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Abstract: Cost effective procedures for establishing safe, easily accessible subsistence clam 
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Executive Summary 
Clams were once a major subsistence resource in the Native communities of Nanwalek and Port 
Graham in lower Cook Inlet and Tatitlek in Prince William Sound. Local clam populations have 
been decreasing in recent years and their contribution to the subsistence harvest has been greatly 
reduced. There are probably several reasons for this including changes in currents and beach 
patterns, increasingly heavy sea otter predation and the Exxon Valdez oil spill. The oil spill 
impacted the wild clam populations and their importance as a subsistence food in two ways. First, 
some clam beds suffered from direct oiling. Second, even though the oil did not directly impact 
many clams, they have a tendency to accumulate, concentrate and store the toxic contaminants 
from non-lethal amounts of oil. This has badly eroded the confidence of the villagers in the 
healthfulness of the remaining wild clam populations as a subsistence food. 

The project goal is to provide the project villages with safe, reliable, easily accessible sources of 
clams for subsistence use. Project objectives for 1998, the forth year of the project, were to 
continue to improve hatchery production techniques for littleneck clams (Protothaca staminea), 
continue work with the nursery pond near the hatchery as well as experiment with a tidally driven 
fluidized upwelling nursery system (FLUPSY), continue littleneck clam growout studies on 
beaches near Tatitlek, Port Graham and Nanwalek, and initiate PSP testing of the designated 
subsistence beaches. Work on developing hatchery culture procedures for cockles (Clinocardium 
nuttalli) and the razor clam beach studies near Eyak were dropped in order to focus the project 
more on littleneck clam hatchery, nursery and growout work. The following is a rundown of the 
activities under each objective. 

Hatchew: The Qutekcak Shellfish Hatchery, located on the Institute of Marine Science grounds 
in Seward, has been in operation since October 1993. From its startup through December 1997 
the hatchery was located in a small pilot facility. In January 1998 Qutekcak hatchery operations 
were moved into the hatchery portion of the State of Alaska's newly constructed Mariculture 
Technical CenterfHatchery Complex. Virtually all hatchery culture activities in 1998 were carried 
out in the new facility. 

The attempt at large scale rearing of clams in the new commercial hatchery has been very 
successful. Over 87 million larvae were produced in four spawns with the last spawn producing 
78 million larvae. These large numbers of competent clam larvae were reared in only 14 to 18 
days. This was much shorter than the 25 to 38 day rearing periods in the pilot hatchery even 
though the same rearing methods were used. Better technology and a deeper (250 feet) seawater 
intake partially explain the great difference in production success relative to the pilot hatchery. 
The one-micron filtered seawater receives about 4 to 6 times the UV dosage (60,000 to 90,000 
microwatt/sec.cm2) as before. The new larvae tanks themselves are 150 times the size (30,000 
liters) of the tanks in the pilot hatchery. Different chemical and bacterial dynamics may occur in 
these much larger volumes of seawater than in 200-liter tanks. 

Another advantage of the new hatchery facility was the ability to keep the embryos at low 
densities (< 3 1 ml) from the start. The addition of probiotic bacteria ("PBD-3 1 ", Enviro-Reps. 
Intl.) to the larval tanks appears to protect them during periods of poor seawater quality. The mix 
of beneficial bacterial strains purportedly inhibits pathogenic bacteria in shrimp hatcheries and 



grow-out facilities. The last, large group of clam larvae required only four of our six larvae tanks 
and even higher initial numbers of larvae could have been accommodated. 

Spat production at the new facility has also been good. The first two spawns (8 million 
pediveligers) yielded over 2 million spat. The second two spawns (79 million pediveligers) 
produced 6 to 8 million spat. 

A great deal of time was spent in 1998 getting settled into the new facility. In addition to 
installing the food production and spawning and rearing equipment, a lot of time was spent in 
getting the various hatchery systems either fully installed or problems fixed. This is a typical 
hatchery startup scenario and will likely continue for the next year or so. 

The new hatchery has not experienced the poor larval growth and heavy mortality that was 
common in the pilot hatchery. However, as did the pilot facility, the new facility suffers through 
irregular periods of "contaminated" seawater, which is toxic to the algae. During such events, 
which can develop overnight and last for months, algae often cease growing despite emergency 
efforts. Diatoms are especially affected. These events do not have any recognizable correlation tb 
weather or season, but do sometimes correlate with rapidly shifting seawater reduction-oxidation 
potentials (redox), which are measured every day. The near total loss of food that results from 
these episodes halts further hatchery production and threatens existing shellfish in the hatchery. 
So far extensive mortalities in the shellfish have been avoided. 

A lot of time and energy is being expended in trying to determine the cause of these 
"contaminated" seawater episodes in the hope of preventing them in the future. Staff from the 
University of Alaska Fairbanks, and EVS Consultants in Vancouver, B.C. are working with the 
hatchery on this project. Nothing definitive has been discovered so far. 

Pre-Nurserv Pond: The hatchery utilizes a 1 million liter pond to culture algae for its pre-nursery. 
The 30m by 37m pond is 5 meters at its deepest point. Raw seawater from a 60-meter deep intake 
is pumped into the pond to bring in nutrient rich water. The flow can be controlled to allow for 
adequate flushing yet maintain the ambient air temperature. An air compressor is used to aerate 
and circulate water in the pond to eliminate stratification and increase phytoplankton production. 
Fertilizer solutions are added daily to increase the intensity and duration of phytoplankton 
blooms. Physical parameters of the seawater including temperature, salinity, pH, and redox 
potential are monitored and water samples are collected at various intervals for nutrient level 
analysis. Identification of the most abundant phytoplankters as well as secchi disk readings are 
also made. The food laden pond water is pumped through dense trays of small (1+ mm) littleneck 
clam spat. A portion of the spat reaching 3+ mm is removed and sent to both the tidal FLUPSY at 
Tatitlek and the pump driven FLUPSY at Chenega Bay. The remaining spat are reared in the 
pond through October at which time they are brought into the hatchery to overwinter. 

Because of the heavy demands of moving into a new facility and producing large numbers of spat, 
the pre-nursery pond did not receive much attention in 1998. Seed in the hatchery attaining a size 
of I+ mm were transferred into to pre-nursery upwellers. Except for those that were transferred to 
FLUPSYs, the seed remained in the pre-nursery system until the end of October. 

The pond maintained a dense bloom throughout most of the summer. The only problem that was 
encountered occurred repaired the drainage system in the pond in late August. This work caused 



the bloom to fail and it wasn't restored to a satisfactory point until mid September. Although the 
loss of the bloom resulted in a reduced growth rate in the seed, it did not cause any significant 
mortality. 

A small test was conducted at the pre-nursery pond in 1998 to determine the effect of substrate in 
the upwellers on seed growth. Two upweller stacks were used in the test. In each stack 
alternating trays had the bottom covered in a layer of 1 mm diameter black glass beads. The 
bottoms of the other trays were left uncovered. Other work at the hatchery precluded proper 
sampling of the growth of the seed in these upwellers. However, it was obvious that seed in trays 
with the substrate grew at a much faster rate than seeds in trays without substrate. As a result of 
this test the use of substrate is being increased. 

Tidal FLUPSY: A tidal fluidized upwelling system (tidal FLUPSY) was designed and constructed 
to test its potential as a remote nursery system for the EVOS clam project. Remote nursery 
systems offer several advantages over nursery culture at the hatchery. One is that it frees up 
hatchery space and personnel that can be better used in hatchery production. Another is that 
several remote nursery systems offer a redundancy of supply in case one of the systems fails. A 
third is that remote nursery systems can be located near the growout areas thus reducing transport 
costs. The big disadvantage to remote nursery systems is that the cost of pumping water at a 
remote location in Alaska makes them impractical. 

A tidal FLUPSY is designed as a low maintenance non-mechanical method to nursery shellfish. 
The unit, when anchored, directs tidal and current flow into a flume that forces large quantities of 
water (and plankton) to flow through upwelling chambers containing juvenile bivalves. 

An aluminum tidal FLUPSY identical in size and dimension to the system described in Baldwin, 
et al. "Construction and Operation of a Tidal-Powered Upweller Nursery System" 1995, South 
Carolina Sea Grant Consortium, was built in 1996 and located at Tatitlek. On April 4, 1998 the 
FLUPSY was seeded with 45,000 littleneck clams. The clams ranged in length from 3 mm to 6 
mm with a mean of 4.4 mm. The clams were spread between two upwelling bins. The clam seed 
was sampled every other month during the growing season with the last sampling occurring on 
October 23, 1998 when 26,900 clams remained averaging 11.9 rnrn in length with a range of 7 
mm to 18 mm. 

About 60% of the seed survived, which was less than hoped for. About 45% of the loss occurred 
prior to the first sampling in June. It is possible that a large portion of this loss resulted from 
shipping. More care will need to be taken during the shipping process. In addition, one of the 
protective screens keeping the clams in the bins was lost after the August sampling. This may 
have allowed some of the seed to wash out of the bins. 

Growth in the FLUPSY was very encouraging with the average size nearly tripling over the 
growing season. This suggests that hatchery clam seed can be reared in the FLUPSY to a good 
planting size in a single growing season and be planted during the last daylight tides in late 
September or early October. 

On October 23 approximately 17,000 clams were planted on the growout beach in Tatitlek. The 
remainder was left in the FLUPSY to over-winter. Although the had been problems during the 
past two years with over-wintering clams in the tidal FLUPSY, the rig was moved to a more 



protected spot for this year's test. It would be a great benefit to be able to store clams in the 
FLUPSY overwinter in order to free up space in the hatchery. 

Growout Studies: Growout study work in FY 98 concentrated on determining growth and survival 
of littleneck clam seed planted on beaches near the Tatitlek, Port Graham and Nanwalek villages 
in FY 96. These beaches were identified during the FY 95 beach surveys. The Port Graham site 
was chosen as an example of a protected, low energy beach. The Tatitlek site was selected as a 
moderate energy beach with good tidal and current exposure and the Nanwalek site was chosen as 
a fairly exposed, high-energy beach area. 

About 8,100 clam seed per village were used in three separate tests with same tests conducted at 
each village. One test involved placing 100 measured clams in each of nine "Norplex" clam bags. 
Three bags each were nestled into the substrate to a minimum depth of 4 inches at the -1.5 MLLW 
tide level, the "zero" tide level (mean lower low water) and the +1.5 MLLW tide level. These 
clams are being used for detailed growth and mortality studies. The remaining clams were 
divided into 12 subsamples of about 600 clams each. Six of the subsamples were seeded at the 
+1.5 MLLW tide level, three under netted "car cover" and three uncovered. The remaining six 
subsamples were seeded at the - 1.5 MLLW tide level in a similar arrangement. 

The littleneck clam seed were placed in the test plots between June 27 and July 4, 1996. The 
Tatitlek and Port Graham sites were sampled twice in FY 98, once on November 15, 1997 and 
again on April 24-25, 1998. The Nanwalek site was sampled only once in FY 98 on April 25, 
1998. 

The survival rate for covered or bagged clams through April 1998 was around 60% for the Port 
Graham and Tatitlek sites and 30% for bagged and 50% for covered clams at the Nanwalek site. 
The survival rate for clams left uncovered was poor ranging from no clams found at the Nanwalek 
site to about 10% at the Port Graham site and 20% at the Tatitlek site. 

The actual growth rate for clams at the Tatitlek and Port Graham sites was about or slightly higher 
than what was predicted (von Bertalanffy prediction). These clams had about a 70% increase in 
valve length for the 22 month period ending April 26, 1998. Growth at the Nanwalek site was a 
lot less, averaging a 30% increase in valve length for the same 22 month period. 

The Nanwalek site appears to be a much poorer site. Growth has always lagged there and survival 
took a hit apparently from storms during the winter of 1997-1998. Protecting the clams with 
Carcover did enhance survival at the Nanwalek site, apparently by helping to stabilize substrate in 
the seeded area. It appears however that a high-energy beach area such as the Nanwalek site 
would not be a good candidate for clam enhancement. 

Survival of clams that were protected, either by Norplex bags or under Carcover, was much 
higher than for clams seeded without protection. The bags or Carcover undoubtedly provide 
protection against predators such as starfish, shrimp and gastropods, of which starfish are by far 
the most numerous. There has been little evidence to date of sea otter predation probably because 
the clams are still fairly small. The bags may afford some protection against sea otter, but the 
Carcover can be easily pulled aside. It is possible that clams under Carcover may become 
camouflaged by plant growth and escape notice. In addition to offering some level of predator 
protection the Carcover, and to some extent the bags appear to enhance survival by stabilizing the 



underlying substrate and preventing the clams from getting washed out by storms or heavy 
currents. Maintaining seeded clams under Carcover or in bags requires more work than leaving 
unprotected after seeding, but it appears to be worth it. 

A total of 3,000 littleneck clam seed were planted in April 1998 in half-size Norplex bags in three 
replicates of 200 clams per bag (80 clamslft.~), 350 clams per bag (140 ~lamslf t .~)  and 450 clams 
per bag (160 ~lamslft.~).  All nine bags were placed in an area 20 feet wide centered along the 
MLLW line (0.0' tide) at the Port Graham site. This effort will help determine optimum planting 
density for littleneck clams at sites similar to the Port Graham site. Evaluation of this test will 
commence in 1999. A similar test site will be set up at Tatitlek in 1999. 

PSP Testing: The presence of the commercial mariculture operation at Tatitlek eliminates the 
need for PSP testing of the local subsistence clam beds. It has proven difficult to collect sufficient 
samples from the Port Graham and Nanwalek beaches for PSP analysis. In addition the State of 
Alaska is charging $125 for PSP tests not required by regulation. Because of this no sampling . 
was done under this project in FY 98. 

PSP testing will need to be a major part of any effort aimed at restoring clams for subsistence use. 
However, this effort no longer fits well within the scope of this project. The Chugach Regional 
Resources Commission is now in the process of applying for funding to both expand the work 
started here to other villages in the oil spill region and to develop a comprehensive PSP testing 
program that can be used to ensure that clams harvested from these beaches are safe to eat. 

Recommendations and Conclusions: The separate facets of the study are going well at this point. 
Coordination among the facets regarding planning, shipping seed, etc. has greatly improved. 
Relocating the Qutekcak hatchery into the new State facility has resulted in a tremendous 
improvement in spawning and rearing success. The new facility has a periodic saltwater quality 
problem that needs to be resolved. A definitive analysis of the clam growth in the tidal FLUPSY 
is on going but not complete. Emphasis will be placed on completing this analysis in FY 99. 

At this point it appears that a subsistence clam restoration effort is quite feasible for littleneck 
clams. The most likely scenario would be for the hatchery to produce 3 mm to 5 rnm seed ready 
for placement in a FLUPSY by mid April. The FLUPSY would produce 8 mm to 12 mm seed 
ready for planting on the beaches in late summer. These clams would reach harvestable size after 
about three growing seasons. 

Although a five-year time frame between spawning the clams and harvesting them is long, it 
would not be an impediment as long as survival rates remain as high as they have been during this 
study. Affording the seeded clams protection, either in bags or under Carcover appears necessary 
to assure good survival rates. 

Introduction 
The purpose of this project is to develop cost effective procedures for establishing managed 
populations of clams in areas that are readily accessible from Native villages in the oil spill 
region. These clams will be used as a source for subsistence food to replace the natural clam 



resource that has been lost, damaged or depleted. The villages of Port Graham, Nanwalek, 
Tatitlek and Eyak will take part in the development process. 

Clams were once an important subsistence food in the Native villages. Clam populations in areas 
that are reasonably accessible to the villages have decreased to very low levels in recent years. 
Consequently, the role of clams in the subsistence diet in these villages has been greatly reduced. 
And, with a few exceptions, the role of clams in the subsistence diet of most Native villages in the 
oil spill area is a lot less than it was historically. 

There are probably a number of reasons why local clam populations are currently at low levels. 
Since clams are basically an unmanaged resource in the oil spill area, there are no quantifiable 
data available that could point to the actual circumstances that lead to the sharp reduction in these 
clam populations. However, there are events that likely played a major role. These include 
changes in beach configurations resulting from the 1964 earthquake, increasingly heavy sea otter 
predation, human over-harvest and the Exxon Valdez oil spill. 

The oil spill impacted the wild clam populations and their importance as a subsistence food in two 
ways. First, many clam beds suffered from direct oiling. The impact of the oil on the clam beds 
in Windy Bay, for instance, destroyed one of the more important clam beds in the lower Kenai 
Peninsula. With the current timber harvesting operations soon to provide road access from Port 
Graham and Nanwalek to the Windy Bay area, the loss of the clam resource there had a major 
impact on these villages. Second, even though many clams weren't killed from the oil, they have 
a tendency to accumulate and concentrate the toxic contaminants from non-lethal amounts of oil. 
This has badly eroded the confidence of the villagers in the healthfulness of the remaining wild 
clam populations as a subsistence food. 

In order to re-estabiish local clam populations as a subsistence resource for the Native villages a 
program needs to be developed to enhance the depleted stocks and the replace damaged ones. 
Over the past ten years the nursery systems and field growout technologies have sufficiently 
evolved to make clam enhancement and reseeding efforts feasible. This technology can be readily 
applied to increasing the clam resource near the villages to determine which applications would 
be best suited for the task at hand. 

This program was initiated in FY 95 as a demonstration project. The first year objectives were to 
decide what species of clams will be used for the project, determine the potential of the Qutekcak 
Shellfish Hatchery to produce seed for the project and develop the system for identifying the 
growout areas near the villages of Port Grahammanwalek and Tatitlek. 

After consultation with the Native villagers, experts in clam production techniques and a literature 
search, littleneck clams (Protothaca staminea) and cockles (Clinocardium nuttalli) were selected 
as the species that will be used in the restoration effort. The butter clam (Saxidomzls giganteus), a 
popular species with the Native villagers, was rejected because of its slow growth characteristics 
and propensity to retain the Paralytic Shellfish Poison toxin for extended periods. 

