
April, while larger temales (=138 mm CW) were ab-
sarvied mating bebwean May and Decembes & similar
sipe-tlependent timing for mating i temale crabs was
observed in northorn California (Hankin ot ol 1697),
Cur observations of mating pais were rare, howaver,
We have observed anly 635 pair in shallow sator (infor-
thidad to—25 mj disring any tme of year, Cneexplangion
for this 5 thal musting may be more Common deeger
than ~25 m, Alfhowgh we did find | mating pals which
was oo pletely buried o sancd- it substrato, we do nok
Enow A this = eommen lshavioe Cleavier (1949) aba
sopeed mating pairs 0 all months except fanoary in
vonstal Washington, Another difforence we found m
ki tizningg of Lifg kistary avents wias that females in Frite
Lo ovipasil al dbout Use samn i of pearor eacdier
thin those L southern areas and They boood egos Far a
mtech lomger time fup o9 imno). Efldyonls developimen
in the colder water (3 1o 9701 of southeastorn Alaska
abvruld B slowesr tham o woarmar southern walers
{Shirley of al. 1987

Although Caneer magisler s . wedk Hyparosmotie
requlator and (s able to tolerare dowes silinity than
other Clancer species [Mantel & Farmer 1503), only 4
tagged rrabs jon 6 separate accasions) were tracked
o the nletidal region where salintly was ollen
greatly redoced {21.2 in this study). Crobs moved o
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deaper water n late Junes, when shallow-wator grmss
beoame Brackish, bul erabs were nod inhibited rom
miaving into shallow-waler areas by e strong thermig-
cfing and hitlocline thal develoged thare 0 sjring.
hovements of female rad king crabs appear Lo be con-
strained by lhese sitony clines {Stone st oal, 1992,
Crabs in e present sludy socupisl aress whir e salin.
ity ranged froan TEE to 319, /0 sity salinily ranges or
adult Cungeness crabs bave not been published. so we
crnnid compato the ramge shsarved in our stady with
that I.|.‘|.1:I.I‘I.-E_|: areds Crabem in this '|h.|.dl|r ur_rupi,nd ATBEs
with a rélatively narrow range ol lempesalures (2.7 to
12250 Water remperatures in Friz Cove pever
dropped to 150, at which temparature adull temale
erabs hetd in the laboratory suller 1005 mortality aftar
35 o {shirlay el al. 1987).

The Fritg, Cove popiilation may be representative ot
masl adult Dangeress crab popuelobions  mhbabiting
shallow smbaymons ol he coastal Sord] sestem of
siputhesslein Aldska. Thiss populations may also fn
peograpiically discrets sl very localiesd. [ sueh pop-
ulations e depondent on larval recrolimient Toem
within 6 maintain the population, they may e moe
susciEplible 1o local disturbances: such s over-fishing,
miss i talily o ses ofler predation, pellubon, and
development. Genetic stodies indicate litils stk sapa-
ration over much ol the species’ renge (Soule & Tasio
1885}, however, probabdy dus 10 sxtensive dispersal of
e karvee, which are pliinkilonic for up to 3 mn. Genetic
studies have nol been conductesld oo diserate popula-
tions in soulbieastern Alaske, Untll loreal ransport dy-
namics and recruibiment and genetic stadies:are oon-
iuciad, popolations of adolt crebs in southeastem
Alaska shoukd be managed as though they are spatially
ifrscrintn.

Ackapwlindpeamants. We Inank Line Fresss, Tyrus Baoullieie,
Ken Kriegyer, Didne [ Epberts. aod Teny Chod D their aasds-
T 1 thee fiseldd Wi dlve Thanh Mtk Carls Toe Gonpates
assstance, and Tam Shirley, Koo Knager, and Bocs Wing for
many lsnljul supgeslions to this munusedpd. This projsd was
Tunlesd Gy e Auike By Laboaatory. Alaska Filees Soience
Ceatesr, Malionsl Mortns Fishenes Borvice

LITERATURE CITED

Alasia Daparimant ol Foby and Game | DHEG Tegun | aheli-
tiah [shones soporl b the Board - of Pisharens, .Pnl:u:-tq
Deparbment of Fredi amd Game, Jumean, AK

Anlodisk oo, [TREE] Aulocar] Bedease 1 Chakland Calldior-
Hia

Buller TH 1) The divinbulon and abundoncoe af early

peE-lreal sages ol ihe Brilish Columbia conumercial
rratl, Fish Bes Boand Cang Prog Bep Pacsd Cosst Sin 1489
41 - hdb

Cledver FC (949 Prelaminary resaills ol e comldl oral

[Cancey wdrketer] imvesbinsaon Bl Bep 0847 -2

Dofrose Ci Solkin 5 Janileson €6 (1900) Infrdpecilie mor-
pRofogical vanahility (o mednbogsas o (hees symmpatiie
speliips of b genus Caneer (Brachyimn:  Cancrida|
4 Creetac Beol 10:315- Filk

Dismond [N, Henkin DG 18S) Mavarienls al adill femake
Dunpeness crabk | Caroer magisen m arsibhers Calilors
il hapsd on lag feceverbs Cen | Fisho Agual Bl a2
S-G9

Dinnel PA, Armmstrong DA Moblallin B 1859 Evidenee for
muiltiphs merubment-coharls ol Pogat Sonnd Dungeness
crahy, Canrer madesier. far Biad 1159563

Ceolsbrall DWW (JU7HY Morthecn Califorida. Dungeness ceab,
RO INAETET, EOyRIRaS a8 shasn by Fagebrg. Calld
Fish Game £ - 254

Hamnkin D0, Buller THL W W, Xue 0 [1947] Dioes. intensa
feshing o males enpalr mling shocess o lefals Dinge-
Ty cralind Can J Fish fequad Sc 584055 - aba

Heluite B4, Milndyre AD (1971 bethods for Lie siody ol
mearin banthes, Blarkwoll Seentide Pubiications. Craford

Junsen GC, Armstreng DA (1907 Range oxleisaions o
aoitsie pariheaslern Pavific Decspoda. Cruslaceonn 520
215-21F

kRondesln Chd. Shirey  TC 71083 Soreveal, feedting, aod
prowth o jrveplls Dimgoness crahs from smilhsasterm
Alasha reatied sl diffepenl Ietnperniores § Croistar Basl 13
=04

Lavrgpmes JL | 19492 ) Tidad madusion fromils. Estuarias 15 006-35

Lebrnan O, Dsham 4 (1070 Rumpeaess oral réssanc. . Come
pletan reporl. Alassn Departmant of Fiels Gama, Jusesi,
Ak

hiinknl LH, Fanmes LL 16D Osmidic aid booke pedabokio
b Banmiel LH jeid) The blolegy ool Ceustacin Vol 3
Acalemic Progs bne | Mew Yool p 53161

el BAF{FIES) The Lowar Cook Inlol Dusgensss crats Hsh-
#ry [roam 19464 - TRHS. Inr Procesthngs of the Symposiym an
Dnapwpeneas Crals Bastogy and Manpgemenl Unbeersity i
Alarskn, Fabibeibies, Almska, (3 A5-25 S Gl Call Prog
hiep Mo, #83-1 ’

rClair C‘E._Elnne RP, Freese JL (1880) Movmmsnls and hohid-
lak wai of Dungeness ciabs and Hee Glacier Bay fishory, I
Hlilmair Ak, Wond 10 dr fedla) Procaieisgps of fhe Secdnid
Cilnrrer Hay Sriepoe Sympamiim. Us Deparimond ol the
Interior, Malional Park Service. Alaska Boogiemal Office,
Anchorage, &K, p74-TF

rensane: S, Galluect VF [ 1908 Compasalse stisdy of pesi-
lrval life-liskory achidules i fonr sympsinc sjiecies of
Carprer {Dacapadi: Brachyurn, Cancridas). 24 roclac Hinl
H-AIT-220

Pl L3 (10064 Fesliing arortality and moveiets ol adull
male king crufs, Paralithodes cofsicbabcd (Tilest),
ride gl sodwatd ool Kodisk. Alaska, Teams Am Flah S
Q245 Kl

Shidey Sh, Shirley TC | 1808] Appimdage tqury @ Dunge.
nes cribe, Cancar stagries, o Seutheasleom Aliska, Fish
Frall ('Washe BICZ] Sk 15 - 100

Shirley 58 Shickey TL. Rioe S0 (1807 Lalilielindl vanalsmn
in the Cringenass caly, Cancer meqisien ooeal morpho-
logy axpliipaer] by incubalben lempoabure. Mar Biol B
17157 -

Smill B, Jamieson G5 (18991 Moevenisnl, spatial distrifae
ey, sl norEality o mialie anl Boiibe Dubglness crdl
Cancer magister near Talinn, Brifish Columida, Fah Bl
[Wersh [0 EE1OT- 141

Skl B, Todto HM (EHESD Stodk dlentitbeation gtedics on s
Dunpeness epab, Cemprer mogdser. Fiale Dol Coalll 172
An-42

Stane RFi. OC i €F, Sherloy T (1993 Saaonal imaralin



174 Mar Beok Prog Ser 204 167176, 2003

and sttt of Tomade red King cab in d soalbesst
Alaakan usloary. 1 Cyustac Bl 25465560

Bulicin 5L, MMcKeen GL (1996 Larval dn\'du'prnnnl..ul thi crabi
i thdepieler in lemperabure recomes st atine oolers
antaal indl bt hsbitads, Mar HBao? {2-215-240

L% 'D-:-pﬂrLuHu.l ol (1 [ndmrior | ESG6) l.‘_‘ltnu.unquprl.u: and
redisedl walbor goalily sfoifies |n sosihedstam Alaska,
Mg, 11805 Podernd 'Water Pollutlon Coantied Adiinls-
trabion. Puilsind, O

Editorial tesponsitnlity: Cto Kinke JEditor]
Oidendart/Lafin, Coammany

Wallses MM Parvii LI, Havsium AR {1949) Confribubon fe
Ihar biiloiry of s king crab (B camdeckatival. US Faih
Wikd Sy Bish Wikl Leall 34-1 -50

Wik W LR Eilacts ol seawalor lemmperatone o spawning,
ey dEvelugmmenl, habehinn sadeess, and . populaton [ue-
tuations of the Dungeness crab, Ceecsr mamister, CAL-
COPl Rup 25:018-150

Wirlon B {167 ) A review dof mipdels of ke aoge b ans
mal movemmanis Bonl Model 38777 - 2

Subrmilied; June 37, 2000 Accosteds Aufquial 24, 2000
Frools reveived e adlbands) Apel 3, 340



Miass Molting of Tanner Crabs Chionoecetes bairdi
in a Southeast Alaska Estuary

Robert P. S5tone

Reprinted from the
Alnska Fishery Besearch Bulletin
Wol. 6 Mo 1, Sumimer 1999



The Alaska Fishery Research Bulletin can found on the World Wide Web
at URL: httpaiiwoww stateak us/adfe seminfo/pubs/afrb/afbhome b .



