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Kachemak Bay Research Reserve’s Marine Invasive Species and HAB 

Monitoring Program  

Throughout Alaska‟s Southcentral region the economy is intimately tied to the coastal and marine 

environment and in particular to its fisheries resources (RaLonde 2001).  It is important to manage 

these habitats and sustainable fisheries resources with the support and participation of the citizens 

of Alaska.  Warming ocean temperatures will raise the likelihood of encroachment by green crabs 

and invasive tunicates, and enhance conditions for toxic forms of phytoplankton responsible for 

harmful algal blooms (HABs) (Hines et al. 2004, Moore et al. 2008).  Early detection is the first 

and best defense against the detrimental impacts caused by marine invasive species and toxic 

algal blooms.   

The Kachemak Bay Research Reserve (KBRR; offices in Homer, Alaska) is part of the National 

Estuarine Research Reserve (NERR) System, which is comprised of 28 coastal reserves in 22 

states and Puerto Rico.  The NERR system is managed by the National Oceanic and Atmospheric 

Administration (NOAA), National Ocean Service/Office of Coastal and Resource Management.  

Each reserve is made up of a partnership between NOAA and a state, university, or non-profit 

entity.  The KBRR‟s non-NOAA partner is the Alaska Department of Fish and Game‟s Sport Fish 

Division.  Kachemak Bay Research Reserve engages in marine research and education within 

Kachemak Bay, with a mission to “enhance understanding and appreciation of the Kachemak Bay 

estuary and adjacent waters to ensure that these ecosystems remain healthy and productive.”   

The KBRR trains staff and engages coastal residents and mariculture operators in a variety of 

monitoring activities that will contribute to the successful protection and management of the 

Kachemak Bay Critical Habitat Area.  Monitoring programs such as KBRR‟s provide an 

important early warning system for detection of invasive species and biotoxins that may 

negatively impact the entire ecosystem. Marine invasive species have the potential to critically 

alter the near-shore habitats and injure fish and shellfish resources in Alaska by competition with 

and extinction of native species (Davidson et al. 2009).   

We herein assess the threats associated with marine invasive species and HABs likely to impact 

this region and evaluate the harmful species monitoring data collected by the KBRR from 2006-

2010.  Based on our assessment of these monitoring programs and review of the current literature, 

we also provide recommendations to the monitoring programs and future directions for 

researching data gaps.  Additionally, we provide locally-relevant information on marine invasive 

transport vectors (such as ballast water) and water quality parameters (such as water temperature 

and salinity) because these factors are important to marine invasive species and the initiation of 

harmful algal blooms.   

European Green Crab: Threat Assessment  

First detected near San Francisco Bay in May of 1989, the European green crab (Carcinus 

maenas) is present in at least 22 estuaries from Morro Bay, California to Vancouver Island, 
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British Columbia (Hines et al. 2004).  Green crabs consume and compete with commercially-

important species such as Dungeness crab and many bivalve species (i.e. Pacific oysters, butter 

clams, and littleneck clams) (Hines et al. 2004).   Though the vectors and the relationship among 

vectors for range expansion are complex, the northern expansion of the green crab range is 

expected to continue (Davidson et al. 2009).   

Overall, green crabs can survive in waters having salinity ranging from 4 to 54 ppt, with 14 to 34 

ppt most favorable.  Adults tolerate water temperatures between 0 and 33°C, with poor larval 

survival in water with temperatures lower than 10°C and salinities lower than 20 ppt (Hines et al. 

2004).  Molting cannot occur when water temperatures are below 10°C, and green crabs cannot 

feed in waters below 7° C (Cohen et al. 2006).  Water temperatures and salinities in Kachemak 

Bay are within these ideal ranges (Kachemak Bay Research Reserve 2010).   

Adult green crabs can grow up to 10 cm but can begin reproducing at much smaller sizes (Cohen 

et al. 2006).  A female green crab can produce up to 200,000 eggs per brood depending on her 

body size (Cohen et al. 2006), and they are capable of reproducing several times in their lifetime:  

about 3 years for females and about 5 for males (Hines et al. 2004).  Reproductive success 

increases in years that follow a mild winter.  Larvae are planktonic and spend one to two months 

drifting in the current before settling to the bottom. They typically settle in wave-protected high 

intertidal to shallow subtidal zones or mudflats and lagoons supporting eelgrass, filamentous 

green algae, oyster or mussel beds, or gravel substrate.  In addition they are found under rocks 

and woody debris where they burrow by backing into the mud or sediment (Davidson et al. 2009). 

Primary vectors include ballast water, hull fouling, transport with live seafood and bait, and 

planktonic dispersal on ocean currents.   The current spread of green crabs up the coast of the 

Pacific Northwest is thought to be largely due to planktonic dispersal (Hines et al. 2004). It is 

likely that green crabs will invade Southeast Alaska first because of northerly currents which may 

carry zoea up the coast from host populations in British Columbia.   

In Alaska, there are active and coordinated monitoring efforts for green crabs.   Through monthly 

phone conferences, multi-disciplinary groups confer on the status of monitoring for and spread of 

marine invasive species in coastal Alaska.   

European Green Crab: Monitoring 

The KBRR research and education staff worked together to design field methods (including 

monitoring kits and a school curriculum) for the monitoring of invasive green crabs in the Homer 

area.  Since 2006, teachers interested in monitoring have been given materials and curriculum for 

in-class lessons on crab lifecycles and identification. Teachers and students are trained in 

monitoring techniques and a KBRR staff member accompanies each class during their monitoring 

sessions. Classrooms monitor for green crabs in September, April and May during bi-monthly low 

tides.  In 2007, the program was expanded into the neighboring communities of Halibut Cove and 
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Little Jakolof Bay, and the villages of Port Graham, Nanwalek, and Seldovia.  The monitoring 

teams now in place include students, Native organizations, and local community members.  

Development and expansion of the green crab monitoring program has increased the likelihood of 

early detection and helps to establish baseline data on native crab populations in Kachemak Bay.  

To date, no invasive green crabs have been identified in Alaskan waters.  

Review of the Green Crab Community Monitoring Program and Data  

The green crab monitoring program at the KBRR has been active from 2006-2010.  First, a 

monitoring protocol was developed in collaboration with SERC and detailed instructions for 

community monitors participating in the program (Kachemak Bay National Estuarine Research 

Reserve 2008).  Baited traps are set in a series (usually six) and left for a 24hr period to determine 

the species composition and size of intertidal crabs.  Overall, 210 traps have been monitored in 

Kachemak Bay for invasive green crabs, primarily at the Homer Spit (n=140) and the Port 

Graham Hatchery beach (n=32).  Other sites include Little Jakolof Bay (n=5), Peterson Bay 

(n=3), Nanwalek Airport beach (n=6), Seldovia Harbor (n=12) Homer Harbor (n=8), and 

Seldovia Bay‟s Lookout Point (n=4) (Figure 1).  Sampling generally begins in early spring 

(March, April, or May) and is completed by October. Trapping effort has varied by year with the 

greatest amount of effort occurring in 2008 (n=70) and the least in 2006 (n=12). 

 

Figure 1. European green crab monitoring locations (red dots) during 2006-2010.   

To date, 579 native crabs have been caught as part of our monitoring effort (Figure 2).  The most 

common species were helmet crabs (Telmessus cheiragonus) (n=522).  Though less abundant in 

the intertidal, Dungeness crab (Cancer magister) was the second most commonly captured 

species (n=47).  Decorator, pygmy, and hermit crabs made up <1% of the total sample.  Bycatch 

(Figure 3) has consisted of several species of marine fish and invertebrates.  These data provide 

baseline information for intertidal species prior to a green crab invasion or other environmental 

perturbation.    
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Figure 2.  The relative proportion of crab and non-target species encountered while monitoring for 

the presence of green crab during 2006-2010 in Kachemak Bay, Alaska. 

 

Figure 3.  The relative proportion of non-target species captured while monitoring for the 

presence of green crab during 2006-2011 in Kachemak Bay, Alaska. 

We have identified aspects of this program that will improve its value as a long-term monitoring 

program.  In order to evaluate change in distribution and relative abundance of crab species over 

time, it is important that the kind of trap, bait, and trapping duration be standardized in the 

program.  Early in the monitoring program, trap type, bait (or not baited) and trapping duration 

(the number of hours which the trap was deployed) are not recorded on these data sheets.  

Similarly, environmental data were rarely recorded such as air and water temperatures and 

salinity.  The specific environmental data will be important to understand the local variability in 

environmental conditions within Kachemak Bay when compared to weather and water stations.  

Some of the variables on the data sheet have not been clearly defined.  For example „monitoring 

event ID‟ and „trapping event ID‟ appear to be the same thing (many monitors have filled in the 

same value for both).  The confusion arises with „crab trap ID‟ and „monitoring event query ID‟ 

and with „crab sex‟ and „crab.crab.sex.value‟.  In addition, each local place name should have a 

GPS coordinate assigned to the location.  There have been three different data sheets used over 

time, and we recommend standardizing to these recommendations.  
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The Alaska Department of Fish and Game is working with green crab community monitoring 

networks in Ketchikan, Juneau, and Homer to prepare rapid response totes containing materials 

needed for eradication, to be shipped around the State as needed.  