Littleneck clam broodsource for both Port Graham/Nanwalek and Tatitlek was cleared for use in 
the Qutekcak Shellfish Hatchery in Seward. A NanwaleWPort Graham source of cockle 
broodstock was cleared for hatchery use, but the state fish pathologist is withholding clearance for 
a Tatitlek cockle broodstock pending further analysis. 



As part of the study to identify growout areas near the villages a literature search was conducted 
through the University of Alaska to identify all previous research on littleneck clam life histories 
and population surveys. Time was spent with Alaska Department of Fish & Game (ADF&G) 
shellfish biologists from lower Cook Inlet and Prince William Sound to review and discuss clam 
surveys and management plans. Residents of the villages of Port Graham, Nanwalek and Tatitlek 
were interviewed to identify nearby areas that either now or once had significant populations of 
littleneck clams. Beach surveys were then conducted near Port Graham, Nanwalek and Tatitlek. 
Several sites were identified as suitable for use in this project. 

The hatchery produced several small batches of littleneck clam seed. However, survival through 
metamorphosis was poor. An experienced shellfish hatchery manager was brought into the 
hatchery to ensure that the proper culture procedures were in place and to improve larval health 
and survival. Changes made to the broodstock conditioning, spawning, setting and rearing 
procedures have begun to pay off. Production and survival rates have been at acceptable levels 
since February 1997. 

Dr. Ken Brooks of Aquatic Environmental Sciences in Washington State has been contracted to 
develop the protocols for the hatcherylnursery production of cockles. A tidally driven fluidized 
upwelling nursery system (tidal FLUPSY) was set up near Tatitlek to test its potential for nursery 
production. Test plots on beaches near Tatitlek, Nanwalek and Port Graham have been seeded 
with littleneck clams for growth, mortality and predator control studies, and predator control 
coverings are being tested on razor clam beaches near Eyak. Both work on cockles and on the 
razor clam beaches were dropped from the project after FY 97 in order to focus more on littleneck 
clam hatchery, nursery and growout work. 

The new State owned hatchery was ready for occupancy in January 1998. The facility is being 
leased and operated by the Qutekcak Native Tribe who is contracting with the project to conduct 
the hatchery and pre-nursery work. This new facility has greatly enhanced operations and 
allowed the project to increase production. The facility's increased alga production capabilities, 
which, in addition to permitting increased seed production, will allow the project to expand 
investigations on pre- nursery production at the hatchery. There still appears to be a periodic 
problem with seawater quality. Research into this problem is continuing. The shellfish hatchery 
manager hired by the project in FY 96 will remain on staff for at least the duration of this project. 

Because very little culture or enhancement work has been done previously with littleneck clams 
or cockles, this project is breaking a lot of new ground. This is perhaps good news from the 
standpoint of contributing to the knowledge pool, but it is slowing the project down. The 
hatchery, nursery and growout procedures that are being developed for this project must be 
adapted from previous work on other species. The growout work will first require the 
development of a database on littleneck clam growth and mortality to help determine the best 
enhancement approach. 

Objectives 
1. Hatchery Processes- Develop reliable, hatchery techniques for the littleneck clam 

(Protothaca staminea). Produce a 3 mm-5 mm seed in the hatchery within 19 weeks after 
spawning. 



2. Nursery - Develop cost effective, reliable techniques to grow 5mm hatchery seed to an out- 
planting size of 10mm - 15mm within 16 weeks. 

3. Growout - Describe current local clam populations through interviews and resource 
assessments. Locate sites, develop reliable, cost effective growout techniques, and evaluate 
the efficacy of proposed methods. 

4. Safety Testing - Set up a program for testing clams from the subsistence beaches for the 
presence of paralytic shellfish poisoning (PSP). 

Methods 
Hatchery: The Qutekcak Shellfish Hatchery located on the Institute of Marine Science grounds 
in Seward has been in operation since October 1993. During this time the hatchery was designed . 
and assembled and has evolved into a small pilot-scale operation. The staff has successfully set 
larvae of the Pacific oyster (Crossastrea gigas) and raised them to 15 mm for the aquatic farm 
industry. In addition, the hatchery has successfully conditioned, spawned, set and raised the native 
littleneck clam (Protothaca staminea) to 1 Omm. 

The Qutekcak shellfish hatchery experienced a good rate of success in producing littleneck clam 
spat in FY 98. Hatchery operations were conducted in the hatchery portion of the State of 
Alaska's newly constructed Mariculture Technical Centermatchery Complex. This new hatchery 
facility that Qutekcak is leasing from the State was ready for occupancy in January 1998. Settling 
into the new facility is an ongoing process, however the stzff has been able to take advantage of 
the greatly increased space and the new equipment and technology that the State hatchery offers 
to increase and improve littleneck clam seed production. Conditioning, spawning and rearing 
methods were unchanged from those developed in the pilot hatchery and described in the last 
annual report. 

The new hatchery has not experienced the poor larval growth and heavy mortality that was 
common in the pilot hatchery. However, as did the pilot facility, the new facility suffers through 
irregular periods of "contaminated seawater, which is toxic to the algae. During such events, 
which can develop overnight and last for months, algae often cease growing despite emergency 
efforts. Diatoms are especially affected. These events do not have any recognizable correlation to 
weather or season, but do sometimes correlate with rapidly shifting seawater reduction-oxidation 
potentials (redox), which are measured every day. The near total loss of food that results from 
these episodes halts further hatchery production and threatens existing shellfish in the hatchery. 
So far extensive mortalities in the shellfish have been avoided. 

Nursery: Pre-Nursery Hatchery Pond: The hatchery utilizes a 1 million liter pond to culture 
algae for its pre-nursery. The 30m by 37m pond is 5 meters at its deepest point. Raw seawater 
from a 60-meter deep intake is pumped into the pond to bring in nutrient rich water. The flow can 
be controlled to allow for adequate flushing yet maintain the ambient air temperature. An air 
compressor is used to aerate and circulate water in the pond to eliminate stratification and increase 



phytoplankton production. Fertilizer solutions are added daily to increase the intensity and 
duration of phytoplankton blooms. Physical parameters of the seawater including temperature, 
salinity, pH. and redox potential are monitored and water samples are collected at various 
intervals for nutrient level analysis. Identification of the most abundant phytoplankters as well as 
secchi disk readings are also made. The food laden pond water is pumped through dense trays of 
small (l+mm) littleneck clam spat. Spat reaching 3+ mrn are removed and sent to both the tidal 
FLUPSY at Tatitlek and the pump driven FLUPSY at Chenega Bay. Outdoor rearing of clam 
spat in pond upwellers continued through October at which time they were brought back into the 
hatchery. 

A small test was conducted at the pre-nursery pond in 1998 to determine the effect of substrate in 
the upwellers on seed growth. Two upweller stacks were used in the test. In each stack 
alternating trays had the bottom covered in a layer of 1 mm diameter black glass beads. 

Remote Nursery Systems: Remote nursery systems offer several advantages over nursery culture 
at the hatchery. One is that it frees up hatchery space and personnel that can be better used in . 
hatchery production. Another is that several remote nursery systems offer a redundancy of supply 
in case one of the systems fails. A third is that remote nursery systems can be located near the 
growout areas thus reducing transport costs. The big disadvantage to remote nursery systems is 
that the cost of pumping water at a remote location in Alaska made them impractical. 

Recently, work conducted under the South Carolina Sea Grant program lead to the development 
of a tidally driven remote nursery system. This system, called a Tidally Driven Floating 
Upwelling System (tidal FLUPSY), uses the strength of tidal currents to force seawater, with its 
accompanying load of phytoplankton, through cages containing small clams. The system appears 
to work quite well and is easy to maintain. Because the system is driven by a natural energy 
source readily available in Alaska, it appears to have great promise here. 

For FY 98 the FLUPSY was seeded with 45,000 littleneck clams on April 4, 1998. The clams 
ranged in length from 3 rnm to 6 mm with a mean of 4.4 mm. The clams were spread between 
two upwelling bins. The bins measured 18% x 18"W x 24"D. 

The clams were sampled every other month through the growing season with the last sampling 
occurring on October 23, 1998. A grab sample was removed from each bin and photocopied. The 
clams were then measured, at their longest point, using calipers. The population estimates were 
completed by sub sampling three groups of 100 clams and then weighing the whole group on an 
electronic scale. The clams were not sorted or mixed when sampling. 

Growout: 
Growout Techniaues: seed in^ Intertidal Areas: In 1995 a series of baseline surveys were 
conducted in the vicinity of Tatitlek, Port Graham and Nanwalek to select a cross-section of 
beaches that might be suitable for growout. One beach per village was selected. The Nanwalek 
beach is representative of moderate energy beaches, the Tatitlek beach is representative of open 
gravel beaches with good tidal exchange and the Port Graham beach is representative of protected 
areas. The Port Graham and Nanwalek beaches are located within two miles of one another and 
were tended by the same crew. 



The intent of the beach growout work is to establish similar growth and mortality, and predator 
control studies on each of the three beaches and compare the results. This information will be 
used to determine the kind of littleneck clam production that can be expected from each beach 
type, and what predator control measures seem to work best on each beach. 

The seeding study involved the placement of littleneck clam seed clams (10 mm to 15 mm valve 
length) in a replicate, blocked design which will examine growth and mortality as a function of 
tidal height and in the presence or absence of protective predator exclusion devices. A uniform 
seeding density of 30 seed clams per square foot was utilized. 

Growth and mortality of Caned Clams: One hundred seed clams were placed in "NorplexTM" 
clam bags for a detailed growth and mortality study. The valve lengths of all clams placed in 
there bags were measured to the nearest 0.0 1 mm using vernier calipers. Clams placed in bags 
were a random sample from the seed used in other parts of the study. Therefore, the mean lengths 
of clams in the bags can be used as the mean lengths of the clams seeded into other parts of the 
study. 

Clam bag ends were secured with electrical ties on one end and a 1" piece of split PVC pipe on 
the other end. Each bag received a shovelful1 of sieved (112" sieve) gravel. Bags were then 
nestled into the substrate to a minimum depth of 6". The top surfaces of each bag extended a 
minimum of 1" above the substrate. Each bag was secured to a piece of 112" rebar driven into the 
substrate to a minimum depth of 18" or when hitting bedrock. Identical study lay-outs were used 
at all three Villages. 

Bags are being retrieved at three month intervals and all contents removed from the bags. The 
number of surviving clams, and the number of empty clam shells, are determined. The valve 
length of each clam is measured and recorded. Fouling organisms are removed from the bags and 
clams replaced in the bags with a shovelful1 of sieved (112") gravel. Clam bags are then carefully 
nestled back in the sediment. 

Clam enhancement using; Car-cover nettinq: A minimum of 4' was required between each 
treatment and block. This provided access to the treatment for sampling without disturbing 
adjacent plots. All large (>10.0 cm diameter) rock and cobble were removed from the area to be 
seeded. The area was dug to remove all clams larger than 1.0 cm and raked to provide a smooth 
surface. Car-cover netting was precut to a dimension of 2m x 3m. It was secured by burying in a 
ca. 20cm deep trench on all four sides of each 1.0 meter by 2.0 meter plot. Each plot was marked 
with PVC pipe. Each piece of PVC pipe had the plot number written on it (i.e. A +1.5, etc.). 
After all plots were prepared, the tidal elevation of the center of each plot or bag was measured 
against a known tidal elevation. Sediment samples were taken adjacent to each set of the 
treatments for baseline analysis of total volatile solids and sediment grain size. In addition to 
treatment samples, control stations were established for annual sampling and processing in a 
similar manner. During annual monitoring, sediment samples will be taken from each of the car- 
covered, uncovered seeded area and control to determine the biophysical effects associated with 
the various treatments. 



Clam enhancement without protective netting: Additional 1.0 x 2.0 meter sites were prepared as 
described above except that car-cover netting was not installed. 

Seeding: All large (>10.0 cm diameter) rock and cobble was removed from the area to be seeded. 
The area was the dug to remove all clams larger than 1.0 cm. The valve length of clams removed 
was measured and recorded. Three random samples of seed for each beach were weighed and 
counted to obtain an average weight per clam. A total clam weight equivalent to 600 clams was 
seeded into each 1.0 x 2.0 meter area as the tide floods. Clams were seeded through the car cover 
netting. 

Data recording: Clams in the enhancement evaluation will be examined annually during the 1997, 
1998 and 1999 field work. Clam plots will be evaluated by noting the presence of predators, and 
covering the netted plots and collecting three randomly selected 0.1 M2 samples from each plot. 
The clams in the samples will be counted, measured in-situ and immediately replaced at a shallow 
depth with the substrate taken from the quadrat. New netting will then be installed. In FY 98 the 
Nanwalek and Port Graham beach sites were only sampled once on April 25, 1998. The planned . 
fall 1998 sampling was abandoned due to poor tides and weather. The Tatitlek site was sampled 
on April 26, 1998 and again on December 12, 1998. 

Results 
Hatchery: The large-scale rearing of clams in the new hatchery was very successful in FY 98 
(Table 1). Very large numbers of competent clam larvae were reared in only 14 to 18 days 
(Figure 1). This is much shorter than the 25 to 38 day rearing periods in the pilot hatchery. The 
rearing method was similar to the one developed in the pilot hatchery. Better technology and a 
deeper (250 feet) seawater intake partially explain the great difference in production success 
relative to the pilot hatchery. The one-micron filtered seawater receives about 4 to 6 times the UV 
dosage (60,000 to 90,000 microwatt~sec.cm2) as before. In addition, the new larvae tanks 
themselves are 150 times the size (30,000 liters) of the tanks in the pilot hatchery. Different 
chemical and bacterial dynamics may occur in these much larger volumes of seawater than in 
200-liter tanks. 

It was also able to keep the embryos at low densities (< 3 / ml) from day 1 because of the very 
large capacity of the new hatchery. The addition of probiotic bacteria ("PBD-3 I", Enviro-Reps. 
Int'l) to the larval tanks appears to protect them during periods of poor seawater quality. The mix 
of beneficial bacterial strains purportedly inhibits pathogenic bacteria in shrimp hatcheries and 
grow-out facilities. The last, large group of clam larvae required only four of our six larvae tanks 
and the rearing could have started with even higher initial numbers of larvae. Larger groups can 
be produced in the future, if necessary. 

Table 1. Larval Clam Production For 1998 

Date Spawn No. Pediveligers 
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Figure 1. Larval Growth and Survival 
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Investigations into seawater quality are ongoing. A second oyster larvae bioassay was conducted 
by EVS Consultants with problem seawater we shipped to them in August. The bioassay was not 
very helpful because larvae grew equally well in Qutekcak seawater as in their local control 
seawater. There was a degree of "abnormality" noted in some larvae grown in our water. The 
inconclusive results suggest that further larval bioassays will not help identify contaminants in our 
seawater especially if we no longer experience direct problems with larval growth and survival in 
the hatchery. An algal bioassay would be more pertinent to the algal toxicity we experience now. 
This will be pursued with the laboratory. 

Based on recommendations from chemical oceanographers and marine geochemists a series of 
seawater samples were collected from the hatchery and analyzed for ammonia and dissolved 
organic carbon (DOC) levels. Toxic ammonia levels might be elevated in local waters due to 
large-scale decomposition of fish processor effluents. Ammonia is known to be toxic to various 
invertebrate and fish species. The results showed generally low levels with, however, a one day 
spike to a potentially toxic level. Ammonia is a nutrient for algae, not a toxin, and would not 
explain by itself the cessation of algal growth we experience. 



Dissolved organic carbon (DOC) was analyzed because of the proximity of so much decomposing 
processor effluent. The DOC levels were low for all but three days in a one month sample series. 
The three high days may have been caused by a week of intertidal bulldozing occurring adjacent 
to the hatchery. Some component of the DOC may be responsible for the hatchery problems but 
total DOC abundance has not revealed this. 

Additional conversations with an Anchorage water testing laboratory led to the hatchery testing 
the seawater for biological and chemical oxygen demand (BOD and COD). The samples were 
collected in mid-December, 1998 during the latest severe contaminated water event. BOD, in this 
case, essentially measures the total oxygen use from microbial metabolism. COD measures the 
total potential oxygen use from chemical activity in seawater. Maximum COD and BOD levels 
are specified in the EPA permits for effluents from fish processors. Typically a maximum COD 
level is about 30 mgll. In the hatchery sample the BOD was below measurable levels but the 
COD was surprisingly high (121 mgll). Usually BOD is elevated with COD. Some non- 
biodegradable chemical compound(s) is present and exerting a strong reactivity. This 
compound(s) may be the algal toxicant. (More recent COD analyses of hatchery seawater have ' 

been three and four times higher than the December sample.) The laboratory suggested that 
permission be obtained to sample effluents and cleaning compounds used in the local processing 
facilities. This has been done for one facility so far. The effluent sump had water with a reducing 
(negative) redox value. 

Professor Dan White of the Environmental Engineering Division at UAF has agreed to participate 
in a focused, intensive investigation into the hatchery seawater toxicity problem starting with 
BODICOD testing and gradient searching. Sea Grant has offered some matching funding to the 
project and is seeking additional matching funding. A graduate student and supporting seawater 
analyses would be funded. EVS Consultant will continue to conduct the toxicity identification 
evaluation (TIE) analyses as toxic episodes occur. 

Nursery: Hatchew Pre-Nursew: Spat reaching 1 mm in size were transferred outside during the 
summer and fall into upwellers circulating seawater from the algae pond. In September, these 
spat were graded into 3-5 mm and 5 - 10 mm groups. About 2 1 1,000 of these were transferred 
from the hatchery for either planting or placement in the remote nursery FLUPSYs (Table 2). 

Table 2. 1998 Hatchery Clam Spat to Field 

Date Size No. Spat to Field 



The first two spawns yielded over two million spat. Many more spat were produced from the last 
two spawns in June and July, which yielded at least six to eight million spat. Spawning of clams 
ceased after July because the 1998 production goal of three million spat had been well surpassed. 
All spat not transferred to the field are over-wintering in the hatchery, awaiting spring transfer to 
the field or back outside to the hatchery pre-nursery where enough natural food grows to support 
the growth of that many spat. Most of the spat are progeny of the July spawn of 216 clams from 
Kachemak Bay. One million spat are scheduled to go to the field upwellers in April and another 
million in June. This number of spat should fill the available, permitted beach habitat at 
participating villages. 

