
Tools of technology
2014 marks the 50th anniversary of the 

great Alaska earthquake—the second 
largest earthquake ever recorded on 
earth—and the sombre 25th anniversary of 
the Exxon Valdez oil spill. 
These two disasters, one natural and one 
manmade, changed landscapes, impacted 
environments, and helped focus science on the 
natural systems that we all rely on. Lessons 
learned continue to help communities to 
better prepare for and respond to events that 
threaten our environment.
In 1964, scientists had little 

understanding of what caused 
earthquakes. Kids were listening to 
the Beatles sing “I Want to Hold Your 
Hand” recorded on large plastic disks 
that played one song per side. The 
8-track car stereo was introduced; 
computers were massive affairs with 
vacuum tubes and punch cards that 
stored data. Phones had cords, rotary 
dials, and no answering machines. 
When the earthquake struck at 5:36 

p.m. on March 27, it lasted 4 minutes 
and generated tsunamis that in some 
areas were 200 feet high. Parts of 
Montague Island rose 30 feet; areas 
near Portage sunk 8 feet. Mudflats and 
grass banks on the Copper River Delta 
ended up high and dry.
There was no distinct epicenter, with 

seismic shifts registered from Prince 
William Sound to Kodiak. Prior to the 
1964 quake, our understanding of the 
earth’s shifting geology was deeply 
flawed. The United States Geological 
Survey sent geologist George Plafker 
and his team to Alaska to do an intense 
study of the quake. Measurements and 
maps described how the earth’s Pacific 
Plate was diving under the continental 
crust at a speed of about 2.3 inches a year. 
The plates bind, and when they let go we 
have a “megathrust” earthquake. Scientists 
discovered nine of these occurrences in 
the last 5,500 years, with one megathrust 

quake about every 600 years. 
New knowledge created a unifying theory: 

plate tectonics, which explained how 
earthquakes happen.  Building codes were 
changed, communities were relocated, and 
earthquake centers were established to model 
earthquakes and the tsunamis they generate. 
In 1989, when the Exxon Valdez grounded, 

we had little knowledge of how massive 
oil spills affected marine and near shore 
environments. We were listening to Bette 
Middler and watching The Cosby Show. 
This was the year the World Wide Web 
started—before email and cell phones. 
Intel introduced the 486 microprocessor 
and Microsoft released groundbreaking 
productivity software.
Just after midnight on March 24, the 

Exxon Valdez ran into Bligh Reef, splitting 
the hull and leaking 11 million gallons of 
oil into one of the world’s most productive 
ocean environments. The capacity to 
respond to the spill was inadequate. We 
knew almost nothing about how oil would 
affect the environment over time and had 
little information on the fish, birds, marine 
life, and plant communities that might be 
impacted. Responders communicated by 
fax machine.
The federal and state governments initiated 

a massive research effort to assess what was 
impacted by the spill and how to best clean 
up and monitor the impacts over time. In 
addition, local communities organized and 
advocated for better capacity to respond 
to and recover from oil spills.  Efforts led 
to the federal Oil Pollution Act of 1990, 
and formation of the Regional Citizens’ 
Advisory Council that oversees marine 
oil shipping in Alaska.  Communities also 
worked together to  establish the Oil Spill 
Recovery Institute, which helps focus 
research on the best available technologies 
to respond to oil spills.
The Prince William Sound Science Center 

was created just a month after the Exxon 
Valdez oil spill. We have witnessed an 

evolution in technology that has greatly 
increased our ability to observe, measure, 
record, analyze, and present information 
across all scientific disciplines. In 2014, we 
know a great deal more about earthquakes 
and oil spills than we did at the time of 
these terrible catastrophes. We have also 
learned that natural systems are always 
undergoing transformation even without 
catastrophic events.
We are continuing to look for better ways 

to inform our efforts to respond to changes 
in natural systems. Today we use satellites, 
sonar, radar, acoustic transceivers, 
automated weather stations, and buoys that 
measure waves, wind, temperature, salinity 
and current. We use genetics, chemical 
markers, tags, and transponders to track 
the populations and seasonal distributions 
of birds, fishes, and marine and land 
mammals.  What will the future bring? 

RJ Kopchak
Prince William Sound Science Center
rkopchak@pwssc.org

Welcome to 
the 2014 edition 
of Delta Sound 
C o n n e c t i o n s . 
If you picked 
up a copy of 
this publication 
while in Alaska, 
you’re in luck: 

you have traveled through one of the 
most inspirational places in the country, 
and you’re reading the most informative 
annual lay publication about research and 
education around Prince William Sound. 
Whether you’re passing through the area 
or have lived here for decades, you’ll no 
doubt learn something new in this issue. 

This year’s edition will open your eyes 
to the many ways technology is employed 

in the marine and coastal research and 
education initiatives that are pursued year 
round throughout Prince William Sound, 
the northern Gulf of Alaska, and the Copper 
River watershed. From whale satellite 
tracking to robotics, there is something 
to pique everybody’s interest. The Prince 
William Sound Science Center makes this 
science news journal available in service to 
our mission to advance the understanding 
and sustainable use of ecosystems in the 
northern Gulf of Alaska region through 
research and education. 

We dedicate this issue to someone 
whose personal and professional passion 
was very much aligned with our mission: 
Stan Stephens. The founder of Stan 
Stephens Cruises, he can take credit for 
introducing thousands of people to the 

wonders of Prince William Sound. After 
the Exxon Valdez oil spill 25 years ago, 
Stan dedicated his life to protecting this 
place he so loved. Although Stan passed 
on, his influence remains, and we honor his 
many accomplishments by dedicating this 
issue to him. Please take a few moments to 
read the tribute to Stan within these pages. 
May we all be lucky to know a place, be 
inspired by it, and share it with the passion 
that Stan had for Prince William Sound.

Technology in action
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wall and tell us your favorite article 

in this issue to be entered in a 
drawing to win a cool prize pack!
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When you fly into Cordova, the “Mudhole” 
Airport greets you with a stunning landscape.  The 
Copper River, which drains a large region of the 
Chugach and Wrangell Mountains into the Gulf 
of Alaska, deposits sediments to form the largest 
contiguous wetland on the Pacific Coast of North 
America.  The Copper River Delta supports an 
extraordinary amount of biodiversity including 
all five species of Pacific salmon and countless 
shorebirds.  Millions of birds migrate to the Delta 
each year to breed and rear their fledglings.  
Delta ponds provide critical nesting habitat as 

well as food resources for many migratory bird 
species.  Global climate change may threaten the 
abundance of these food resources if increased 
temperatures alter the emergence timing of 
both aquatic plants and invertebrates.  In order 
to determine the species at risk, scientists must 
understand which resources the birds use.  By 
collecting the membrane inside of a hatched 
egg, it is possible to investigate what the mothers 

consumed before egg-laying.  Researchers use a 
technique called stable isotope analysis, which is 
based on the premise, “You are what you eat.”  
Stable isotope analysis traces the flow of nutrients 

and energy through the food web, therefore, 
providing more integrated dietary information 
than traditional “snapshot” methods such as gut 
or fecal contents.  Following the carbon isotopes 
in vegetation to the egg membrane reveals that 
the dusky Canada goose (Branta canadensis 
occidentalis) consumes sedges and rushes that 
fringe Delta ponds.  Nitrogen isotopes show that 
the rusty blackbird (Euphagus carolinus) preys on 
dragonflies, predatory insects that emerge from 
these ponds.  
In addition to playing a crucial role in the life cycle 

of birds and insects, these mudholes are home to 
billions of microorganisms that decompose dead 
plants and animals, thereby recycling nutrients for 
the entire ecosystem, all of which can be traced 
using stable isotope analysis.

Not your average mudhole Carmella Vizza and Gary A. Lamberti
Department of Biological Sciences, University of Notre Dame
cvizza@nd.edu

Photo (above): Landscape view of the Copper River Delta.
Photo (inset): Researchers from the University of Notre Dame and the U.S. Forest 
Service collecting samples from Delta ponds.

Photo (above): An orphaned moose is released into the wild.

The Orphaned Moose Guardians have 
been busy this year.  After several years of 
preparation, two sibling moose calves from 
the Knik Valley, orphaned early last summer 
and cared for by the Alaska Moose Federation, 
were released onto the Copper River Delta.  
In August 2013, NVE coordinated an epic 
journey for the young cow and bull: hundreds 
of miles from the Matanuska Valley to 
Cordova via truck, ferry, and jet boat all the 
way across the Copper River to a carefully 
selected release site on the Delta.