Recommendations to the Community Monitoring Program in Kachemak Bay 

1. Revise the current datasheet; clarify field variables; ensure consistently recorded air and 

water temperatures and salinity, trap bait, and trapping duration. 

2. Consistently record any bait used. 

3. To assist with early detection, enlist ongoing efforts (such as Coast Walk) or new 

community monitors to walk a designated stretch of beach during the crab molt season 

and detect green crab molts. 

4. To evaluate trends in green crab range expansion on a regional and local, we support the 

development of a national database for green crab monitoring. 

5. Assist in the development and deployment of rapid response kits for the State of Alaska. 

European Green Crab: Future Directions for Research and Monitoring 

As the green crab population expands its range along the West Coast of North America we can 

study an invasion in progress.  We have an opportunity to study and document native crab and 

invertebrate communities in advance of an invasion of green crab in Kachemak Bay.  In addition 

to KBRR‟s monitoring program, species diversity and richness have been assessed by several 

groups: 1) in 2000, the SERC conducted a marine invasive and biodiversity survey of Kachemak 

Bay, 2) during 2003-2010, the University of Alaska, Fairbanks has established a biological 

inventory of intertidal and shallow subtidal communities which employed the standardized 

Natural Geography In Shore Areas (NaGISA) protocols developed under the Census of Marine 

Life, and 3) beginning in 1983, the Center for Alaska Coastal Studies has been monitoring 

diversity and human impact on the coastline of Kachemak Bay.  Collectively, these may enable 

evaluation of biological diversity prior to major environmental perturbation.   

 In Alaska, we expect that green crab larval forms may arrive into Kachemak Bay by way of the 

Alaska coastal current or by ballast water exchange from large, transiting vessels.  Given that 

these are likely pathways for green crab invasion to occur, we will focus our research efforts on 

additional monitoring of larval settlement habitats in blue mussel and eel grass beds with minnow 

trapping and we will coordinate ongoing plankton sampling to include detection of green crab 

larvae.  

As discussed earlier, warmer water temperatures may promote northern expansion of the green 

crab‟s range to southcentral Alaska. Data from KBRR‟s long-term water quality monitoring 

program can be used to examine past trends in temperature and may help structure the frequency 

and duration of green crab monitoring in Kachemak Bay.  

As we expand our monitoring efforts, we intend to: 

1. Begin to include annual intertidal core sampling at each long-term site to monitor the 

native infaunal invertebrate community concurrent with the monthly green crab trapping.  
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This will facilitate understanding and evaluating shifts in the community ecology prior to 

an invasive green crab population establishing in an area.  This effort should be recorded 

in a relational database structure that is compatible with the green crab trapping data.  

2. Synthesize biological diversity for Kachemak Bay based on all available data from the 

region 

a. Identify a graduate or post graduate student to conduct this synthesis. 

b. The species that are most at risk from green crab invasives are prey species that 

lack a plantktonic dispersal stage. Some of these species to monitor are small 

species of snails and bivalves. 

3.  Add up to 4 sites to monitor larval settlement habitats on mussel and eelgrass beds 

quarterly 

a. Minnow traps set in proximity to large mussel beds and in the cover of eel grass 

beds. 

b. Create larval settlement habitats with mesh bags filled with fine rock or material 

with high surface area.   

4. Monitor monthly zooplankton distribution and relative abundance (including green crab) 

monthly in coordination with conductivity, temperature, and depth (CTD casts, Sea Bird 

Electronics) data from the Homer Spit to the southern shore of Kachemak Bay 

a. This is part of a much larger monitoring program to begin Fall 2011 

5. Synthesize existing KBRR data relative to large-scaling oceanographic trends to inform 

green crab monitoring in Kachemak Bay 

a. Increase monitoring for larval and 1
st
 year green crab during El Nino or warm-

water phases  

Invasive Tunicates: Threat Assessment 

Invasive tunicates, if established, could devastate mariculture operations in Kachemak Bay.  

There are two species of tunicates that are of particular concern locally due to their presence in 

other parts of Alaska: Didemnum vexillum, and Botrylloides sp.  While not currently present in 

Kachemak Bay, an outbreak of the colonial tunicate Didemnum vexillum (native to Japan) was 

discovered in Sitka, Alaska, in June 2010. Alaska Department of Fish and Game is working with 

the SERC and others to develop a response plan.   

Didemnum vexillum is found in bays, harbors, docks, boat hulls, ropes, pilings and other surfaces 

within coastal waters in a mat or beardlike colony.  It thrives on pebble gravel habitats, where it 

appears to be capable of out-competing other epifauna and macrofauna. Variable in appearance, it 

may be pink, yellow, beige or white and can persist as a thin encrusting layer or in a thick, 

gelatinous coating. Slimy to the touch, they are found in shallow subtidal and intertidal zones. 

They have been found in temperatures ranging from -2°C to 24°C, with slowed growth in colder 

temperatures. Temperatures of 11°C or warmer and salinities exceeding 24 ppt are necessary for 

reproduction (Cohen 2005). 
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Didemnum vexillum 

Didemnum vexillum reproduces by sexual reproduction, and by asexual reproduction through 

budding.  The buds break off in long strands and can be transported to adjacent bays by ocean 

currents. This is likely the main vector for dispersal within a region once D. vexillum is 

established (Bullard et al. 2007).  It reaches sexual maturity within a few weeks of attaching to a 

surface and has a long breeding season.  Didemnum vexillum can smother native bivalves and coat 

mariculture equipment, overwhelming growing shellfish.  

Botrylloid species form colonies that can be found in temperatures between 8 °C and 25 °C and 

salinities of 26 - 34 ppt (Cohen et al. 2006).  Found in the water column from subtidal to 200 

meters, colonies are made up of small (1 – 2 cm) petal-shaped individuals called zooids. 

Reproduction is via asexual budding, or sexual reproduction. Sexual reproduction results in larvae 

that are afloat for a day before adhering to a hard surface to form a new colony.   Botrylloids are 

found on submerged rocks, docks, boats, mariculture pens, trays, nets and pilings (Cohen et al. 

2006). They can attach to seaweed, eelgrass, mussels, and solitary sea squirts.  Botryollids range 

from orange to yellow or even dull purple in color, and zooids may cluster into a flower shape.  
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Botrylloides violaceus     Botrylloides schlosseri 

 

 

To date, the State of Alaska does not have regulations regarding the transportation of mariculture 

equipment from one locale to another or for cleaning up inactive farms; however, regulations are 

in place for spat and broodstock transportation. Site inspections have increased in response to the 

Sitka outbreak and invasive tunicate ID education for oyster growers is increasing state-wide.   

Local eradication can be effective if the infestation is confined to man-made structures that can be 

removed from the water column. Hand removal by vacuuming up tunicates is another method that 

can be employed on stationary infestations, such as those found on docks and retaining walls 

(Carman et al. 2009).  Early detection is essential to the successful eradication of these prolific 

invaders prior to their spread.  Currently, Botryllus schlosseri and Botrylloides violaceus have 

been found in Sitka, while only B. violaceus was found near Ketchikan during March 2011. 

Invasive Tunicates: Monitoring 

The KBRR has taken a leadership role in monitoring for invasive tunicates in Kachemak Bay. In 

2000, SERC began working with KBRR to search for marine invasive species and assess 

biodiversity in Kachemak Bay.  During 2004-2006, KBRR assisted SERC by setting, retrieving, 

and photographing settlement plates.  In 2007, KBRR contracted with the SERC to conduct 

workshops aimed at identification of non-native species, and taxonomic training and strategic 

planning for detection and monitoring.  Staff was trained in identification of native and invasive 

tunicate species and SERC provided KBRR a taxonomic reference collection of photos and 

preserved specimens of the most likely species in Kachemak Bay.  

Review of the Tunicate Monitoring Program and Data  

The monitoring program at the Kachemak Bay Research Reserve (KBRR) has been active since 

2005 to present.  The SERC developed standard protocols for tunicate monitoring and provided 

sampling supplies and updates to protocols at the beginning of each field season to ensure 



9 
 

continuity among Alaska sites.  In 2009, we received an update from SERC on monitoring 

protocols (McCann et al. 2009).  Since the beginning of the program, 114 plates were analyzed 

for invasive tunicates at two Kachemak Bay locations, the Homer Harbor and the Seldovia 

Harbor.  The number of plates recovered at each location was variable and ranged between 4 and 

11 for any one sampling/recovery event (average = 10 for both sites and years combined).  Plates 

were recovered in March, April, June, September, and October and sample sizes were as follows:  

2008 (n=18), 2009 (n=40), 2010 (n=34).  Months between deployment and recovery averaged 4.6 

months but varied from 2 to 21 months.       

We summarized these data on tunicates as solitary (n=2), colonial (n=2), and unknown (n=18); 

however, no invasive species of tunicates have been encountered.  Unknown species did not fit 

the descriptions of invasive tunicates but they will eventually identified by SERC and reported 

back to KBRR.  The primary residents encountered on our sample plates were algae (n=67; 0-

95% coverage), barnacle (n=68; 0-80% coverage), bryozoans (n=67; 0-90% coverage), Distaplia 

(n=53; 0-90% coverage), and hydroid (n=70; 0-90% coverage).  In addition, there were a wide 

variety of other organisms present on the study plates including amphipods, anemones, bivalves, 

corella, crab, eggs, isopods, kelp, nudibranchs, sea stars, shrimp, snail fish, sponges, and 

tubeworms. 