Alaska Fishery Rescarch Bulletin & 111928, [9%0
Ciopipright € 1999 by the Aasks Degarsment of Frd and Oame

Mass Molting of Tanner Crabs Chionoecetes bairdi
in a Southeast Alaska Estuary

Robert P Stoae

ABsTRACT A spring migration of ‘Fanser crabs Chimoeceies Bl e 2 shallow, glacialby-influenced cove m
ol en masde Wasstished 8 1992 and 19593, An estimated 11,300 crabs melted in @ 0034 km® area of shallow
(46 m ko =] T md water in 1993 Chver 2400 carapacss from intect exuvise wene oollecied by scoba divers moa
100 0 me section of tee molimg: area. Molting m bath years was resineted oo amall ares of the cove even
though cocanogriphic camditions amt habitat wese similar throughont the cove. Crabs were 97% males and had
pmhuhllfzmnll-ull within the jrevioos vear. Approximaiely 30% of ihe crabs woeuld have secrulied 1o ibe commer-

ial Tis ;
almost entirely of small-clwwed orabs

INTRODUCTION

The Tanper crab Chionoecefes bairdi on the Norh
Amierics ooast ranges from Dreeon (Hoske and Gatmes
1974) to the southeastern Bering Sea where it co-
occurs and hybridizes (Kannen and Hoopes 1971} with
the snow crab Chisroeceies opilio (Han 1982). In
Alnska, the Tonner crab currently supports a commer-
cial fishery m Soulheast Alaska anly, but until recently
it supparted large-scale commercinl fisheries through-
ol the Gulf of Alaska and the southessiern Bering
Sen, Although much of the life history of this genus
has heen extensively studied, information 15 searce on
the timing, habitat requirements, and environmental fac-
tors mfluencing ecdysia m Tunner crabsa.

Ecdysis isa criticil stage for erustaceans. Growih,
reproduction, and susceptibility to predation depend on
the penodicity and timing of the molt eyzle in crabs.
Pubesceni females {Le., females about 1o underga their
okl (0 ity st ol before mating for the firs
time {Adsms end Paul 1983). In the laboratory, male
crabs are incapeble of mating {or at least 90 d after
ecdvsis (Paul etal, 1995), The moltcycle muy also be
an important factor in the dynamics of disesse rans-
misston and infection {(Meyers et al. 1990,

Female Chionoecefes have delerminate growth
and become anecdysial when sexual maturity 1s attained

ey after this moly Chelae messired from exuvioe inospring 1993 madicated the migmtion consisied

(Harnoll 1969, Hilsinger 1976), Mile Cliomoeceny
are Thought focexhibil indeterminate growth, bud their

pattern is subject to debate {Conan and Comeau
1986; Ennis et al. 1988 Donaldson and fohnson 1955
Coman et al, 1990; Dawe et al. 19911 A significant
change in allometric growth ocours for some adult
males; the chelae become disproportionately enlorged
(Hortnoll 19633, Moles that hove attamed differenti-
med chelae are referred 10 as large-clawed and may
hove competitive advantages oover smalt-clawed crobs
in mating and intraspecific agomistic mteractions
{Hooper 19%6; Lee ond Sced 1992; Stevens et al. 1993),
(law differentiation for male Tanner cenbs ooours over
o range of several size classes.

Only male Tonner crabs with w carapace width
(CW) 2140 mim inclading caripace spines (138 mm
CW excluding spines) are commercially hervested in
Southenst Alasks. Becwuse male size at 500 sexunl
bty B estimated ot 113 mm OW (Brown ed Powell
19720, a size limit of 138 mun would allow most male
crabs 1o breed before harvest, thus preserving the
stock’s reproductive potential (Donaldsen and
Donaldson 19925, Crabs are mon karvested dunng the
molting period to mindneize fshing mortalivy aond magi-
mize meat yield and marker value. Colgate (1982} sug-
gested that May is the peak molting peniod for male
crabs 1o the western Gulf of Alaska wherens Meyers
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etal. (1980) stated that Southeast Alaska Tanner crabs
begin molting in mid March with peak activity occur-
fing in April.

Tanner crabs were first chserved molting en masse
at the head of Fritz Cove on & April 1990, when nu-
merous, piles of exuvise were observed along
md;muhnwﬂmlup:ud Emsppmmmtéiﬂ
soft-shelled and actively-molting crabs were also
scattered m the area. All crabs and exuviae examined
were males and comprised several size classes. Simi-

lar observations were made during the first week of
April 1991 Field work during 1990 and 19491 were lim-

Arricley

ited 10 these qualitative observations. The objectrve of

:hhmdarwummﬂﬂumﬂymm:mﬂumuu

migration of Tanner crabs into shatiow water 1o molt

Eﬂmmhhﬂtmmwmun&hm:y of the ipe-
es.

METHODS

Spring migration, mokting and reproduction of Tanner
crabs were studied in Fritz Cove approsimately || km
northwest of Juneau, Alaska (Figure 1). Fritz Cove is

Fagure |, Study aren af Fritw Cove near Juneau, Alosks where Taster crabs weee obgerved molting.  Tws sdditional 100-m
tromseets were monitored weekly for the presence of molting crabs. Witer wwmperature and salinity profiles were coflected
each week it bocations denoted by solid circles. Depth comours ure & meters.
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a small estuary located off a gystem of large fords. -5 m mean lower low water (MLLW) i5 coversd with
The cove is strongly influenced by freshwater from  glactal sl

both the large, glicial Mendenhall River and the A 1002 TO m section (hereafter referred to as col-
clegrwater Fish Creek. Several watersheds empty inte lection area) was delineated within the entire moltmg
Gastineau Channel, a saltwater tidal slough tha: Nlows  area; collections were initially made there and counts
into Fritz Cove. Most of the subtidal srea deeper than  during the first week of collection indicated that exu-

100 100
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A0 = a0k
20p= 20k
r.
it} p—— i} L
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Figure 3. Carapace widih frequencess of male Tunner crab exuviaz collected during 6 time inferyals beowosn § March and 14
April 992 Width meervals wre 5 mm. Mexuving were found In the study area after |4 Agpnl
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vine were egually distributed n the malting area. The
midtinig aren corsisted of 3 distingt homopeneos zones:
(1) & low-gradient [2-79%%), coarse sand fat extending
from H1.6 m tos promiment shelf break at - 1L.Em; (2)a
mid-gradeent ( | 8-33%}, fine sand slope from -1.8 m to
6,7 m; and (3) o high gradient (33-41%), fine sand
ond zilt glope from <67 m to -17.4 m {all depths ore
reported relative to MLLW L All sanes were devoid of
boulder patches and nssociated macrophytes, All ob-
servations and collections were made by scuba divers.
Depth was measured with a Suunto SME-ML" dive
computer. Dive observations were made at least once
per moath in 1992 und 1993, Supporimg observations
made during several hundred scuba dives in and near
the study ares between 1990 and 1999 are incarpo-
ruted inlo the discussion

Carnpooes of all exuviae (n = 2,407} within the
collection ares were collected every week during March
and April 1992 Exuviae were collected on 18 ditfer-
ent dates during this period. Dives were made each
week o -30 m. Divers swaim $ystematically through-
out the collection area until all carapaces from exuviae
had been collected. Gender of each exuvium was de-
termined underwater, and carapaoes were seeragated
by sex. Carapace width (ie., siraight line distance

' Uk of trade numes does ot imply endorsment by the
Mutional Masine Fisheries Service

Articies

across the widest part of the carapace, excluding
spines) of each exuvium wis measured o the nearest
1.1 mm Exoskeleton condition (EC), & subjective mea-
sure of exoskeleton age and approximate time since
lazt moll, was recorded for each exuvium wsing the
following criteria; (1) soft, brick red, pliable exo-
skeleton indicative of & recent molt, (2) hard, clean
exaskeleton with limited epifauns and scratches indica-
tive of a molt within one year, and (3) hard, wom ex-
oekeleton with epifauna, discoloration and scratches
indicating no molting within the past vear, Excessive
wear and cpifsuns on an exoskeleton would indicale
several years had elapsed since the last mols

O 10, 16, 26 March and 1 and 7 April 1993, intact
exuviae were collected from the maolting srea. Exi-
vige of mitle crabs =85 mm CW {w = 189 were ran-
domly collected, and CW, chelie height (CH), wnd EC
were recorded Tor each exuvium. Chelee heaght was
measured at the widest section of the propodas (spines
excluded). Because Tanner crabs are homochelous,
heights of both chelae were averaged of they differed
By bess than | mim, o exclude from anilysis regence-
ated or damaged chelae. 17 they differed by more than
1 mm, the larger chela measurement was recorded as
CH.