The calves were fitted with VHF collars. 
Every month NVE personnel conduct aerial 
surveys, in which sensitive radio receivers 
detect the signals emitted by the collars, 
pinpointing a calf’s location.  So far, the 
calves are thriving and have not moved far 
from their release site.  
In addition to the obvious good karma of 

saving orphaned baby moose, this program 
aims to improve the genetic diversity of 
Cordova’s isolated local moose herd, which 
was introduced in the late 1940s and early 
1950s.  A genetic study is planned for the 
upcoming season to determine whether there 
is a need for more calf releases and to evaluate 
the long-term success of the existing program.

Orphaned Moose Guardians
John Whissel
Native Village of Eyak (NVE)
John.Whissel@eyak-nsn.gov

The Copper River Delta is a varied 
mosaic of water, wetlands, forested 
areas, and shrub lands that provides 
important habitat for many migratory 
bird and mammal species. Due to 
uplift from the 1964 earthquake, 
the vegetation has been changing 
in ways that may alter habitat. 
For land managers, an up-to-date 
vegetation map for this area is 
critical for evaluating wildlife habitat 
availability.
In 2009, the U.S. Forest Service 

partnered with Ducks Unlimited and 
the Remote Sensing Applications 
Center to create an updated map of 
existing vegetation on the Delta. The 
first step in this process involved 

assembling remotely sensed imagery 
from a variety of sensors. 
Different vegetation types have 

different spectral signatures that 
can be used to generate polygons, 
or groupings of vegetation that are 
similar. The next step in this process 
required ground and helicopter site 
visits to a representative number of 
these polygons to record dominant 
plant species for each vegetation 
type. These data were then fed into 
classification models, and a map 
with the different types of vegetation 
classes was generated. 
The final map was produced in late 

2013 and includes 11 vegetation 
classes on over 1.2 million acres.

Kate Mohatt
Chugach National Forest, United States Forest Service

kmohatt@fs.fed.us

Mapping vegetation

Figure (top): Final Copper River Delta vegetation map.
Figure (bottom): A close up look at the new Copper River Delta vegetation map.

ALASKA CANADA

COPPER RIVER DELTA

“The Copper River, 
which drains a large 

region of the Chugach 
and Wrangell Mountains 
into the Gulf of Alaska, 

deposits sediments 
to form the largest 
contiguous wetland 
on the Pacific Coast 
of North America.” 

Carmella Vizza, “Not your 
average mudhole”. 

Moose
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Andrew Morin
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Prince William Soundkeeper

PWSK, a 501(c)(3) nonprofit organization, 
was established in 2004 by stakeholders from 
Cordova, Whittier, Valdez, and the Native 
Villages of Chenega Bay and Tatitlek, who felt 
the need for a citizen advocacy organization 
that could act independently from the pressures 
of industry and government.  The mission of 
PWSK is grass roots advocacy for preserving 
water quality in Prince William Sound, Alaska 
for all users.  
PWSK’s main goal is sustainable water 

resources management; working to strengthen 
citizens’ abilities to respond effectively to 
environmental issues affecting the water 
quality of Prince William Sound (PWS).  In 
Alaska, the use of modern technologies like 
the internet and its social applications, are 
invaluable in accomplishing these goals by 
allowing for reliable communication between 
people, organizations, and areas. PWS’s remote 
communities are mostly accessible only by 

boat or plane, and are often isolated by rough 
weather conditions.  
Small nonprofits such as ours must carefully 

plan to utilize every dollar to its maximum. 
Getting the word out to our membership and 
users of PWS on important issues can be a 
challenging and expensive task, especially when 
the majority of resource users are not year-round 
residents.  Since the advent of internet and cell 
phone service in the more remote areas of PWS 
in 2006, communities are no longer completely 
isolated, at least by technology.  This technology 
allows our health clinics to directly consult with 
hospitals for timely and effective treatment; 
schools can better prepare students to compete 
in a technologically advanced world; and new 
economic opportunities have been created.  For 
non-profits like PWSK, we now have an avenue 
to better keep our constituency informed in a 
timely and efficient manner. 
For more information, visit the PWSK 

website at www.pwsoundkeeper.org, “like” 
our Facebook page, and help us to spread the 
word about the power of citizen advocacy and 
modern technology in action. 

Kate McLaughlin
Prince William Soundkeeper (PWSK)
emailpwsk@pwsoundkeeper.org NVE has been awarded a 

competitive grant to improve water 
quality in the Cordova Harbor.  NVE 
will work closely with the City of 
Cordova, Public Works, and the 
Harbor Commission to implement 
a Garbage Bin Management Plan, 
which will reduce the chance of 
materials being lost back to the 
environment while making it easier 
to properly dispose of waste.  This 
plan will include hazardous waste 
such as lead-acid batteries and anti-
freeze.  Projects that will be put 
out to bid include the design and 
construction of new harbor signage, 
garbage bins, an antifreeze disposal 
receptacle, and a battery shed.

Education and Outreach is essential 
to inform harbor users on best 
dumping and management practices.  
Signage will be installed around the 
harbor that clearly illustrates harbor 
rules, waste receptacle locations, 
and user services that will reinforce 
best practices. Newsletters and 
public service announcements will 
be created to reach all community 
members and harbor users to educate 
them on existing practices and 
upcoming changes around the harbor.  
Biomonitoring will include Cordova 
Harbor mussel tissue sampling to 
show changes in polycyclic aromatic 
hydrocarbon (PAH) levels as water 
quality improves.  Results will help 
guide community leaders in decision 
making to keep Cordova’s harbor 
clean and waste-free.  

Cordova Clean Harbor

Photo (below): The Cordova harbor is home to many creatures, including sea otters.

Ivy Patton
Native Village of Eyak (NVE) 
Ivy.Patton@eyak-nsn.gov

On September 3, 1964 President Lyndon B. 
Johnson signed into law the Wilderness Act, 
establishing the National Wilderness Preservation 
System (NWPS) and setting aside 9.1 million acres of 
wildlands for the American people. Over the past 50 
years, Congress has added over 100 million acres to 
the NWPS. The Wilderness Act defines “wilderness” 
as areas managed for the use and enjoyment of the 
American people in a manner that will leave them 
unimpaired for future use, where the primary forces 
of nature are in control, intended generally for 
non-motorized uses, undeveloped landscapes, and 
opportunities for solitude and primitive recreation. 

Four federal agencies manage Wilderness Areas 
within the NWPS: U.S. Forest Service; Bureau of 
Land Management; U.S. Fish and Wildlife Service; 
and National Park Service.  There are many benefits 
to the public, not least in the areas of scientific and 
historical research, and cultural uses and activities.

While the Chugach National Forest does not have 
any designated Wilderness Areas, we are home 
to more than 2 million acres designated by Alaska 

National Interest Land Conservation Act 
in 1980 as the Nellie Juan-College Fjord 
Wilderness Study Area (WSA). Located 
predominately in western Prince William 
Sound (PWS), this area is administered to 
maintain existing wilderness character for its 
potential for inclusion into the NWPS. 

In the last fifty years, we have learned 
more about the value of managing lands 
as wilderness, for fish and wildlife habitat, 
carbon sequestration, education, research, 
and clean air. In PWS, wilderness supports 
thriving recreation and tourism economies. 
In response, the Chugach has created a WSA 
stewardship plan to ensure its many benefits 
endure into the future. The plan promotes 
work to monitor air quality, treat invasive 
species, and understand recreation patterns in 
the area. It also includes education programs 
for youth and others on the area’s ecology, 
history and management.

The Wilderness Act turns 50 Mona Spargo
United States Forest Service (USFS)
mspargo@fs.fed.us

PWSSC

Photo (above): A research vessel on a cruise in PWS.

Photo (below): A secluded campsite 
overlooking Prince William Sound.

USFS

Photo (below): A skiff transiting the Cordova harbor.