The two monitoring locations in Kachemak Bay (harbors) are an ideal location to be looking for 

invasive tunicates because of their early life histories and likely transport mechanisms.  However, 

the plate settlement technique only tells us about a limited portion of the life stage for tunicates 

rather than the spread of an existing outbreak.  In a recent outbreak of the invasive tunicate D. 

vexillum near Sitka, Alaska, the species was discovered not on the settlement plates but on 

submerged mariculture gear at an abandoned site.  These data collected to date are valuable in 

determining the natural range of organisms that will settle on plates in our two sampling locations 

and provide a broad understanding of recruitment of organisms over time on the surface of the 

sampling plates.   

There are a few adjustments to the monitoring protocol that would help the long-term utility of 

these data collected in this program, including standardizing the percent cover measure, 

standardizing the time the sampling plate is in the water, and consistently collecting abiotic data 

(salinity, temperature, and turbidity) with each plate.  Percent cover is a very subjective measure, 

susceptible to variable interpretations among observers. Standardizing the length of time that the 

plate is in the water will also help reduce the number of „over grown‟ plates.  These data provide a 

benchmark for natural diversity of native tunicates in our area prior to an invasive tunicate or 

other environmental perturbation.   

Recommendations to the Tunicate Monitoring Program in Kachemak Bay 

1.  Continue to monitor settlement plates in Homer and Seldovia harbors, and explore adding 

another site at Nikiski Harbor. 

2.  Ensure consistently recorded air and water temperatures, salinity, turbidity, and plate 

“soak” time. 
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3.  Continue to participate in monthly calls with the state-wide monitoring network for 

marine invasive species. 

4.  Continue to refine a lower Cook Inlet tunicate guide to assist the program in identification 

of native and invasive tunicate species. 

5.  Instrument the sampling locations with conductivity loggers to accurately monitor trends 

in temperature and salinity and relate environmental data to species composition. 

Invasive Tunicates: Future Directions for Research and Monitoring 

In Alaska, we expect that invasive tunicates may arrive into Kachemak Bay by way of 

contaminated mariculture gear, dock materials, or transport on ship hulls or iceboxes.  Given that 

these are likely pathways for invasive tunicates to occur in our region, we will focus our research 

efforts on additional monitoring of mariculture and dock facilities and collaboratively develop 

dive protocols for regular monitoring within the Bay.   

It‟s unclear whether water temperature and salinity are important factors in determining the 

presence, persistence, and abundance of invasive tunicates.  We propose to continue to monitor 

the environmental data associated with tunicate monitoring.   

1.  Synthesize biological diversity for organisms on the settlement plates Kachemak Bay 

based on all available data from the region and identify species at risk from invasive 

tunicates. 

2.  Develop and refine protocols for SCUBA-based surveys for invasive tunicates. 

3.  Add regular monitoring for invasive tunicates by volunteer divers using SCUBA-based 

surveys in Kachemak Bay through the University of Alaska marine science dive program 

and the monthly proficiency dives needed for NOAA divers.  Develop a shared database 

structure for the dive-based surveys of tunicates. 

4.  Download data from the national website and import these data into an Access database 

quarterly.  Make the database relational to the KBRR SWMP (temp, salinity, and 

dissolved oxygen) and sea surface temperature (Tidbits) data. 

Harmful Algal Blooms: Threat Assessment 

In Alaska harmful algal blooms (HAB) result in multiple human poisonings each year due to 

paralytic shellfish poisoning (PSP).  The threat of HAB, and the cost of required testing for 

commercial bivalve producers has slowed the development of Alaska‟s clam fishery (RaLonde 

1996), despite a robust population of shellfish.  

Three genera of potentially toxic phytoplankton are found in Alaskan waters; Pseudo-nitzschia, 

Alexandrium, and Dinophysis. These and other phytoplankton are consumed by filter-feeding 

shellfish, and although they pose no threat to the shellfish, they can concentrate in the bivalves‟ 

tissue. Consumption of affected shellfish - even in small quantities, may be harmful or fatal to 

humans, marine mammals, and birds.    

Alexandrium is the genera of phytoplankton responsible for paralytic shellfish poisoning (PSP) 

(Trainer 2002).  Three species of Alexandrium have been identified in Alaskan waters; A. 
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catenella, A. tamarense, and A fundyense (Trainer 2002). To date only A. catenella has been 

found in Kachemak Bay. It flourishes in estuaries and open coastal environments when water 

temperatures about 20° Celsius coincide with increased nutrients and longer day length (Trainer 

2002). Huge blooms of Alexandrium can produce a “red tide” which contains millions of cells per 

liter of water. 

  

Figure 4. Potentially toxic phytoplankton genera found in Alaska: Alexandrium, Dinophysis, and 

Pseudo-nitzschia (left to right). 

Paralytic shellfish poisoning poses a serious health concern for humans. Between 1973 and 2000 

at least 194 people were affected by PSP (Trainer 2002). This number probably under represents 

the number of people impacted by a factor of 10 or more due to under-reporting or misdiagnosis 

(Trainer 2002).  Butter clams, blue mussels, cockles, Alaska razor clams, Pacific razor clams, 

spiny scallops, purple hinge rock scallops, horse clams, pink scallops, geoducks, Pacific oysters, 

and Pacific littleneck clams have all been found to contain harmful levels of toxins.   Symptoms 

of PSP can occur within minutes of ingestion and include tingling of the skin, numbness of lips, 

and paralysis of extremities, disorientation, and nausea.  Death may occur if medical treatment 

isn‟t sought immediately (RaLonde 1996).  Paralytic shellfish poisoning reports in Alaska 

typically occur between May and August, although off-season events can arise due to longer 

retention of toxins by some species of shellfish. 

The U.S. Food and Drug Administration‟s approved test for PSP toxins is a mouse bioassay. As 

the name implies, mice are injected with a tissue extract and the time required for the mice to die 

indicates the level of toxicity in micrograms of toxin per 100g of shell fish. The regulatory limit 

for safe harvest of shellfish and crab is 80micrograms per 100g shellfish tissue (Trainer 2002). 

Testing is done by the Alaska Department of Environmental Conservation in Palmer.  

Domoic acid poisoning (DAP) is caused by a chain diatom called Pseudo-nitzschia, a species that 

has been found in Kachemak Bay.  Domoic acid poisoning can cause permanent short-term 

memory loss, hence it‟s secondary name – amnesic shellfish poisoning (ASP).  Incidences of 

ASP-caused human deaths are rare.  The approved test for DAP toxins is a liquid chromatography 
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test.  The limit for safe harvest of shellfish is 20 ppm domoic acid for shell fish. DAP testing is 

only done for one commercial razor clam operation located on the east side of Cook Inlet.  

In Alaska (and Kachemak Bay), there is one additional potentially-toxic phytoplankton species.  

Dinophysis is a genus of single-celled plankton associated with diarrhetic shellfish poisoning 

(DSP).   Mouse bioassays and chromatographic tests are both used to determine levels of toxicity.  

No cases of DSP have ever been reported along the West coast of the U.S. despite being common 

in many bays 

All shellfish must pass a PSP test before being sold. For health reasons, the Department of 

Environmental Conservation (DEC) recommends that consumers buy shellfish from retail outlets 

(rather than digging them personally) because marketed products are tested and approved.  It is 

the responsibility of DEC to post public notices when PSP levels surpass safe levels and to 

monitor weekly to determine when safe levels are again reached.  

Harmful Algal Blooms: Monitoring 

The KBRR is working with local shellfish growers and citizen scientists to monitor for HABs in 

Kachemak Bay.  In an effort to cooperate with oyster farmers and educate local citizens on HAB 

awareness and monitoring, the KBRR partnered with the Phytoplankton Monitoring Network, the 

University of Alaska Fairbanks, the University of Alaska Southeast, and the Northwest Fisheries 

Science Center to deliver a HAB workshop in 2008.  This workshop enabled participants to 

identify species of local and potentially toxic phytoplankton in local waters and become 

community monitors in the KBRR‟s HAB monitoring program.  The workshop also helped 

participants develop an understanding of the impacts of HAB on the environment and human 

health.  The KBRR instruments local oyster farm sites in Kachemak Bay with water temperature 

loggers in Jakolof Bay, Peterson Bay, Halibut Cove, and Bear Cove. Water temperature data are 

retrieved, processed, and archived by KBRR and staff provides a summary of trends in water 

temperature to our community monitors and the Alaska Department of Environmental 

Conservation annually.    

The value of ongoing HAB monitoring was evident during the summer of 2009 when KBRR 

assisted in determining the cause of a salmon hatchery release die-off on June 3
rd

 of that year.  

Sixty percent of hatchery-reared silver salmon smolt (approximately 64,000 fish) died shortly 

after their release into Homer‟s fishing lagoon.  KBRR laboratory analysis revealed that the die-

off was due to a large plankton bloom of Chaetoceros diatoms.  The diatoms have sharp spines 

that can cut fish gills and cause suffocation due to mucus secretion in reaction to the abrasions. 