The pond maintained a dense bloom throughout most of the summer. The only problem that was 
encountered occurred repaired the drainage system in the pond in late August. This work caused 
the bloom to fail and it wasn't restored to a satisfactory point until mid September. Although the 
loss of the bloom resulted in a reduced growth rate in the seed, it did not cause any significant 
mortality. 

The results of the upweller substrate were arrived at empirically. Other work at the hatchery 
precluded proper sampling of the growth of the seed in these upwellers. However, it was obvious 
that seed in trays with the substrate grew at a much faster rate than seeds in trays without 
substrate. As a result of this test the use of substrate is being increased. 

Remote Nurserv Systems: Figure 2 presents growth and survival of the clam seed placed in the 
tidal FLUPSY on April 4, 1998. About 60% of the seed survived, which was less than hoped for. 
About 45% of the loss occurred prior to the first sampling in June. It is possible that a large 
portion of this loss resulted from shipping. More care will need to be taken during the shipping 
process. In addition, one of the protective screens keeping the clams in the bins was lost after the 
August sampling. This may have allowed some of the seed to wash out of the bins. 

Growth in the FLUPSY was very encouraging with the average size nearly tripling over the 
growing season. This suggests that hatchery clam seed can be reared in the FLUPSY to a good 
planting size in a single growing season and be planted during the last daylight tides in late 
September or early October. 

Figure 2. Growth and Survival of Littleneck Clam 
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On October 23 approximately 17,000 clams were planted on the growout beach in Tatitlek. The 
remainder was left in the FLUPSY to over-winter. Although the had been problems during the 
past two years with over-wintering clams in the tidal FLUPSY, the rig was moved to a more 
protected spot for this year's test. It would be a great benefit to be able to store clams in the 
FLUPSY overwinter in order to free up space in the hatchery. 

Growout: 
Results for Passage Island (Village of Nanwalek). The beach at Passage Island is located 
approximately 1.5 nautical miles (nrn) from the Village of Nanwalek (English Bay). Access is 
across the unprotected waters of Cook Inlet. This has prevented access to the beach during winter 
low tides that occur at night. Consequently, the cultures were not adequately tended and three 
scheduled sampling events have been missed during this study. The lack of maintenance has been 
exacerbated by the exposure of this beach to strong wave action. The consequences are that 
significant substrate movement occurred during the winter of 1997 - 1998. Three of the bags 
(1 A, 2A, and 3A) were buried under 10 to 15 cm of coarse gravel and cobble as were 

Days since spawniny 

Figure 3. Number of surviving clams in bags at Passage Island, through April 1998 

several of the sites protected with CarcoverTM. Bags 2B and 2C were buried to a depth where 
they could not be located (>30 cm). The CRRC study team has continued to monitor Passage 
Island, when possible. However, no additional enhancement efforts are recommended, or 
planned, for this site. Time permitting, more protected enhancement sites, that are closer to 
Nanwalek, will be investigated in 1999. Experience gained at this site reinforces the site selection 



parameters defined at the beginning of this study. Sites that are difficult to access because of a 
weather exposed route or distance, and sites that are subject to significant substrate instability, 
should simply be rejected for enhancement purposes. 

Survival of native littleneck clams in bags at Passage Island. Figure (3) describes the survival of 
native littleneck clams in bags at Passage Island. Survival was excellent at this site until the storm 
event(s) of the winter of 1997-98 buried some bags and left others completely uncovered. If this 
enhancement site were more accessible, the Villagers' might have been able to recover the buried 
bags and rebury the exposed bags before the clams died. However, that is conjecture. The lesson 
to be learned from this experience is that inaccessible and weather exposed sites are not suitable 
for enhancement purposes. 

Survival of unprotected native littleneck clams seeded at Passage Island compared with identical 
plots seeded and protected with CarcoverTM. Plastic netting (CarcoverTM) has the potential to 
protect bivalves from many predators. It also functions to stabilize substrates subject to 
movement. This latter function will be described in the results section for Tatitlek. Clams were 
seeded at a density of 350 clams/m2 into replicated, cultivated, plots covering two square meters 
each in 1996. Three of the plots was protected with plastic netting and the other three were not. 
Two samples covering an area of 0.01 8 m2 were collected from each of the three replicates at 
+1.5' MLLW and -1.5' MLLW giving a total of six samples from each treatment at each tidal 
height. All caunt data were Log(N + 1) transformed prior to analysis. 

Figure (4) describes the results of sampling each of these plots during April of 1998. Two of the 
bzgs were lost and three were buried. However, more clams survived in Sags than in the other 
types of culture. Plastic netting increased survival at Protected sites. A total of 45 native 
littleneck clams were retrieved in all Passage Island samples (not including bags). Thirty-seven 
(37) of these were from seeded areas protected with CarcoverTM, one was from the seeded, but 
unprotected area and 7 were retrieved from control plots. The netting did help stabilize the 
substrate and it is likely that native littleneck clam seed was either washed out of the unprotected 
treatments or was buried too deeply to survive. The nearly total loss of clams from the seeded and 
unprotected treatments suggests that simply broadcasting seed onto a cultivated, but unprotected, 
intertidal area is not a practical enhancement technique at this site. Approximately 72 native 
littleneck clams were seeded in 1996 into the twelve 0.0182 quadrats sampled in April of 1998. 
Thirty-seven (37) of these survived, suggesting a gross survival rate of 5 1% in the Protected 
treatment. This is surprising considering the visual evidence of significant sediment movement 
during the winter of 1997-98 at this beach. 
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Figure 4. Survival of native littleneck clam (Protothaca staminea) seed planted in the 
intertidal area of Passage Island, July 1996 to April 1998. 

Paired sample t-tests comparing the types of enhancement indicated that significantly more clams 
were found under Carcover when compare with either the control (p = 0.028) or the unprotected 
enhancement trial (p = 0.001). Significant differences between the seeded, but unprotected trial 
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and the control were not significant (p = 0.720). These results suggest that unstable substrates 
may have caused a significant loss of Unprotected native littleneck clams at Passage Island and 
that CarcoverTM netting was effective in reducing these losses. 

Growth of native littleneck clams in field trials at Passage Island. Figure (8) describes the growth 
of native littleneck clams in bags at Passage Island. The clams were originally planted on July 3, 
1996 at an age of one year. They were last sampled on April 24, 1998 during the annual CRRC 
fieldtrip. Very little growth occurred in the bagged clams - likely because they were generally 
either buried or completely exposed at some time between the two sampling periods. 

Figure 5. Mean length (mm) of bagged clams at all tidal elevations on Passage Island, 
Alaska as a function of seed age. 

The mean length of clams in bags increased from 13.7 f: 2.7 mm on July 3, 1996 to 18.9 + 3.3 
mm on April 24, 1998 - a period of 659 days (means 2 one standard deviation). As seen in 
Figure (5), the mean length on day 1024 was significantly less than that predicted by the von 
Bertalanffy model developed for this site during the 1995 baseline survey. Numerous hypotheses 
can be invoked to explain this slower growth. The clams in bags were periodically removed from 
the substrate, sieved, measured and replaced the next day. This involves some measure of stress. 
Secondly, the cultures at Passage Island were not properly maintained. Clams that were either 
buried or exposed during significant substrate movement were unable to relocate to a more 
acceptable depth because of the physical presence of the bag. The site capability is more 
accurately reflected in the growth of native littleneck clams reared under carcover. The mean 
length of these clams at the end of 659 days of culture was 23.3 2 6.5 mm - a value that is very 
close to the von Bertalanffy prediction. The statistical significance of differences in the mean 
lengths of clams grown in the three treatments at Passage Island is summarized in Table (3). The 
mean length of clams grown in bags was significantly less than the mean length of clams grown 
under Carcover. The lack of significance between other treatments is due, in large part, to the low 
numbers retrieved from the Control and Unprotected treatments. 

Table 3. Summary of the statistical significance of differences in mean native littleneck 
clam lengths at 1024 days of age between three culture treatments at Passage Island. 
No clams were retrieved from samples taken in the Seeded and Unprotected plots. 

Control Bags Seeded and Seeded and protected 
unprotected 

Changes in the phvsicochemical properties of sediments at Passage Island. Sediment 
physicochemical characteristics are summarized for the various treatments in Table (4). The 
proportion fines observed under CarcoverTM was significantly higher (p = 0.01 3) from the 
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proportion observed in the seeded, but unprotected, site. No other significant differences were 
observed with the probability of rejecting the null hypotheses varying between 0.42 and 0.72. 

Table 4. Summary of the proportion fines (silt and clay < 64 pm particle size), total 
volatile solids (TVS) as a proportion of sediment dry weight, and depth (cm) of the 
reduction oxidation potential discontinuity (RPD) observed in control areas, in seeded 
areas under plastic netting and in unprotected but seeded areas. All values are means 
of three replicates f_ one standard deviation. 

protected 

Type of treatment Proportion fines Proportion TVS Depth of RPD (cm) 

Summarv for Passage Island. This site has proven too remote to allow for proper maintenance of 
intensive native littleneck clam culture in either bags or under CarcoverTM. Native littleneck 
clams survived best under CarcoverTM (5 1 %) and marginally well in bags (25%). Native 
littleneck clams did not survive when seeded into cultivated but unprotected treatments and this 
type of extensive culture does not appear appropriate at this site. The length of native littleneck 
clams was significantly less in Bags when compared with those grown under CarcoverTM where 
they were left undisturbed during the first 659 days of field growout. This reduction is likely 
associated with the stress imposed during periodic sampling of bagged clams. The existing 
cultures will be sampled in 1999 but no additional enhancement effort is planned here. 

Control 
Seeded and 
unprotected 
Seeded and 

Results for ~Murphy's Slough (Village of Port Graham). The beach at Murphy's Slough is 
ideal for several types of intensive and extensive bivalve enhancement efforts. The intertidal area 
suitable for clam culture has a very gentle slope and covers several acres. The substrate consists 
of a mixture of 59% small gravel less than 2 cm diameter, 30% sand and 11 percent silt and clay. 
Sediment TVS averages 2.05 + 0.4 percent. This beach has previously been noted to have a high 
volume of subsurface porewater flow during low tides. The RPD has consistently been >10 cm 
and predators have been restricted to starfish and possibly otters - as evidenced by the large 
number of pits, the absence of large butter clams, and the number of broken butter clam valves. 
Figure (6) is an aerial photograph of the study area. Two of the bags (3B and 3C) holding clams 
used in the growth and mortality study disappeared from this site in 1997. All other study 
components have remained in good condition and all samples have been collected. 
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Village of Port Graham, Alaska. 

Native littleneck clams were not observed in any of the 1995 baseline study samples and none 
have been observed outside the seeded plots to date. The lack of an existing native littleneck clam 
population was of concern during the site selection process. However, the decision to use this site 
was based on the observed sediment physiochemistry, which typically supports littleneck clams in 
Washington State, British Columbia and Alaska. It was hypothesized that the lack of native 
littleneck clams in the area was due to lack of recruitment - perhaps associated with unfavorable 
surface currents during the spring and summer months. The site is located approximately 1.0 nrn 
from the Village of Port Graham. However, access is across sheltered water and all scheduled 
sampling events have been met. Murphy Slough will be the primary site for a large scale 
enhancement effort in the summer of 1999. 



Survival of native littleneck clams in bags at Murphv's Slough. Figure (7) describes the survival 
of native littleneck clams in bags at Murphy's Slough. Survival has been excellent at this site 
throughout the study. At the end of 98 1 days of culture in the field, the average survival varies 
between 52% at -1.5' MLLW and 66.3% at 0.0' MLLW. The apparent inconsistency at -1.5' 
MLLW is the result of the loss of two of the three cages at some time between 7/22/97 and 
1 111 5/97. The winter of 1998-99 was unusually cold and sampling was delayed until March 20, 
1999. Significant mortality, particularly in the + I  .5' MLLW tide level was anticipated. 
However, no unusual mortality was observed. This was likely do to the copious amount of 

Clam age and sampling date 

flowing pore water previously documented at this site. 
Figure 7. Mean number of surviving clams in replicate bags at three tidal heights in 
Murphy's Slough, Port Graham, Alaska as a function of date. 

Survival of unprotected native littleneck clams seeded at Murphy's Slough compared with 
identical plots seeded and protected with CarcoverTM. The intertidal area being evaluated in 
Murphy's Slough has been very stable throughout this study with no observable substrate 
movement. The primary purpose of the CarcoverTM netting at this site is to discourage predation 
by gastropods, starfish, crabs and birds. The lightweight plastic could not withstand the 
determined efforts of marine mammals like sea otters. However, it is hoped that light to moderate 
fouling on the net may camouflage the clams and ameliorating predation by otters. This fouling is 
described in Figure (8). 
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-(gure 8 Fociled CarcoverTM netting protecting natrve littleneck clam seed planted 
n 1996 31 Murphy's Slough, Port Graham, Alaska 

Cl,in:, ncrc or~ginuii). seeded in the protected and unprotected plots at a density of 350 clams per 
sclu;irc tileter. r n o  sa111p1es. covering an area of 0.01 82 n ~ '  each. were collected from each of the 
t h r x  rcplicutcs at - 1.5' hILLW and -1.5' MLLW giving a total of sis samples from each 
tre:itiiicnt at e x h  ridal height (36 samples total). Ail count data were Log(Nt1) transformed prior 
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++ 1.5' in bags 

P r e d i c t e d  Length 

than the von Bertalanffy model p r e d i c t i o s & g m M @  ~ ~ ~ ~ & l o v e r n b e r ,  1997 and April, 
1998. However, the mean length of clams grown under CarcoverTM at the -1.5' MLLW elevation 
remained above the model predicted length on April 25, 1998 and the mean length of those grown 
under CarcoverTM at the +1.5' elevation was equal to the prediction. This suggests that the 
quarterly disturbance of clams in bags has resulted in some growth reducing stress. However, no 
cause and effect relationship was verified in this study. 



Based on the apparent slopes of the length curves, it appears that clams grown at the -1.5' 
MLLW level are growing more slowly than those at either the 0.0' or +1.5' MLLW levels. This 
is unexpected and the significance of these differences in slope will be discussed in the final 
report. The bottom line is that the von Bertalanffy model has adequately predicted growth in the 
undisturbed cohort held under CarcoverTM, but appears to overestimate growth by a small amount 
for the disturbed cohort grown in bags. It does appear that this model adequately describes 
growth in an enhancement effort where the clams would be minimally disturbed during their 
culture. The current model predicts that the mean clam length in the undisturbed population will 
reach a minimum harvest size when the clams are 5.75 years old requiring 4.75 years of field 
culture. 

The statistical significance of differences in the mean lengths of clams grown in the three 
treatments is summarized in Table (5). These results are for all clams, at all tidal heights and in 
all replicates, in each treatment. The mean length of clams in bags was significantly less than the 
mean length of clams retrieved from seeded and protected areas. Other comparisons were not 
statistically significant at a = 0.05. 

Table 5. Summary of the statistical significance of differences in mean native littleneck 
clam lengths at 1017 days of age between three enhancement treatments at Murphy's 
Slough. No clams were retrieved from samples taken in the Control plots that were not 
artificial seeded. 

Bags Seeded and Seeded and 

d \ 1 Seeded - and unprotected 
I I 1 

1 0.45 1 1 .OO 

unprotected protected 
I Baas (22.9) 

Log transformed length data was compared in an Analysis of Variance using Replicate, Tidal 
Elevation, and Treatment as independent variables. Replicate was not significant, indicating no 
significant difference with respect to horizontal position on the beach at the same tidal height. 
The probability that mean lengths were equal in all treatments at all tidal levels was not rejected 
with p = 0.06. However, post hoc testing indicated significant differences with longer mean 
lengths at the -1.5' MLLW tidal level when compared with either the 0.0' or + I S '  tide levels. 
This is not inconsistent with Figure (1 0) because the ANOVA was based on all treatments and not 
just bags. The differences between mean valve lengths at 0.0' and +1.5' were not significant. 

1.00 1 

(20.7) 
Seeded - and protected 

The type of treatment had a significant effect (p = 0.004) on mean native littleneck clam valve 
lengths with Protected Mean > Seed Mean > Bag Mean. As previously noted in Table (5), the 
difference in valve length in Bags was significantly less than the mean valve length of clams 
grown under Carcover. 

Changes in the ~hvsicochemical properties of sediments at Murphy's Slough. Significant 
differences in the proportion sediment fines or TVS, as a function of Treatment, were not 

0.02 0.37 1 .OO 



expected or observed in the high-energy environment at Nanwalek. Murphy's slough represents a 
lower energy environment and increases in the proportion fines were expected at sites protected 
with CarcoverTM, when compared with unprotected plots. Sediment physicochemical 
characteristics are summarized for the various treatments in Table (6). Proportional data were 
arcsin(sqrt(proportion)) transformed and subjected to analysis of variance. The proportion fines 
observed under CarcoverTM was not significantly different (p = 0.13) from the proportion 
observed in the seeded, but unprotected, site. However, sediments contained significantly (p = 

0.000) less fines (silt and clay) for all treatments at -1.5' MLLW when compared with +1.5' 
MLLW. 

Table 6. Summary of the proportion fines (silt and clay < 64 pm particle size), total 
volatile solids (WS) as a proportion of sediment dry weight, and depth (cm) of the 
reduction oxidation potential discontinuity (RPD) observed in control areas, in seeded 
areas under plastic netting and in unprotected but seeded areas. All values are means 
of three replicates 2 one standard deviation. Data for Murphy's Slough. 