PWSSC

PWSSC
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Following the 2011 tsunami that damaged 
three of six reactors at the Fukushima                  
Dai-ichi Nuclear Power Plant in Japan, 
radioactive waste leaked into the surrounding 
ocean. Much speculation surrounds the effects 
of this waste, but little oceanographic data has 
been collected to validate such claims. 
Chemical oceanographer Dr. Ken Buesseler 

at the Woods Hole Oceanographic Institution 
(WHOI) began a citizen science campaign 
called “How Radioactive is Our Ocean?”. 
This program aims to involve members of the 
public in collecting seawater from the Pacific 
Coast of North America and raise funds for 
analyses. So far, their data indicate no radiation 
from Fukushima has reached our coastline but 
more data are required to monitor the situation. 
The program has currently not collected any 

samples from Alaska.
This year, the PWSSC will collect samples 

for this project during oceanographic surveys 
(Gulf Watch Alaska) in Prince William Sound. 
The Alaska Ocean Observing System will 
provide partial funding for transportation 
and analysis of samples at WHOI. Support is 
needed to fund additional sampling locations.
This program is open to the public. Everyone 

is invited to view current results, participate in 
sample collection, and help by donating funds 
for sample transportation and analysis. 
For more information, contact Caitlin McKinstry 

or visit www.ourradioactiveocean.org.

TSUNAMI

Figure (right): Funds have kickstarted the marine 
radiation analysis campaigns at 22 unique coastal 
locations. Five locations—Ocean Shores, WA; 
Mendocino, CA; Point Reyes, CA; Santa Monica, CA; 
and La Jolla, CA—have raised enough funds ($550-
$600 per sample depending on the location) to begin 
the collection and radiation analysis of their ocean 
water.  (Illustration by Colleen Durkin, WHOI)

In May 2013, Gulf of Alaska Keeper cleanup 
workers continued the arduous task of removing 
Japanese Tsunami Marine Debris (JTMD) from 
hundreds of miles of Prince William Sound 
(PWS) beaches.   By the end of September they 
had removed 150 tons of plastic debris from 
over 300 miles of shoreline.  Nearly all those 
miles were on central PWS islands with tons 
of Styrofoam and other foam debris scattered 
along the nearshore environment.  
The Exxon Valdez Oil Spill Trustee Council 

funded a sweep of PWS beaches specifically 

targeting JTMD.  Through early July, 17 
landing-craft loads (70 tons or 700-cubic yards) 
of JTMD consisting of foam building insulation, 
plastic fishing buoys, and plastic containers 
were laboriously hand-picked from 300 miles 
of beaches.  
In July, the cleanup crew began cleaning 

heavily-fouled beaches on Montague Island’s 
rugged northeast corner where they encountered 
debris densities of up to 30 tons per mile.  Only 
2.5 miles of a 74-mile shoreline were cleaned 
over 3 months.  80 tons of JTMD were collected, 
more than that from 300 miles of inner-PWS 
beaches.  Using helicopters, 300 Super Sacks 
of debris were consolidated in large caches on 
Montague Island where they await shipment 
next fall along with debris collected in 2014. 

Photo (above): One of 17 loads of JTMD hauled from PWS to Whittier in 2013.
Photo (below):Super Sacks of JTMD consolidated by helicopter on northeast Montague Island.Japanese Tsunami Debris

Chris Pallister
Gulf of Alaska Keeper
chris@goak.org

How radioactive is our ocean? 
Caitlin McKinstry
Prince William Sound Science Center (PWSSC)
cmckinstry@pwssc.org

Photo credit: USFS

Chris Pallister

Chris Pallister
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A monitoring technology known 
as Automatic Identification System 
(AIS) provides real-time information 
on vessel locations and movements in 
areas of Prince William Sound  (PWS) 
and Cook Inlet. PWSRCAC uses this 
technology to monitor traffic related to 
the operation of Alyeska’s oil terminal 
and tankers. 
Each vessel equipped with an AIS 

transponder broadcasts information 
such as name, position, speed, course, 
radio call sign, and rate of turn.  This 
information is shown on electronic 
charts onboard the tanker, other ships 
equipped with the system, and the U.S. 
Coast Guard’s Vessel Traffic System 
office in Valdez.  The information is 
also available online to subscribers 

such as the PWSRCAC. 
Using this system, the PWSRCAC 

tracks tankers and other large vessels 
in PWS and Cook Inlet. The system 
aids our oil spill prevention efforts by 
allowing abnormal vessel movements 
to be identified in real time and 
provides the PWSRCAC with useful 
information during routine operations 
such as vessel positions during drills, 
towing and tether exercises, and the 
configuration of tugs escorting tankers 
in and out of PWS.
The next time you are in Anchorage or 

Valdez, please stop by the PWSRCAC 
offices to see this technology in action. 
For more information, visit: 
www.pwsrcac.org

Tracking vessels in real 
time

Figure (above): Monitoring technology, AIS, provides real-time information to the PWSRCAC. 
This is a screen shot of Cook Inlet and Prince William Sound vessel activity. Photo (below): A 
tanker is tracked crossing PWS.

Amanda Johnson
Prince William Sound Regional Citizens’
Advisory Council (PWSRCAC) 
amanda.johnson@pwsrcac.org

On March 23, 1989, the oil tanker Exxon 
Valdez left the Valdez Marine Terminal at 
9:12 p.m., bound for California with a full 
load - approximately 53 million gallons - 
of North Slope crude oil. 
The tanker Captain, Joe Hazelwood, 

was granted permission to change course 
to avoid icebergs from nearby Columbia 
Glacier. He gave orders to the Third Mate 
to maneuver the tanker to the new course 
and then retired to his quarters. For reasons 
that remain unclear, the tanker was never 
returned to its proper course. 
Just after midnight on March 24, the 

Exxon Valdez oil tanker grounded on 
Bligh Reef, spilling at least 11 million 
gallons of crude oil into Prince William 
Sound, the largest oil spill in U.S. waters.       
The initial response to the spill was slow, 

uncoordinated, and ineffective. Seas and 
winds were calm for three days, but almost 
no response equipment was available. 
On March 27, a storm blew in with 

winds up to 70mph, spreading the oil 
spill to the southwest along at least 1,400 
miles of shoreline (see figure below). 
More information on the immediate and 

long-term impacts of the spill, as well as 

links to other oil spill resources can be  
obtained from the legacy organizations 
established after the spill including:  

The Exxon Valdez Oil Spill Trustee 
Council oversees the 1991, $900 million 
civil settlement for restoration of injured 
resources and services.  The restoration 
plan includes habitat protection, research 
and monitoring and direct restoration. 
(www.evostc.state.ak.us)

The Oil Spill Recovery Institute was 
established by Congress in 1990 to focus 
on improved technologies and ecological 
research related to oil pollution in 
the marine environment of Arctic and 
Subarctic regions.  (www.pws-osri.org)

The Prince William Sound Regional 
Citizens’ Advisory Council  is an 
independent nonprofit organization whose 
mission is to promote environmentally 
safe operation of Alyeska Pipeline’s 
Valdez Marine Terminal and associated 
oil tankers.  (www.pwsrcac.org)

Exxon Valdez oil spill

David Janka was taking care 
of a lodge with his family, 10 
miles from Bligh Reef, when the 
Exxon Valdez spilled at least 11 
million gallons of crude oil into 
Prince William Sound. A quarter 
of a century later recovery is 
incomplete. Lingering oil remains; 
it’s a never-ending disaster.
Since the spill, David has been 

involved with cleanup, research, 
public education, environmental 
advocacy and since 1995, 
supplying vessel support for 

research and natural history 
cruises. Over the span of 25 years, 
David has photographed what he 
has experienced.
Industry representatives claim 

that everything is fine. It’s difficult 
to confirm in these remote areas. 
Government studies estimate that 
20,000 gallons of oil remain. Janka 
felt sharing images, especially 
those of the lingering oil, was 
important to communicate reality.
Remember film? Taking a 

photograph in 1989 meant getting

the film 
s h i p p e d 
out for 
processing. 
Returned, an image might 
need to go out again for 
additional work. Distribution 
was slow. Research data had 
similar constraints.
Recently Janka took photos of 

lingering oil on Smith Island, 24 
miles SW of Bligh Reef, an annual 
activity for him. He sent them via 
email to interested groups over 

a wireless connection. Before he 
pulled anchor the next morning 
he received an e-newsletter. His 
photos were on the cover. 
Whether a photograph, a data 

sheet, information to update a 
computer model, or observations 
of unusual activity, all can be 
sent from remote locations 
instantaneously. How things 
have changed. Imagine what will 

be next.
Oil from the 1989 Exxon Valdez 

oil spill will be with us for at least 
another 25 years. Janka hopes 
that sharing photographs of the 
lingering oil will help remind 
people to be vigilant, not to let it 
happen again, and not to believe 
everything you’re told. He plans to 
continue taking and sharing these 
disturbing photos at no cost.