KBRR monitoring of several sites in the bay indicated high levels of Chaetoceros diatoms during 

late May, 2009.  During the summer of 2010 a similar bloom was detected and smolt release was 

delayed, perhaps averting a repeat of the previous year‟s die-off.     
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Review of the Harmful Algal Bloom Monitoring Program and Data 

The community monitoring of HABs at KBBR follows standard protocols for phytoplankton 

monitoring developed by NOAA (Morton et al. 2010).  In general, the methods are as follows:  

horizontal tows (125ml sample bottle) are taken at the surface of the water for 3 minutes weekly 

at each site.  Salinity (refractometer), water, and air temperatures (thermometer) are taken at the 

time of sample collection.  To identify phytoplankton, two drops of water are taken from the 

125ml sample and placed on a microscope slide.  Samplers then identify the types of plankton 

present and record them on a data sheet.  During 2009 and 2010, 13 sites were sampled one or 

more times from January through October by trained community monitors and Kachemak Bay 

Research Reserve (KBRR) staff.  In 2009 (n=54) and 2010 (n=42) samples were collected and 

analyzed in our program.  Of the 13 sites, the most commonly sampled were Homer Harbor 

(n=34), the Fishing Lagoon (n=17; however 11 of these samples were collected in response to a 

Chaetoceros bloom in June 2010), and Seldovia Harbor (n=14).  Samples were collected by 

KBRR staff most, but not all, months during our regular long-term monitoring of water quality 

and nutrient sampling at the Homer and Seldovia harbors.  Four sites monitored are associated 

with mariculture sites for oyster farming.  Samples collected the oyster farm sites were infrequent 

but concentrated during mid to late summer at Bear Cove (n=2), Halibut Cove (n=4), Jakolof Bay 

(n=3), and Peterson Bay (n=9) during 2009 and 2010 combined.   

 

Figure 5. Community monitoring site map for Kachemak Bay, Alaska. 

In Kachemak Bay, the most commonly encountered species of phytoplankton were:  Chaetoceros, 

Coscinodiscus, Stephanopyxis, Nitzschia, Leptocylindrus, Pleurosigma, Thalassionema, 

Protoperidinium, Pseudo-nitzschia, and Rhizosolenia.  Other species documented during the two-

year monitoring period include:  Ceratium longipes morphotype, Ceratium fusus morphotype, 

Heterocapsa spp,.Navicula morphotype, Bacillaria sp., Asterionellopsis morphotype, Odontella 

spp., Heterocapsa spp., Alexandrium catenella, Skeletonema spp., Ditylum spp., Pleurosigma 

morphotype, Odontella spp., Prorocentrum spp., Protoperidinium spp., and Dinophysis spp.. 
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Figure 6.  Types of phytoplankton identified in the community monitoring program for harmful 

algal blooms in Kachemak Bay, Alaska during 2009-2010. 

 

In 2009, the KBRR program lead began to enter all samples collected for harmful algal bloom 

(HAB) detection into a NOAA nation-wide database in order to ensure standard protocols and 

best use of the information.  There have been multiple changes in the leadership of the KBRR 

program since it began, however, having the program standard match a national standard has been 

very helpful.  To help ensure that we are making the most of the KBRR program, a thorough 

review of these data collected in this program was done to assess consistency in methods, training 

of samplers, review of the data sheets and the completeness of data recording by samplers, and 

identification of data gaps.   

In looking at the consistency of methods applied to the KBRR data, there were two main areas 

that required further discussion and resolution.  A protocol shift from the national program 

standard was noted for how phytoplankton species were quantified in the lab.  The national 

program standard is to record percent cover of each species present in the sample.  However, at 

KBRR, our program has always recorded the relative abundance of each species rather than 

percent cover of the slide.  The primary reason for using relative abundance rather than percent 

cover in our area was that even during the summer months, phytoplankton densities in Kachemak 

Bay are low (well below summer national averages –C. Bursch and J. Paternoster pers com).  

Presenting relative abundance of each species rather than percent cover was thought to be a more 

biologically meaningful method of recording abundance.  In further discussions with the national 

HAB program coordinator in NOAA, Biotoxin Program (NOAA) lead, and the Fisheries 

Technology Program lead, University of Alaska, Southeast,  and the KBRR lead, we agreed to 

provide the national program database with either a count or a category (none, present, abundant, 

or bloom) for each species.  The counts will aid with data consistency and provide a quantitative 
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means of assessing changes in species abundance in the Bay over time.  The KBRR program also 

had protocols in place and samples stored (2008-2011) for determining biotoxins and it was 

unclear to staff when quantitative filtered samples should be collected and submitted for analyses.  

In discussions with the leads for Biotoxin program, NOAA HAB monitoring, Alaska HAB 

monitoring and KBRR, we developed an interim step with the NOAA HAB monitoring program.  

We will provide samples of phytoplankton found in Kachemak Bay and get species confirmation, 

when potentially toxic species are encountered in a sample, KBRR count the number of cells on 

the slide and provide a filtered water sample (1 liter) to the national monitoring program.  The 

KBRR will develop a protocol which will help set „thresholds‟ for determining when to filter 

water samples for toxin analysis.  This step will aid in developing a means to relate the biotoxin 

data base to the national program database and provide more clear guidance on when filtered 

water samples should be collected and preserved.   

The training and consistency of the training for community monitors was also reviewed for 

sample collection and phytoplankton identification.  In the current data and data documentation, 

training procedures were not recorded.  In discussions within our program, community monitors 

were given initial training but there was no refresher training or checking in on species 

identification skills unless the data sheets were turned in with missing or inconsistent data.  In 

further discussions with the national HAB coordinator, he found that interactive, web-based 

trainings for volunteer monitors are effective.  In 2009-2010, only about 30% of the samples 

collected and processed were from community monitors and the rest were primarily from KBRR 

staff.  Having multiple leads of the program at KBRR in the past has likely contributed to 

community monitor turnover as well.  Future directions for the program include stabilizing the 

KBRR lead, identifying and working with community monitors who can commit to monitoring a 

specific (primary) site regularly throughout the year, targeting primary sites which are proximate 

to shellfish harvest or mariculture sites, and providing (and documenting) training and feedback 

annually.  In spring of 2011, positive action has taken place on all of the areas listed above. 

In a review of the datasheets used to record data for the HAB community monitoring program, we 

noted that overtime, there were several versions of the datasheet.  In spring of 2011, working with 

the national HAB coordinator, KBRR revised the data sheet and will continue with the new 

format that reflects the current lab and field methods now being employed.  Older versions of the 

data sheet will no longer be used.  In general, most samplers did not record valuable information 

on the physical conditions (tidal state, air and water temperatures, and salinity) that the sample 

was collected under.  In many cases, the data sheets do not have the abiotic data recorded but the 

national database does have temperature and salinity entered.  These data were most likely taken 

from our water quality YSI data sondes deployed in the Homer and Seldovia harbors (part of 

KBRR System Wide Monitoring Program (SWMP)).  Because notes were not taken as to whether 

the surface or subsurface values were recorded it remains unclear in these data.  It is important for 

monitors to record whether these data was or was not collected in the field at the time of sample 

collection and to record the method used in obtaining the temperature and salinity values.  

Collecting the abiotic data accurately with community monitors will be accomplished in during 
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this summers‟ (2011) sampling.  At the end of the summer season, we will assess if the equipment 

has been easy, accurate, and efficient for monitors to record the abiotic data along with their 

phytoplankton species assessments.   

Given that the causes of and conditions under which algal blooms occur are poorly understood, 

these abiotic measurements are very important to understanding the environmental circumstances 

that may trigger a toxic bloom.  Based on the sea surface temperature (SST) data from each of the 

four mariculture sites, there may be „microclimates‟ or variation in SST and salinity in which 

phytoplankton respond.  As we stabilize our community monitoring to primary sites associated 

with shellfish growing and harvest, we will be able to improve instrumentation to include 

conductivity meters as well as SST loggers.  These data will not be „real time‟ but will provide a 

valuable data trend to associate with regular phytoplankton monitoring.  

In the event of a HAB outbreak KBRR staff and community monitors will expand monitoring 

efforts to determine the extent of the bloom.  The National Phytoplankton Monitoring Network, 

The State of Alaska Invasive Species Monitoring Network, the Alaska Department of Fish and 

Game, and the Department of Environmental Conservation will be notified.   

Recommendations to the Community Monitoring Program for HABs in Kachemak Bay 

1.  Continue to enter data into the national HAB program with the following adjustments to 

the datasheet, standardize the form and count methods.   

2. Quarterly download data from the national site and import these data into an Access 

database which will be relational to the following databases:  KBRR SWMP (temp, 

salinity, and dissolved oxygen), biotoxin filtration, and temperature/conductivity loggers.   

3. Stablize the community monitoring around the shellfish mariculture and harvesting sites 

(including the Fishing Lagoon) and ensure that sampling occurs evenly over time at these 

sites.  Explore Web-based refresher trainings for all staff. 

4. In  addition to SST, add salinity instrumentation to the regularly monitored sites 

5. In the event that toxic forms of species are found, conduct biotoxin filtration and replicate 

phytoplankton sampling of the habitat inclusive of abiotic data. 
 