In #1993, 37 old-shell crabs {EC =2 ) were collecied
mn or near Fritz Cove and held in flow-through aquaria
in the labomtory throughout spring to determine if they

304

" 5 March—14 April
n=2325

0 =

200
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104
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Figure 3. Carapace width frequencies of male Tanner orab exsiving coliected between S March and 14 Aprl 1992 |n Frite Cove,
Alaska Iniemals are 5 mme The dashed lime at [38 mm mdicares th odoiroum legal siee for commescinl haryvess of Thrmer

crabhs in Smdheast Alaska
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moited. During both years, pre-mating pairs (r =61)
found within and near the study area were captured
and held in the laboratory until molting or mating oc-
curred,  Adquans were momtamed ol ambient (-30 m
depth]) temperature and salinity, and crabs were fed a
mixed diet of blue mussels and squid twice weekly.

The relationshup between cheln beight and cars-
pace width was comparsd For non-moltnge crabs and
exuviae collected in 1993, A linear regression line was
fit to the natural-log ransformed data for each groop.
The two fitted lines were then tested to determine i
they were sigrificantly diffecent from zach other (Meter
and Wisserman [9771,

Profiles of water temperuture and salinity wire
collected weekly in 1992 at 5 locatons o Fritz Cove
with & Seabird Elecironics Seacal Profiler (Figure )
Two additiona| transecty (approximately 1003 70 m)
witiin the same depth range were established 1.5 km
and 5.0+ km from the molting area (Figure 1), ond were
maopifored each week for molting activily.

RESULTS

Crabs moved into shallow water nedr the head of Frile
Cove to molt in carly March 1992, Crabs molied within
o 0.034 km? area (480 m = 70 m) ot depths between
A meand <174 mo A tolal of 2,407 Tanner crob exo-
vizie were collected within the collection ares bebween
5 March and 14 April. ITexuvine were equally distrib-
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Figuee 4. Mean carnpace widsh (+ 95% confedence Hmits) of
male Tanner crab exuviaes collected duning & intervals
berween 5 March and 14 Agpril 1992

wied throughout the entire molling area as mibal obser-
viations indicated, an estimated 11,500 crabs wt a den-
sty of (L34 ¢rabs per m® mugrated 1o the head of Fritz
Cove to molt. No exuviag were ohiervied below -17.4
L

Moliing peaked between 20 ond 27 March 992
(=238 Figure 27, Only 37 exuviae were collected
after | Apnl. and none were collected after 14 April,
An initial peak in molting cocurred between 6 and 12
March when 451 crabs molted. Crabs migrating to the
head of Fritz Cove to molt were mostly males (96.6%),
Male exuviae ranged from 47.8 to 1535.2 mm CW amd
comprised many size classes with modes at 95 and
120 mm CW (Figure 3). Crabs st 95 mm C'W wouid
require 2 molts and crabs at 120 mm CW would re-
guire | molt to reach legol size (Donaldson et al. 1981).
Only B84 male exuving (3.6%) were larger than the
mindrmm legal size of 138 mim OW, Ulsing the growth
equation

post-molt CW = L.07(pre-molt CW) + 15,75

derived for Kodiak Istand nrea male crabs (Donaldson
etal. 1961}, crabs =1 14.3 mm CW befiore molting (698
crabs or 30%%) wounld heve recruited to the fishery.
Larger males tended to molt later m spring than smaller
males {Figure 4)

Exuviae from females and small juveniles were
uncormmon in Fritz Cove in 1992, Onby 81 female exo-
viae were found in the collection area between 5 March
end 1 April (Figure 5); none were found after 1 April.
Oniy one small juvenile exovium {30 mm CW) of mde-
terminate sex was collecied.

5 March = 1 April
=8

50 55 B0 65 TO V5. B0 BS 80 B5 100
Carapace Width (mm)

Figure 5. Carapace widih freguencies of fertale Tanner crab
cauvias collected botween 3 March and | Apnl 1992 in
Frite Cove, Alsskn. Intervabs are 3 mm, Mo Temsle exoviss
weere foumd in the snufy arsa after 1 April
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Tuble 1. Means and ranges of morphometrics of female Chionceverey bairdi from 61 mating pairs cotlected in
shallow water in northem Southeast Alnska between 1992 and 1993, Growth = mean (+ | 5E).

Mamety Status # Fre-myalt {mim) Pagt-malt {mm) Cironwth mam)
Pubekcen” b i RS (TLO-0H 5 1022 (RT.2-115.90 (CHE
Multiparaas 2 95 4 (R215-106.6)

; Pubescent femalbes wore collected between 24 December amd 17 June at depihs betwesn <13 and <193 m MLLW
Mullsparous femules were collected between 19 March and 23 April ot depths between +0.3 and -7.6 m MLLW.

The water column was well-mixed with respect to
temperature in Fritz Cove duning the study period (3
March 1o 14 April), and ranged between 3.15C and
5.3%C (Figure 6A ), By late Apal, siurface witters be-
gan to warm rapidly and & strong thermochne devel-
oped o about 30m, Salinity was stable between 30.1%:
and 31, 1% below 20 m during the study period (Figure
68 ). Sulmity ot depths <20 m, however, was lower
{26.2%a to 30.9%.) and more variable (Figure 6B).

Orily one exuvium and a few old-shellad males were
observed in the 2 additional 100-m ranseets which were
monitored weekly (Figure 1), Although the environ-
menial condifions measured there and the habitat were
similar at all sites, molting was restricted 1o the head of
the cove,

Carapaces of all exuvise collected in this study in
1992 and 1993 were EC 2. The relationship between
chela height and carapace width differed betwesn non-

40 -

Chela Height (mm)

13 1

10

90 100 110 120 130 140 150 160 170
Carapace Width {mm)

Figure 7. Allometric rolationship betwetn chela beight and compace widzh for non-molting mabe Tanser ceabs (v = 37, open
inangles) and exuviae (= 189, solul circles) collacted in 1993 m Frie Cove, Alsskn. A linesr regression Bne was fit o the
fntural-lig transformed data for soch group. The 2 finted lincs are significamly diffierent (7 < 0000).  Non-molting male
Tarmer ernbs hod FC 23



molting crabs and the exuviae collected in 1993 (Fig-
ure 7). The 2 fitted lines were significantly different
(P<0.001). Non-molting crabs had CH:OW 2020,
whereas all but 2 exuviae hod CH:COW <1 7, Using the
criteria developed by Stevens et al. (1993) for Kodisk
Island area crabs, all non-molting crabs could be clas-
sified as larpe-clawed, and all but 2 exuviae could be
clazsified s small-clawed.

DISCUSSION

Spring migration of Tanner crabs into slallow water 1o
moll was noted by scuba divers dunng several con-
secutive years tn the 19705 (lohn Karinen, Nationl
Marne Fisheries Service, Auke Bay Laboratory, Ju-
neau, Alaska, personal communication). Mixed groups
of males and females (<1 15 mm CW) and one group
of exclusively large males were observed molting at 4
different locations m Auke Bay in Mazch and April.
These concentrations of crahs were estimated 1o nm-
ber in the hundreds. Although 1 bave observed small
aggregations (< 100 crabs) of molting male Tanner crabs
at only 2 other locations m Southeast Alaska (3 and
21 kmi fromi Fritz Cove), muss malting of Tanner crabs
i& probably not unigue 1o Fritz Cove, Numerous mole
Tanner crahs hive been ohserved molting in the same
area of Fritz Cove each spring between 1990 and 1599,

No other crab species has been reported to utilize
the same area annually o molt en masse. Pubescent
femiles and some maole Tanner crabs migrate into shal-
low water to mate in spring (Stevens et al. 1993), but
mass molting az not been reported. Spring breeding
migratipns of the snow crab O agilis mio shallow
water have been reported along the eastern shove of
Canada (Teylor et al. 1985; Hooper 1986). Predomd-
nantly small, bit functionally mature mate C. opilio
(he., capabie of successfully mating i situ inthe poes-
ence of gompetition from larger males) may migrate
into shollow waler in the spring to molt (Samte-Marie
et al. 1988; Sainte-Marie and Hazel 1992),

The molt cycle of Tamner crabs is inextricably se-
lnted to reproduction. All males that molted ag Fritz
Cove during 1992 muy have been sexuslly mature;
mades as small as 43 mm CW produce spermatophores
(Paul 1992), and malés s small as 68 mm CW can
successfully mate in the labormtory (Adams 1983).
Males as small as 75 mm C'W havi been found in pre-
inaring paits with pubescent females in situ at Kodink
Istand (Paul eval. 1983} The smallest male found tna
pre-mating pair with a pubescent female in my study
was 927 mm CW. Most males {64%) examined in my
siuddy were Lirger than 92.7 mm CW and could have

Arricies

mated before molting. 1 observed pubescent females
i pre-mating pairs in shallow water between late Dre-
cemmber and June (Table 1), with peak activity occur-
ring i mid February. Over #0% of the pre-mating
pubsscent female pairs were collectod before 1 April
These ohservations are consistent with those made near
Kodiak Island (Donaldson 1975; Stevens f al. 1993),
Multiparous females mate in deepwater aggrégations
during April and May {Stevens et al. 1993; Stevens et
al. [9%) and 1o & lésser extent in shallow-water areas
near mating pubescent females (Donaldson 1975;
Stevens el ol. 1993; Table 1). Size-related molt fiming
{Figure 4) may allow larger males to mate with more
pubescent females before molting, but would probabiy
preclude them from mating during most of the multipa-
rives fermnale mating period later inspong. Althoogh in
situ datn are lacking, Paul et il. {1995) reported that
recemily molted males wiich were held in the Tabom-
tory lor extended periods {up to 262 dj did not copuliite
with multiparous females up to 99 d after molting.