25 years photographing a 
disaster Dave Janka

Auklet Charter Services
info@auklet.com

1989 2014

Photo (above): Oil tanker, Exxon Valdez, hard aground on Bligh Reef. Photo (above): Locating lingering Exxon Valdez oil spill sediment. 
Herring Bay, Knight Island, Prince William Sound. February 18, 2014.

Photo (above): Lingering Exxon Valdez oil in shore sediments. Herring 
Bay, Knight Island, Prince William Sound. February 18, 2014.

Dave JankaDave JankaDave Janka

PWSRCAC
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Alaska’s Copper River drains an area over 7.3 
million hectares (about the size of West Virginia) and 
is the single largest source of fresh water to the Gulf 
of Alaska (GoA). 
One of the main drivers of productivity in the 

region is the availability of nutrients: river inputs 
bring in new nutrients, and oceanographic processes 
operating on freshwater layers at the surface bring up 
nutrient-rich water from the depths. 
Beyond the continental shelf, productivity is limited 

by the availability of micronutrient iron, which is 
transported to the open ocean in dissolved form from 
rivers as well as in dust during windstorms.
Ice sheets and glaciers throughout southcentral 

Alaska are receding at among the fastest rates in 
the world, which is changing the hydrology of the 
watershed and will in turn change the type, timing, 
and abundance of nutrients released into river waters. 
Those changes will be telegraphed to the coastal 

GoA, and any changes in productivity in the coastal 
ocean will have implications for the ecosystems 
seaward of the Copper River Delta.  Researchers 
from PWSSC, the University of Alaska, and the U.S. 
Geological Survey are using various measurements 
throughout the watershed to assess how it is changing 
and to predict how it will operate in the future.

Receding glaciers change the coastal Gulf of Alaska
Rob Campbell
Prince William Sound Science Center (PWSSC)
rcampbell@pwssc.org

Rob Campbell
Prince William Sound
Science Center (PWSSC)
rcampbell@pwssc.org

Robots: The future of oceanography in Prince William Sound

Oceanographers often leave moored 
instruments in place to measure 
various oceanographic parameters 
over time. Most moored instruments 
only take measurements at a single 
fixed depth, which can miss important 
variability in the water column.  Water 
tends to form layers, with warmer 
(or fresher) water layering up over 
colder (or saltier) water, so there is a 
great deal to be learned by collecting 
information at various depths.  This 
is why oceanographers generally 
use profiling instruments onboard 

research cruises; they can be dropped 
through the water to collect depth-
specific information.  
In 2013, PWSSC oceanographers 

installed a new type of profiling 
mooring in central Prince William 
Sound (PWS).  The robotic profiling 
system (known as an Autonomous 
Moored Profiler, or AMP) consists 
of a positively buoyant float and an 
electric winch connected to a hardware 
controller.  The profiler is anchored 
so that it is about 60 meters below 
the surface of PWS.  Once a day, the 
profiler switches on, activates several 
oceanographic instruments attached 
to it, and releases the brake on the 
winch so that it begins to rise toward 
the surface.  As it rises, its instruments 

record several important parameters 
(temperature, salinity and turbidity, 
chlorophyll-a, oxygen, and nitrate).  
Once at the surface, the controller 
connects with a cellular tower on 
Naked Island and synchronizes data 
and new instructions with a control 
server at the PWSSC.  The controller 
then activates the winch and pulls 
the profiler back down to its parking 
depth.
Several test deployments were 

conducted with the system in 2013, 
and the profiler will be operationally 
deployed in 2014 to begin collecting 
daily profiles from 60 meters to the 
surface.

Figure (top left): Stable isotopes of oxygen may be used to infer 
the source of water moving through the watershed.  This figure 
shows an 18O time series from two streams on a tributary of the 
Copper River (MAYC and YNGC), and a groundwater spring 
(MCSP).  The time series shows how the water in the streams 
changes from being derived from snow melt in spring to a 
groundwater signature in summer.
Figure (bottom left): The time series of iron (Fe) and aluminum 
(Al) from the Middleton Island sampler shows that iron 
transport occurs very episodically, during autumn storms.
Photo (below): To examine changes in the transport of iron, an 
aerosol sampling system was installed on Middleton Island in 
2010.  The system continuously pumps air through filters, which 
retains dust particles that are later analyzed in the laboratory.

Photo (top right): The AMP profiler being deployed from the PWSSC research vessel, New Wave.
Figure (below left): Temperature time series (°C) of 33 daily casts made during a deployment in September 2013 (the color indicates the temperature at each depth and time point).  The time series shows the 
breakdown of the seasonal thermocline as autumn storms mix the surface layer.  At the beginning of the time series (late August), the surface temperature is ~14 °C, and the thermocline is at about 20 m depth.  
By the end of September, surface temperature was down to ~11 °C, and the thermocline was much deeper and less well defined.
Figure (below right): Calculated daily discharge into Prince William Sound for a sample one year period. 
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Coastal freshwater discharge (FWD) is 
important to the Gulf of Alaska (GoA) as 
it impacts salinity and temperature patterns 
and helps to control the circulation and 
transport of water. The GoA is highly 
undersampled, however. 
Five major rivers (Stikine, Copper, Taku, 

Alsek, Susitna) make up 50% of the GoA 
watershed but are estimated to yield less than 
20% of the total annual FWD. These rivers 
are gaged, providing real-time information 
on streamflow. 
The remaining 80% of FWD, however, 

comes from small coastal watersheds that are 

not gaged. 
To fill these data gaps and provide quality 

information on the timing and magnitude 
of coastal FWD, a modeling effort, using 
reanalysis weather data, snowpack data, and 
limited streamflow data, has been undertaken 
for the GoA in general and for Prince William 
Sound in particular. This effort significantly 
improves the resolution both in time and space 
from that of previous studies. 
Sub-models that downscale weather data, 

predict snowmelt, and route streamflow over 
the land surface are combined to produce the 
best-available information on Alaska’s coastal 
FWD. The results show considerable variation, 
both in time and in space, confirming that 
Alaska’s coastal waters are a complex and 
dynamic environment. 

Coastal freshwater discharge:
Where, when, and how much?
David F. Hill & Jordan Beamer
Oregan State University
david.hill@oregonstate.edu
beamerj@onid.orst.edu

Acoustic arrays are awesome assets

Thanks to acoustic technology, 
PWSSC scientists can determine if 
and when select fish species leave 
and return to Prince William Sound 
(PWS).  
In March 2013, six major entrances 

and passages to PWS from the Gulf 
of Alaska were “curtained” off with 
underwater acoustic receivers.  
Since then, Pacific herring, Pacific 

cod, and salmon sharks that had been 
previously implanted with acoustic 
transmitters have been recorded at 
the arrays.  
The PWS array is the first of its 

kind in Alaska and is part of a larger 
global network of acoustic receivers 

and oceanographic monitoring 
equipment designed to identify on 
small to large scales the critical 
habitats and migration pathways of 
aquatic animals important to humans. 
These arrays are sponsored by 

Canada’s Ocean Tracking Network, 
in collaboration with the PWSSC.  
For questions about the PWS 

acoustic arrays, contact Dr. Mary 
Anne Bishop.

Figure (left): The PWSSC, 
in partnership with Canada’s  
Ocean Tracking Network 
(OTN), has added capacity to 
OTN’s global acoustic tracking 
network.  In March 2013, a 
series of underwater acoustic 
receivers were deployed at the 
major entrances to PWS. The 
receivers will allow scientists to 
detect acoustic tagged fish and 
other aquatic animals moving 
in from the Gulf of Alaska or 
out from PWS.

Photo (right): Child’s Glacier in 
Cordova, Alaska

Mary Anne Bishop
Prince William Sound
Science Center (PWSSC)
mbishop@pwssc.org

.

Figure (above): Overview of hydrologic complexity of Alaska’s watersheds and nearshore waters. Figure (above): Watershed (yellow) of PWS and watersheds (purple) of presently or historically 
gaged basins.

Figure (below): Calculated daily discharge into Prince William Sound for a sample one year period.
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Photo (above): When a bird is captured, several measurements are taken for comparison to other turnstone 
and other species.  Here, one of the leg bones–the tarsus–is measured with calipers.