Harmful Algal Blooms: Future Directions for Research and Monitoring 

In Alaska microscopic single-celled dinoflagellate algae of the genus Alexandrium produce 

paralytic shellfish poison (PSP) toxins as a normal by-product.  Shellfish feeding on these toxic 

algae may accumulate PSP toxins to concentrations unsafe for human consumption.  The toxic 

algae have approximately 21 molecular forms of PSP toxins and collectively, these PSP toxins are 

termed saxitoxins, deriving the name from the butter clam, Saxidomus giganteus, where 

saxitoxins were originally extracted and identified (RaLonde 1996). All the saxitoxins are 

neurotoxins that act to block movement of sodium through nerve cell membranes, stopping the 

flow of nerve impulses causing the symptoms of PSP (numbness, paralysis, and disorientation) 

(Mosher et al. 1964).  Paralytic Shellfish Poisoning episodes in Alaska tend to be seasonal, 

occurring most often during late spring and summer. Off-season occurrences of PSP are most 
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likely caused by retention of toxins from the summer (butter clams can retain toxicity for up to 

two years). Shellfish become toxic when environmental conditions enable toxic dinoflagellate 

cells to rapidly reproduce causing a toxic bloom.  A bloom begins as a small population of toxic 

dinoflagellate cells in the lag phase or in the form of resting cysts residing in the bottom sediment 

(Hall 1982). Environmental conditions such as changes in salinity, warming water temperature, 

and increased nutrients and sunlight trigger cyst germination to a vegetative stage that enables 

rapid reproduction (Litaker and Tester pers.com). Once the dinoflagellate bloom begins, an 

exponential growth phase causes a tremendous increase in their population. In time, depletion of 

nutrients and carbon dioxide in the water and degraded environmental conditions caused by the 

bloom decrease population growth. In the ocean, cells of toxic algae are moved, concentrated, or 

dispersed by winds, tides, and water currents. Winds and ocean currents flow in the same 

direction will combine and concentrate drifting toxic algae, where as opposing wind and currents 

disperse the algae, decreasing the density of toxic cells (RaLonde 1996). 

 

Researching harmful algal blooms is important to coastal communities because shellfish species 

may sequester toxins over time causing illness and in some cases, death.  Water temperatures and 

salinity are important for understanding life history and toxicity of harmful algal blooms.  The 

causes of and conditions under which algal blooms become toxic are poorly understood and 

measurements of the physical environment are very important to understanding the environmental 

circumstances that may trigger a toxic bloom.   

 

1. Collaborate with NOAA on the identification of the specific harmful species that occur in 

Kachemak Bay, identify their life history parameters, and address the following: 

a. Identify, where feasible, the ecological conditions which favor toxic bloom 

formation 

b. Identify when blooms are dominated by toxic species 

c. Identify the location, persistence, and toxicity of high density cyst seed beds in 

Kachemak Bay  

d. Identify whether there are certain conditions where Alexandrium densities are 

consistently low which would indicate better sites for subsistence harvest and 

mariculture  

e.  Identify how consistently does a bloom occur when “optimal conditions” prevail 

2. Thorough analysis of historical temperature, dissolved oxygen, nutrient, and salinity data 

collected over the past 10 years.   

a. Identification correlations in the CO-OPS and GAK1 Buoy with SWMP and 

identify trends in Pacific Decadal Oscillation, Multivariate ENSO Index, and 

upwelling indices 

i. Identification of warmer water periods to inform biological sampling of 

HAB and European green crab 

b. Develop a predictive model of outer Gulf of Alaska coast temperature and salinity 

trends relative to Kachemak Bay 

c. Create a predictive model of when toxic forms of Alexandrium and Pseudo-

nitzschia are most likely to be prevalent. 
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Factors Influencing the Spread of Marine Invasive Species to Kachemak Bay 
 

Shipping Patterns and Ballast Water Discharge   

Ballast water may provide a source of green crab zoea and invasive tunicate larvae within lower 

Cook Inlet and Kachemak Bay.  Warming ocean temperatures also influence ship traffic patterns, 

for example, the opening of and increased shipping traffic through the northern passage.  The 

northern shipping route provides another source of ballast water which has the potential to 

increase the spread of green crabs and invasive tunicates.   

In an effort to ascertain the level of threat associated with invasive species introduction resulting 

from ballast water discharge, the following summary is provided.  

Ballast Water Discharge: United States 

Ballast water reporting was made mandatory at the national level prior to July 28, 2004, but it was 

not until 2004 that ballast water treatment became mandatory, and penalties were instituted for 

failure to report. The Electronic Code of Federal Regulations can be found at 

http://ecfr.gpoaccess.gov/cgi/t/text/text-

idx?c=ecfr&sid=6ff00fdf2059f026f4729ead3e6b525f&rgn=div5&view=text&node=33:2.0.1.5.21

&idno=33#33:2.0.1.5.21.4.161.2 . 

These mandatory ballast exchange regulations: 

o Apply to all vessels equipped with ballast tanks and bound for U.S. ports or places, 

except crude oil tankers engaged in coast wide trade, vessels of the USCG and 

other armed forces, and vessels operating exclusively within the Captain of the 

Port Zone.  Vessels engaged in innocent passage are exempt.  

 

o Require vessels to follow certain “ballast water management practices,” including: 

 Avoid ballast water discharge/uptake in areas near coral reefs and 

marine preserves/parks/sanctuaries. 

 Avoid or minimize ballast water discharge/uptake in areas with known 

infestations of harmful organisms; near sewage outfalls or dredging 

operations; with poor tidal flushing; in darkness; where propellers may 

stir up sediment; and near pods of whales, convergence zones and 

boundaries of major currents. 

 Clean ballast tanks regularly in mid-ocean or under controlled 

arrangements. 

 Discharge minimal necessary ballast water. 

 Rinse anchors and chains when retrieving the anchor. 

 Remove fouling organisms regularly. 

 Maintain a ballast water management plan specific to the vessel. 

 Train personnel on ballast water and sediment management and 

treatment procedures. 

 

http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=6ff00fdf2059f026f4729ead3e6b525f&rgn=div5&view=text&node=33:2.0.1.5.21&idno=33#33:2.0.1.5.21.4.161.2
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=6ff00fdf2059f026f4729ead3e6b525f&rgn=div5&view=text&node=33:2.0.1.5.21&idno=33#33:2.0.1.5.21.4.161.2
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=6ff00fdf2059f026f4729ead3e6b525f&rgn=div5&view=text&node=33:2.0.1.5.21&idno=33#33:2.0.1.5.21.4.161.2
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o Require that if a vessel takes on ballast water within 200 nm from shore, then 

travels outside the 200 nm mark and back to a U.S. port, it must: 

  Perform a complete ballast water exchange at least 200 nm from shore 

before discharging ballast water in U.S. waters 

  Retain ballast water on board, or 

 Use an alternative, environmentally-sound, USGS-approved method of 

ballast water treatment. 

 

o Set a maximum fine of $27,500 per day of non-compliance and a Class C Felony 

charge. 

 

o Allow for a “safety exclusion,” permitting the person in charge of a vessel to forgo 

the ballast water management practices if they would threaten the safety of the 

crew of vessel due to weather conditions, vessel design limitations, or equipment 

failure.  

On December 20, 2010, the U.S. Office of Management and Budget published a revised schedule 

for the Ballast Water Discharge Standard rulemaking. The ruling is expected during the summer 

of 2011. For more information go to: http://www.uscg.mil/hq/cg5/cg522/cg5224/bwm.asp 

Ballast Water Discharge: Kachemak Bay 

In Homer, Alaska, 22 vessels reported to the National Ballast Information Clearinghouse during 

Jan 2010 - Jan2011, of these 17 vessels were tankers and the remaining 5 were listed as other. All 

of the vessels were domestic: only two vessels reported ballast water discharge and none reported 

ballast water exchange. The 2004 regulations were designed to reduce the amount of untreated 

ballast water discharged into US ports from foreign vessels.  Ships traveling up the Pacific Coast 

from bays like San Francisco and Seattle (where green crabs and invasive tunicates are well-

established) seldom have reason to venture outside the 200 mile zone and thus are not required to 

exchange ballast water en route. Ballast discharge takes place in Alaskan ports when domestic 

and foreign vessels take on petroleum or other cargo which provide opportunities for invasive 

species introductions into Alaskan waters.   In Cook Inlet, the majority of foreign arrivals are 

container ships which arrive full of cargo, and do not need to discharge ballast water as the load 

provides the ballast. Ships that do discharge ballast water are arriving empty with the intent of 

loading cargo in Cook Inlet (McGee et al. 2006).  

 

Per a Cook Inlet Regional Citizens Advisory Council draft report by Nuka Research LLC: 

(Ballast Water Discharges into Cook Inlet, Alaska: 2002-2008) 

“The vast majority of untreated ballast water discharge in Cook Inlet comes from just two 

vessels – tankers that make frequent arrivals at the Nikiski terminal. These vessels arrive 

from Japan, and despite the requirement, they have only rarely treated their ballast water - 

making use of the safety exemption, which allows a vessel to forgo treating its ballast 

water if the officers in charge deem the exchange to pose a risk to vessel safety.  

http://www.uscg.mil/hq/cg5/cg522/cg5224/bwm.asp
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Between 600,000 and 1.6 million metric tons of ballast water are discharged into Cook 

Inlet each year, most of which is untreated. The vast majority (~80%) of the ballast water 

discharged into Cook Inlet comes from two LNG tankers (the Arctic Spirit and the Polar 

Spirit) which make regular circuits between Nikiski and the Japanese port of Yokohama 

harbor (a high risk for invasive species).” 