The relitive absenge of femules durng this anmial
migratisn Iimm shallow water is puzzling, Only &1 fe-
mitle exuviae were collected i the study area, Twenty-
o exuviae (27.2%) were larper than the smalies:
(729 mum CW) pubescent female collected from pre-
mating pairs ( Table 1). These may have been exuviae
from pubescent females molting to mamrity. Their pres-
ence probably was incidental to the molting event, be-
pause females mate only with males in the hard-shell
condition (Harnoll 1969). In contrast, 211 male exu-
viae (8.8% of total) with CW <729 mm were col-
lected.

The frequency of ecdysis for small-clawod males
is unknown. Donoldson et al. (1981) statistically pre-
dicted an intermioly peniod of 18 months for legal-siee
males. Domaldson (19E0) tgped and relemsed mature
mabes 2110 mm CW off Kodiak Island, Alaska, and
conchuded from recovery data that the intermalt period
may exceed 3 yvears. However, chela try
wis mi measured by Donaldson (T9R00, 50 g recov-
erics may have been farge-clawed crabs which maolr
tnfrequently or were in terminal ecdysis, £heng et al.
(1997 anabyzed histons trawl survey data from Bristal
Bay and estimated molting probabilities which varied
with time, possibly on a decadal scale, Intermolt peri-
ods exceeding 2 vears have been recorded for mature
makes {both small- and large-clawed) held in the loho-
ranory (Paul and Pawl 19935). The synchronous namre
of the molting event observed in this study indicated a
one-year imtermol peniod for small-clawed males in
stf. The absence of molting activity during any other
timie of vear 1o shallow water ot this site, and the con-
siatent ¢laszification of exuviae as EC 2 support this
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hypothesis. No evidence exists in the literature that
mature miale Tanner crabs molt at depths greater than
those observed in this stedy during any time of year,
An in situ study designed Lo peniodically ohserve erabs
throughout &n entire yeor i# necessary to confirm the
intermolt period for small-clawed male crabs,
Intensity and duration of light, temperature, and
possibly: saliniry moy affect molt initiation in crusta-
ceans {Passano 1960). Rapid increases in light inten-
sity and duration during earfy spring may indtiste molting
bebavior o Tonner crwbs. Dhifferences in waler tem-
peranre between 60 m and shallow water ware small.
and probably did not serve as cues o migratory behiy-
o, Sadimity was redoced at depths shallowser than 20 m,
however, and Tanner crabs might goin un osmatic ad-
vantage by moliing in lower salinity water Callimecies
sapidus hed greater ineremental growth when molting
im brackish water as a result of the favorable asmotic
gracient (deFur et al. 1988), Previous measuremerns
collected in the molting area in March and April 1990
showed imereased levels af dissolved Gxypen in shal-

tow water (<20 m). Because oxygen uptake increases
Just before exuviation (Passano 19607, molting crabs
may move into oxygen-rich waters to meet the high
oxypen demands of molting,

Wiy Tanner crabs-moelt en masse m shallow wa-
ter is unciear, Tanner crabs rmight migmie into shallow
water to avold predators. These shallow-water areas
are practically devoid of predators; the only observed
predation on a soft-shelled Tanner crab was by a hard-
shelled Tanner crab and an adult female red king crab
Pavalithodes camtschations, By migrating to shallow
wiiter; crabs could separate themselves during ecdysis
from deéepwater predators such as large groundfish,
other crab species, and the non-molting population of
Tanner crubs.

Because large mumbers of Tinmer crabs ose the
same discrete area eich year to accomplish an impor-
tant life history requirement, the area should be con-
gidered essentinl habitat. Annual monitoring of
extensive moling areas may be useful in predicting
future recruitment trends.
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Recently, plans wo reopen the Alaska-Juneau (AJ) gold mine near Junesu, Alaska
included submarine tailings disposal (STD) as an option for disposal of the finely
enished rock that remams after milling and mineral separation. Because
information is scarce on the effects of STD on manne life, numeroas studies were
imitiated to assess the potential biological consequences of STD (Johnson ot &l
1998, US EPA 199%6a1)  In addition to smothering the sea floor, STD may
introduce elevated metal concentrations 1o the henthic environment and pose &
toxicolopical hazard 1o marine life because non-target metals would remain as
pant of the tailings Tanner crabs {{'Mmcfﬂbnﬁtﬂ}. & commercially
important respurce in Alaskn, are intimately associated with benthic sediment,
females completely or partially bury in sediment while braoding eigs up 1o one
year and may need to oviposit in a soft substratum to allow for complets
cemnentation of the eges to the setae (Wickham 1979} Sublethal effects of
exposure 1o heavy metals on crustacean embryos or larvae include inhibition of
egg sac development, prolonged larval development, inhibition of larval molting,
and reduced growth (D" Agostino and Finney 1974, Mortimer and Miller 1994)
Tanner crabs may initially pvoid areas affected by STD (Johnson et al. in préss)
but later recolonize the altered sea floor and incorporate harmful levels of
contaminants it their Lssues:

Ohjectives of this study were to determine 1) effect of prolonged exposure o
mine tailings on survival and reproductive success (e g, egg and larval survival)
of ovigerous Tanner crabs, and 2} bioavailability of heavy metals 1o adult erabs
The study was conducted in a lsboratory using tifings from the proposed AJ
mine  Although plans to reopen the AJ mine were canceled in January 1997,
STD remains a future option for some coastal mines in Alaska (Coldweil and
Gensler 1993), Resulls from this study will provide resource managers with
viluable information on the potential effects of STD on a dominant benthic
invertebrate which supports important commercial and recreational fisheries
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MATERIALS AND METHODS

Ovigerous Tanner crabs were collected with baited commercial pots on 30
- January 1997 in Young Bay near Junesu, Alaska. Sixty-three multiparous
females (1.¢., have previously reproduced and are anecdysial) with no missing
appendages and free of Bitter Crab Disease (Love et al 1993 ) were selected for
use Mean carapace width (CW) was 103 7 mm (range 91,0 to 1167 mm] and all
had full egg clutches

The experimental design consisted of three aquana containing natural marine
sediment {control) and three aquaria containing mine tailings. Sixty crabs were
rendomly assigned among the six aquaria (148 X 55 cm), the remaining three
crabs were frozen whole at -20°C for determination of background melal levels
Tailings were prepared for Echo Bay Mines, Lid, by Lakeland Research in
Ontario, Canada, as part of an evaluation o determine the effects of STD from
the AT mine; a complete characterization of the tilings is provided in US EPA
(1996h). Prior to the present study, tailings were aged about H00 d in flow-
through seawater tanks. Control sediment was collected with plastic utensils just
below mean lowes low water from a relatively pristing area near Juneau, frozen at
-20°C for 72 hr, and sieved through a 500 um screen to approximate the grain-
size composition of the tailings and to remove macrofaunal prey items. Depth of
sediment in cach aquarium was 3 cm and water on top of sediments was 35 em.
Seawater {30-32°/==) flow rate was maintained at 3L/m and water temperature
ranged from 3.2°C to 4 2°C during adult exposure Particle size analysis,
compressive strength (internal friction), and metal concentration of test sediments
were determined at the end of the study. Compressive strength was determined
by hand-held penetrometer  Triplicate sediment samples were collected from
each treatrment (control and tailings) for metal analyses

The study was initiated on 31 January 1997 Crabs were monitored daily for
mortality and farval hatch  Crabs were fed 60 g of chopped squid mantle and
blue mussels (Myilis rossulis) twice a week  Unconsumed food and feces were
removed daily with a glass pipette. A sample of 300+ eggs was collected from
each crab at the beginning of the study (0 d), near the mid-point (50 d), and at the
end of the study (90 d). Eggs were collected from the anterior margin of the
outer-most lefi pleopod and preserved in Stockard's solution. All samples were
collected from the same location within the ¢lutch to eliminate possible error due
10 differential mortality within the egg mass. Preserved egg samples were
observed under light microscopy at 12 or 25 X setae were placed on a petri dish
and the first 300 cggs examined for mortality and presence of symbionts
Montality estimates were made without knowledge of treatment ind expressed as
percent dead eggs in the sample. Dead eggs included discolored eggs, and
partially empty or empty egg cases with intact funiouli atached 1o the setae. At
90 d, empty eizg cases due 1o hatching were not included; these eggs could be
distinguished from dead eggs by the relatively straight membrane rupture and the
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lack of sediment or microbial fouling of the e case.

After 90 d, three females began hatching larvae, at that time isolated treatment
wroups were ransferred to sterile aquaria without sediment. Eclosion ocourred
over & 13 d period  As esch crab began haiching larvae, they were placed in 4-L
plastic containers until several bundred prezoese were present. Three replicates
of 20 prezoeae were haphazardly collected and then transferred to 1-L glass
containers with a large-bore glass pipette. Only sctively swimming larvae near
the surface of the container were selected  Larvae were held for 72 hr and
monitored duily for monality. Jars were kept in aquana surrounded by flowing
seawater Determination of mortality was facilitated by the positive phototactic
response of zoeae. Water was changed every 24 hr and farvae were not fied.

Sediment and tissue samples were analyzed for As, Cd Cr, Cu, Ni, Pb, and Zn,
The extraction procedure for sediments inchuded total hydrofluoric acid digestion
and analysis by inductively-coupled plasma mass spectrophotometry (ICP-MS),
After all crabs extruded new clutches, fresh ova were resected from six randomly
selested crabs from each treatment  Periopod muscle was similarly sampled
Tissue anabysis of metals followed the methods of the NOAA Mational Status and
Trends Program (Stone and Johnson 1997). The extraction procedure for tissues.
included digestion in nitric acid and analysis with ICP-MS. A standard reference
material (SRM) for sediment and tissue was analyzed for quality control snd
mean detection limits were determined using thres times the SD of the blanks
The concentrations of metals in the procedural blank were near or below the
detzction limits. The results for the SRMs were within accepiable limits (US
EPA 1989)

Dafferences in egg mortality among treatments were examined by multiple
regression; @ backward elimination procedure was used 1o test the relevance of
other potential sources of ege mortality  Treatment effect on larval survival was
examined with Chi-Square analysis. After 90 d, difference in tissue burdens of
metals among treatments was analyzed by Stdent's t-test or by Mann-Whitney
Rank Sum test if normality or equal variance tests failed  All proportion data
were arcsine transformed before analysis. An experiment-wise value of P < 0.05
was considered significant.