Tracking turnstones

In June 2013, PWSSC paired with University 
of Alaska Anchorage, and U.S. Fish and 
Wildlife Service to study the migratory behavior 
of black turnstones.  Turnstones spend summers 
in coastal Alaska and winters from southeast 
Alaska to Mexico.  Approximately 80% of the 
known global population nests in grasslands of 
the Yukon-Kuskokwim River Delta area, but 
little is known about their migratory behavior.  
The number of turnstones stopping at 

Montague Island in Prince William Sound has 
declined dramatically in the last 15 years.  This 
project aims to determine if the decline is due 

to an overall population decline or a shift in 
migratory stopover sites.
Researchers captured turnstones in spring 

and summer 2013 and applied a unique 
combination of colored leg bands for individual 
identification.  Some birds also received a small 
device that records light levels from which 
latitude and longitude are calculated.  With 
recaptures planned for the same locations in 
2014, this provides detailed information about 
the birds’ interim movements including timing 
and locations of breeding and wintering activity, 
and stopover points critical to migration.  
This work is made possible with funding and 

assistance from the National Fish and Wildlife 
Foundation, ConocoPhilips Alaska, the Oil 
Spill Recovery Institute, and the Yukon Delta 
National Wildlife Refuge.

Jessica Stocking
Prince William Sound  Science Center (PWSSC)
jstocking@pwssc.org

Most seabird studies occur during 
the summer breeding season when 
seabirds are easily observed at their 
breeding colonies.  But where are 
seabirds in winter?  Surprisingly, 
thousands are found in the bays, 
passages, and extensive open waters 
of Prince William Sound (PWS).  
Using “vessels of opportunity” 
(ships conducting studies on other 
topics) the PWSSC conducts at-
sea surveys between October 
and March to determine seabird 
abundance and distribution.  The 
study is part of Gulf Watch Alaska, 
a long-term monitoring program of 
the Exxon Valdez Oil Spill Trustee 
Council.  Using the wheelhouse 
as their observation platform, an 
avian biologist records directly into 
the computer all the seabirds they 
observe within a 150 meter arc to 

the front and sides of the boat.  The 
computer is equipped with a GPS 
so every observation has a location 
associated with it.  We have found 
distinct patterns for some of the 
most abundant seabirds wintering 
in PWS.  For example, numbers 
of common murre and marbled 
murrelet often double between 
November and January.  By March, 
common murres have increased 
to peak numbers while murrelet 
numbers have dropped significantly.  
Black-legged kittiwake, a small gull, 
shows a totally different pattern–
almost disappearing from PWS after 
November but returning in March as 
spring arrives.    

At-sea seabird surveys

Figure (below): Distribution of murres 
and other marine birds observed during 

an October 2013 survey in PWS, Alaska. 
Inset: Murrelet

PWSSC

Photo (bottom left): Each captured turnstone gets a 
unique combination of color leg bands for identification 
from a distance.  In the background is the net used to 
capture the birds.  Photo (bottom right): Dr. Audrey 
Taylor (University of Alaska, Anchorage) attaches a 
geolocator using a harness of stretchy monofilament.  
Inset: Close-up of a geolocator on a turnstone.

PWSSCPWSSC

Turnstones

Mary Anne Bishop
Prince William Sound Science Center (PWSSC)
mbishop@pwssc.org Seabirds

  Some like to jump, some like to hop, but what they 
all have in common is where they stop:  the Copper 
River Delta.  Every spring more than 30 species of 
shorebirds stop on the Copper River Delta and use 
different migration strategies to get here.  In order to 
determine what those strategies are, we glue small 
transmitters on the backs of shorebirds, just above 
their tails, and then listen for those transmitters 
either from the ground or from small airplanes.  
What we have found is that the western sandpiper, 
the most numerous bird stopping on the Copper 
River Delta, makes a series of “hops” up the Pacific 
coast to get here.  For example, a western sandpiper 
that winters in San Francisco Bay typically leaves 
in mid-April and takes around 3 weeks to travel the 
2000 miles to the Copper River Delta.  Its first stop is 
often Humboldt Bay, a mere 250 miles north of San 
Francisco, followed by stops at mudflats—such as, 
Willapa Bay/Gray’s Harbor in Washington; Fraser 
River Delta and Tofino Beach in British Columbia; 
and Stikine River Delta and Yakutat Forelands in 
Alaska—before finally arriving here.  Each hop is 
relatively short. Stops are usually for a few days as 
the birds need to recoup the energy they have used 
up for their next flight.  

In contrast to the “hoppers” are the 
“jumpers”, birds that fly long distances 
before stopping.  These include shorebirds 
like the Pacific golden plover that winter in 
the South Pacific. Come the end of April, 
these plovers pick up and “jump” to Alaska 
– where the Copper River Delta is often their 
first landfall.  One year a radiotagged plover 
left Honolulu sometime after 23 April, and no 
more than 90 hours and 2,800 miles later was 
heard at the Copper River Delta.  This plover 
stayed on the Copper River Delta for 9 days 
before departing for its breeding grounds in 
western Alaska.  To celebrate the amazing 
migrations of shorebirds, every May the 
Cordova Chamber of Commerce sponsors 
the Copper River Delta Shorebird Festival. 

For more information on this festival, visit 
the events page at:  www.cordovachamber.com

Figure (above): Shorebirds migrating along the Pacific coast stop at mudflats to refuel and store energy for their next 
migration flight.  Along the Pacific coast, the Copper River Delta is the most important shorebird stopover.   

Flocking, hopping, and stopping Mary Anne Bishop
Prince William Sound Science Center (PWSSC)
mbishop@pwssc.org

Shorebirds
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2014 marks the second year of 
citizen science owl surveys in 
Cordova and the Copper River Delta. 
This project was designed to 

increase community engagement 
in wildlife projects on the 
Chugach National Forest while 
also documenting the owl species 
inhabiting the area and monitoring 
for the potential arrival of the 
expanding barred owl population. 
In March and April 2013, a group 

of community volunteers, along 
with survey coordinator U.S. Forest 
Service Americorps member Jillian 
Jablonski, conducted nighttime 
surveys along the accessible roads 
around Cordova by broadcasting 
digital audio of specific owl calls to 
increase the odds of detecting owls 
in the vicinity.  

The group logged detections of 
four different owl species, including 
great horned, western screech, 
boreal, and northern saw-whet owls, 
with great horned owls recorded in 
the greatest abundance. 
All owl detections were logged 

along the Copper River Highway 
and Power Creek Road. Not only 
were survey volunteers able to enjoy 
the rare sound of owls calling, but 
other wildlife seen and heard during 
the surveys included sandhill cranes, 
dusky Canada geese, bald eagles, 
and moose. 
Continuing surveys in 2014 

will further complete the picture 
of owl presence and abundance 
around Cordova.
  

Owling in Cordova

Photo (above): A boreal owl; a rare species in this region that was detected on last year’s survey.

Jillian Jablonski
United States Forest Service (USFS)
Cordova Ranger District
jcjablonski@fs.fed.us

Owls

NPS Photo/Daniel A. Leifheit

Loons and Grebes
□ Common loon (tullek)
□ Red-throated loon
□ Pacific loon (s)
□ Yellow-billed loon (s,u)
□ Horned grebe
□ Red-necked grebe

Shearwaters and Petrels
□ Fork-tailed storm-petrel
□ Sooty shearwater (u)

Cormorants (agayuq)
□ Pelagic cormorant
□ Double-crested cormorant

Herons
□ Great blue heron

Waterfowl
□ Surf scoter (unanirrllat saqulet)
□ White-winged scoter
□ Long-tailed duck
□ Barrow’s goldeneye
□ Common goldeneye (qatert’snat)
□ Bufflehead
□ Harlequin duck
□ Mallard (ungusaq)
□ Canada goose (temngiaq)
□ Common merganser (paiq)
□ Red-breasted merganser

Shorebirds
□ Black oystercatcher
□ Semipalmated plover
□ Least sandpiper
□ Yellowlegs (lesser and greater)
□ Red-necked phalarope (s)

□ Surfbird (s)
□ Black turnstone (s)
□ Dunlin (s)
□ Western sandpiper (s) 

Gulls/Terns (sea gull = naruyaq)
□ Glaucous-winged gull
□ Herring gull
□ Mew gull
□ Bonaparte’s gull (s)
□ Black-legged kittiwake
□ Parasitic jaeger
□ Pomarine jaeger
□ Arctic tern (s) (nerusiculiq)
□ Aleutian tern (s,u)

Seabirds
□ Tufted puffin (s) (ngaqngaq)
□ Horned puffin (s) (ngaqngaq)
□ Marbled murrelet
□ Kittlitz’s murrelet (u)
□ Parakeet auklet (u)
□ Pigeon guillemot
□ Common murre

Raptors
□ Bald eagle (kuckalaq)
□ Peregrine falcon

Hummingbirds
□ Rufous hummingbird (s)

Kingfishers
□ Belted kingfisher

Passerines
□ Tree swallow
□ Violet green swallow

□ Bank swallow
□ Chestnut-backed chickadee
□ Winter wren
□ Common raven
□ Northwestern crow
□ Black-billed magpie
□ Steller’s jay
□ Hermit thrush
□ Varied thrush
□ American robin
□ Wilson’s warbler
□ Orange-crowned warbler
□ Song sparrow
□ Fox sparrow
□ Savannah sparrow

Mammals 
□ Humpback whale (qulamaq)
□ Minke whale (qulamaq)
□ Dall’s porpoise (mangtak)
□ Black bear
□ Land otter (kep’arkaq)
□ Marmot
□ Mink 
□ Weasel

Sugcestun/Alutiiq language words (following English names) 
provided by the Chugachmuit Heritage Preservation Project.  For 
more information on the Sugpiaq (Alutiiq) people and their language, 
visit www.chugachmiut.org.  To learn more about the Eyak language 
of the region, visit http://sites.google.com/site/eyaklanguageproject.