T v ~ e  of treatment Proportion fines Proportion TVS Depth of RPD (cm) 
~;niiol (+I.s' MLLW) 
Control (-1.5' MLLW) 
Seeded and unprotected (+I .5' 

MLLW) 

0.120 2 0.00 I 
0. I08 + 0.008 
0.138 + 0.019 

- 

MLLW) 

Paired sample t-tests were also used to assess differences in these physicochemical data. The 
results suggest that neither TVS nor Fines were significantly different in a comparison of results 
for samples from areas Protected with CarcoverTM when compared with Control areas. Sediments 
in Murphy Slough contain a significant amount of dark colored broken slate or shale making it 
difficult to visually detect the RPD. Sediments appeared aerobic with no organoleptic evidence of 
hydrogen sulfide at any sampled depth. This is likely due to their high porewater content. It does 
not appear that the use of CarcoverTM plastic netting has had a significant effect on sediment fines, 
RPD or TVS in Murphy Slough. These are small plots and it may not be appropriate to 
extrapolate these results from two square meter plots to much larger areas. However, these results 
are encouraging. 

MLLW) 

Potential bivalve  reda at ion at Mumhv's Slough. Sea Otters were observed in groups of three to 
four animals throughout Port Graham. Numerous (>50) starfish (Pycnopodia helianthoides) were 
counted at the 4 . 0 '  tide level in front of the enhancement area. The beach is covered with 
numerous shallow circular pits possibly made by either sea otters or P. helianthoides. 
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0.021 2 0.001 
0.015 2 0.006 
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Summaw for Mumhv's Slough. Native littleneck clams are growing and surviving adequately at 
this site. The coefficients developed in 1995 for the von Bertalanffy model appear adequate to 
predict native littleneck clam growth at this site - at least during the first 33 months of the 
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growout cycle. Assuming that clam growth follows this model, the mean size of littleneck clams 
should reach minimum harvest size (38 mm) at an age of 5.75 years or following 4.75 years of 
growout. That suggests that half of the surviving clams will be ready for harvest in the spring of 
2001. Native littleneck clams reach a harvest size of 38 to 50 mm in approximately 3.5 to 4.0 
years in Washington State without the benefit of a nursery. It appears that similar growth will 
require about two years longer in Alaska. This is conjecture at this point. However, the success 
achieved to date supports these statements and is very encouraging. 

This site has excellent substrate and appears very capable of sustaining native littleneck clams in 
an expanded enhancement effort. A significant portion of the 1,000,000 native littleneck seed 
available in 1999 will be planted at this site. The hiring of Mr. Edgar Otis, as a shellfish 
technician, should facilitate the complete transfer of the maintenance of these cultures to the 
Village of Port Graham. 

In Puget Sound, native littleneck clams grow fastest and are most abundant where moderately fast 
currents deliver significant amounts of living phytoplankton and detritus. Dame (1998) provides. 
an excellent source of information regarding the ecosystem effects associated with large bivalve 
populations. This information is consistent with this author's experience in Puget Sound and 
British Columbia. The point is that Murphy Slough appears to be only moderately well flushed 
and strong currents have not been recorded there during this study. The availability of appropriate 
seston (bivalve food) and its delivery by local currents may become limiting with a significantly 
expanded bivalve population. In other words, it is possible that native littleneck clam 
enhancement in Murphy Slough may be constrained by the available food supply before the 
suitable intertidal substrate is fully utilized. This hypothesis will be acknowledged in the 1999 
enhancement effort. Clams will be planted in discrete cultures throughout the permitted area 
rather than in one large area. An analytical assessment of the carrying capacity of this area cannot 
be made without a more detailed understanding of current patterns, flushing rates, phytoplankton 
turn-over times and food concentrations in Port Graham. The author is not suggesting that CRRC 
undertake a study to assess these needs. The author is suggesting caution and that careful 
monitoring should be continued so as to optimize production in this area without exceeding the 
carrying capacity. 

Results for the Village of Tatitlek The study site at Tatitlek lies within easy walking distance 
of the Village. The intertidal consists of shale outcroppings that have been broken into angular 
rock, cobble, gravel and finer material. Substrates tend to be somewhat compacted but were 
considered suitable only with substantial cultivation effort. This is particularly true with intensive 
culture techniques that require use of plastic bags or netting. Because of the rock outcroppings 
and coarse, angular, nature of the substrate, this beach is not as amenable intensive culture 
techniques as is Murphy Slough. In addition, a moderate amount of substrate movement was 
experienced during the winter of 1997-98. However, the integrity of the study site has been 
maintained by regular maintenance. In fact, participation by Tatitlek Villagers' has been excellent 
during all phases of this study and data was regularly collected during scheduled sampling times. 
Figure (1 1) depicts the enhancement beach and its relationship with the village. 



Figure 11. Traditional subsistence beach and the site of 1995 - 1999 native littleneck 
clam enhancement studies at the Village of Tatitlek. 

Figure (12) depicts one of the Tatitlek intertidal areas seeded with native littleneck clams and 
protected with CarcoverTM. The beach has been eroded all around the CarcoverThl but the light 
plastic netting was effecting in stabilizing the area seeded with clams. No native littleneck clams 
were retrieved from the adjacent area that had been seeded but not protected with netting. The 
storms that caused this erosion also damaged several of the netted plots. The nets were replaced 
during the 1998 field season. 



Figure 12. Enhancement plot (28) on the Tatitlek shellfish beach. Beach substrates 
wi re  stabilized under the seeded area that was protected with CarcoverTM. The 
unprotected area, located to the left of the CarcoverTM in this photograph, was badly 
eroded and no clams were retrieved in two replicate samples from the unprotected plot. 

Phvsicochemical properties of sediments at Tatitlek. Protected and Unprotected trials were 
installed at three tidal elevations at Tatitlek (-1.5' MLLW, 0.0' MLLW and i.1.5' MLLW) in 
1996. Sediment grains size and sediment TVS were evaluated in Protected, Unprotected, and 
Control areas on April 26, 1998. Statistically significant (a = 0.05) differences in sediment Fines 
or TVS, as a function of elevation (tidal height) or replicate (horizontal position on the beach) 
were not observed at Tatitlek. Analysis of Variance on arcsine(sqrt(proportion TVS or Fines)) 
transformed data indicated that both the proportion Fines (p = 0.000) and proportion TVS (p = 

0.047) were significantly a function of the variable Treatment. Mean values for these parameters 
are provided in Table (7). Post hoc testing using Duncan's test indicated that TVS was 
significantly lower in the Unprotected plots when compared with either the Protected or Control 
plots. TVS in the Protected plots was not significantly different from the Controls (p = 0.94). 
The reason for the lower TVS in the Unprotect plots is unexplained. The proportion Fines was 
significantly lower in the Protected plots when compared with either Controls or Unprotected 
plots. The reason may be that the stabilized substrate under the protected plots was elevated in 
relationship with the surrounding beach, which was obviously eroded. This may have resulted in 
the washing of fines from the elevated Protected areas. The major effect of Protecting clams with 
netting at Tatitlek has been to stabilize the substrate preventing its movement during storm events. 
These data suggest that fines and TVS do not accumulate under small CarcoverTM plots on 
moderate to high-energy beaches. 



Table 7. Summary of the proportion fines (silt and clay < 64 pm particle size), total 
volatile solids (TVS) as a proportion of sediment dry weight, and depth (cm) of the 
reduction oxidation potential discontinuity (RPD) observed in control areas, in seeded 
areas Protected by plastic netting and in Unprotected, but seeded, areas. All values are 
the mean of three replicates 2 one standard deviation. Data for Tatitlek. 

Type of treatment Proportion fines Proportion TVS Depth of RPD (cm) 

Survival of native littleneck clams in bags at Tatitlek. Figure (14) describes the survival of native 
littleneck clams in bags at Tatitlek. Survival has been excellent at all tidal heights. The increases 

Control (+IS' MLLW) 
Control (0.0' MLLW) 
Control (-1.5' MLLW) 
Seeded and Unprotected (+l.j '  
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Seeded and Protected (+1.5' 

MLLW) 
Seeded and Protected (0.0' MLLW) 
Seeded and Protected (- 1.5' 

in clams observed on 7/25/97 were due to substantial recruitment of butter clams into the cages - 
either in unsieved sediment or during metamorphosis and settlement. Dr. Brooks removed those 
clams on 4/26/98. Villagers at Tatitlek have previously stated that they did not recognize 
differences between native littleneck clams (Protochaca staminea) and butter clams (Saxidomus 
giganteus). The increased number of clams observed on 12/12/98 was likely associated with 
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additional summer recruitment during 1998. The negative skewness seen in the analysis of 
length-frequency data in Figure (1 3) suggests that new recruitment has occurred. Butter clams 
will again be identified and removed from the bags during the CRRC 1999 summer field season. 
Figure 13. Length-frequency of clams retrieved from NorplexTM bags and measured on 
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1211 2/98 at Tatitlek. 



Sample date and native littleneck clam age 

Figure 14. Mean number of surviving clams in replicate bags at three tidal heights in 
Tatitlek, Alaska as a function of date. 

The mean number of surviving native littleneck clams in bags on April 26, 1998, following 
removal of all clams other than Protothaca staminea and 22 months of field culture, was 69.4 2. 
Survival in bags was not significantly different as a function of tidal height (67.3 @ +1.5'; 71.3 @ 
0.0' and 69.7 at -1.5'). All of the bags have been accounted for on each sampling day at Tatitlek.. 

Survival of unprotected native littleneck clams seeded at Tatitlek compared with identical plots 
seeded and protected with CarcoverTM. As noted in Section 5.1 and in Figure (15), CarcoverTM 
protection of seeded plots functioned well to stabilize sediments in the littoral zone at Tatitlek. 
Native littleneck clam seed was planted in Protected and Unprotected two square meter plots on 
July 5, 1996 at Tatitlek. Planting density was 350 clams/m2. These clams were not sampled until 
April 26, 1998 when two 0.01 86 m2 samples were collected from each of three replicates at each 
of three tidal heights. This effort resulted in six samples per tidal height and 18 samples for each 
treatment. A total of 54 samples were collected to analyze the differences in growth and survival 
in the three treatments tested in this study. The mean proportion of surviving clams in each 
seeded treatment on April 26, 1998 is summarized in Figure (1 8). Five native littleneck clams 
were retrieved from Control Plot (A) and six from Control Plot (B) at the highest tide level 
(+1.5'). No native littleneck clams were retrieved from other Control plots. Figure (18) suggests 
that Unprotected native littleneck clam seed may survive adequately (mean for all elevations of 



2 1 % through the first 18 months of growout) on this beach. However, Unprotected native 
littleneck clams did not survive as well at the lowest tidal height tested (-1.5' MLLW). This may 
be due to the large number of Pycnopodia helianthoides observed at the lower intertidal 
elevations. It would be interesting to monitor this area during high tides to determine how high 
this echinoderm ranges. The author has frequently observed the sunflower star subtidally in Puget 
Sound but not intertidally where Pisaster, Mediaster and Evasterias species are frequently 
observed. The survival of native littleneck clams in bags and under CarcoverTM at Tatitlek is 
excellent and these techniques appear valuable for enhancing subsistence harvests of native 
littleneck clams. Paired sample t-tests indicated that the number of clams surviving with 
Protection was significantly higher than without (p = 0.05). The economics in terms of labor and 
equipment to initiate and maintain cultures in bags andlor under carcover should be considered in 
the final report. However, the survival benefits demonstrated in Figure (1 8) are obvious. 
Figure 15. Proportion surviving native littleneck clams at Tatitlek as a function of tidal 
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height and treatment (Norplex Bags, Protected with CarcoverTM, or seeded but left 
Unprotected). 

Growth of native littleneck clams in field trials at Tatitlek. Figure (16) describes the growth of 
native littleneck clams in bags at Tatitlek. The length of clams grown under CarcoverTM and 
predictions from the von Bertalanffy model are also provided. 
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Figure 16. Mean lengths of clam cohorts cultured at various tidal heights in bags and 
under CarcoverTM at Tatitlek between June 27, 1996 and April 26, 1998. Clams in bags 
were measured quarterly and clams under CarcoverTM were measured only once. 

First, it is apparent that clam cohorts cultured in bags and examined quarterly had shorter mean 
valve lengths than those cultured undisturbed under CarcoverTM. To determine the significance of 
this, the data were Log transformed and submitted to Analysis of Variance. The mean valve 
lengths of clams grown under carcover was not significantly greater than those grown in bags (p = 

0.58). However, the mean valve length of native littleneck clams recovered from the Control 
plots were significantly shorter than those seeded in Bags (p = 0.000); seeded and Protected with 
CarcoverTM (p = 0.000) or seeded and left Unprotected (p = 0.000). The reason for that is likely 
that all clams were removed from each plot prior to seeding in 1996. Any native littleneck clams 
found in the Control plots represent new recruits into the area. If these new recruits settled in 
1996, they would have been one year younger than the seeded clams. If they recruited in 1997 
they would have been two years younger. Clam position on the beach (A = West; B = Middle and 
C = East) was also a significant factor determining native littleneck clam valve lengths. Clams 



were smaller to the West and followed a linear cline with larger clams found to the East (Transect 
C). No cause and effect relationship was investigated. 

Dates were included in Figure (1 9) to demonstrate the seasonal growth patterns evident at 
Tatitlek. Clam valve lengths increased greatest during the spring and summer months and least 
during the late fall and winter. These annual growth stanzas were expected and their appearance 
in this database is satisfying. 

The differences in valve lengths between clams grown in bags and those seeded under 
CarcoverTM is apparent in Figure (16). The lack of significance is in part due to the variation in 
initial mean valve lengths of the clams placed in bags. As suggested by the reviewer, analysis of 
covariance will be used in the Final Report to investigate any differences in the slopes of the lines 
representing valves lengths at each of the tidal heights. Because the initial differences in mean 
valve length were small, it is doubtful that differences in growth will be observed as a function of 
initial size. This is supported in Figure (1 6) where the three curves, representing growth at 
different tidal elevations, are essentially parallel. However, it will be an interesting exercise. 

Growth of native littleneck clams in bags appears to be slower than predicted by the von . 
Bertalanffy model. However, growth under CarcoverTM is consistent with the model's 
predictions. Figure (17) is a length-frequency histogram for clams sampled from under 
CarcoverTM and from the seeded but Unprotected areas. 
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Figure 17. Valve length-frequency histogram for native littleneck clams sampled at 
Tatitlek on April 26, 1998. 
Three of these clams were at, or very near, the minimum harvest size of 38 mm and another 8 



exceeded 30-mm valve length in April, 1998. It appears that the first clams will be approaching 
hamest size in significantly less than the 2100 days (5.75 years) predicted by the model. This 
cohort of clams was 2.79 years of age when these samples were taken and they had been cultured 
at Tatitlek for only 21 months. 

Total Suspended and Total Volatile Solids in the water column at Tatitlek on April 26. 1998. The 
water temperature at Tatitlek on April 26, 1998 was 6.5 "C. Total Suspended Solids were 
measured at 193.8 5 95.7 mg/L and the mean Total Volatile Solids was 14.1 2 10.9 mg/L (mean 2 
one standard deviation). The source of the particulate inorganic matter is unknown. The high 
TVS suggests that there was a rich food resource in the water on this day. 

Additional enhancement by planting of clams in bags. Approximately 700 native littleneck clams 
with an average valve length of 8.12 + 0.21 mm were planted in each of three full size Norplex 
bags at the 0.0' MLLW tidal elevation on December 12, 1998 by Mr. Jeff Hetrick. These clams 
were placed in the tidal Flupsy on April 26, 1998 and held there until planting. The valve lengths 
were not measured at the time of planting and no effort to quantitatively sample these clams is 
anticipated in 1999. Suitable portions of the entire Tatitlek beach will be seeded under 
CarcoverTM or in bags during August of 1999. 

Potential bivalve predation at Tatitlek. Gastropod egg cases, likely from Nucella cf lamelosa, 
were abundant, but no adult gastropods were observed. An army of Pycnopodia helianthoides) 
has been present at approximately -2.0' MLLW during every field trip to this beach. Four to six 
P. helianthoides were counted per square meter in front of the enhancement area on April 26, 
1998. Figure (1 8a) describes this assemblage as it existed on the morning of April 26, 1998. 
Figure (1 8b) is a photograph of one of four bushel baskets of starfish removed from the 
enhancement beach and deposited above high tide during 1996. Numerous shallow circular pits, 
possibly made by either sea otters or P. helianthoides, have been observed on this beach. 
Pycnopodia helianthoides has been observed excavating shallow depressions on this beach and 
several sunflower stars have been observed with intact clams (i.e. including the valves) in their 
guts. 



Figure 18. a) Pycnopodia helianthoides below the Tatitlek enhancement beach on April 
26, 1998. b) Seastars removed from the Tatitlek enhancement beach prior to initial 
seeding in 1996. This is one of four bushel baskets of starfish that were removed to an 
upland area during one morning of predator control. 

Summan for Tatitlek. Native littleneck clams are growing and surviving exceptionally well at 
this beach - despite its moderate exposure to waves and the associated substrate movement 
described in this report. Of all of the sites evaluated, this is the only site at which unprotected 
enhancement with native littleneck clams could be recommended. At Tatitlek it may be possible 
to enhance the clam population by simply seeding some areas located above ca. 0.0' MLLW. 
Some caution must be exercised in this respect, because juvenile native littleneck and butter clams 
Lvere found in reasonable abundance on this beach during the 1995 baseline survey. In contrast, a 
total of only 3 butter and 20 native littleneck clams. with valve lengths > 38 mm, were observed 
in the thirty-five 0.1 m' samples collected during the baseline survey. 

The results of these studies are also consistent with the 1995 baseline survey in that nearly all of 
the butter and native littleneck clams in that survey were collected at intertidal elevations 2 0.0' 
MLLW. The number of native littleneck clams retrieved from unprotected treatments is described 
in Figure (19) as a function of tidal height. 
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Figure 19. Number of native littleneck clams (Protothaca staminea) collected in 6 
quadrats covering 0.0182 m2 from unprotected treatments at each of three tidal heights 
on the Tatitlek subsistence beach on April 26, 1998. 

Discussion 
Hatcherv: With the move into the new State facility the hatchery is finally achieving very good 
survival rates and solid production numbers. If a subsistence clam enhancement program in the 
oil spill region proves feasible the new hatchery will be able to supply the needed seedstock. 
There are still periodic problems with the seawater quality that is impacting food production. 
Investigations into this problem are continuing. 