Kachemak Bay and the greater Cook Inlet are vulnerable to introductions of green crabs and 

invasive tunicates from vessels that discharge untreated ballast water near shore.  Vessels coming 

from infected areas such as California, Oregon, Washington, and British Columbia may harbor 

green crab zoea and tunicate larvae that hitchhike northward in ballast water and on equipment.  It 

is important that the new discharge standards facilitate requiring and regulating ballast water 

treatment for vessels traveling within the 200 mile zone and regulating discharge protocols for 

foreign vessels.  The south-central region of Alaska is has few known marine invasive species at 

present.  Implementing these measures will help protect coastal marine habitats from biologically 

and economically devastating invasive species.  

 
 

Pacific Ocean shipping routes and reported discharge locations (Nuka Research)  
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Water Quality: Monitoring 

As in all marine environments, water temperature and salinity dynamics determine in large part 

the biological makeup of Kachemak Bay.  Understanding these dynamics is essential for 

assessing the potential for change, including non-native species invasions and harmful algal 

blooms.  In light of KBRR‟s commitment to monitoring biological dynamics in Kachemak Bay, 

the following is a brief summary of water temperature and salinity recorded in Kachemak Bay by 

KBRR‟s and other monitoring programs, as well as a general comparison of Kachemak Bay‟s 

temperature and salinity record with information available for the Gulf of Alaska and broad-scale 

Pacific indices.  Greater detail, including data sources, graphics, and analyses, are available in 

Appendix C. 

Review of the Water Quality Monitoring Program and Data 

KBRR‟s participation in the National Estuarine Research Reserve System‟s (NERRS) System-

Wide Monitoring Program (SWMP) has resulted in a water quality record for Kachemak Bay 

since 2001.  Water temperature, salinity, conductivity, dissolved oxygen, pH, and turbidity have 

been monitored at four sites (2 depth strata at each of 2 locations) at 15-minute intervals since 

2003 (Homer Deep) or 2004 (Homer Surface, Seldovia Deep, and Seldovia Surface), with 

additional seasonal deployments in the first two years.  While the data record is relatively 

continuous at three of the four sites, the Homer Surface deployment is removed for approximately 

3 months per year during winter because of icing conditions.  As part of a national program, 

KBRR submits both raw and quality- controlled data files and their associated metadata to the 

Centralized Data Management Office (CDMO), where data are subjected to further review. A 

summary of KBRR‟s first decade of SWMP implementation has been recently compiled (KBRR 

2010), and data (“verified” files through 2006; annotated files from 2007 – 2010) and metadata 

are available from the CDMO ( http://cdmo.baruch.sc.edu).  

In addition to SWMP, KBRR has periodically monitored water temperatures in Kachemak Bay‟s 

sub-bays at oyster farms since 1997.  These data have been collected opportunistically at 7 sites 

(Jakolof Bay, Little Jakolof Bay, Cohen Island, China Poot Bay, Peterson Bay, Halibut Cove, and 

Bear Cove), with most records at one-hour intervals.  Gaps are common in these data, with 

coverage ranging from portions of 2 months (Cohen) to parts of 9 years (Peterson Bay).  

Other than KBRR, the NOAA National Ocean Service (NOS) Center for Operational Ocean 

Products and Services (CO-OPS) has monitored temperature at its water level station in Seldovia 

Bay since June 1964.  All four SWMP stations have tracked very closely with this temperature 

record during the overlapping years (2003 – present).   Water temperatures have been compiled as 

monthly means (with some gaps) through January 1993; relatively continuous values beginning in 

1993 are available at up to 6-minute resolution by download at www.tidesandcurrents.noaa.gov.   

Overall, water temperatures in the surface waters of Kachemak Bay‟s sub-bays have tracked well 

with all four SWMP stations since the program began (see Appendix C, Figure 1).  However, 

these relationships were less clear during 2009 and 2010, when temperatures at mid-Bay sites 

were significantly different from the deep SWMP stations.  Among Kachemak Bay‟s sub-bays, 

http://cdmo.baruch.sc.edu/
http://www.tidesandcurrents.noaa.gov/
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2005 and 2009 were the only years where temperatures in sub-bays did not vary together.  Local 

influences (exposure to precipitation, runoff, solar radiation, and currents) in each of the sub-bays 

differ on multiple scales and are likely responsible for the observed differences.  Addition of other 

environmental parameters (such as salinity) to the monitoring program will enable investigation 

into some of these differences. 

Water temperatures in Kachemak Bay have lagged temperatures in the Gulf of Alaska (the 

University of Alaska‟s GAK1 station; see Appendix C, Table 2) by one month at surface SWMP 

stations and by two months near the deeper stations (both SWMP stations and the CO-OPS 

station).  Salinity at GAK1 corresponded with deep SWMP stations after a one-month lag 

(Appendix C, Figure 2), but surface salinity at Seldovia was unrelated to GAK1 salinity in any 

frame.  This illustrates localized variability in surface water stratification and hints at a seasonal 

connection with the Gulf of Alaska.  While some patterns are evident here both in the relatively 

short (7 – 8 years) SWMP record and in the longer CO-OPS record (40 years), further 

investigations will provide a better understanding of these perceived connections between the 

Gulf of Alaska and Kachemak Bay.   

Water temperatures at all Kachemak Bay stations had significant correlations with the Pacific 

Decadal Oscillation (PDO),  the Multivariate ENSO (El Nino/Southern Oscillation) Index, and 

the Upwelling Index (see Appendix C for details on these indices), while relationships for salinity 

records were again mixed:  Homer Deep salinity tracked with all three indices, Seldovia Surface 

with the PDO only, and no significant relationships were found between salinity at Seldovia Deep 

and any of the oceanic indices (Table 2).  These results suggest that the SWMP program is 

reflecting multi-decadal trends of the greater Pacific Ocean.  However, as the SWMP data 

accumulate, further investigation will show whether these relationships persist and/or are 

clarified. 

Recommendations to the Water Quality Monitoring Program in Kachemak Bay 

1. Add salinity to the monitoring program in Kachemak Bay‟s sub-bays. 

2. Conduct a time-series analysis on the Seldovia CO-OPS water temperature record, and 

relate the resulting seasonally-adjusted data and trends to: 

a. Gulf of Alaska water temperature (UAF‟s GAK1 series) and productivity  

b. Large-scale and long-term oceanic phenomena such as the PDO, MEI, and 

upwelling indices. 

3. Conduct time-series analyses on other SWMP parameters for the three continuous 

SWMP stations. 

Overview of Kachemak Bay Research Reserve’s Harmful Species Education 

and Outreach Plan 

Currently, KBRR provides public education about green crab and invasive tunicate identification 

through a variety of outreach methods (Discovery Labs, public school classes, brochures, 

laminated cards, and articles in the local paper).   Additional education opportunities can be 
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offered through evening lectures and public brown bag lunches, the ADF&G website, 

identification stickers for fishing buckets, and dock-side signage.  Additionally, KBRR can play a 

role in public education by outreaching the dangers of consuming untested bivalves.   

Outreach should specifically target fishermen (both commercial and sport) and mariculturalists, 

area naturalists and frequent beach walkers, eco-tourist guides and lodges, clammers , and other 

subsistence users, and can take the form of articles, public presentations and Discovery Labs. 
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Appendix A:  A Guide for Tunicates in Kachemak Bay, Alaska 

 
 In the Kachemak Bay Research Reserve, it was recognized that a guide to local tunicates 

would help education and research staff identify tunicates in the field and help educate the people 

in our coastal communities recognize native and potentially invasive species.  This Guide was 

funded through a grant with U.S. Fish and Wildlife Service and produced by KBRR educator, 

Catie Bursch. 
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Appendix B:  Annual Updates for Green Crab and Harmful Algal Bloom 

Monitors  

 

At the close of each monitoring year, our education program provides volunteers in the local 

communities with a summary of the sampling and notable results.  The one page summaries 

provided here are the most recent examples. 
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Appendix C:  A preliminary analysis of environmental trend data 

(temperature and salinity) in Kachemak Bay and in the Gulf of Alaska 
 

The Kachemak Bay Research Reserve has long-term, continuous monitoring data on water quality 

(2000-2011) from four established sites in Kachemak Bay.  The purpose of this appendix is to 

help understand the broad-scale patterns and local patterns in water temperature and salinity. This 

appendix was produced by Judy Hamilton and provides the details of the correlations and 

provides suggestions for future analyses.  
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Introduction 

Kachemak Bay National Estuarine Research Reserve (KBRR) operates several monitoring 

programs within the watershed with the goal of better understanding the physical and biological 

characteristics of Kachemak Bay.  Invasive species and harmful algal blooms have great potential 

to impact the health of Kachemak Bay‟s diverse communities, both human and non-human.  

Though the foci of these programs differ, one unifying goal is to establish baseline information 

that will facilitate the detection of change in this complex ecosystem.  

As in all marine environments, water temperature and salinity are central structuring parameters 

in Kachemak Bay, and these variables figure prominently in the National Estuarine Research 

Reserve System‟s (NERRS) monitoring programs, particularly the System-Wide Monitoring 

Program (SWMP).  Nearly a decade has passed since KBRR began monitoring water quality in 

Kachemak Bay, and it is well-positioned to describe temporal and spatial variability in its 

nearshore waters and to investigate connections with the larger Pacific.    