□ Killer whale (arlluk)
□ Steller sea lion (wiinaq)
□ Sea otter (ikaamaq)
□ Harbor seal (qaigyaq)
□ Harbor porpoise (mangaq)
□ Sitka black-tailed deer (pekaaq)
□ Brown bear (laq-laq)
□ Mountain goat (sepaaq)
□ Beaver (shniq)
□ Moose (tunturpak)

BIG 10?Can you 
spot the

Bird and wildlife checklist
Recommended bird/mammal guide: Sibley’s Field Guide to Birds of Western North 
America by David Allen Sibley and the Guide to Marine  Mammals of Alaska by 
Kate Wynne. List compiled by the Prince William Sound Chapter of the Audubon 
Society.    u - uncommon  |  s - seasonal
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In 2004, a group of visionaries saw the need for an integrated ocean observing system in Alaska given the 
extensive coastline, and vast fishery, marine mammal and seabird resources. After a decade, the vision of 

AOOS is now helping meet stakeholder needs for ocean information to promote marine safety, respond to 
coastal hazards, and track climate and ecosystem trends.  

Gliders, boats, and 
buoys measure
ocean acidification 
levels around PWS
As you look around Prince William Sound 

(PWS) this summer, keep an eye out for the 
quick surfacing of a remote-controlled glider 
measuring ocean acidification.
From May to September, two surface wave 

gliders, resembling yellow surf boards, will be 
cruising back and forth across transects in the 
Sound as part of a comprehensive sampling 
plan to determine what is driving changes in 
pH in the ocean. 
Scientists estimate that the ocean is 25% more 

acidic today than it was 300 years ago, largely 
due to increasing levels of atmospheric CO2 
from burning fossil fuels and changes in land 
use.  Almost half of that CO2  remains in the 
atmosphere, with the land and ocean  absorbing 
the rest. When the ocean absorbs CO2 , its 
pH balance declines.  Because cold water can 
absorb more CO2  than warm water, we know 
that Alaskan waters are disproportionately 
impacted by this process called acidification. 
Jeremy Mathis and Wiley Evans from the 

University of Alaska Fairbanks (UAF) Ocean 
Acidification Research Center and NOAA’s 
Pacific Marine Environmental Laboratory are 
leading the research effort in Alaska. 
Recent data have shown that acidity levels may 

be higher in areas surrounding tidewater glaciers 
in autumn due to the freshwater melt plumes 
coming off glaciers. Those melt plumes may be 
absorbing more CO2  from the atmosphere than 
surrounding seawater potentially becoming 
more acidic as they circulate into PWS and out 
into the Gulf of Alaska. 
This program aims to find out how the acidity 

and CO2  evolve in these melt plumes and how 
they impact PWS and the adjacent continental 
margin.

AOOS is part of the partnership supporting 
this work.  For more information on ocean 
acidification research in Alaska, visit UAF’s 
Ocean Acidification Research Center:             
www.sfos.uaf.edu/oarc/.

AOOS is celebrating its 10th anniversary

Photo (above): The PWS remote-controlled glider, 
similar to the one shown here, will measure ocean 
acidification from May to September.

   Figure (below): Glider transects in Prince William Sound.  

OARC Gulf of Alaska 
ocean acidification 
buoy

U.S. Fish & Wildlife 
R/V Tiglax cruise track 
for May and September

PMEL Slocum 
glider track back 
and forth across 
the continental 
shelf

PMEL Wave 
Gliders both 
continuously 
survey box 
patterns

Major Marine 
Tours M/V 
Fairweather 
Express II daily 
cruise track

RELIEF (m
)
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See the physical, biological, and atmospheric characteristics of 
the Prince William Sound region come alive through AOOS’ Gulf 
of Alaska Data Portal.  

The portal provides the ability to visualize different kinds of data 
on a single map - from real-time sensor feeds and webcams to 
model forecasts, satellite observations and habitat types.  It also 
contains information from research studies pertaining to fisheries, 
plankton, oceanography, marine mammals and birds.    

Want to fly the coast?  You can do that too for parts of the Gulf 
of Alaska, thanks to high definition ShoreZone imagery and video. 
A searchable data catalog allows users to browse the available 
information. 

The portal is supported in partnership with the Gulf Watch 
Alaska, the long term monitoring program of the Exxon Valdez 
Oil Spill Trustee Council.

AOOS
1007 W 3rd Avenue, Suite 100
Anchorage, AK  99501  
907-644-6703  
www.AOOS.orgAlaska Ocean Observing System

Gulf of Alaska data
at your fingertips 

Gulf of Alaska Data Portal:
data.aoos.org/maps/search/gulf-of-alaska.php

Figure (above): This image shows water current speed predicted by a regional ocean model, overlaid by the locations of real-time sensors displaying air temperature. 

Figure and photos (below and right): Within the Gulf of Alaska Data Portal, you can zoom into areas of interest to access information such as real-time 
sensor feeds, webcams, habitat information, forecast models and more.  The screenshot below shows sea grass distribution.  Shoreline video and images, 
such as the those at right, are available courtesy of the ShoreZone Alaska project.
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People have lived and worked 
in the Prince William Sound 
(PWS) region for centuries, but it 
remains a relatively understudied 
place.  Although the marine 
realm of PWS is very important 
to local residents, as a means of 
travel and communication as well 
as commercial and subsistence 
resources, the oceanography of 
the region is not well known–
limited surveys were done in the 
1970s, but it was not until after the 

Exxon Valdez oil spill in 1989 that 
the area received significant study.  
With support from the Exxon 
Valdez Oil Spill Trustee Council 
and the Oil Spill Recovery 
Institute, PWSSC researchers 
have been working to collate 
and archive oceanographic data 
(measurements of temperature 
and salinity at multiple depths) 
collected in the region to see how 
it has been changing over time.

Analysis of data from the 

central PWS region for the 
period between 1975 and 
present day (Figure 1) shows a 
warming trend near the surface 
and at depth (Figure 2) and 
cooling at the very surface.  
Maximum warming rates are 
approximately a third of a 
degree per decade between 20 
and 40 meters depth as might 
be expected with contributions 
from melting ice sheets being 
mixed into the surface ocean.

Long-term changes in 
the oceanography of 
Prince William Sound

Figure 1. (top): Positions of temperature and salinity measurements made in 
Prince William Sound from 1975 to 2012. The analysis here is confined to the 
positions marked in red in central PWS.

Figure 2. (bottom): Temperature changes in central PWS (red dots in the prior 
figure) from 1975 to 2012.  Temperature casts were fit to a second order cosine 
curve (to remove seasonal trends), and regressed across individual years.  The 
result is the slope of the temperature trend for each depth, and indicates the 
change over time (represented here as degrees Celsius per decade).  Positive 
values indicate a warming trend, while negative values indicate a cooling trend. 

Rob Campbell
Prince William Sound Science Center (PWSSC)
rcampbell@pwssc.org

For both the pre-European contact native 
cultures and the current communities in Prince 
William Sound, the five salmon species have 
been key to long-term survival and maintenance 
of traditions. 

What many are not aware of is that there 
is another culture dependent on bountiful 
populations of salmon.  These are the “resident” 
killer whales, the type of killer whale that 
shuns mammal prey and feeds solely on fish, 
primarily salmon during the spring, summer, 
and fall months.  