Nurserv: Aside form the problem caused by IMS cleaning out the intake, the hatchery pre-nursery 
pond function without problems in FY 98. The results of the upweller substrate test indicate that 
the use of substrate materially enhances seed growth 

The tidal FLUPSY continues to look promising. A final test using up to 500,000 seed will be 
done in 1999. 

Growout: The growth and mortality and the predator control studies for littleneck clams are going 
well. Seed planted in FY 96 continue to have good survival after 22 months, except for seed that 



was planted without protection. Seed not placed in net bags or under car cover had about an 8% 
survival rate. The high-energy Nanwalek site is not conducive to clam enhancement apparently 
because on winter storms that bury or uncover the clams. This effects growth as well as survival. 
Affording these clams protection with either net bags or Carcover helped survival a lot. Growth 
at the Port Graham and Tatitlek sites was about as expected. It appears that a harvestable size will 
be achieved within three to four years after being planted. 

PSP Sampling: The presence of the commercial mariculture operation at Tatitlek eliminates the 
need for PSP testing of the local subsistence clam beds. It has proven difficult to collect sufficient 
samples from the Port Graham and Nanwalek beaches for PSP analysis. In addition the State of 
Alaska is charging $125 for PSP tests not required by regulation. Because of this no sampling 
was done under this project in FY 97. 

PSP testing will need to be a major part of any effort aimed at restoring clams for subsistence use. 
However, this effort no longer fits well within the scope of this project. The Chugach Regional . 
Resources Commission is now in the process of applying for new funding. If obtained these 
funds will be used to both expand the work started here to other villages in the oil spill region and 
to develop a comprehensive PSP testing program that can be used to ensure that clams harvested 
from these beaches are safe to eat. 

Conclusions 

The Clam Restoration Project remains on track in spite of some significant problems that have 
cropped up along the way. Communication and coordination among the different facets of this 
project especially in transferring clam seed is improving, but more improvement is needed. Better 
procedures and protocols will be developed in FY 99. 

The work completed to date indicates that a littleneck clam restoration project may be feasible. 
The most likely scenario at this point would be for the hatchery to produce 3 mm to 5 mm seed 
ready for placement in a FLUPSY by mid April. The FLUPSY would produce 8 mm to 12 mm 
seed ready for planting on the beaches in late summer. These clams would reach harvestable size 
in about three growing seasons. Testing of the tidal FLUPSY will continue in FY 99. Enough 
information will be collected from the littleneck clam growout studies to indicate whether or not a 
subsistence clam enhancement program is feasible. 
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Native littleneck clam (Protothaca staminea) enhancement studies at the Villages of 
Nan~valek, Port Graham and Tatitlek - 1998 Progress Report 

1. Introduction. The purpose of this project is to establish populations of clams in areas 
that are readily accessible from the villages of Tatitlek, Nanwalek and Port Graham, Alaska. It 
must be emphasized that the purpose of this project is not to conduct a rigorous scientific study. 
One to two weeks of supervised fieldwork have been scheduled each year since 1995. This 
fieldwork was designed establish field experiments and to train Villagers' such that they could 
maintain the cultures and accomplish the necessary quarterly sampling. 

The project began in 1995 by interviewing elders at each Village in order to gain an 
understanding of the location of traditional subsistence harvest beaches and of the preferred 
culture techniques at each Village. Based on that input, three general enhancement techniques 
have been investigated. These have including intensive culture in bags, semi-intensive culture 
under plastic netting, and extensive culture accomplished by simply supplementing existing 
native littleneck clam recruitment without further care or protection. A detailed description of 
each enhancement trial is provided in the 1995 through 1997 annual reports. Corollary studies 
have included the growth of native littleneck clam seed in Flupsys and an examination of the 
possible changes in sediment physicochemical characteristics associated with different types of 
culture. The intensive culture (bags and CarcoverTM) techniques used in this effort have been 
successfully demonstrated in Puget Sound for the Manila clam (Tapes japonica). 

The study designs invoked for this project have been limited by the available field 
resources and the small quantities of seed available from the Qutekcak hatchery during their 
start-up phase. The protocols have been designed to provide baseline information and 
statistically testable data relevant to the following hypotheses. These hypotheses will be fully 
explored in the Final Report. 

Z 

I What was the state (biomass and species composition) of bivalve populations on 
traditional subsistence beaches at the Villages of Tatitlek, Nanwalek and Port Graham in 1995. 
The answer to this question was given in the 1995 annual report. None of the beaches evaluated 
in the vicinity of these villages held even marginal populations of subsistence bivalves in 1995. 

\ 
I Hypothesis (1). Do observed lengths at ages one through four correspond to 

predictions made by the von Bertalanffy model? Regression coefficients for the von Bertalanffy 
model were developed from data collected during the 1995 bivalve inventories. 

-. 
7 Hypothesis (2). Do the number of apparent annuli observed in native littleneck 

clams at Murphy Slough correspond with the known age of these clams? Clams in bags are of 
known age at Port Graham where there is no evidence of the natural recruitment of native 
littleneck clams. Study protocols required the sieving of sediment placed in bags during each 
quarterly evaluation. This requirement was generally not complied with - especially during 
winter when low tides occur at night. The result was that an unknown number of small clams 
were possibly introduced into the bags during quarterly sampling. These new recruits can be 
identified in two ways. The valves of hatchery produced and nurseried native littleneck clams 
have very little sculpturing and appear highly polished up to the size of planting (6 to 10 mm). 



In contrast. the valves of natural recruits have discernable sculpturing that appears to begin at a 
size of approximately 2 to 4 mm. Figure ( 1 )  depicts hatchery produced seed planted in 1998. It 
should be noted that seed planted at a small size (4 to 6 mm) is very difficult to distinguish 
from natural set seed using this morphological characteristic. I t  has been suggested that clams in 
the bags should have been dyed or othemise marked. It is the experience of this author that 
makings do not remain visible beyond one or two years of growth in substrates and annual 
remarking of clams was not considered feasible with the resources available. In addition. native 
Alaskans have not easily distinguished the differences between small native littleneck and butter 
clams (Saxidomus giganteus). Clams, other than native littlenecks were removed from the bags 
during each annual field trip. However, the quarterly database may include measurements of 

clams other than Protothaca staminea. 
Figure 1. Hatchery reared and nurseried native littleneck clam seed. 

I Hypothesis (3). Are there statistically significant differences in the gro~\th andlor 
sunival of native littleneck clams grown in bags and removed for quarterly examination when 
compared with similar seed raised under carcover, with free vertical movement in the substrate, 
and examined biannually? 

-. 
7 Hypothesis (4). Is there excessive winter mortality in clam populations 

physically constrained to remain with a few centimeters of the sediment surface in a bag'' This 
question is of particular interest in Alaska where air temperatures can drop to less than zero 



degrees centigrade for extended periods during winter. It was necessary to examine clams grown 
in cages on a quarterly basis during 1996 and 1997 to evaluate this possibility. Excessive winter 
kill was not observed and semi-annual (Spring and Fall) sampling was initiated in the Spring of 
1998 to eliminate the need for night time sampling during winter and to reduce stress on the 
cultured clams. 

> Hypothesis (5). Do significantly more clams survive when protected by plastic 
carcover when compared with areas treated in an identical manner but not protected? This 
question is important because the protection of seeded clams requires additional expense -both 
in materials and in labor to install and maintain the integrity of the carcover. If clams survive 
equally well (or even sufficiently well) in unprotected areas, then the need for carcover might be 
eliminated. 

> Hypothesis (6). Do significantly more clams survive when cultured in bags 
compared with those cultured under CarcoverTM or cultured without benefit of any protection? 

3 Hypothesis (7). Are there statistically significant changes in the percent fines 
(silt and clay < 64 pm diameter) and/or proportion of total volatile solids (TVS) observed in 
sediments under CarcoverTM when compared with areas seeded but not protected. Significant 
increases in these two physicochemical parameters would require that areas with marginally high 
levels of either parameter, with respect to the environmental needs of Protothaca staminea, be 
given special consideration when designing future enhancement efforts. The enhancement 
beaches selected for this study provide a range of sediment physicochemical conditions ranging 
from relatively fine, high TVS sediments in Murphy Slough, to more coarse sediments with 
lower TVS and moderately high wave exposure at Tatitlek, and the highly exposed and very 
rocky beach at Passage Island. 

2.0. Materials and methods. A copy of the protocols employed during the 1998 field season is 
provided in Appendix (1). Annual fieldwork by the CRRC study team was accomplished 
between April 24 and April 28, 1998. All elements of the proposal were accomplished other than 
that the number of clams available from the hatchery turned out to be 7,000 rather than the 
anticipated 142,000. In response to the limited number of available clams, 3,000 seed were 
planted in a 3 x 3 density experiment (three replicates by three clam densities) at the 0.0' MLLW 
tide level in Murphy Slough and 2,000 clams were planted under carcover at the same site. The 
remaining 2,000 clams were planted in full NorplexTM bags on the Tatitlek Beach. Other 
activities and their protocols included the following: 

2.1. Caged growth and mortality study. The semiannual inventory of clams in the 
caged growth and mortality study was accomplished at all sites. Dr. Brooks examined all clams 
from bags and removed all but the Protothaca starninea. Other species found included Hiatella 
arctica, Mya truncata, Saxidomus giganteus, and Macoma sp. 

2.2.Sampling of unseeded control areas and CarcoverTM protected and unprotected 
areas seeded with Protothaca staminea in 1996. The original study plan is described in Figure 
(2). A coffee can quadrat with a diameter of 6" (0.01 82 m2) was used to remove all substrate and 



clams to a depth of approximately 15 cm. This material was carefully sieved on 1.0 mm screens 
and the length of all clams measured using an electronic caliper. The clams were returned with 
the sieved sediment to the location from which they were taken. A systematic random sampling 
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Figure 2. Study design for clam enhancement studies at previously surveyed beaches at the villages of Tatitlek, 
Nanwalek and Port Graham. A replicated density study is being added in 1998. It is shown to the right of the existing 
study site in this figure. It could be placed either right or left of the existing sites at the 0.0' MLLW tidal level. Leave a 
minimum of 10 feet between the existing study area and the density study. 



plan lvas used in this evaluation. The distance above and to the right of the lolver left-hand 
corner of a PVC pipe quadrat was randomly determined for each site. The intersection of these 
t ~ + o  coordinates described the location of the sample. Samples were taken from the upper right 
hand quadrant of the intersection. This arrangement is described in Figure (3). Only two 
samples were collected from each plot to minimize disturbance of the small culture areas. The 
length and identity of each bivalve was recorded. This part of the study involves three 
treatments. All treatments were cultivated. Treated one is an unseeded control; two is a seeded 
and unprotected plot and plot three was seeded and protected with CarcoverTM netting. There are 
three replicates of each treatment at each of two tidal heights (+1.5' and -1.5' MLLW). Three 
tidal heights were evaluated at Tatitlek (-1.5'. 0.0' and +1.5' MLLW) A total of 36 samples were 
collected at Murphy Slough and at Passage Island. Fifty-four samples were collected at Tatitlek. 

Figure 3. Fixture used to define the sampling location in unseeded Control and seeded 
areas that were Protected with CarcoverTM netting or left Unprotected. 

2.3 Determination of Sediment Grain Size Distribution (SGS). The top two centimeters in 
each of these samples was removed, examined for clams, homogenized in a stainless steel bowl, 
and then placed in a precleaned 250 ml HDPE bottle for TVS and SGS determination. The 
sediments were dried in an oven at 92 "C and processed using the sieve and pipette method of 
Plumb (1981). The sieves used for the SGS analysis had mesh openings of 2.0,0.89. 0.25 and 
0.063 mm. Particles passing the 0.063 mm sieve during initial wet sieving were analyzed by 
sinking rates in a column of water (pipette analysis). Data were arcsin(sqrt(proportion)) 



transformed prior to analysis. 
2.4. Determination of sediment Total Volatile Solids content (TVS). A 50 gram 

surficial sediment sample, consisting only of that fraction smaller than coarse sand was taken 
from the top two centimeters were dried at 103 5 2  OC in aluminum boats that had been pre- 
cleaned by ashing at 550 "C for 30 minutes. Drying continued until no further weight reduction 
was observed. The samples were then ignited at 550 OC until no further weight loss was 
recorded. Total Volatile Solids were calculated as the difference between the dried and ashed 
weights as a proportion of the sample dry weight. Data were arcsin(sqrt(proportion)) 
transformed prior to analysis. 

2.5.Water concentrations of fecal coliform bacteria. Triplicate (3) water samples were 
collected at each shellfish beach in autoclaved, 500 ml HDPE sample bottles by immersing the 
covered sample bottle to a depth of 0.5 meters in undisturbed water. The bottle cap was then 
removed and the bottle filled to the top with no headspace. Clean, shoulder length gloves were 
used during this sampling. Care was taken to not disturb sediments by wading or poling of the . 
skiff during water sampling. Samples were held on ice at 4 OC until examined within 72 hours 
(holding time exceeded the recommendations of APHA, 1975). The number of fecal coliform 
bacteria was determined in each sample using the five tube MPN method (APHA, 1975, Method 
908A). The recorded values were compared with the requirements of the National Shellfish 
Sanitation Program Manual of Operations, Part I (NSSP, 1995). 

2.6.Water TVS and Total Suspended Solids (TSS) determination. Separate 500 ml 
samples of water were collected for the determination of TVS and TSS. Samples were collected 
in the same manner described in paragraph 2.5 and were held at 4 "C until analyzed. TSS was 
determined by filtering a homogeneous sample through a Whatman glass fiber filter (0.45 pm 
particle retention) that had been ashed at 550 "C for 20 minutes and pre-weighed. The filter, with 
the residue from a 350 mi water sample, was repeatedly dried at 103 OC and weighed until no 
further weight loss was observed (generally one hour). The filter, with dried and weighed 
residue, was then ignited in a muffle furnace at 550 "C for twenty minutes. TVS and TSS were 
recorded as mg/L. 

2.7.Evaluation of the effects of culture density in bags on native littleneck clam 
survival and growth. Optimum native littleneck clam density was estimated from data for 
Manila clams presented in Toba et al. 1992. This study will examine three replicates of each of 
the following densities. 

200 clams per half NorplexTM bag (80 clams/ square foot) 
350 clams per half NorplexTM bag (140 clams/ square foot) 
450 clams per half NorplexTM bag (1 60 clams/square foot) 

All replicates were planted in an area 20' wide centered along the 0.0' MLLW station 
adjacent to the existing growout study site as depicted in Figure 2. The valve lengths of four 
randomly selected sub-samples of 50 clams each were measured. These measured clams were 
then mixed back into the available stock of 7,000 clams and triplicate random samples of 200, 



350. and 453 clams counted out and placed in ZiplocTV bags for transport to the beach. This 
required 3.000 of the 7,000 available clams. One-half NorplexTM clam bags were filled with 
approximately 0.5 cubic feet of clean, screened sediment and nestled into depressions dug into 
the substrate at Murphy Slough. The clams were sprinkled on top of the substrate during the 
flood tide and the ends of the bags folded and secured with electrical ties. Each bag contained 
one inside and one outside label. The bags were secured to 9' long pieces of !A" rebar with UV 
resistant, heavy-duty electrical ties. The nearly completed seeding is described in Figure (4). 
The substrate was backfilled against the NorplexTM bags when seeding \vas complete. This left 
approximately 2.5 cm of the bag above the substrate's surface. This experiment will be 
evaluated in 1999 for the first time. 

Figure 4. Native littleneck clam seed density experiment initiated in April of 1998 at 
Murphy Slough in the vicinity of Port Graham, Alaska. The substrate was replaced 
around the perimeter of each bag when planting was complete. 

2.8. Evaluation of native littleneck clam (Prototlzaca staminea) seed growth in the 
Tidal Flupsy at Tatitlek. Seed native littleneck clams (Protothaca staminea) were placed in 
the Tatitlek tidal Flupsy on April 5 ,  1998. The valve lengths of three random subsamples of 
thirtt  bivalves each Lvere measured from each culture at two-month intervals until October 23, 
1998. These measurements provided an estimate of the growth achieved in the post hatchery 
nursery phase of enhancement. Based on results from Washington State with Manila clams, it 



has been hypothesized that up to one :".ear can be eliminated from the total time to harvest size 
using these nursery techniques. 

2.9. Intermediate scale enhancement at iVIurphy Slough. Approximately 2,000 
nati\.e littleneck clams kvere planted at a density of 40 clams per square foot in cultivated ground 
at the 0.0' MLLW tide level in Murphy Slough. This culture was protected with CarcoverTM 
netting that had leadline sewn into the perimeter. The leadline was secured to the substrate with 
eight ?'2" rebar -'Jn stakes. Figure (5) describes this enhancement. During the 1980's, the author 
promoted the concept of "Shellfish Victory Gardens." It is possible that individual Villagers 
could tend family plots of native littleneck clams consisting of a series of six to eight plots 
similar to that demonstrated in Figure (5 ) .  

Figure 5. Completed enhancement trial with Carcover TM installed. The lightweight 
netting is held in place with lead-line and %" rebar stakes. Clams are seeded through the 
netting as the incoming tide reaches the plot. 

3.0.Results for Passage Island in the vicinity of the Village of Nanwalek. The beach at 
Passage Island is located approximately 1.5 nautical miles (nm) from the Village of Nanwalek 
(English Bay). Access is across the unprotected waters of Cook Inlet. This has prevented access 
to the beach during winter low tides that occur at night. Consequently, the cultures were not 
adequately tended and three scheduled sampling events have been missed during this study. The 
lack of maintenance has been exacerbated by the exposure of this beach to strong wave action. 
The consequences are that significant substrate movement occurred during the winter of 1997 - 



1998. Three of the bags (1 A, 2A, and 3A) were buried under 10 to 15 cm of coarse gravel and 
cobble as were several of the sites protected with CarcoverTM. Bags 2B and 2C were buried to a 
depth where they could not be located (>30 cm). The CRRC study team has continued to 
monitor Passage Island, when possible. However, no additional enhancement efforts are 
recommended, or planned, for this site. Time permitting, more protected enhancement sites, that 
are closer to Nanwalek, will be investigated in 1999. Experience gained at this site reinforces the 
site selection parameters defined at the beginning of this study. Sites that are difficult to access 
because of a weather exposed route or distance, and sites that are subject to significant substrate 
instability, should simply be rejected for enhancement purposes. 