RESULTS AND DISCUSSION

Tailings produced in 8 manner similar (o those we examined may not be
toxicologically hazardous to ovigerous Tanner crabs or thewr progeny if deposited
on the sea flogr. In our study, survival of adults was 100% after 90-d exposure to
tailings and all females extruded & full clutch of ova within 36 h of complete
zoeae hatch, In addition, no crabs exhibited any external signs of stress or disease
{ep . loss of limbs, lethargy). In a similar study, survival of juvenile yellowfin
sole (Plenronectes asper) was also not adversely affected after 60-d exposure 1o
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“fresh” {aged © d) AJ mine wilings (Johnson et al, 1998). Although submarine

disposal of these tailings may not pose 4 toxicological hazard to Tanner crabs,

smothering of the sed floor could reduce food availability or displace crabs from
: essential habitats and indirectly affect growth and survival.

Egg monality within treatments was highly varisble a1 0, S0, and 90 d {range 03
o 50%) Mean egg mortality ranged from 4.8% to 7.8% for crabs held on control
sediment and from 5 1% 1o 12, 1% for crabs held on tailings Egg mortality
ingreased betwesn 0 and 50 d, but remained relatively constant between 50 and

90 d (Fig 13 Although crab egg mortality data are scarce, Kon (1974) estimated
egg loss (mortality) from oviposstion to eclosion as high as 50% for C apilio,

Egg mortality among treatments was similar at 0 and 50 d but was significantly
{P = 0.026) grester for crabs held on tailings than on control sediment after 90 d
(Fig 1). The difference at 90 d was stributable to the high egg mortality of two
crabs {39%% and 50%) held on w@ilings (Fig 13 removal of these outliers (egg
moriality was nearly twice as high as any other crab held on tailings) resulted in
no significant difference among trestments. Other potential sources of egg
mortality considered were the presence of 1) the nemertean Carcinomemeries spp.
and its eggs, & known predator of crab egges, 2) nematodes, whose role in
mortality is unknown, and 3} tank effects within treatment.  Symbiotic
turbellarians, although present as adults or eggs in about 17% of the samples we
examined, were not included in the gnalysis since they are non-predaceous on
crab eggs (Kuris 1991), Although Hilsinger (1976) detected a significant increase
in egg mortality with an increase in female size {CW), we detected no linear
relationship between these two varishles for either reatment at 0, 50, 0r %0d In
addition, Carcinonemertes spp. or their cgg closters were found in only 5 egg
samples (3%), while nematodes were found in 43% of all samples. These sources
of mortality {including tank effect) were insignificant through backward
elimination however, and treatment could be considered the sole source of
morality

Hecause larvae are generally more susceptible (o toxic heavy metals than adults of
the same species (Connor 1972), knowledge of tolerance levels for these life
history stages need o be considered when developing pollution control

guidelines. Larval mortality in our study was low during the 72 hr survival tests
Only 20 of 3600 larvae held for 72 hr died (0.6%) and there was no significant
difference in larval mortality among females reared on controb sediment and
tailings {x' =074, df = 1, P = 0,39). OF the 20 mortalities, 35% were [ailures o
successfully molt from prezoea to zoea stage |

Most metil concentrations in muscle and ova were similar samony treatments after
a0  (Table 1), Pb was the only metal that was significantly greater in tissues of
crabs held on wilings than on control sediment (P = 0,002 for muscle, P = 0,009
for ova) (Table 1),
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Figure 1 Boxplots of ege mortality from female Tanner crabs held on control
sediments and mine tailings for 90 4 Egg samples were taken at 0, 50, and 90 d.
Plots show percent morality  The dark box shows limits of the middle half of the
data {interquanile range); the center line represents the median. The whiskers are
drawn 10 a point | 5 X the interquartile range; data points beyond that are
outliery.

Although Pb concentrations were at least eight times greater in muscle (0,57

ug ') and ova (012 ug g') of crabs held on tailings, concentrations were similar
1o those values reported for . bairdi from other areas in Alaska (muscle, 0.36-
048 ug g, Holl et al 1978) Similar concentrations of most metals in ova
between treatments indicated that prolonged exposure to tailings produced no
adverse effects on early development. Lead (Pb) may have been available 1o
Tanner crabs after leaching from tailings into the water and crossing body
surfaces (e.g , gills) Sodiment concentrations of Cr, Pb, and Z£n declined by only
10%% 10 14% from AJ mine tailings aged 60 d in seawater {Johnson et al. 1998)
Ingestion of sediment while feeding is also 5 likely route of Pb uptake, of 55
Tanner crab stomachs collected near Junemu for diet analysis, 34% contained
sediment (R P Srore, unpublished data)

Buckground concentrations of Cd, Cr, Cu, and Ni were significantly higher in
muscle from crabs at the beginning of the study than observed in control crabs
“after 90 d (Table 1) These differences may have resulted from the controlled
diet crabs were fed in the lnboratory or from high natural concentrations in
sadiment where crabs were inittally collected  Most background metal
concentrations of adult crabs in this study were similar, however, 10 those values
reparied from juvenile Tanner crabs collected near Junean (Stone and Johnson
L5 T).

With the exception of mercury, trace metal concentration guidelines for the safe
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Table 2. Metal concentrations (g &' dry weight) of contral sediment and mine

tatlings used in a 90 d exposure study of ovigerous Tanner crabs; values are

means (+1 8E), n=3 Effects range - median (ERM) values deline the

concentration of a particular contaminant m sediment above which adverse '
hinbuiir:.ul effects were frequently or always observed (Long et al 1995}

Metal Contro) Tailings ERM Value :
As 4.70 (0 13) 21 52 (1.78) 700

Cd 0.54 (0.01) 1217 (1 09) 960

Cr 103.0 (6.57) 97 9 (0.90) 370

Cu 11.75 (0.18) 79.07 (2.66) 270

Ni 4730(123) 37.47 (0.83) 516

Ph 5.54 (0 15) 134 46 (3 26) 218

Zn 54.36 (1.77) 516.86 {41.70) 410

during our study  From a submersible in the proposed discharge area for the AJ
mine (Taku Inlet), we have observed ovigerous Tanner crabs partially buried in
soft substrates of silt and very fine sand; compressive strength of these sediments
was <0 10 kg cm™ and silt made up 65-85% of the sediment (R P. Seone,

i ished data)  Although grain-size composition of control sediment and
tailings was similar for both treatments (<250um, control sediment 63%, tailings
75%,), wilings formed a much more compact substrate than the control sediment
{compressive strength, 4.1 kg om™ vs 0,13 kg cm™) possibly due 1o the high
angularity of the grains (LIS EPA 1996c), In a laboratory study, ovigerous
Tanner crabs avoided AJ mine tailings when given a choice, possibly due o the
wnability o bury in the substrate (Johnson et al. in press)  The inability of fernales
to bury in the substrate may promote unsuccessful oviposition and egg brooding.
while increasing their risk o predation In addition, an altered sea floor may not
support an adequate prey population for foraging Tenner crabs.

We have shown thut tailings similar to those that may be produced from a gold
ming-mill complex and aged about 100 d in scawater were not deleterious o
ovigerous Tanner crebs. Most mining operations, however, would probably not
age tailings prior to STD. We believe the results of our study would have been
the same had we used “fresh” tailings because leaching of metals from these
tailings was minimal after 60 d

We found no significant differences in survival of adult crabs, eggs, or larvee
after exposure to tailings and controf sediment for the List 90 d of the brood cycle
Tissoe burdens of metals were also similar between reatments in this study and
within safe consumption guidelines implemented in Europe. Although STD may
not be a toxicological hazard w Tanner crabs, protection of essential habitat
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Table 1 Metal concentrations {uwg g dry weight) in muscle and new ova of

ovigerous Tanner crabs  Tissues were collected after crabs were held on clean

marine sediment {control) and mine tailings for 90 &, values are means (+1 5E)
. * =P <001, -test Baseline samples were taken at 0 d

- Muscle Tew ova
d Metal  Baseline  Control  Tailings Contral  Tailings
n=3 = n=& n=a n=6
As 8077 80.22 68 82 19.87 16.25
(8 30) (6.44) {6.52) (1.79) (1.75)
Cd 0.74 027 031 020 023
(0.24) {003} (0.03) {0.02) (0.03)
Cr 060 035 0,38 0 34 0.36
(0.04) (Do) (0:01) (=0.01) (<0.01)
Cu 76,60 30,55 3342 76,83 7765
{4.86) {1.64) (3.80) (3 46) (3.57)
Ni 0.60 016 018 047 045
{n.21) f<ih 01 (002) {0.12) {63.08)
Pb 006 0.07 0.57% 0.01 012*
(001)  (=0.01) (0,05} (<001} {0.02)
Zn 103.67 106,73 106,50 K5 60 B3 28
(2.03) {2.73) (0.72) (3.11) (0.99)

consumption of fish and shelifish hive vet 10 be developed in the United States.
Concentrations of Cd, Cu, Pb and Zn from crab muscle tissue in this snady,
however, were within safe guidelines developed in Europe (Brown and Balls
1857)