While salmon fishing boats tend to hug the 
shorelines, catching fish concentrated along 
shallow beaches, resident killer whales ply the 

deeper waters some distance off the shoreline, 
they dive for several minutes at a time, using 
echolocation to find salmon, especially king 
and silver salmon—the mainstay of their diet. 
Until recently we hadn’t realized just how deep 
these whales were diving.   

This has changed with the remote attachment 
of small satellite monitored tags to the fins of 
some killer whales.  These tags not only relay 
the location of the whale to the satellite but 
send data on depth and duration of its dives.  

We had thought that resident killer whales 
fed near the 
surface. 

Last year we 
discovered that 
they regularly 
dove to depths of 
300m (over 900 
feet) and, in some 
cases, repeatedly 
dove to about 
500m (over 1500 
feet).  

We don’t know 
for sure that they 
are feeding on 
salmon during the 
deepest dives, but 
we do know from 
tagging studies in 
British Columbia 
that salmon often 

swim at considerable depths.  
Our view of resident killer whale feeding 

behavior is changing as we continue to 
examine their salmon-reliant community and 
its traditions. 

Craig Matkin
North Gulf Oceanic Society
comatkin@gmail.com

Killer whales and human 
communities: the salmon 
connection

Photo (above): A cow calf and its mother killer whale.

Researchers from multiple institutions 
and disciplines are working to determine 
why herring populations remain 
depressed. With funds from the Exxon 
Valdez Oil Spill Trustee Council, which 
oversees funds from a settlement 
between State/Federal government and 
Exxon, a group of 10 projects make 

up a comprehensive research program 
designed to better understand factors 
limiting herring recovery, in particular 
those affecting juvenile herring 
including: oceanographic conditions, 
availability of food, disease, overwinter 
changes in energy content, and predation 
pressure.  

What is Herring Research & Monitoring?
The purpose of this four year, multi-faceted study is to: 
• Identify juvenile herring rearing bays
• Measure factors that limit juvenile herring growth and recruitment
• Provide recommendations for future herring restoration and monitoring 

efforts in the region.

www.pwssc.org/HRM

Killer whales

Craig Matkin

Gulf Watch Alaska
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What is
Gulf Watch Alaska?

The Gulf Watch Alaska ecosystem 
monitoring program, funded by 
the Exxon Valdez Oil Spill Trustee 
Council, is helping to monitor 
species injured by the 1989 oil 
spill and the marine conditions that 
affect those populations.  
The program tracks nearshore 

species such as sea otters, sea 
ducks, invertebrates, and kelp, and 
open water species such as killer 
whales, seabirds, and forage fishes.  
Environmental information is 

obtained from oceanographic 
measurements, plankton data, and 
lingering oil. 
Over 40 scientists are working 

at field sites in Prince William 
Sound, lower Cook Inlet, and the 
outer Kenai Peninsula coast, and 
information is integrated across the 
program to better understand the 
ecosystem as a whole.  
The Gulf Watch Alaska program is 

also providing new ways to access 
monitoring data from the current 
program as well as historical Gulf 
of Alaska data collected since the 
spill in its affected area.  
Detailed program information 

and direct data downloads from 
the Gulf of Alaska Data Portal 
are available online. Through 
these new tools, the program is 
providing resource managers, 
researchers, and the public with 
ready access to multi-disciplinary 
scientific information.  

Hayley Hoover, Tammy Neher & Kris Holderied
Prince William Sound Science Center & NOAA
hayhoov.cdv@gmail.com

Acoustics: a non-lethal approach to 
studying fish in Prince William Sound

A model is a simplified 
representation of the world. 
Simple is usually better: a model 
only needs as much detail as is 
necessary to answer the questions 
it aims to address. Any more detail 
can add unnecessary complexity. 

The Alaska Department of 
Fish and Game uses a model to 
estimate the number of herring in 
Prince William Sound. Because 
collecting data is expensive, 
there is concern over how much 
information is necessary for this 
model to accurately estimate 
population size. 

This question is addressed 
through computer simulations 
of herring populations that 
age, spawn, and are fished over       
many years. 

As a simple example of a 
simulation study, one could test 
the hypothesis that a coin is ‘fair’ 
by flipping it a thousand times 
and recording the ratio of heads to 
tails. The flexibility of a computer 
simulation study allows for a wide 
range of hypotheses to be tested, 
and is a useful tool for answering 
important resource management 
and conservation questions. 

Examples of hypotheses include 
whether the number of fish that 
die of disease or the number of 
herring eggs laid each year are 
necessary pieces of information 
to adequately estimate population 
size.

Melissa Muradian
University of Washington

murad17@uw.edu

How much information 
does a population 

model need?

Traditional techniques for studying 
fishes within their natural context 

generally require 
direct capture and 
often result in high-
levels of mortality of 
collected individuals. 
An alternative to 
direct capture is the 
application of remote 
sensing techniques such 

as high-resolution acoustics that offer 
the opportunity to study the natural 
dynamics of herring distribution 
and demographics in a non-invasive 
manner. The use of traditional 
hydroacoustic (i.e. sonar) approaches 
have been used in Prince William 
Sound (PWS) for the past several 
decades to broadly describe patterns 
in abundance and distribution of 
herring. Over the past couple of years, 
we have been developing methods 
to complement the acoustic survey 
efforts by integrating a high-resolution 
dual frequency identification sonar 
(DIDSON) into a remotely operated 

vehicle (ROV). A unique feature of 
this system is that we can acquire and 
process data in real time allowing us 
to efficiently target herring schools or 
other features of interest.  In PWS, 
we are applying this technology to 
derive estimates of herring length and 
abundance, without handling fishes, 
to couple with the traditional acoustic 
surveys.  This will better inform our 
understanding of the age-distribution 
of herring throughout PWS, while 
minimizing our direct impact on the 
resource. 

Kevin Boswell
Florida International University
kevin.boswell@fiu.edu

Using RNA/DNA ratios to study juvenile herring growth 
and survival

Photo (left): (A) The Seamor ROV equipped with HD Camera, high-intensity LED lights and DIDSON imaging sonar. 
Photo (right): (B) The imaging sonar can provide detailed size and abundance estimates from the same volume that 
the camera samples.

Herring

Herring are a major food source for many marine 
animals in Prince William Sound and were an important 
commercial fish stock until their population crashed in 
the early 1990’s. The causes of that population decline 
have been debated, but we still don’t really know what 
determines how many herring there are from year 
to year. One key factor is how many juvenile herring 
make it through their first winter. Researchers believe 
that knowing juvenile herring growth rates may help 
understand their winter survival. Juvenile herring that 
are growing rapidly as winter approaches may be more 
likely to survive. Larger fishes are better at avoiding 
predators and capturing prey, and burn their winter fat 
stores more slowly than smaller fishes. 

Modern lab technology allows researchers to estimate 
herring growth by measuring the ratio of RNA to DNA 

in their tissues. The amount of DNA in a fish’s cells 
stays fairly constant, whereas the RNA used in making 
proteins increases with growth. To determine the 
amounts of DNA and RNA, a small sample of tissue is 
removed from a fish and a dye is added that fluoresces 
when it binds to the DNA and RNA in the tissue. By 
measuring the fluorescence, researchers can determine 
the RNA/DNA ratio. Using the RNA/DNA ratio as an 
indicator of growth has the advantage that it can be 
done on individual fish. With a fluorescence microplate 
reader, the growth rates of a large number of fish can 
be determined quickly and easily making this technique 
extremely useful in fisheries research.

Using this approach, researchers saw that herring in the 
sound don’t eat enough to grow from November through 
March. Knowing the duration of this winter period helps 

to understand how long herring must survive by burning 
their stored fat and avoiding predators.

Fletcher Sewall
Auke Bay Laboratories
fletcher.sewall@noaa.gov

Photo (below): A researcher uses a fluorescence microplate reader to measure the amount of 
nucleic acids (DNA and RNA) in herring tissue samples treated with a fluorescing dye. 

J.J. Vollenweider

www.GulfWatchAlaska.org
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Herring Spawning Biology 101:
Pacific herring are generally thought to reach 

maturity at age 3 and spawn every year thereafter. 
However, age at maturity can vary as a result of 
varying environmental conditions. 
Spawning is an energetically expensive process. When 

times are tough and food is scarce, herring can preserve 
their energy and delay spawning until another year when 
conditions improve. 
When food is plentiful, herring are fatter and have more 

surplus energy to provision their gonads and can spawn at 
a younger age. 