3.1. Survival of native littleneck clams in bags at Passage Island. Figure (6) 
describes the survival of native littleneck clams in bags at Passage Island. Survival was excellent 
at this site until the storm event(s) of the winter of 1997-98 buried some bags and left others 
completely uncovered. If this enhancement site were more accessible, the Villagers' might have 
been able to recover the buried bags and rebury the exposed bags before the clams died. 
However, that is conjecture. The lesson to be learned from this experience is that inaccessible 
and weather exposed sites are not suitable for enhancement purposes. 
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Figure 6. Number of surviving clams in bags at Passage Island, Alaska through April of 
1998. 

3.2. Survival of unprotected native littleneck clams seeded at Passage Island 
compared with identical plots seeded and protected with CarcoverTM. Plastic netting 
(CarcoverTM) has the potential to protect bivalves from many predators. It also functions to 
stabilize substrates subject to movement. This latter function will be described in the results 
section for Tatitlek. Clams were seeded at a density of 350 clams/m2 into replicated, cultivated, 
plots covering two square meters each in 1996. Three of the plots was protected with plastic 
netting and the other three were not see Figure (2). Two samples covering an area of 0.01 8 m2 
were collected from each of the three replicates at +1.5' MLLW and -1.5' MLLW giving a total 
of six samples from each treatment at each tidal height. All count data were Log(N + 1) 
transformed prior to analysis. 

Figure (7) describes the results of sampling each of these plots during April of 1998. 
Two of the bags were lost and three were buried. However, more clams survived in bags than in 
the other types of culture. Plastic netting increased survival at Protected sites. A total of 45 



native littleneck clams were retrieved in all Passage Island samples (not including bags). Thirty- 
seven (37) of these were from seeded areas protected with CarcoverTM, one was from the seeded, 
but unprotected area and 7 were retrieved from control plots. The netting did help stabilize the 
substrate and it is likely that native littleneck clam seed was either washed out of the unprotected 
treatments or was buried too deeply to survive. The nearly total loss of clams from the seeded 
and unprotected treatments suggests that simply broadcasting seed onto a cultivated, but 
unprotected, intertidal area is not a practical enhancement technique at this site. Approximately 
72 native littleneck clams were seeded in 1996 into the twelve 0.01 82 quadrats sampled in April 
ofl998. Thirty-seven (37) of these survived, suggesting a gross survival rate of 51% in the 
Protected treatment. This is surprising considering the visual evidence of significant sediment 
movement during the winter of 1997-98 at this beach. 

El -1 .5 '  M L L W  

Bag Protected Unprotected Control 

Enhancement type 

Figure 7. Survival of native littleneck clam (Protothaca staminea) seed planted in the 
intertidal area of Passage Island during 1996 and evaluated in 1998. 

Paired sample t-tests comparing the types of enhancement indicated that significantly 
more clams were found under carcover when compare with either the control (p = 0.028) or the 
unprotected enhancement trial (p = 0.001). Significant differences between the seeded, but 
unprotected trial and the control were not significant (p = 0.720). These results suggest that 
unstable substrates may have caused a significant loss of Unprotected native littleneck clams at 
Passage Island and that CarcoverTM netting was effective in reducing these losses. 



3.3. Growth of native littleneck clams in field trials at Passage Island. Figure (8) 
describes the growth of native littleneck clams in bags at Passage Island. The clams were 
originally planted on July 3, 1996 at an age of one year. They were last sampled on April 24, 
1998 during the annual CRRC fieldtrip. Very little growth occurred in the bagged clams - likely 
because they were generally either buried or completely exposed at some time between the two 
sampling periods. 
Figure 8. Mean length (mm) of bagged clams at all tidal elevations on Passage Island, 
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The mean length of clams in bags increased from 13.7 2 2.7 mm on July 3, 1996 to 18.9 
+ 3.3 mm on April 24, 1998 - a period of 659 days (means 2 one standard deviation). As seen in - 
Figure (8), the mean length on day 1024 was significantly less than that predicted by the von 
Bertalanffy model developed for this site during the 1995 baseline survey. Numerous hypotheses 
can be invoked to explain this slower growth. The clams in bags were periodically removed 
from the substrate, sieved, measured and replaced the next day. This involves some measure of 
stress. Secondly, the cultures at Passage Island were not properly maintained. Clams that were 
either buried or exposed during significant substrate movement were unable to relocate to a more 
acceptable depth because of the physical presence of the bag. The site capability is more 
accurately reflected in the growth of native littleneck clams reared under carcover. The mean 
length of these clams at the end of 659 days of culture was 23.3 2 6.5 rnrn - a value that is very 
close to the von Bertalanffy prediction. The statistical significance of differences in the mean 
lengths of clams grown in the three treatments at Passage Island is summarized in Table (1). The 
mean length of clams grown in bags was significantly less than the mean length of clams grown 



under carcover. The lack of significance between other treatments is due, in large part, to the 
low numbers retrieved from the Control and Unprotected treatments. 

Table 1. Summary of the statistical significance of differences in mean native littleneck 
clam lengths at  1021 days of age between three culture treatments at Passage Island. No 
clams were retrieved from samples taken in the Seeded and Unprotected plots. 

Control Bags Seeded and unprotected Seeded - 
and protected 

1 Control (22.91 1 1.000 
Bags (18.9) 1 0.189 1 1.000 
Seeded - and unprotected 1 0.305 1 0.154 

1 (23.3) 1 
3.4. Changes in the physicochemical properties of sediments at  Passage Island. 

Sediment physicochemical characteristics are summarized for the various treatments in Table (2): 
The proportion fines observed under CarcoverTM was significantly higher (p = 0.01 3) from the 
proportion observed in the seeded, but unprotected, site. No other significant differences were 
observed with the probability of rejecting the null hypotheses varying between 0.42 and 0.72. 

1.000 
(14.5) 
Seeded - and protected 

Table 2. Summary of the proportion fines (silt and clay < 64 pm particle size), total volatile 
solids (TVS) as a proportion of sediment dry weight, and depth (cm) of the reduction 
oxidation potential discontinuity (RPD) observed in control areas, in seeded areas under 
plastic netting and in unprotected but seeded areas. All values are means of three 
replicates + one standard deviation. 
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3.5. Fecal coliform and Total Volatile Solids in the water column at  Passage Island. 
The water at Passage Island was very clear on April 24, 1998. Total Suspended Solids were 
measured at 1.5 + 0.9 mg/L and the mean Total Volatile Solids was 0.70 + 0.03 mg/L (mean + 
one standard deviation). These data suggest that about half of the suspended particles retained on 
a 0.47 pm glass filter were organic and half were inorganic. The TVS value of 0.70 mg/L was 
unexpectedly low during this Spring sampling period when higher phytoplankton production was 
expected. 

Fecal coliform bacteria were not detected in any of the water samples (all samples were < 
2.0 FC1100 ml). This is consistent with previous years' results suggesting that this area would 
likely meet the requirements for an Approved Classification as defined in Part I of the NSSP 
Manual of Operations. 

3.6. Summary for Passage Island. This site has proven too remote to allow for proper 
maintenance of intensive native littleneck clam culture in either bags or under CarcoverTM. 

0.142 

Seeded and 

1 .OOO 

0.076 + 0.028 
0.066 0.005 

0.024 + 0.007 
0.022 2 0.006 

0.082 + 0.01 1 0.023 + 0.007 >15 



Native littleneck clams survived best under CarcoverT" (51?/o) and marginally kvell in bags 
( 2 j 0  0 ) .  Native littleneck clams did not survive when seeded into cultivated but unprotected 
treatments and this type of extensive culture does not appear appropriate at this site. The length 
of native littleneck clams was significantly less in Bags when compared with those grown under 
CarcoverTbf where they were left undisturbed during the first 659 days of field growout. This 
reduction is !ikely associated ~vi th the stress imposed during periodic sampling of bagged clams. 
The existing cultures will be sampled in 1999 but no additional enhancement effort is planned 
here. 

1.0 Results for Murphy's Slough (Village of Port Graham). The beach at Murphy's 
Slough is ideal for several types of intensive and extensive bivalve enhancement efforts. The 
intertidal area suitable for clam culture has a very gentle slope and covers several acres. The 
substrate consists of a mixture of 59% small gravel less than 2 cm diameter, 30% sand and 11 
percent silt and clay. Sediment TVS averages 2.05 2 0.4 percent. This beach has previously 
been noted to have a high volume of subsurface porewater flow during low tides. The RPD has 
consistently been > 10 cm and predators have been restricted to starfish and possibly otters - as 
evidenced by the large number of pits, the absence of large butter clams, and the number of 
broken butter clam valves. Figure (9) is an aerial photograph of the study area. Two of the bags 
(3B and 3C) holding clams used in the growth and mortality study disappeared from this site in 
1997. All other study components have remained in good condition and all samples have been 
collected. 

of Port Graham, Alaska. 
Native littleneck clams were not observed in any of the 1995 baseline study samples and 

none have been observed outside the seeded plots to date. The lack of an existing native 
littleneck clam population was of concern during the site selection process. However, the 
decision to use this site was based on the observed sediment physicochemistry. which typically 
supports littleneck clams in Washington State, British Columbia and Alaska. It was 



hypothesized that the lack of native littleneck clams in the area was due to lack of recruitment - 
perhaps associated with unfavorable surface currents during the spring and summer months. The 
site is located approximately 1.0 nm from the Village of Port Graham. However, access is across 
sheltered water and all scheduled sampling events have been met. Murphy Slough will be the 
primary site for a large scale enhancement effort in the summer of 1999. 

4.1. Suwival of native littleneck clams in bags at Murphy's Slough. Figure (10) 
describes the survival of native littleneck clams in bags at Murphy's Slough. Survival has been 
excellent at this site throughout the study. At the end of 981 days of culture in the field, the 
average survival varies between 52% at -1.5' MLLW and 66.3% at 0.0' MLLW. The apparent 
inconsistency at -1.5' MLLW is the result of the loss of two of the three cages at some time 
between 7/22/97 and 1 111 5/97. The winter of 1998-99 was unusually cold and sampling was 
delayed until March 20, 1999. Significant mortality, particularly in the +1.5' MLLW tide level 
was anticipated. However, no unusual mortality was observed. This was likely do to the copious 
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amount of flowing pore water previously documented at this site. 

Figure 10. Mean number of surviving clams in replicate bags at three tidal heights in 
Murphy's Slough, Port Graham, Alaska as a function of date. 

4.2. Survival of unprotected native littleneck clams seeded at Murphy's Slough 
compared with identical plots seeded and protected with CarcoverTM. The intertidal area 
being evaluated in Murphy's Slough has been very stable throughout this study with no 
observable substrate movement. The primary purpose of the CarcoverTM netting at this site is to 



disc, ..... l t i ,  .i;c pi-i.ii;iti~)n b> gastropods. starfish. crabs and birds. The lightweight plastic could not 

\viths:;ii:;i rhi. cicti.rniined efforts of marine mammals like sea otiers. However, it is hoped that 
lisl~r t(. :~:~:i!cr:tte 1;)uling on the net ma>. camouflage the clams and ameliorating predation by 

, . .  . 
otrcrs. i i:i> rt>uling is described in Figure ( 1 1  ). 

F i ~ u r e  1 1 .  Fouled CarcoverT*I netting protecting native littleneck clam seed planted in 
1906 at \.lurphy's Slough, Port Graham, Alaska. 

, , I IV\  \\ere orig~nallq seeded In the protected and unprotected plots at a density of 350 
ci'lt?.. - 2 ,  ~ C I L ~ , ~ I C  m e w  I n o  s,lmplc\. cokerlng an area of 0 0182 m' each. mere collected from 
euc;i a .,:c ~i:rct. r t . ~ l ~ c , i t ~ b  ,I[ + 1 5' >ILL%' and -1 5' hlLLiV g ~ k  Ing ci total of six samples from 



each treatment at each tidal height (36 samples total). All count data were Log(N+l) 
transformed prior to analysis. 

Figure (12) describes the results of sampling each of these plots. The left half of Figure 
(12j describes the number of clams retrieved and the right half describes the mean length of each 
cohort. No native littleneck clams were retrieved from Control plots. This is consistent with the 
lack of native littleneck clams found in the 1995 baseline survey. More native littleneck clams 
were retrieved from the plots protected with CarcoverTM than from the areas that were seeded in 
an identical manner, but left unprotected. More clams, with a higher mean valve length, were 
retrieved from the -1.5' tide level when compared with the +1.5' tide level. Survival was 62 IfI 
1 5% under CarcoverTM at the -1.5' MLL W tide level and 1 8 If: 4% at the + 1.5' MLL W level. 
Suwival was 10 + 8% in the seeded, but unprotected areas at both tidal levels. 

Figure 12. Total number of native littleneck clams and their mean valve lengths in six, 
0.0182 m2, samples, collected at the -1.5' tide level and at the +1.5 tide level. No native 
littleneck clams were retrieved in samples from unseeded control plots. 

-1.5 count + 1.5 count -1.5 length 

Tidal freight 

+1.5 length 

The mean number of native littleneck clams sampled from protected areas was 
5.2lsample and the mean number from seeded but unprotected areas was 1.3. The significance of 
this difference was investigated using a paired sample t-test. The count data were Log(N+l) 
transformed prior to analysis. The numbers of native littleneck clams retrieved from the 
Protected plots was significantly higher than the number from Unprotected plots (p = 0.02). 



4.3. Growth of native littleneck clams in field trials at Murphy's Slough. Figure (13) 
describes the growth of native littleneck clams in the various treatments at Murphy's Slough. 
The clams were originally planted on July 5, 1996 at an age of one year. They were last sampled 
on March 20, 1999, following an unusually cold winter. The mean length of clams in bags 
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Figure 13. Mean lengths of clam cohorts cultured at various tidal heights in bags and 
under CarcoverTM in Murphy Slough between July 5,1996 and March 20,1998. Clams in 
bags were measured quarterly and clams under CarcoverTM were measured only once. 

decreased to less than the von BertalanffL model prediction at some point between November, 
1997 and April, 1998. However, the mean length of clams grown under CarcoverTM at the -1.5' 
MLLW elevation remained above the model predicted length on April 25, 1998 and the mean 
length of those grown under CarcoverTM at the +1.5' elevation was equal to the prediction. This 
suggests that the quarterly disturbance of clams in bags has resulted in some growth reducing 
stress. However, no cause and effect relationship was verified in this study. 



Based on the apparent slopes of the length curves, it appears that clams grown at the 
-1 .S' MLLW level are growing more slowly than those at either the 0.0' or +1.5' MLLW levels. 
This is unexpected and the significance of these differences in slope will be discussed in the final 
report. The bottom line is that the von Bertalanf@ model has adequately predicted growth in the 
undisturbed cohort held under CarcoverTM, but appears to overestimate growth by a small 
amount for the disturbed cohort grown in bags. It does appear that this model adequately 
describes growth in an enhancement effort where the clams would be minimally disturbed during 
their culture. The current model predicts that the mean clam length in the undisturbed population 
will reach a minimum harvest size when the clams are 5.75 years old requiring 4.75 years of field 
culture. 

The statistical significance of differences in the mean lengths of clams grown in the three 
treatments is summarized in Table (3). These results are for all clams, at all tidal heights and in 
all replicates, in each treatment. The mean length of clams in bags was significantly less than the 
mean length of clams retrieved from seeded and Protected areas. Other comparisons were not 
statistically significant at a = 0.05. 

Table 3. Summary of the statistical significance of differences in mean native littleneck 
clam lengths at 1017 days of age between three enhancement treatments at Murphy's 
Slough. No clams were retrieved from samples taken in the Control plots that were not 
artificial seeded. 

Bags Seeded and Seeded and 
unprotected protected 

Log transformed length data was compared in an Analysis of Variance using Replicate, 
Tidal Elevation, and Treatment as independent variables. Replicate was not significant, 
indicating no significant difference with respect to horizontal position on the beach at the same 
tidal height. The probability that mean lengths were equal in all treatments at all tidal levels was 
not rejected with p = 0.06. However, post hoc testing indicated significant differences with 
longer mean lengths at the -1.5' MLLW tidal level when compared with either the 0.0' or +1.5' 
tide levels. This is not inconsistent with Figure (13) because the ANOVA was based on all 
treatments and not just bags. The differences between mean valve lengths at 0.0' and +1.5' were 
not significant. 

The type of treatment had a significant effect (p = 0.004) on mean native littleneck clam 
valve lengths with Protected Mean > Seed Mean > Bag Mean. As previously noted in Table (3), 
the difference in valve length in Bags was significantly less than the mean valve length of clams 
grown under Carcover. 

4.4. Changes in the physicochemical properties of sediments at Murphy's Slough. 
Significant differences in the proportion sediment fines or TVS, as a function of Treatment, were 
not expected or observed in the high-energy environment at Nanwalek. Murphy's slough 
represents a lower energy environment and increases in the proportion fines were expected at 
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sites protected with CarcoverTM, when compared with unprotected plots. Sediment 
physicochemical characteristics are summarized for the various treatments in Table (4). 
Proportional data were arcsin(sqrt(proportion)) transformed and subjected to analysis of variance. 
The proportion fines observed under CarcoverTM was not significantly different (p = 0.13) from 
the proportion observed in the seeded, but unprotected, site. However, sediments contained 
significantly (p = 0.000) less fines (silt and clay) for all treatments at -1.5' MLLW when 
compared with f1.5' MLLW. 

Table 4. Summary of the proportion fines (silt and clay < 64 pm particle size), total volatile 
solids (TVS) as a proportion of sediment dry weight, and depth (cm) of the reduction 
oxidation potential discontinuity (RPD) observed in control areas, in seeded areas under 
plastic netting and in unprotected but seeded areas. All values are means of three 
replicates + one standard deviation. Data for Murphy's Slough. 