Metal concentrations ranged from 4 times greater {As) to 24 times greater (Pb) in
tailings than in control sediment (Table 2j Only Cd and Zn, however, exceeded
the effects range - median (ERM) value; that concentration of & contaminant in
marine sediment sbove which adverse biological effects were frequently or
always observed (Long et al, 1995). Similar tissue burdens of Cd and Zn in crabs.
held on tailings and control sediment for 90 d (Table 2) indicates either low
bioaviilability of these metals from tailings o, if they were bioavailable, that
crabs were able to effectively depurate or store them during normal physiological
prrofosscs

Crabs were seldom observed buried in control sediment and never in tailings
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remains @ priority  Location of ST sites in areas of low productivity and high

natural sedimentation rates (e g, large glacial river mouths) would have the least

effect on this commercial resource; high natural sedimentation would acceterate
' recovery of the sea floor

Acknorwledgments, We thank Michele Masuda for stanstical assistance, Dave
. Love for screening the crabs for bitter crab disease, and Jack Pasquan of the F/V
Hungry Juck for help collecting the crabs.
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Survival, Growth, and Bioaccumulation of Heavy Metals
Ry Juvenile Tanner Crabs (Chionoecetes bairdi) Held on
eathered Mine Tailings

R P Slre. 5§ W' Johnson

Auke Bay Laboratory. Alaska Fisheries Science Center, National Marine
Fisheries Sarnce. Matonal Ooeanic ang Aén;mrrunﬂc Administration, | 1305

¥ Glaciar Highway, Juneaa, Alaskn 99801, 1
Rucesved) 1 Moveibsr 190 Acoopieds 25 Janneery, (37
; Between [891 and 1944, over 80 million metric tons of 1ailings from three gold

mines { Alaska-Crastineay, Alaska-Juncau. and Treadwell) were deposited in
Crastinesu Channel near Jumeau, Alaska (Stone and Stone 1980). Tailings are rock
materials that hive heen subjected 1o some form of milling and mineral separstion
process. Afier at least 30 years of weathering (e g.. rain, tidal flushing) or
continueus submergence in seawater, elevated levels of some mezals have been
found in these tailings (Ecology and Environment, Inc. 1988), but their present
availability to biota are unknown With renewed interest to reopen one of these
mines and marine disposal of tailings a possible option, examination of the fmpact
historic tailimgs hiove on the environmerit may reflect future environmental
conditions: Thus, fusther study i needed 10 document and identily metal
comcentrations in these weathered tailings and to determine avanlability and
possible impacts W marine life,

Tanner crabs (Chionoccetes bairdi) are seasonally abundant in nearshore waters
of southeast Aleska to-a depih of about 500 m and are harvested by commercial
and personal use fisheries, We have observed juvenile crabs on submerged mine
tuilings {n Castingau Channel. Tanner crabs often bury in and frequently ingest
sediment while feeding: The roules of metal absorption in decapod crustaceans
are from food in the digestive tract and across the permeable gill membranes:
{Rmnbow 1988},

Obyeotsves of this study were 1o determine the bicavilability of heavy metals 1o
puvenile Tanner erihs held for 300+ days on weathered mine tailings and w0
examine possible effects on survival, growth, and heafth of the animals. In
addition, baseline information is scarce on melal concentrations in juvenile
Tanner crabs,

T wrceppwmfemes o0 Ko P Sunp
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MATERIALS AND METHODS

Tailings were collected from o large disposal area (20 ha) near the mouth of Sheep
Cresk in Gastinesu Channel where the Alaska-Gastineau Mine deposited 10
milllon metric ons of tailings betwéen 1912 and 1920 (Ecology and Environment.
Ine, 1988}, A wranscct was established perpendicular 1o the shoreline from mean
high water to mean lower low water (MLLW). Approximately 2 kg of sediment
was coflected from the upper ¥ cm every 10 m along the mmsect, Sediment was
collected durmg low tide with plastic buckets and composited in 125-1, plastic
containers. Control sediment was collected similarly from a relatively pristine

t ares, approximately 35 km north of Juneaw, Tailings and control sediment were
homogenized thoroughly and placed in three 300-L flow-through squaria (2
control, | tmilings} to a depth of 5 ¢m. A sedimenl sample was collected from
each agquarium af the beginning of the study for particle size and metal analyses.

hivenile Tannes crabs were collected between 19 and 21 May 1993 at Amalga
Harbor, approximately 31 km north of Junean, Crabs sere collected with
SCUBA ot depths between -10 and -21 m MLLW. Crabs were allowed to
depurate in sand-fihered seawater for 1 wk prior to the starl of the sludy. Twenty-
four erahs were saerificed and frocen whobe at -20°C for determiination of
background metal levels, Forty crabs weore mndomly assigned to each aquarium
and placed in separate 15 by |7 cin comparimenits 1o prevent cannibalization
during ecdysis. Becouse all crabs were immature, gender was not considered a
factor in metal uptake. Carapace width (CW) was measured for each crab. All
crabs were approximately the sume size (33.8-47.6 mm CW) and in good health
(i.e., no missing appendages or grogs evidence of disease).

The study was inttiated on 26 May 1993, Crabs were monitored daily for molting
and mortality, Growth wias caleulated by subtracting pre-molt CW from post-
molt CW. Post-molt CW was measured a minimun of 21 d afier ecdysis 1o allow
for complete calcification and hardening (ie., growth), Mortalities were removed
within 24 hr. Each crab was fed a diet of squid mantel rinsed in seawater s
fallows; | 1day 0-23, | g once per wk |, 2) day 24.250, 1 g twice per wk, and 3)
after diay 250, 3 ¢ twice per wik. Unconsumed food was removed after 24 hr.
Sund-filtered seawmer was maintained a1 8 flow rate of 6 L /min. Water
tempersture wias momtored diily and ranged from 2.9-9.0°C. Salinity ranged
from 30.0 fo 32.1%a dunng the stody.

Uhur inittal goal was to termmile the experiment afier each crab molied twice.
The study was ierminated afier 302 d o which time all crabs but one had molted

] an Jeast wice (1wo crabs molted 3 times). Crabs were starved duning the last three
days ol the study to allow for complete gul evacuation and transferred 1o agquaria
with no sediment to depurate for 48 hr. Three replicates of 10 ¢rabs were
randomly sefected from each treatment (tailings and both controls) for metal
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snalysis. Gill and muscle tissue from the merus of the firs 3 periopods were
tesected from each crab. Tissuey were resected with cormosion-resistant stainless
stee] instrements and composited by tissue and treatment into certified meal-free
1 18-g glass jars. Samples were kept frozen a1 -20°C for about one wk before
metal analyses.

Sediment and tssue sumples were analyzed for As, Cd, Cr, Cu, Ni, Ph, and £n.
The extraction proceduse for sediments included multi-acid digestion (HF-HNO,-
HCH),-HC 1} and analysis by atomic absarption {Bondar-Clegg, 130 Pemberton
Ave, N. Vancouver, B.C, VTP 2R5). Tissue analysis of metals followed the
methods of the NOAA Naotional Status and Trends Progeam (Crecelius et al.
1993}, The extraction procedure for tissues included digestion in nitric acid and
enalysis with inductively-coupled plasma mass spectrophotometry. For fissue
samples, a NIST certified reference sample (oyster lissue) was analyzed for
quality contrel and mean detection limits were determined using three times the
standard deviation of the blanks, Mean detection limits ranged from 0.02 ug/g for
Pohand Cd o 0.3 wg'g for Crond Zn. Percent recoveries were B8 to 1 15% at a
Sl matrix spike (one outlier - As al 137%) and 88 to 108% ar 4 2542/ matrix
spike for all metals

Survival, growth, disease, condition index, and beranchial histopathological
changes were examined ot the end of the study 1o determine health of the crabs.
Differsnces in survivil between treatments was tested with Chi-Square analysis,
Total growih and growth at each molt (2 per crab) were compared belween
westments wiing 4 one-way ANOVA. Intermolt period (the number of days
between molis) was cabloulated for esch crab and differences ested with o one-way
ANOVA. Hemolymph was examined from each crab sampled for the presence of
the parasitic dinoflageliate which causes Bitter Crab Disease (Love et al, 1993)
and infection rute was caleulated a3 no. infectedn. Incidence of Bitter Crab
Disease between treatments was tested with Chi-Square analysis. One gill from
|0 erabs of each treatment was dissected and prepared on & microscope slide using
standard histological techniques and analyzed for histopathological abnormalities

We hypathesized that stressed crabs would have atrophied muscles and developed
a condition index to test this. For each crab sampled, the merus of the third
perigpod was broken at the autotomy pline and sliced with = scalpel a1 the joint
between the merus and carpus. Each merus was dried 1o 4 constant weight ai
65°C for 72 hr. The ratio of muscle diy weight of the merus versus carapace
weight for cach sample was analyzed with one-way ANOVA, Becouse of
potential stress associated with limb loss, crabs with missing appendages were
excluded from anslyvsis. Crabs which had molied within 60 d of fingl sampling
were also excluded from analvsis because of incomplete muscle regeneration.
Stgnificance for all tesis was acoepted at P < (L0
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RESULTS AND DISCUSSION

Survival was high for both treatmients during the 502 d study. Only 12 crabs
(11.3%) died, and there was no significant difference in survival between
reatmenis (x” = 0.B14; df = I, P =0.3467). Although not necropsied, no
mortalitics showed any obvious signs of disease.

Girowth of crabs did not differ significantly between treatments for the frst
growth period (day O to first molt; P = 0,19 or the second growth period {first 1o
second molt; P = 0.07) (Table 11, The overage growth increment to ficst mol was
aboud 12 mm, whereas growth between the first and =econd molt was about 15
mm. Intermolt period between the first and second mol did not differ
significantly (P = 0.97) between control (£ = 275.4 d, range = 165-376 d, n = 62)
andd tailings crabs (8 = 275.7d, range = | 78-351 d, n = 35),

Tahle 1. Mean carapace width (C'W) 1 8.1, at day 0 and mean growth
increment £1 5.0, at two subsequent molis of juvenile Tanner crabs held on
control and ailings sediment for 302 d. All messurements are in mm.