The following is a brief summary of water temperature and salinity trends in Kachemak Bay from 

KBRR‟s and other monitoring programs, and a general comparison of Kachemak Bay‟s 

temperature and salinity record with information available for the Gulf of Alaska and broad-scale 

Pacific indices.  While there is no attempt herein to summarize variability in nutrients or other 

SWMP-monitored parameters, there is ample opportunity for multivariate exploration of their 

nexus with KBRR monitoring and research programs.  Recommendations are thus made for 

further exploration and compilation of the stories found therein and, because of the programs‟ 

ongoing nature, can be investigated into the future. 

Summary of water quality data collected in Kachemak Bay 

KBRR‟s participation in the National Estuarine Research Reserve System‟s (NERRS) System-

Wide Monitoring Program (SWMP) has resulted in a water quality record for Kachemak Bay 

since 2001.  Water temperature, salinity, conductivity, dissolved oxygen, pH, and turbidity have 

been monitored at four sites (2 depth strata at each of 2 locations) at 15-minute intervals since 

2003 (Homer Deep) or 2004 (Homer Surface, Seldovia Deep, and Seldovia Surface), with 

additional seasonal deployments in the first two years.  While the data record is relatively 

continuous at three of the four sites, the Homer Surface deployment is removed for approximately 

3 months per year during winter because of icing conditions.  As part of a national program, 

KBRR submits both raw and QA/QC‟d data files and their associated metadata to the Centralized 

Data Management Office (CDMO), where data are subjected to further review. A summary of 

KBRR‟s first decade of SWMP implementation has been recently compiled (KBRR 2010), and 

data (“verified” files through 2006; annotated files from 2007 – 2010) and metadata are available 

from the CDMO (http://cdmo.baruch.sc.edu).  

In addition to SWMP, KBRR has periodically monitored water temperatures in Kachemak Bay‟s 

sub-bays at oyster farms since 1997.  These data are collected opportunistically at one-hour 

intervals at 7 sites (Jakolof Bay, Little Jakolof Bay, Cohen Island, China Poot Bay, Peterson Bay, 

http://cdmo.baruch.sc.edu/
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Halibut Cove, and Bear Cove).  Gaps are numerous and common in these data, with coverage 

ranging from portions of 2 months (Cohen) to parts of 9 years (Peterson Bay).  

The NOAA National Ocean Service (NOS) Center for Operational Ocean Products and Services 

(CO-OPS) has operated a water level station in Seldovia Bay since June 1964.  Water 

temperatures are also recorded at this station and were acquired as monthly means (with some 

gaps) through January 1993; relatively continuous values beginning in 1993 are available at up to 

6-minute resolution by download at www.tidesandcurrents.noaa.gov.   

Analyses and statistics 

Variability in water temperatures from Kachemak Bay sub-bays relative to records from the 

SWMP water quality monitoring stations was examined using linear regression (using SAS JMP 

version 8.0.2) on daily means.  Because the sub-bay temperature record is discontinuous at all 

sites, temporal and spatial variability in Kachemak Bay water temperatures was further 

investigated using pairwise correlations on monthly means (using months for which at least 24 

days of temperature data were available) recorded in sub-bays and at SWMP stations during each 

year. 

Relationships of SWMP monthly mean water temperatures and salinity (Homer Surface excluded 

due to gaps) with selected long-term oceanic indices were investigated using multiple pairwise 

correlation analysis for seasonally-adjusted (13-period moving averages) and un-adjusted values.  

The Pacific Decadal Oscillation (PDO; data obtained from the Joint Institute for the Study of 

Atmosphere and Ocean (http://jisao.washington.edu/pdo/PDO) is a broad-scale index of  North 

Pacific sea surface temperatures and atmospheric pressure varying on multi-decadal time scales, and  

is discussed widely in the literature relative to its influence on so-called “regime shifts” in fisheries 

and marine ecology.  The Upwelling Index (UI; data obtained for 60
o
N, 149

o
W from the Pacific 

Fisheries Environmental Laboratory (http://www.pfel.noaa.gov/) provides a measure of water 

column stability and stratification having variability in short time scales (days to months), and has 

wide implications for primary productivity and transport of nutrients and larvae.  Finally, the 

Multivariate ENSO (El Nino/Southern Oscillation) Index (MEI; data obtained from the NOAA Earth 

System Research Laboratory (http://www.esrl.noaa.gov/psd/enso/mei/table.html) provides a broad-

scale index of sea surface temperature anomalies between east and western ends of the equatorial 

Pacific Ocean, and typically exhibits trends on the scale of 3-5 years.  Though relatively far-removed 

from the north Pacific, ENSO effects are noted and discussed in some of the fisheries and ecology 

literature pertaining to the Gulf of Alaska, so it is included here. 

Correlations for water temperature and for salinity with and without lags were generated between 

the University of Alaska Fairbanks‟ GAK1station (data obtained for 10 meters water depth from 

www.ims.uaf.edu/gak1/data/timeseries/gak1.dat) in the Gulf of Alaska with values recorded in 

Kachemak Bay (SWMP and CO-OPS stations; but temperature only for CO-OPS) to examine 

connections between these locations.  Finally, correlations were conducted to investigate a) how 

http://www.tidesandcurrents.noaa.gov/
http://jisao.washington.edu/pdo/PDO
http://www.pfel.noaa.gov/
http://www.esrl.noaa.gov/psd/enso/mei/table.html
http://www.ims.uaf.edu/gak1/data/timeseries/gak1.dat
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well SWMP water temperatures relate to the long-term CO-OPS temperature record and b) how 

closely the CO-OPS data track with the oceanic indices and Gulf of Alaska temperatures (GAK1). 

In all cases, significance was considered at p < 0.05. 

Results 

Daily average water temperatures recorded thus far in the surface waters of Kachemak Bay‟s sub-

bays track well with all SWMP stations (Table 1, Figure 1).  While all regressions of sub-bays 

and SWMP stations were statistically significant, sub-bays had stronger relationships with 

Seldovia stations (R
2
 = 0.84 – 0.97) than Homer stations (R

2
 = 0.81 – 0.94).  These relationships 

were consistently (though marginally) stronger with Seldovia‟s surface station than for its deep 

station (Table 1); this pattern was not consistent for the Homer SWMP stations.  Pair-wise 

comparisons of monthly means suggest that relationships between deep SWMP stations and sub-

bays were influenced most during 2009 and 2010, when temperatures at mid-Bay sites (Halibut 

Cove and Peterson Bay, respectively) were significantly different than the deep SWMP stations 

(both and Homer Deep, respectively) during months with overlapping records (Figure 1).  Among 

sub-bays, 2005 (China Poot vs. all but Bear Cove) and 2009 (Halibut Cove vs. all but Bear Cove) 

were years with deviations (that is, lack of significant correlation) among sub-bays. 

Water temperatures in Kachemak Bay lagged the Gulf of Alaska GAK1 station (as measured at 

10 meters water depth) by one month at surface SWMP stations (Seldovia Surface) and by two 

months near the deeper stations (Seldovia CO-OPS and deep SWMP stations at Homer and 

Seldovia; Table 2, Figure 2).  GAK1 salinity corresponded with deep SWMP stations after a one-

month lag, but surface salinity at Seldovia was unrelated to GAK1 salinity, nor with underlying 

waters (Seldovia Deep).  

 No correlations between GAK1 and the oceanic indices (PDO, MEI, and UI) were significant in 

any case (temperature or salinity, lagged or unlagged; Table 2), nor were monthly values for the 

PDO or MEI significantly correlated with the upwelling index.   In Kachemak Bay, water 

temperature at all stations had significant, positive correlations with the PDO, MEI, and UI, while 

relationships for salinity records were mixed:  Homer Deep salinity correlated significantly and 

negatively with all three indices, Seldovia Surface with the PDO only, and, like GAK1, no 

significant relationships were found between salinity at Seldovia Deep and the oceanic indices 

(Table 2). 

Discussion 

Overall, surface water temperatures in Kachemak Bay‟s sub-bays have been well-represented by 

all four SWMP stations.  Surface water temperatures are affected Bay-wide by precipitation, 

runoff and snowmelt, air temperatures, solar radiation, and wind (Whitney et al. 2005).  Localized 

variations in these and other factors within respective sub-bays are undoubtedly responsible for 

the periodic differences in temperature variability among the sub-bays, yet specific local 

information is currently lacking.  However, surface water temperatures have varied in relative 
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concert between surface and deep SWMP stations and the oyster farms during the time period 

represented here, and the ongoing nature of the program will enable continued exploration of the 

nature and persistence of these relationships.   

Consideration of different time scales in these analyses may be useful for describing seasonal 

relationships with SWMP stations, as it may be that agreement between the deep SWMP stations 

and the sub-bays is present when seasonal gradients are absent, even while variation during the 

overall time period is significant. Comparisons of average water temperatures during months-in-

common among the various sub-bays and SWMP stations suggest a periodically complex 

spatiotemporal quality to local water temperature deviations, wherein sub-bays occasionally 

exhibit patterns that differ from nearby neighbors and the Bay proper.  As these monitoring 

programs progress and more continuous data become available, descriptions of their variability 

will be refined.  Additionally, water temperature is but one of several strongly-seasonal factors 

that can describe connections between Kachemak Bay proper and its sub-bays; investigation of 

circulation and retention patterns between Kachemak Bay and its sub-bays and the monitoring of 

salinity and other parameters may clarify these connections in the future.   