Type of treatment Proportion fines Proportion TVS Depth of RPD (cm) 

Paired sample t-tests were also used to assess differences in these physicochemical data. The 
results suggest that neither TVS nor Fines were significantly different in a comparison of results 
for samples from areas Protected with CarcoverTM when compared with Control areas. 
Sediments in Murphy Slough contain a significant amount of dark colored broken slate or shale 
making it difficult to visually detect the RPD. Sediments appeared aerobic with no organoleptic 
evidence of hydrogen sulfide at any sampled depth. This is likely due to their high porewater 
content. It does not appear that the use of CarcoverTM plastic netting has had a significant effect 
on sediment fines, RPD or TVS in Murphy Slough. These are small plots and it may not be 
appropriate to extrapolate these results from two square meter plots to much larger areas. 
However, these results are encouraging. 

4.5. Fecal coliform and Total Volatile Solids in the water column at Murphy's 
Slough on April 25, 1998. The water temperature at Murphy's Slough on April 25, 1998 was 
6.5 "C. Total Suspended Solids were measured at 2.9 5 0.8 mg/L and the mean Total Volatile 
Solids was 1.3 2 0.6 mg/L (mean 2 one standard deviation). These data suggest that about half 
of the suspended particles retained on a 0.47 pm filter were organic and half were inorganic. The 
TSS and TVS concentrations observed at Murphy's Slough were approximately twice those 
observed at Passage Island in the same time frame. 

Fecal coliform bacteria were not detected in any of the water samples (all samples <2.0 
FCI100 ml). This is consistent with previous years' results and the accumulating data suggests 
that Murphy's Slough would likely meet the requirements for an Approved Classification as 
defined in Part I of the NSSP Manual of Operations. 
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4.6. Deployment of a native littleneck clam in bag density experiment and 
intermediate scale enhancement under CarcoverTM. Three thousand native littleneck clams 
were planted in three replicates at each of three densities during April of 1998. The lengths of 
four random samples of 50 seed clams each were used to determine the mean planting size and 
length distribution of the seed. The mean and 95% confidence interval was (8.12 2 0.21 mm). 
Clams for the density experiment were counted from random samples into each bag. The 
number of clams (-2,000) used in the 7' x 7' intermediate scale enhancement effort were 
determined volumetrically. The density experiment will be evaluated semi-annually during 1999 
and for as long as funding is maintained for this project. 

4.7. Potential bivalve predation at Murphy's Slough. Sea Otters were observed in 
groups of three to four animals throughout Port Graham. Numerous (>SO) starfish (Pycnopodia 
helianthoides) were counted at the -4.0' tide level in front of the enhancement area. The beach is 
covered with numerous shallow circular pits possibly made by either sea otters or P. 
helianthoides. 

4.8. Summary for Murphy's Slough. Native littleneck clams are growing and 
surviving adequately at this site. The coefficients developed in 1995 for the von Bertalanffy 
model appear adequate to predict native littleneck clam growth at this site - at least during the 
first 33 months of the growout cycle. Assuming that clam growth follows this model, the mean 
size of littleneck clams should reach minimum harvest size (38 mm) at an age of 5.75 years or 
following 4.75 years of growout. That suggests that half of the surviving clams will be ready for 
harvest in the spring of 2001. Native littleneck clams reach a harvest size of 38 to 50 mrn in 
approximately 3.5 to 4.0 years in Washington State without the benefit of a nursery. It appears 
that similar growth will require about two years longer in Alaska. This is conjecture at this point. 
However, the success achieved to date supports these statements and is very encouraging. 

This site has excellent substrate and appears very capable of sustaining native littleneck 
clams in an expanded enhancement effort. A significant portion of the 1,000,000 native 
littleneck seed available in 1999 will be planted at this site. The hiring of Mr. Edgar Otis, as a 
shellfish technician, should facilitate the complete transfer of the maintenance of these cultures to 
the Village of Port Graham. 

In Puget Sound, native littleneck clams grow fastest and are most abundant where 
moderately fast currents deliver significant amounts of living phytoplankton and detritus. Dame 
(1 998) provides an excellent source of information regarding the ecosystem effects associated 
with large bivalve populations. This information is consistent with this author's experience in 
Puget Sound and British Columbia. The point is that Murphy Slough appears to be only 
moderately well flushed and strong currents have not been recorded there during this study. The 
availability of appropriate seston (bivalve food) and its delivery by local currents may become 
limiting with a significantly expanded bivalve population. In other words, it is possible that 
native littleneck clam enhancement in Murphy Slough may be constrained by the available food 
supply before the suitable intertidal substrate is fully utilized. This hypothesis will be 
acknowledged in the 1999 enhancement effort. Clams will be planted in discrete cultures 
throughout the permitted area rather than in one large area. An analytical assessment of the 
carrying capacity of this area cannot be made without a more detailed understanding of current 
patterns, flushing rates, phytoplankton turn-over times and food concentrations in Port Graham. 
The author is not suggesting that CRRC undertake a study to assess these needs. The author is 



suggesting caution and that careful monitoring should be continued so as to optimize production 
in this area without exceeding the carrying capacity. 

5.0. Results for the Village of Tatitlek. The study site at Tatitlek lies within easy walking 
distance of the Village. The intertidal consists of shale outcroppings that have been broken into 
angular rock, cobble, gravel and finer material. Substrates tend to be somewhat compacted but 
were considered suitable only with substantial cultivation effort. This is particularly true with 
intensive culture techniques that require use of plastic bags or netting. Because of the rock 
outcroppings and coarse, angular. nature of the substrate, this beach is not as amenable intensive 
culture techniques as is Murphy Slough. In addition, a moderate amount of substrate movement 
was experienced during the winter of 1997-98. However, the integrity of the study site has been 
maintained by regular maintenance. In fact, participation by Tatitlek Villagers' has been 
excellent during all phases of this study and data was regularly collected during scheduled 
sampling times. Figure (14) depicts the enhancement beach and its relationship with the village. 

Figure 14. Traditional subsistence beach and the site of 1995 - 1999 native littleneck clam 
enhancement studies at the Village of Tatitlek. 

Figure (1  5) depicts one of the Tatitlek intertidal areas seeded with native littleneck clams 
and protected with CarcoverTM. The beach has been eroded all around the CarcoverTM but the 
light plastic netting was effecting in stabilizing the area seeded with clams. No native littleneck 
clams were retrieved from the adjacent area that had been seeded but not protected with netting. 
The storms that caused this erosion also damaged several of the netted plots. The nets were 
replaced during the 1998 field season. 



Figure 15. Enhancement plot (2B) on the Tatitlek shellfish beach. Beach substrates were 
stabilized under the seeded area that was protected with CarcoverTM. The unprotected 
area, located to the left of the CarcoverTM in this photograph, was badly eroded and no 
clams were retrieved in two replicate samples from the unprotected plot. 

5.1. Physicochemical properties of sediments at Tatitlek. Protected and Unprotected 
trials were installed at three tidal elevations at Tatitlek (-1.5' MLLW, 0.0' MLLW and +1.5' 
h1LL W) in 1996. Sediment grains size and sediment TVS were evaluated in Protected, 
Unprotected, and Control areas on April 26, 1998. Statistically significant (a  = 0.05) differences 
in sediment Fines or TVS, as a function of elevation (tidal height) or replicate (horizontal 
position on the beach) were not observed at Tatitlek. Analysis of Variance on 
arcsine(sqrt(proportion TVS or Fines)) transformed data indicated that both the proportion Fines 
(p = 0.000) and proportion TVS (p = 0.047) were significantly a function of the variable 
Treatment. Mean values for these parameters are provided in Table (5). Post hoc testing using 
Duncan's test indicated that TVS was significantly lower in the Unprotected plots when 
compared with either the Protected or Control plots. TVS in the Protected plots was not 
significantly different from the Controls (p = 0.94). The reason for the lower TVS in the 
Unprotect plots is unexplained. The proportion Fines was significantly lower in the Protected 
plots when compared with either Controls or Unprotected plots. The reason may be that the 
stabilized substrate under the protected plots was elevated in relationship with the surrounding 
beach, which was obviously eroded. This may have resulted in the washing of fines from the 
elevated Protected areas. The major effect of Protecting clams with netting at Tatitlek has been 
to stabilize the substrate preventing its movement during storm events. These data suggest that 
fines and TVS do not accumulate under small CarcoverTM plots on moderate to high energy 
beaches. 



Table 5. Summary of the proportion fines (silt and clay < 64 pm particle size), total volatile 
solids (TVS) as a proportion of sediment dry weight, and depth (cm) of the reduction 
oxidation potential discontinuity (RPD) observed in control areas, in seeded areas 
Protected by plastic netting and in Unprotected, but seeded, areas. All values are the mean 
of three replicates + one standard deviation. Data for Tatitlek. 

Type of treatment Proportion fines Proportion TVS Depth of RPD (cm) 
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Seeded and Unprotected (- 1.5' 
MLLW) 
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5.2.Survival of native littleneck clams in bags at Tatitlek. Figure (17) describes the 
survival of native littleneck clams in bags at Tatitlek. Survival has been excellent at all tidal 
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>15 
>I5 

Control (+ IS '  MLLW) 
Control (0.0' MLLW) 
Control (-1.5' MLLW) 
Seeded and Unprotected (+ IS '  

MLLW) 

heights. The increases in clams observed on 7/25/97 were due to substantial recruitment of 
butter clams into the cages - either in unsieved sediment or during metamorphosis and 
settlement. Dr. Brooks removed those clams on 4/26/98. Villagers at Tatitlek have previously 
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stated that they did not recognize differences between native littleneck clams (Protochaca 
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0.015 5 0.OOl 
0.0 16 5 0.003 
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0.015 + 0.OOl 

0.012 + 0.002 
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staminea) and butter clams (Saxidomus giganteus). The increased number of clams observed on 
12/ 12/98 was likely associated with additional summer recruitment during 1998. The negative 
skewness seen in the analysis of length-frequency data in Figure (1 6) suggests that new 
recruitment has occurred. Butter clams will again be identified and removed from the bags 
during the CRRC 1999 summer field season. 
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Figure 16. Length-frequency of clams retrieved from NorplexTM bags and me 
12/12/98 at Tatitlek. 



Sample date and native littleneck clam age 

Figure 17. Mean number of surviving clams in replicate bags at three tidal heights im 
Tatitlek, Alaska as a function of date. 

The mean number of surviving native littleneck clams in bags on April 26, 1998, 
following removal of all clams other than Protothaca staminea and 22 months of field culture, 
was 69.4 2 2. Survival in bags was not significantly different as a function of tidal height (67.3 
@ +1.5'; 71.3 @ 0.0' and 69.7 at -1.5'). All of the bags have been accounted for on each 
sampling day at Tatitlek.. 

5.3. Survival of unprotected native littleneck clams seeded at Tatitlek compared 
with identical plots seeded and protected with CarcoverTM. As noted in Section 5.1 and in 
Figure (1 5), CarcoverTM protection of seeded plots functioned well to stabilize sediments in the 
littoral zone at Tatitlek. Native littleneck clam seed was planted in Protected and Unprotected 
two square meter plots on July 5, 1996 at Tatitlek. Planting density was 350 clams/m2. These 
clams were not sampled until April 26, 1998 when two 0.0186 m2 samples were collected from 
each of three replicates at each of three tidal heights. This effort resulted in six samples per tidal 
height and 18 samples for each treatment. A total of 54 samples were collected to analyze the 
differences in growth and survival in the three treatments tested in this study. The mean 
proportion of surviving clams in each seeded treatment on April 26, 1998 is summarized in 
Figure (1 8). Five native littleneck clams were retrieved from Control Plot (A) and six from 
Control Plot (B) at the highest tide level (+IS') .  No native littleneck clams were retrieved from 



other Control plots. Figure (18j suggests that Unprotected native littleneck clam seed may 
survive adequately (mean for all elevations of 2 1 % through the first 18 months of growout) on 
this beach. However, Unprotected native littleneck clams did not survive as well at the lowest 
tidal height tested (-1.5' MLLW). This may be due to the large number of Pycnopodia 
helianthoides observed at the lower intertidal elevations. It would be interesting to monitor this 
area during high tides to determine how high this echinoderm ranges. The author has frequently 
observed the sunflower star subtidally in Puget Sound but not intertidally where Pisaster, 
Medicrster and Evasterias species are frequently observed. The survival of native littleneck 
clams in bags and under CarcoverTM at Tatitlek is excellent and these techniques appear valuable 
for enhancing subsistence harvests of native littleneck clams. Paired sample t-tests indicated that 
the number of clams surviving with Protection was significantly higher than without (p = 0.05). 
The economics in terms of labor and equipment to initiate and maintain cultures in bags andlor 
under carcover should be considered in the final report. However, the survival benefits 
demonstrated in Figure (1 8) are obvious. 
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Figure 18. Proportion surviving native littleneck clams at Tatitlek as a function of tidal 
height and treatment (Norplex Bags, Protected with CarcoverTM, or seeded but left 
Unprotected). 

5.1 Growth of native littleneck clams in field trials at Tatitlek. Figure (19) describes the 



growth of native littleneck clams in bags at Tatitlek. The length of clams grown under 
CarcoverTM and predictions from the von Bertalanffy model are also provided. 

First it is apparent that clam cohorts cultured in bags and examined quarterly had shorter 
mean valve lengths than those cultured undisturbed under CarcoverTM. To determine the 
significance of this, the data were Log transformed and submitted to Analysis of Variance. The 
mean valve lengths of clams grown under carcover was not significantly greater than those 
grown in bags (p = 0.58). However, the mean valve length of native littleneck clams recovered 
from the Control plots were significantly shorter than those seeded in Bags (p = 0.000); seeded 
and Protected with CarcoverTM (p = 0.000) or seeded and left Unprotected (p = 0.000). The 
reason for that is likely that all clams were removed from each plot prior to seeding in 1996. 
Any native littleneck clams found in the Control plots represent new recruits into the area. If 
these new recruits settled in 1996, they would have been one year younger than the seeded clams. 

Sample Date and Age of Clams (Days) 

Figure 19. Mean lengths of clam cohorts cultured at various tidal heights in bags and 
under CarcoverTM at Tatitlek between June 27,1996 and April 26,1998. Clams in bags 
were measured quarterly and clams under CarcoverTM were measured only once. 



If they recruited in 1997 they would have been two years younger. Clam position on the 
beach (A = West; B = Middle and C = East) was also a significant factor determining native 
littleneck clam valve lengths. Clams were smaller to the West and followed a linear cline with 
larger clams found to the East (Transect C). No cause and effect relationship was investigated. 

Dates were included in Figure (1 9) to demonstrate the seasonal growth patterns evident at 
Tatitlek. Clam valve lengths increased greatest during the spring and summer months and least 
during the late fall and winter. These annual growth stanzas were expected and their appearance 
in this database is satisfying. 

The differences in valve lengths between clams grown in bags and those seeded under 
CarcoverTM is apparent in Figure (19). The lack of significance is in part due to the variation in 
initial mean valve lengths of the clams placed in bags. As suggested by the reviewer, analysis of 
covariance will be used in the Final Report to investigate any differences in the slopes of the 
lines representing valves lengths at each of the tidal heights. Because the initial differences in 
mean valve length were small, it is doubtful that differences in growth will be observed as a 
function of initial size. This is supported in Figure (19) where the three curves, representing % 

growth at different tidal elevations, are essentially parallel. However, it will be an interesting 
exercise. 

Growth of native littleneck clams in bags appears to be slower than predicted by the von 
Bertalanffy model. However, growth under CarcoverTM is consistent with the model's 
predictions. Figure (20) is a length-frequency histogram for clams sampled from under 
CarcoverTM and from the seeded but Unprotected areas. 
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Figure 20. Valve length-frequency histogram for native littleneck clams sampled at 
Tatitlek on April 26, 1998. 

Three of these clams were at, or very near, the minimum harvest size of 38 mm and 
another 8 exceeded 30-mm valve length in April, 1998. It appears that the first clams will be 
approaching harvest size in significantly less than the 2 100 days (5.75 years) predicted by the 
model. This cohort of clams was 2.79 years of age when these samples were taken and they had 
been cultured at Tatitlek for only 2 1 months. 

5.5. Fecal coliform in the water column at Tatitlek on April 26, 1998. Fecal coliform 
(FC) bacteria were detected in all three replicate water samples from Tatitlek taken on April 26, 
1998. The Most Probable Number (MPN) was 55.4 FC1100 ml, which exceeds the NSSP 
standard MPN of 14.0 FC1100 ml for an Approved Harvest Classification. The second part of 
the NSSP standard states than no more than 10% of the samples can exceed 43 FCIl 00 ml. Two 
of the three samples exceeded this value (50 and 170). The source of this fecal contamination is 
unknown. Certainly birds and marine mammals are possible sources of fecal coliform bacteria in 
marine environments. However, the proximity of this site to the village of Tatitlek suggests that 
further work to determine the proper harvest classification of this site is warranted. 

5.6. Total Suspended and Total Volatile Solids in the water column at Tatitlek on 
April 26, 1998. The water temperature at Tatitlek on April 26, 1998 was 6.5 "C. Total 
Suspended Solids were measured at 193.8 + 95.7 mg/L and the mean Total Volatile Solids was 
14.1 2 10.9 mg/L (mean 2 one standard deviation). The source o f  the particulate inorganic 



matter is unknown. The high TVS suggests that there was a rich food resource in the water on 
this day. 

5.7. Additional enhancement by planting of clams in bags. Approximately 700 native 
littleneck clams with an average valve length of 8.12 + 0.21 mm were planted in each of three 
full size Norplex bags at the 0.0' MLLW tidal elevation on December 12, 1998 by Mr. Jeff 
Hetrick. These clams were placed in the tidal Flupsy on April 26, 1998 and held there until 
planting. The valve lengths were not measured at the time of planting and no effort to 
quantitatively sample these clams is anticipated in 1999. Suitable portions of the entire Tatitlek 
beach will be seeded under CarcoverTM or in bags during August of 1999. 