W Control Tailings ANOVA
Day 412+32(n=8) 411228 @m=40 P=088
Maii 1 19211 (n=68 11.6%10(@=39 PF=019
Malr 2 M4B215(n=61) 155=|8B@m=35 P=047

Crabs in this study showed no external signs of stress; condition indices were also
simifar (P = 0.60) between treatments. Subléthal concentrations of contamimants
can stress crustscenns (Aiken and Waddy 1986). Stressed Tanner crabs are more
susceplible fo Biner Crab Disease. A significantly (=480 df = 1, P =0.029)
greater number of crabs held on ilings were infected with Bitter Crab Disease,
Whisther this difference was due (0 stress from exposure o tailings is unclear,
because the mechanism of infection and source of parasitism are unknown.

Histologic examination of crab gills revealed no tizsug alteration due to milings
exposure. An increéased prevalence of Mematodinium, the causalive organizsm for
Bitter Crab Discase, in gills of crahs held on ailings supported our hemolymph
observations. There was an increased incidence of leucocytic infiltration in gill
sections of some crabs exposed to mine tailings. Exposure to Cd and Cu can
cause gill alterations with both acute and chronic effects in crustaceans (Gardner
1993),

Percent particle size distnibution was simelar for both trestmenis and consssted
mostly of several gmdations of sand (63-2000 wm; control = 949.5%, tailings =
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97 3% The clay-silt fraction (<63 um) was very small for each treatment
{control = (3%, tmlings = 0.™4), possibly due to regular (Tushing by tides.

Metal concentrations were 1.5 {Cr) 1o 12 times (As) greater in the tailings than in
the ¢ontrol sediment at day 0 (Table 2). Only Cr, Pb. and £n in the milings
exgeeded the effectz-range low (ER-L) copcentration; the concentration of g
particular contaminant in sediment above which sdverse hinlogical effects are
thought 1o oecur (Lorg and Morgan 1999). The tailings originated from sulphide
ares which contain Az, Ni, Pb, and Zn (Ecology and Environment, Inc. 1988} No
mictals in the control sediment exceeded ER-L concentritions.

Tuble 2. Metal concentrations (g dry weight) of control sediment and tailings
{n=2) at the beginning of the snady, Effects Range-Low (ER-L) values are
provided for comparison (Long and Morgan 1990),

Metal Control Tailings ER-L Value
As 21,29 279,314 33.0
Cd <020, <0,20 1,10, 1.30 5.00
Cr 60.0. 61.0 92,0, 94.0 80.0
Cu 13.0, 14.0 32.0,33.0 70.0
Ni 12,0, 14.0 21.0,21.0 30.0
P 10.0, 10.0 600, 62,0 350
Zn 67.0, 67.0 196.0, 210,0 1200

Same metals (Cuand #n) are essential for normal growth and development in
cristaceans, whereas others (Cd and Pb) are non-essential. Non-cssential metals
may be regulated, detoxified and stored inan inen form, or may accumulate and
cause loxic effects (Rainbow 1988) Most baseline metal levels in muscle tissue
of Tanner crabs 1n this study (Table 3] were below or comparable to levels
mieasured for Tanner crabs at five other sites in Alaska (Hall et al. 1978), Only Cr
was notably higher in our crab muscle samples than the shove study, possibly due
10 the mineralogical composition of local sediments.

For each tissue type. metal concentrations were similar between treatments al the
end of the stady (Table 3), A major exception was Cr; for unknown reasons, the
comcentration of Cr was about six times greater in the musele of control criabs than
in tailings crabs. The overall similarity in nssue burdéns of metals betwesn
tresiments may indicate either low bioevarlability of metals from tmbings or, 1f
metals were bioavailable, that crabs were able o effectively depurate metals
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through normal physiological processes or store them in other tissues (Le..
hepatopancreas). Red King ceab (Paralithodes camisehaticuy) may purge Ny
through the exoskeleton during ecdysis {Rusanowsk et al 1989)

Table . Metal concentrations {ug/g dry weight) in gill and muscle tissue of
juvenile Tanner crabs. Baseline samples (=2} were composites of 12 crabs each.
Tigsues for treatment samples were eollected afier crabs were held on control and
milings sediment for 502 d; values are means {£1 SE). Treamment samples were
composites of [0 crabs each (n=3).

il Muscle
‘ Metal Baseline Control  Tailings Baseline Contral — Tailings
As 17.70 9.79 B.95 | 8.5 5.5 B.13
(0.29) {01.60) (01.43) (0,17)
Cd 239 9.0 560 0.87 0:23 024
(DT {080} COLEY (0021
L 1496 2830 22.30 544 o 9 |28
(2.10) (L.67) {0.33) (0,09)
Co | 4300 2 i 63 55 315 456
i2.60) (10.7) (2.35) (4.1
b 253 21] E55 .40 020 .25
(017 (0. 16) (0.03) 10.06)
Pb 16 231 142 (.03 0.04 008
(.32} (037 (0.003) {0.004)
Zn 10175 72.80 TFL50 3. 110 97.8 a0
{1.08) (261 (283 (1.49)

! Regardless of treatment, the concentrations of most metals {(Cd, Cr, Cu, Ni, and
Ph) were greater in gill than in muscle { Table 3). Studies with other crustaceans
have also reported similar results ( Anderson and Brower 1972), The only metal
that was greater in muscle than in gill was Zn. Arsenic concentrations were aboul
eqisl in gill and muoscle [ Table 33,

In both treatments, most metal concentrations changed over the course of the
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study. For example, arsénic concentrations decreased by about 50% in tissues of
study crabs compared 1o hackground concentrations { Table 3). This may have
resufted from the stoiet diet of squid mantle crebs were fed. Low concentrations
of arsenic have been measured in squid mantle (Hall et al, 1978). These changes
also coatld have been due to differences in sediment chemistry; assenic levels may
have been naturally high where crabs were initially captured.

After decades of weathering, tsilings deposited inte Gastineau Channel from the
Alaska-Gastineau Mine do not appesr 1o be deleterious to juventle Tanner crab,
We found no significant differences in survival and growih of erabs held on
wtlings and contro! sediment for 5004 days and through two molis: Tissue
burdens of metals were also similer between treatments. Whether or not there was
some beaching and increased bioavailability of metals the first few years afier '
tatlings disposal ceased is unknown. Some feaching may have occurred,
especially in intertidal deposiis exposed to air, tides, and storms. Waste rock
deposited intertidally from o lead-zine mine in Greenland resulted in severe
poliution of surface seawater and marine organisms (Asmund 1992}, With
renewed interest 1o reppen one of the mines adjacent to Gastineau Channel and
submmaring tailings disposal a preferred option, future studies should focus on
metal leaching and potential impacts 1o biota that may oveur within the first few
vears after lailings are deposited an the sel floor,

Acknowledgments. This study was partially supported by funding from the LS.
Drepariment of the Interior, Bureau of Miney. Linc Freese helped collect orabs ind
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Gary Gillette

From: Gary Gillette

Sent:  Thursday, April 01, 2010 1:53 PM

To: 'GARRETT MCCORMICK'; 'ron@cooshead.com'
Subject: FW: North Douglas Floats, Billet Submittals

See comments below from Harold — these submittals are approved.

From: Harold Moeser [mailto:haroldm@dgci.net]
Sent: Thursday, April 01, 2010 1:20 PM

To: Gary Gillette

Subject: RE: North Douglas Floats, Billet Submittals

Gary,

The flotation material INSULFOAM V111 satisfies the specifications on the plans.

The coating material HYDROTHANE 2090 by HDROSEAL POLYMERS, INC satisfies the specifications on
the plans.

Harold

From: Gary Gillette [mailto:Gary_Gillette@ci.juneau.ak.us]
Sent: Thursday, April 01, 2010 11:34 AM

To: 'Harold Moeser'

Subject: FW: North Douglas Floats, Billet Submittals

Here are more submittals for your review.
Thanks

From: GARRETT MCCORMICK [mailto:gmccor@gmail.com]
Sent: Thursday, April 01, 2010 9:59 AM

To: Gary Gillette
Subject: North Douglas Floats, Billet Submittals

Gary,
Please see the attached submittals for the EPS and Coating.

Thanks and let me know if you need anything.

Garrett McCormick

Project Manager
Phone: 503 315 2075
Fax: 503 315 2074

Perpetual Optimism is a force multiplier
- Colin Powell -

4/1/2010
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John Stone

From: Gary Gillette
Sent:  Wednesday, March 31, 2010 3:31 PM

To: John Stone
Subject: RE: 354-85 Juneau Harbors Deferred Maintenance
Yes

From: John Stone
Sent: Wednesday, March 31, 2010 3:29 PM
To: Gary Gillette; Helen Davies; Roy McLeod
Subject: RE: 354-85 Juneau Harbors Deferred Maintenance

OK. So, with the grant, we have about $6 million available to do Douglas?

From: Gary Gillette

Sent: Wednesday, March 31, 2010 3:10 PM

To: Helen Davies; John Stone; Roy MclLeod

Subject: RE: 354-85 Juneau Harbors Deferred Maintenance

This is a grant that has been awarded but they are holding the contract until we get the permits for
Douglas Harbor because the money has to be used within 18 months of the contract signatures.

From: Helen Davies

Sent: Wednesday, March 31, 2010 3:09 PM

To: Gary Gillette; John Stone; Roy McLeod

Subject: RE: 354-85 Juneau Harbors Deferred Maintenance

So, this is a new grant?