The importance and complexity of stratification in near-surface waters was apparent in the 

comparisons of water temperatures and salinities from the Gulf of Alaska and Kachemak Bay.  

The development and disappearance of a freshwater lens is a strongly seasonal phenomenon and a 

driver of productivity, currents, and the transport of nutrients and larvae to the Alaskan near shore 

(Abookire et al. 2000, Whitney et al. 2005).  The GAK1 station is located within the Alaska 

Coastal Current (ACC), a freshwater-driven current that strengthens during summer with the 

increased freshwater runoff from the southcentral Alaska coast, and the multi-decadal monitoring 

of the water column there has enabled description and increased understanding of the dynamics 

present in this feature and in the larger North Pacific (Royer 2005).  Little is known, however, 

regarding seasonal connections between Kachemak Bay and the ACC, and the long-term 

monitoring of the development and disappearance of seasonal stratification in Kachemak Bay in 

concert with that at GAK1 is one way to assess that connection.  The significance of lagged 

correlations between GAK1 and Kachemak Bay implies a connection between the Gulf of Alaska 

and Kachemak Bay, though responses to the same meteorological influences (precipitation, solar 

radiation, air temperatures) at widely different spatial scales may partially explain these 

observations.  Further analysis of variability components in these data, as well as the relationships 

between Kachemak Bay and other GAK1 water depths, is necessary to better understand potential 

connections. 

The oceanic indices chosen for this analysis agreed well with temperature values in Kachemak 

Bay, both in the surface and near-bottom waters.  Salinity, however, presented a mixed bag for 

the two Seldovia stations, with Seldovia Deep, like GAK1, having no significant relationship with 

any of the indices and Seldovia Surface agreeing with the PDO only.  Homer Deep‟s across-the-

board agreement may stem in part to its co-variation with the precipitation and wind-related 

phenomena embedded in the indices, as the waters described by the Homer Deep station are more 

estuarine than those described at either station at Seldovia.  A periodic connection may be present, 
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but masked in these data; time series analysis is needed to best describe the trends present in these 

data.    

Smoothing or adjusting multi-year temperature and salinity values prior to analysis is useful for 

investigating lower-frequency trends than the annual and/or seasonal components frequently 

present in the series.  The strong annual signal present in these data effectively masks any long-

term trends present in these series and dampening that annual signal facilitates the investigation of 

concordance with the large-scale indices.  However, autocorrelation at a sub-annual periodicity 

may be confounding these perceived relationships.  In the present analysis, monthly means for 

Kachemak Bay water temperatures did not correlate significantly with the multi-decadal indices 

that incorporate low-frequency phenomena (PDO and MEI), but their smoothed values had 

strongly significant relationships with these long-term oceanic trends.   In contrast, there were 

negligible differences between adjusted and non-adjusted values for SWMP water temperatures 

vs. the upwelling index, which may be an artifact of comparing the relatively short-duration (7 – 8 

years) SWMP record with a multi-decadal (45 years) index.  Instead of using monthly means 

directly, the analysis of monthly anomalies (Royer 2005) may provide a better measure for these 

relationships. While the preceding correlations show basic relationships among variables, they 

should be considered with caution.   

Time series analysis and the associated seasonal decomposition of these data are necessary to 

further explore the underlying trends.  Spectral analysis of the SWMP data show the dominant 

annual signal, and serial autocorrelation in these data may be confounding the results presented 

here.  Partitioning of the seasonal components, trends, and “white noise” will enable meaningful 

analysis of the relationships indicated above and are recommended. Although SWMP‟s 7 – 8 year 

period is not yet long enough to show unequivocally concordance with the multi-decadal indices, 

the correlations between the SWMP stations and the CO-OPS station are strong (r = 0.96 – 0.99) 

and a significant relationship between the CO-OPS data and the indices indirectly supports a 

connection between Kachemak Bay water temperatures and the oceanic indices.   Further 

exploration of the underlying trends is therefore recommended. 
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Table 1. Statistics from regressions exploring spatial variability in daily average water 

temperatures in Kachemak Bay‟s sub-bays relative to SWMP stations for the years 2003-2010 

(Homer Deep) or 2004-2010 (others); n = total number of temperature records (days) available for 

each site.  

 

  

 Homer Surface Homer Deep Seldovia Surface Seldovia Deep 

Sub-

bay 
R

2
 F p R

2
 F p R

2
 F p R

2
 F p 

Bear 

Cove (n 

= 868) 

0.82 66.0 
< 

0.001 
0.86 91.5 

< 

0.001 
0.92 125.7 

< 

0.001 
0.89 108.8 

< 

0.001 

Halibut 

Cove (n 

= 668) 

0.80 54.7 
< 

0.001 
0.82 72.4 

< 

0.001 
0.89 98.7 

< 

0.001 
0.84 79.2 

< 

0.001 

Peterson 

Bay (n 

= 992) 

0.81 67.2 
< 

0.001 
0.91 123.8 

< 

0.001 
0.94 159.6 

< 

0.001 
0.93 139.0 

< 

0.001 

China 

Poot 

Bay (n 

= 404) 

0.89 59.8 
< 

0.001 
0.87 62.6 

< 

0.001 
0.94 90.6 

< 

0.001 
0.90 72.7 

< 

0.001 

Little 

Jakolof 

Bay (n 

= 254) 

0.87 43.1 
< 

0.001 
0.85 49.5 

< 

0.001 
0.96 92.1 

< 

0.001 
0.90 57.8 

< 

0.001 

Jakolof 

Bay (n 

= 774) 

0.80 58.9 
< 

0.001 
0.91 116.5 

< 

0.001 
0.97 213.2 

< 

0.001 
0.97 201.0 

< 

0.001 
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Table 2. Pairwise correlations (r, n, and p) calculated for smoothed (13-period moving averages 

on monthly means) water temperatures and salinity at SWMP stations (HD, Homer Deep; SD, 

Seldovia Deep; and SS, Seldovia Surface), the Seldovia NOAA CO-OPS station (water 

temperature only), and UAF‟s GAK1 (10m water depth; values not smoothed due to gaps) with 

selected oceanic indices (PFLG‟s upwelling index (UI), the Multivariate ENSO Index (MEI) and 

the Pacific Decadal Oscillation (PDO)). For GAK1, a single asterisk (*) indicates stronger 

correlations were obtained with lag -1; two asterisks (**) indicates lag -2; and “n/s” indicates no 

correlation (lagged or unlagged) was significant.  SWMP data are from 2003-2010 (HD) or 2004-

2010 (others); all other data are from 1964-2010 (CO-OPS, MEI, and PDO) or 1970-2010 

(GAK1).   

 

  

 Salinity 

W
a
te

r 
te

m
p

er
a

tu
re

 

GAK1 n/s  

-0.32*, 

49, 

0.0249 

-0.41*, 

40, 

0.0095 

n/s n/s n/s 

n/s UI  

-0.57, 

84, 

<0.0001 

-0.03, 

72, 0.82 

-0.42, 

72, 

0.0002 

0.04, 

468, 

0.41 

0.06, 

468, 

0.23 

0.71**, 

229, 

<0.0001 

0.04, 

477, 0.44 
CO-

OPS 
     

0.79**, 

57, 

<0.0001 

0.73, 83, 

<0.0001 

0.96, 83, 

<0.0001 
HD 

0.10, 72, 

0.39 

0.40, 

72, 

0.0005 

-0.27, 

84, 

0.0137 

-0.27, 

84, 

0.0138 

0.81**, 

48, 

<0.0001 

0.64, 71, 

<0.0001 

0.98, 71, 

<0.0001 

0.98,71, 

<0.0001 
SD 

-0.08, 

72, 0.48 

-0.06, 

72, 0.63 

-0.08, 

72, 

0.51 

0.80*, 48, 

<0.0001 

0.65, 71, 

<0.0001 

0.97, 71, 

<0.0001 

0.97, 71, 

<0.0001 

0.99, 71, 

<0.0001 
SS 

-0.39, 

72, 

0.0008 

-0.07, 

72, 

0.59 

n/s 
0.03, 

498, 0.51 

0.62, 

502, 

<0.0001 

0.76, 83, 

<0.0001 

0.72, 71, 

<0.0001 

0.75, 

71, 

<0.0001 
PDO  

n/s 
0.05, 

498, 0.28 

0.30, 

496, 

<0.0001 

0.37, 83, 

0.0006 

0.42, 71, 

0.0003 

0.44, 

71, 

0.0001 

0.65, 

468, 

<0.0001 

MEI 
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Figure 1.  Water temperatures at Kachemak Bay sub-bays and SWMP stations.  Means are 

calculated from months with at least 24 daily records. 
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Figure 2. Monthly average water temperatures from 1965 – 2010 recorded in Seldovia Bay (CO-

OPS) and the Gulf of Alaska (GAK1), and monthly average salinity from 2003 - 2010 recorded at 

GAK1 and the Kachemak Bay SWMP stations (HD, Homer Deep; SD, Seldovia Deep; and SS, 

Seldovia Surface). 
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