5.8. Potential bivalve predation at Tatitlek. Gastropod egg cases, likely from Nucella 
cf lamelosa, were abundant, but no adult gastropods were observed. An army of Pycnopodia 
helianthoides) has been present at approximately -2.0' MLLW during every field trip to this 
beach. Four to six P. helianthoides were counted per square meter in front of the enhancement 
area on April 26, 1998. Figure (21a) describes this assemblage as it existed on the morning of 
April 26, 1998. Figure (2 1 b) is a photograph of one of four bushel baskets of starfish removed 
from the enhancement beach and deposited above high tide during 1996. Numerous shallow 
circular pits, possibly made by either sea otters or P. helianthoides, have been observed on this 
beach. Pycnopodia helianthoides has been observed excavating shallow depressions on this 
beach and several sunflower stars have been observed with intact clams (i.e. including the 
valves) in their guts. 

5.9. Summary for Tatitlek. Native littleneck clams are growing and surviving 
exceptionally well at this beach - despite its moderate exposure to waves and the associated 
substrate movement described in this report. Of all of the sites evaluated, this is the only site at 
which unprotected enhancement with native littleneck clams could be recommended. At Tatitlek 
it may be possible to enhance the clam population by simply seeding some areas located above 
ca. 0.0' MLLW. Some caution must be exercised in this respect, because juvenile native 
littleneck and butter clams were found in reasonable abundance on this beach during the 1995 
baseline survey. In contrast, a total of only 3 butter and 20 native littleneck clams, with valve 
lengths > 38 rnm, were observed in the thirty-five 0.1 m' samples collected during the baseline 
survey. 

The results of these studies are also consistent with the 1995 baseline survey in that 
nearly all of the butter and native littleneck clams in that survey were collected at intertidal 
elevations 2 0.0' MLLW. The number of native littleneck clams retrieved from unprotected 
treatments is described in Figure (23) as a function of tidal height. 



. , 
Figure 21. a) Pycnopodia helianthoides below the Tatitlek enhancement beach on April 
26, 1998. b) Seastars removed from the Tatitlek enhancement beach prior to initial 
seeding in 1996. This is one of four bushel baskets of starfish that were removed to an 
upland area during one morning of predator control. 
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Figure 22. Number of native littleneck clams (Protothaca staminea) collected in 6 
quadrats covering 0.0182 m2 from unprotected treatments at each of three tidal heights on 
the Tatitlek subsistence beach on April 26, 1998. 

The 1998 fecal coliform tests from Tatitlek are of some concern. Additional water 
samples will be collected in 1999. However, there is an apparent need to certify this beach with 
respect to NSSP harvest classification as soon as possible. 
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Appendix 11: Response by Dr. Brooks to reviewer comments 
regarding the 1997 Annual Report 



Response to reviewer comments regarding the 1997 Annual Report. The author was 
provided with a copy of Dr. Spies' review comments on the 1997 annual report "Clam 
restoration project (9713 I)." The following responses to the sections on field grow-out are 
offered. 

Comment. Thefield grow-out procedures are not carefully refined to allow those 
experiments to provide the necessary unequivocal information about success. Specifically, 
hatchery clums should be marked in some way to distinguish them j?om naturally recruiting 
littlenecks. Otherwise, the survivorship and growth data collected are equivocal. 

Response. First, this author has used a variety of marking techniques to identify 
cohorts of, andlor individual bivalves. None of those techniques were considered appropriate in 
this study because of the length of time (four years) the marks would have to remain 
distinguishable by Villagers, at their remote locations, where microscopes or more sophisticated 
equipment is not available. The point is that this option was considered in 1995 and rejected as 
impractical, for valid reasons, in this study. If the reviewer felt strongly about this, it should 
have been brought up at the beginning of the study in 1995, not in 1998. Clam seed used to 
evaluate the short-term vertical mixing of native littleneck clams in Flupsys (see 1999 protocols) 
will be marked. 

> Second, the clam seed was placed in bags with screened (6.25 mm) 
sediment to minimize the initial introduction of native littleneck clams that could have been 
confused with the larger seed that averaged 12 znrn valve length at planting. The protocols 
required sieving of sediments placed in the bags during each subsequent evaluation period. 
However, this was not always accomplished and 10 to 15 mm butter clams have been identified 
and removed from the cultures during CRRC's annual field trips. While the difference in 
juvenile shell morphology between Protothaca staminea and Saxidornus giganteus may be 
obvious to shellfish biologists, Villagers at Tatitlek did not realize that these were different 
species. The individual Villagers conducting the quarterly surveys have changed from year to 
year and therefore intensive training of Village Culture Teams was not considered appropriate. 

i Third, as depicted in Figure (I), the valves of hatchery produced and 
Flupsy nurseried native littleneck clam seed have relatively polished surfaces with little 
sculpturing associated with minor growth disturbances (tides, temperature changes on exposure, 
etc.). This characteristic provides one means of segregating native littleneck clam hatchery seed 
from natural recruits. It should be noted that this polished appearance is an equivocal and 
untested mark. 

> Fourth, as noted in the 1995 report, Feder, et al. (1979) observed the major 
release of gametes from Protothaca staminea in June and July and females were observed in 
reproductive condition between early June and September. Assuming that the larvae are 
planktonic for one month, major settlement could be expected from the end of June to October. 
Native littleneck clam seed was planted in July 1996, at an average valve length of 12 mm. It 



was anticipated that length-frequency analysis could be used to identify native littleneck clams 
that recruited into the bags during metamorphosis from those planted as part of these trials. 

\ 
r Fifth, native littleneck clams were not identified at Murphy Slough in Port 

Graham during the 1995 baseline survey. Several hundred test digs were completed in addition 
to the quantitative sampling reported in the 1995 report. Native Littleneck clams were not 
identified in any of those test digs at either Tulcan or Murphy's Sloughs. Native littleneck clams 
have not been found in any of the Control plots at Murphy's Slough. The point is that there is no 
evidence of any natural recruitment of the test species at this site and it is reasonable to assume 
that all native littleneck clams identified in cultures at Murphy's Slough are of hatchery origin. 

\ r. Six, this study includes Control plots that were treated identically to the 
three treatment plots in 1996 - except that no seed was introduced. These Control plots allow for 
a comparison between the mean number and mean valve length of native littleneck clams in the 
various treatments with unenhanced control conditions. 

Comment. Preliminary results seem promising but are difficult to judge with these 
uncertainties in the data. 

Response. In response to the 1995 report, your reviewer found inconsistencies between 
the results of the baseline surveys and his opinions with respect to the growth and distribution of 
native littleneck clams as a function of tidal height. To date, the growth of undisturbed native 
littleneck clams cultured under Carcover=" has been nicely predicted by the von Bertalanffy 
model. At Tatitlek, the distribution of native littleneck clam seed cultured without benefit of 
protection, has closely mimicked that found in the 1995 baseline survey - i.e. few clams survive 
at elevations less than 0.0 MLLW. The results of these studies are consistent with expectations, 
they are internally consistent, and they make good biological sense given the conditions that have 
been observed at these specific sites. The point is that in retrospect, it is my opinion that the 
study protocols have been very appropriate to the task at hand and the results are providing 
unequivocal answers to many of the questions being asked. 

Comment. I would caution against much disturbance of the seed clams in coldperiods 
when the stress could kill them or stunt their growth. 

Response. I concur. This concern was considered during development of the original 
study protocols. The author was concerned that winter kill (called pop-up disease in Puget 
Sound) might also occur in Alaska during cold winter nighttime low tides. This was of particular 
concern for clams maintained in bags where their vertical movement was restricted. Sampling 
only in the late Fall and early Spring would not have provided even the marginal temporal 
variation, necessary to correlate observed mortality with cold temperature events. 

It became obvious following the Spring, 1998 sampling, that mortality had not occurred 
during the first two winters. A decision was made at that time to limit sampling of the bagged 



cultures to first daylight low tides in early Spring and the last daylight low tides in the Fall. Fall, 
1998 sampling at Port Graham ended up being delayed until March, 1999 because of the 
extremely cold conditions that were found when Mr. Hetrick visited the site in November and 
again in January. 

It is not just the stress associated with cold weather that is of concern. Removing the 
bags of clams from the substrate and washing (in seawater) and retrieving, counting and 
measuring them creates stress. The cumulative stress associated with those disturbances is 
clearly evident in these results. The benefits of frequent analysis of subjects in field trials must 
always be considered, and balanced, against the effects of the associated stress on the parameters 
being evaluated. 

Comment. I look forward to seeing the planned manipulations ofplanting density in 
theseJield trials, but provide the caution that the methodoIogica1 dfJiculties need to be resolved 
to make sense of those experiments. 

Response. The "planned manipulations of planting density" were clearly defined in the 
1998 field protocols that were provided as part of the 1997 report. I have discussed the 
reviewer's concerns with respect to "methodological difficulties" in a previous response and do 
not concur with the comments. In addition, the density experiment was placed in Murphy 
Slough where there is no evidence of natural native littleneck clam recruitment. 

Comment. The experiments done in which starting clam densities are calculated by 
weight not known by counts and in which hatchery clams are not marked as such and in which 
two small cores are used to estimate densities over time will not yield reliable data against which 
to judge effectiveness of the grow-out methods. Only by imposing careful counting procedures, 
marking seed, and complete excavation ofplots (maybe just at the end of the experiment) will 
this set of trials yield reliable information on which to base future decisions. 

Response. None of the experiments in this study have used seed weight to estimate the 
numbers of clams. Nowhere in the protocols, which have been provided to you each year, is 
there any mention of using weight. As clearly stated in the protocols, clams were individually 
counted and measured for all quantitative experiments. 

The number of clams seeded under CarcoverTM for purely enhancement purposes at 
Murphy Slough in 1998 was estimated volumetrically by determining the mean number of seed 
in three replicate volumes and then measuring the volume of seed being planted in a known area. 
This intermediate scale trial is not intended as a quantitative experiment. Rather it is a first effort 
at actually improving subsistence levels of native littleneck clams in Murphy slough. I assume 
you are receiving the protocols each year. It would be very helpful if you would read them as I 
consider them a part of the report. Originally they were included to provide you with an 
opportunity to comment on specific protocols before they were implemented. We have never 
received feedback on the protocols and therefore opportunities have been lost to make 
appropriate changes before the experiments were initiated. Comments received after the 
protocols are initiated are not helpful. 

For all of the reasons listed in Response 7.1, the appropriateness of marking small clam 
seed for long term studies was not considered either necessary or appropriate in these studies. 



The cores are not necessarily small in relationship with the size of the study plots. The 
size of these experiments was dictated by the number of seed clams available from the hatchery 
in 1996. You must realize that this project has proceeded in parallel on several investigative 
fronts. Developing reliable hatchery techniques has taken time. Developing and building the 
Flupsys in parallel with the hatchery studies and growout studies meant that adequate nursery 
facilities were not available until after these trials were initiated. 

A total of six cores were taken from each of three replicates and three treatments at each 
of three tidal heights at Tatitlek. That is a total of 54 samples that were sieved on 1 mm screens 
and carefilly sorted to retrieve all clams. The statistical power of any experiment can be 
improved by increasing the number of replicates. The CRRC study team has had one or two 
days at each village to complete the aggressive work schedule developed for each year's field 
season. Collecting the planned number of samples has required 16 to 18 hour days. There has 
simply not been enough time to collect more samples. 

The time available to the team could have been expanded by extending the field season to 
two low tide series (two weeks apart). This would have greatly increased the cost of the field 
work and I am not convinced that the results would have been significantly improved. 

Lastly, the 'Control', 'CarcoverTM Protected' and 'Seeded but Unprotected' treatments 
have been undisturbed for two years. That lack of disturbance is important in assessing the 
survival and growth of clams cultured in an actual enhancement effort. Disturbing the cultures 
by digging them up periodicaIly would have destroyed their value in this respect. The bagged 
clam portion of the study was designed for frequent and complete evaluation - the other culture 
treatments were not. 

We have no plans to completely "dig up" the three Treatment sites in 1999. Based on 
current predictions, the mean length of these clams will reach harvest size in the year 2001. All 
three sites should then be completely excavated and the numbers, individual clam lengths, 
weights and condition factors determined. Your request is essentially to ignore the value of 
statistics and to determine the population parameters p and a. That request would compromise 
these studies and the requested actions are not planned until 2001. 

Given a larger amount of seed in 1995, we certainly could have increased the size and 
number of study plots and some of those could have been devoted to an intermediate level of 
sampling. Given that the amount of seed was in excess of study needs, we could have even 
planted seed amongst the rocks at Tatitlek and on Passage Island as suggested by your reviewer. 
I believed at that time that this was futile and to date, the experience in these trials substantiates 
those perceptions. 

It is likely that your reviewer and I will continue to disagree regarding the validity of the 
results of this study. That is unfortunate, but in the end, the broader scientific community will 
evaluate the results and assess their usefulness. 

Comment. Fifth, the use of ANOVA to analyze growth of the seed clams fails to factor 
out effects of an important covariate of great signiJicance to growth, clam size. This is usually 
done by ANCOVA, which should be investigated in this study. Otherwise, even ifall plots start 
with the same initial size frequency of clams, size-dependent mortality can differ even i fby 
accident and cause serious disruption to estimation of growth of survivors. Use of some 
technique like alizirin red dye application can indicate starting size of each individual and thus 



allow the starting size covariate to be known and used in growth analysis. There are ways of 
marking clams that should be tried and almost certainly will work. I have never failed on over 
10 species of bivalves worldwide. 

Response. I concur with the reviewer that analysis of covariance is a useful tool in 
evaluating growth - not just as a function of initial size, but as a function of the various 
treatments and of growth effects associated with tidal elevation. In this case, all seed cohorts 
came from the same population and there was little variation between individuals or cohorts. 
There has been no observable size dependent mortality in these cultures. The growth curves in 
Figures (13) and (19) suggest that there is little or no difference in slopes of the various growth 
curves. There certainly does not appear to be any difference attributable to the small differences 
in initial mean valve length. Therefore, ANCOVA, based on initial clam size would be of little 
use in these studies. 

At the present time, our efforts in 1999 are directed at planting the available seed from 
the Qutekcak Hatchery in the first large scale enhancement efforts at Murphy Slough and 
Tatitlek. Time permitting, we will resample the Control, CarcoverTM Protected and Unprotected 
treatments in Murphy Slough. That will give us three points in time for each of the treatments. 
Analysis of Covariance may be useful in determining differences in growth as a function of 
treatment andlor tidal height. Particularly in comparing the results for bags with the more 
extensive methods. However, the real-world value of that is questionable, because we knew that 
frequent sampling of the clams in bags would impose stress not encountered by the other culture 
techniques. 

Whether or not your reviewer has succeeded in marking 10 species of clams in other parts 
of the world has nothing to do with whether or not those techniques are appropriate for use in a 
five year study at remote Aleut Villages in Alaska using non biologists to collect most of the 
data. 

Comment. Eighth, there appear to be inconsistencies within the report on the issue of 
expected time to produce a harvestable littleneck by the present methods. 

Response. There are no inconsistencies in my (Dr. Brooks') estimates of the length of 
time required to raise a littleneck clam. In the 1995 report, regression coefficients for the von 
Bertalanffy model suggested that native littleneck clam mean lengths reached 38 mm in 5.75 
years (on average) for the study sites evaluated. The clams raised undisturbed under CarcoverTM 
are growing at a rate that is very consistent with this prediction. Clams recruit into Prince 
William Sound in the summer. I have previously opined that by early conditioning and 
spawning of native littleneck clam broodstock in the hatchery and by the use of Flupsies or other 
appropriate nursery techniques, a plantable clam (6 to 10 mm valve length) could be available for 
planting in the Fall of the same year. These seed would then be acclimated to local conditions 
and ready to utilize the earliest spring blooms in their second year of life. This could potentially 
reduce the total time to harvest by one year - inferring that it may be possible to grown native 
littleneck clams to harvest size in Prince William Sound (and/or Cook Inlet) in as little as 4.75 to 
five years. That is one to two years longer than required in Puget Sound. 

The various culture techniques employed in these studies have been borrowed from 
Manila Clam culture in Puget Sound. Clams seeded into Bags or protected with CarcoverTM are 



not expected to grow faster. These techniques are designed to improve survival by excluding 
some predators. Their effectiveness in deterring large predators, such as sea otters, is unknown 
and has not been tested in these studies. 

Specific Comments. I have made speczfic comments as marginalia throughout the 
report. These almost all relate to the improvement of the project in the future not to the issue of 
modzfication of this progress report. Nonetheless, the PIS should examine the comments to see if 
any result in necessary changes to the report. 

Response. The handwritten comments are by and large unintelligible on the photocopy 
provided to me. Previous comments such as "useless," "a waste of time," "meaningless" etc. are 
of no value. I am interested in the influence of sediment physicochemistry on infaunal 
organisms. The collection of appropriate samples takes very little time and they are inexpensive 
to evaluate in the laboratory. They do provide insight and can provide good information. For 
instance: 

3 I agree that point in time sampling of water parameters does not provide a clear 
picture of the local environment. The purpose of this sampling has been to look for "red flags." 
The observance of high fecal coliform bacteria counts in all three water samples collected at 
Tatitlek during 1998 is an example. While those results do not mean that water quality is 
compromised at Tatitlek, the proximity of the village and the observed high values do suggest 
that hrther evaluation is appropriate. 

Similarly, you have previously observed that the collection of sediment TVS and TSS is a 
waste of time. Yet in another comment you (or your reviewer) has asserted that fines will 
accumulate under CarcoverTM nets -with the implication that these accumulations will affect the 
cultured shellfish at any of these culture sites. It cost a few hundred dollars to evaluate this 
question during this study. The answer, at least at the end of two years in culture, is that 
significant increases in fines andlor TVS have not been observed under netting. I agree that this 
part of the study is not exhaustive and that the answers provided are not unequivocal. I also 
agree that these results must be extrapolated to larger enhancement efforts only with caution. 
However, I also believe that a little information, collected at minimal expense, is far better than 
no information. 