Helenw Davies

Capital Improvement Projecty & Granty Accountont
907-586-0345

907 -586-0358

helen davies@ci.juneau.ak.us

From: Gary Gillette

Sent: Wednesday, March 31, 2010 3:08 PM

To: John Stone; Helen Davies; Roy MclLeod

Subject: RE: 354-85 Juneau Harbors Deferred Maintenance

| checked with Mike Lukshin — he said we would get $2,003,922.00

From: John Stone

Sent: Wednesday, March 31, 2010 2:32 PM
To: Helen Davies; Roy McLeod

Cc: Gary Gillette

4/1/2010
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Subject: RE: 354-85 Juneau Harbors Deferred Maintenance
Gary,
How much do we get from the state harbor grant after ADOT's indirects?

John

From: Helen Davies

Sent: Wednesday, March 31, 2010 1:27 PM

To: Roy McLeod; John Stone

Subject: 354-85 Juneau Harbors Deferred Maintenance

There is approximately $4M of funds available for this project. But what is the status

of the pump out stations. ADF&G called and want to close out that agreement. I can
do the final billing, if you are done. I don't think we've used it all.

4/1/2010
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Official Project Cost Estimate



CITY & BOROUGH OF JUNLLAL

g ALASKAY CAPITALCITY

-

OLD DOUGLAS HARBOR REPLACEMENT
CB]J Project No. DH 07-133

BASE BID

95% DESIGN REVIEW ENGINEER'S ESTIMATE
Prepared By: PND Engineers, Inc. on March 30th, 2010

Item Item Description Units Quantity Unit Cost Amount
1505.1  Mobilization LS All Regd 10% $414,100
2060.1  Demolition & Disposal LS All Reqd §75,000 575,000
2202.2  Class A Shot Rock Borrow CY 400 825 $10,000
2205.1  Riprap Class 11 cy 1,600 $45 $72,000
2601.1  Domestic Water System Ls All Reqd $130,000 $130,000
2611.1  Dry Fire Line System LS All Reqd §75,000 §75,000
26112 Replace Expansion Joints on Existing Dry Fire Line EA 10 $2,500 $25,000
27021  Construction Surveying LS All Reqd 540,000 $40,000
2719.1  Sign Assembly LS All Regd $5,000 $5,000
2881.1 Dredging & Disposal cY 32,000 $30 $960,000
2882.1  Sit Containment Boom LS All Reqd $20,000 $20,000
2895.1  Gangway Landing Float, 16' x 16' LS All Reqd $30,000 $30,000
2895.2  Headwalk Fioat, 12' x 331’ LS All Reqd $275,000 $275,000
28953 Mainwalk Float A, 10" x 259 L5 All Reqd $205,000 $205,000
28954 Mainwalk Float B, 10' x 293’ LS All Reqd $225,000 $225,000
28955  Mainwalk Float C, 10' x 27¢' LS All Reqd $215,000 $215,000
2895.6  Tee Float, 12'x 110" EA 1 5105,000 $105,000
2895.7  6' x50’ Finger Float EA 10 $25,000 $250,000
2895.8  5'x 38 Finger Float EA 14 $20,000 $280,000
28959  3'x 16 Finger Float EA 15 $6,000 $90,000
2896.1  Steel Mooring Pile, 12" dia. x 0.500" thick EA 42 57,000 5294,000
2896.2  Steel Mooring Pile, 16" dia. x 0.500" thick EA 22 59,000 $198,000
2896.3 Predalled Pile Sockets, 16" dia. Piles EA 15 54,000 $60,000
28971 Supply Floatarion Billet EA 40 $150 $6,000
28972  lnstall Floatation Billet EA 40 $300 $12,000
2899.1  Life Ring Cabinet & Base EA 7 51,000 $7,000
2899.2  Fire Extinguisher & Base EA 7 51,000 $7,000
5120.1  Electnical Support Assemblies LS All Regd $10,000 $10,000
16000.1  Electrical System Ls All Reqd $400,000 $400,000
16000.2  Electrical Pedestals -South Side Mainwalk Float A Ls All Reqd $50,000 $50,000
16000.3 Spare Electrical Equipment Ls All Regd $10,000 $10,000
ESTIMATED CONSTRUCTION BID PRICE $4,555,100
AEL&P SERVICE $25,000
ACS SERVICE $500
CONTINGENCY & OTHER INDIRECT COSTS (18%) $819,918
TOTAL RECOMMENDED PROJECT BUDGET $5,400,518

Note: Dredge and disposal costs assume ocean disposal within
Gastineau Channel

HNE



= CITY & BOROUGH OF JUNEAU
1 ALAERASCAPITALCITY

OLD DOUGLAS HARBOR REPLACEMENT
CB]J Project No. DH 07-133

ADDITIVE ALTERNATE A - GANGWAY
95% DESIGN REVIEW ENGINEER'S ESTIMATE
Prepared By: PND Engineers, Inc. on March 30th, 2010

Item Item Description Units Quantity Unit Cost Amount
1505.1-4 Mobilization LS All Reqd 10% $19,400
2060.1-A Demolition & Disposal LS All Reqd $25,000 $25,000
2702.1-A  Construction Surveying LS All Regd $2,500 $2,500
2726.1-A  Approach Dock Modifications EA 1 $40,000 $40,000
2894.1-A Covered 7' x 80" \luminum Gangway EA 1 §110,000 $110,000
2896.1-A Steel Dock Support Pile, 12.75" dia. x 0.500" thick EA 2 56,500 $13,000
16000.1-A Electrical System - Gangway Lighting LS All Reqd $3,500 $3,500

ESTIMATED CONSTRUCTION BID PRICE $213,400
CONTINGENCY & OTHER INDIRECT COSTS (18%) $38,412
TOTAL RECOMMENDED PROJECT BUDGET - ADD. ALT. A $251,812

I
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CAPITAL PROJECTS
Juneau Small Boat Harbor Plan
March 22, 1983

CHAPTER FIVE
page 69

SUNMARY OF CAPITAL PROJECTS

The following table summarizes the important data on the
previously described capital projects:

CAPITAL PROJECT SUMMARY

PROJECT TITLE NUMBER OF CONSTRUCTION COST PER COMMENTS
BOATS COST ($1983) BOAT

ECHO COVE .
PHASE ONE 405 $4,297,000 $10,611 insufficient public
lands for uplands
parking
ECHO COVE
PHASE TWO 577 $3,649,000 $6,324 ultimate cove capacity
of 2800 boats
S. TEE HARBOR 279 $1,981,650 $6,386 sumner-only stalls
ard 4 acres parking
LENA COVE BUOYS 80 - $650,000 48,125 summer -only mooring
and 4 acres parking
AUKE BAY '
INFILL 360 N/A N/A accanplished in phases
by the private sector
SPUHN ISLAND 1474 $38,911,800 $26,399 includes costs for
bridge to island and
land acquisition
FRITZ COVE
ARMY CORPS. 414 $14,200,000 $34,300 feasibility concerns
: on floating breakwater
FRITZ COVE
DOTPF 741 - $20,511,300 $27,681 feasibility concerns
on floating breakwater
FRITZ COVE
FULL PLAN 1407 $42,755,300 $30,388 high impact on private
residential lots
AURORA HARBOR 372 $11,650,000 s31,317 moderate to high
avalanche danger
THANE BASIN 564 $11,379,800 $20,177  private gold dredge

leaves basin




CAPITAL PROJECTS
Juneau Small Boat Harbor Plan
August 22, 1983

CHAPTER FIVE
page 65

PROJECT TITLE: AURORA HARBOR EXPANSION
LOCATION: AURORA HARBOR
PROJECT DESCRIPTION:

This project is one investigated by the Army Corps. as
an alternative to Fritz Cove in their 1982 Draft EIS.
The plan includes removal of the existing rubblemound
breakwater and construction and anchoring of a floating
breakwater further out into the Gastineau Channel.
Material salvaged from the old breakwater would be used
to extend the old north and south jetties. The scheme
would provide room for an additional 372 stalls,

This 1is a project favored by many for good reason.
Environmental problems are minimal. The harbormaster

and crew are nearby for security and maintenance. No
lands have to be acquired. The site is naturally
protected from wind and waves. The scheme is feasible

and practical.

However, the site 1is plagued by the threat of
avalanches, The draft comprehensive plan maps the area
as moderate to high avalanche hazards. ©Policies noted
in’ the plan recommend no new public or private
construction be allowed in these areas, A high speed
and destructive powder avalanche reached tidewater in
1954 leaving much debris in the water. Experts rate the
site as having a 13 year major avalanche cycle. There
are few trees over 20 years old above the
harbormaster's shed. Aurora Harbor is the most popular
site for 1liveaboards with the current resident
population estimated at well over 100.

Despite the known avalanche hazards, various mitigation
measures such as warning programs, diverting fencing,
and snow pack control could make this site appropriate
for further boat harbor development. - These measures
should be examined by professionals for both their cost
and efficacy before a final financial commitment can be
reasonably made.
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CAPITAL PROJECTS
Juneau Small Boat Harbor Plan
August 22, 1983

CHAPTER FIVE
page 66

PROS: |

readily implemented

low environmental impact

compatible to surrounding land use
easily supervised and maintained

low impact to residential properties

* ok o o

CONS:

*

moderate to high avalanche hazard
* largest demand is for summer stalls north of the :
Mendenhall bar [l
* limited uplands for sufficient parking | b
* larger sailboats conflict with low JD Bridge | i
clearance Lol
* pedestrian access to town wundeveloped and P
dangerous ' I
- * current exit/entrance onto Egan Drive insufficient (L

PROJECT COST ($1983): i?¢

Army Corps. Scheme: 372 stalls at
$31,317/stall -

Construction cost estimate: $11,650,000 _
(from October 1982 Draft EIS) i

PROJECT FINANCING-

To bond this Project would require a dramatic increase
in the stall rental rates since current rates would not
make the new stalls self supporting. State and federal .
grants could be requested through the City's Capital ;
Improvement Program to offset this problem. Compared g
Lo other projects, the per stall construction costs are .
on the high side.
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