Short-term changes in food availability can also influence 
maturation, which generally occurs over about 8 months. 
During this time if food becomes limited, herring have the 
ability to stop maturing and resorb their developing eggs to 
retain their energy, a process called “atresia”.

How can we tell when herring spawn?
Herring scales can be used as a spawning history of 

individual fish. The annuli (rings) on the scales provide 
the ecological history of an individual fish, where the 
narrow transparent rings represent the winter, and the 
broader, less-transparent areas represent summer growth. 
These annual rings are added relative to the size and 

therefore the growth and age of the individual fish. 
Spawning is an energetically expensive process that 
affects the growth rate of fish, consequently reducing the 
width of annuli. 

In order to determine the age when herring first spawn and 
subsequent spawning history, we are extracting scales from 
herring, digitizing them using a microfiche, and measuring 
the distance between growth rings.

Why does it matter when herring spawn?
To estimate how many herring there are in Prince William 

Sound, biologists use an Age-Structured Assessment model.
One of the assumptions of this model is that herring first 
spawn at age 3 and continue to spawn once a year from then 
on. It is important to ground truth this assumption in order 
to have the most accurate predictions of herring abundance.

How old are herring when they spawn?
J.J. Vollenweider, Ron Heintz
Auke Bay Labs
johanna.vollenweider@noaa.gov 

Herring

Photo (far right):A microfiche is used to zoom in and digitize 
herring scales.  Photo (left):Measurements between the annuli 
on herring scales can tell us how old herring are when they first 
spawn and how many years they spawn subsequently.

Pacific Herring Life Cycle

INTERTIDAL
ZONE

EGG
Duration: Approximately 21 days
Location: Shorelines attached to macroalgae
Adult herring come into the intertidal zone in the spring and spawn
on kelp and seagrass. The eggs are sticky and must survive tides,
waves, and predators (birds, fish, invertebrates) until they hatch as larvae.

LARVAE
Duration: Approximately 92 days
Location: Exact locations unknown.
Larvae are not strong swimmers and
drift with the ocean currents. 
They begin feeding on other zooplankton
soon after they absorb their yolk sac.

AGE 0 JUVENILES
Duration: Approximately 227 days

Location: Schooling in bays and fjords
While still not very strong swimmers,

juvenile herring spend the summer
feeding to build up energy stores

for the winter.

AGE 1-2 YEAR JUVENILES
Location: Coastal distribution

Fish that have survived their first winter
but are not yet mature enough to spawn.

AGE 3+ ADULTS
Location: Spring distribution in nearshore spawning grounds
Other times of the year they move offshore and their exact
distribution is unknown. Adult herring are typically surveyed
in early spring right before they move to the spawning grounds.
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Previous studies on juvenile 
herring suggest that overwintering 
mortality of age-0 herring may be 
the bottleneck preventing herring 
from recovering in PWS. In order to 
look at juvenile herring abundance 
and distribution from fall through 
spring the PWSSC is conducting 
intensive hydroacoustic-trawl 
surveys in two bays in PWS to 
study this phenomenon. The 
surveys started in October and 
were conducted every two weeks 
for 3 nights each in Simpson and 

Windy Bay. 
The hydroacoustic equipment 

uses sound to sample the entire 
water column down to the seafloor. 
The transducer is mounted on a 
towed body next to the vessel. 
The transducer sends sound waves 
down and then receives echoes 
that bounce off organisms back to 
the equipment. The signal is then 
translated to a measured energy 
level (e.g. the higher the energy 
level, the larger the organism is or 
the more tightly packed the school 
is) and the data is displayed on an 
echogram (Figure 1). The trawl is 
deployed to catch the organisms 
that we see in the echogram. The 

net has depth sensors on the top and 
bottom to measure which part of 
the water column we are fishing in. 
With the catch on board we 

identify them by species, count, 
measure, and weight to obtain more 
accurate information on species 
composition and age in order to 
make our biomass estimates. We 
are in the early stages of analyzing 
the data, but preliminary results 
suggest the species composition 
between bays is very different. 
In Simpson Bay we catch more 

juvenile and sub-adult herring and 
juvenile capelin; in Windy Bay 
we catch more juvenile walleye 
pollock.

Juvenile herring intensive survey  

Clockwise from top.  Photo (top left): The towed body with the transducer mounted on the bottom faces down through the water 
column. The black cable sends the data in real-time to a ship-board computer.  Photo (top right): In the foreground, the net is 
wound up on the reel. In the background, the crew separates the catch by species before taking measurements.  
Figure 1 (below): On the left is an echogram of a transect line in Simpson Bay. The purplish-black cloud is fish, and the red 
rectangle is the section of the water column we fished with the trawl. The right side is a map of the transect line.

Michele Buckhorn
Prince William Sound 
Science Center (PWSSC)
mbuckhorn@pwssc.org

Age-0+ herring: 
Only trawls and 
time will tell

Pacific herring spawn in Prince William Sound every spring, 
depositing their eggs on rocks and vegetation in the intertidal 
and shallow subtidal waters. These eggs hatch into drifting 
larvae, and by early July they can swim and begin to school. 
These “baby” herring are called age-0+. Not until the following 
spring are they designated as age-1+. With support from the 
Exxon Valdez Oil Spill Trustee Council we are investigating 
the winter behavior of age-0+ herring because most do not 
survive their first winter due to starvation or predation.
Two questions we are investigating are: 1) when do age-0+ 

herring move into their nursery bays for the winter, and 2) do 
they come and go from those bays or remain all winter? 
To answer these questions, we are conducting a series of 

surveys in two nursery bays from October through early 
December and from February through early April. A midwater 
trawl is deployed in areas where acoustic sounders have 
observed fish activity. The trawl is towed for 10 minutes at 
a depth of around 70 feet. Once it is reeled in, the catch is 
identified and measured. Using trawls over time will help us 
answer if and how age-0+ survive the first winter. 

Photo (below): Pacific herring spawn and a herring ball (tight school 
of herring) in a small bay in Port Etches, Hinchinbrook Island, PWS.

“And then I let it go again”
One, two, three, four, five,
Once I caught a fish alive,
Six, seven, eight, nine, ten,
Then I let it go again.

This English counting rhyme from the 
1700s could easily be the theme for a new 
PWSSC study that is investigating the 
residency and spawning site fidelity of 
Pacific cod in Prince William Sound (PWS).  
Over this past winter we “caught a fish 

alive” and “then let go again”.  More 
than 100 adult cod were caught and then 
surgically implanted with a small acoustic 
transmitter prior to their release in one of 
two spawning bays: Lower Herring on 
Knight Island or West Twin on  Perry Island.  
These transmitters continually emit a 

series of pulses that give the date, time, 
and the individual cod’s identification 
number.  When a tagged cod swims within 
~2000 feet of an underwater receiver, that 
information is recorded.  
In our two tagging bays, we have parallel 

rows of receivers across the mouth of each 

bay so we can determine directionality and 
timing of an individual fish’s movement 
either into or out of the bay.  There are also 
underwater receiver arrays across the major 
entrances to PWS from the Gulf of Alaska 
that are part of the larger Ocean Tracking 
Network’s global 
array system.  
At least once a year, 

the detection data 
from our acoustic 
tagged Pacific cod is 
uploaded from all of 
our receiver arrays. 
Ultimately, this 

data will allow us to 
determine if these 
cod are returning 
to the same bays to 
spawn each year, 
and whether they 
are remaining in 
PWS year round, 
or venturing out to 
the Gulf of Alaska 
on a seasonal basis.  

Our project is sponsored by the North Pacific 
Research Board, the Oil Spill Recovery 
Institute, and Rasmuson Foundation.   

Figure (below): Pacific cod are implanted 
with acoustic transmitters.  When they swim 

within range of an acoustic receiver the date, 
time, and individual identification number are 

recorded.  Data can be uploaded to the surface 
using an underwater modem.

Mary Anne Bishop
Prince William Sound Science Center (PWSSC)
mbishop@pwssc.org

Mary Anne Bishop
Prince William Sound Science Center (PWSSC)
mbishop@pwssc.org

Pacific Cod

Herring

Allen Marquette
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The valuable commercial fishery for pink salmon in Prince William Sound (PWS) 
is supported by one of the largest hatchery programs in the world that releases ~600 
million juveniles every year from six hatcheries. While hatchery fish contribute 
significantly to the local economy, they also interact with wild populations.  The 
impact of this interaction on wild populations isn’t well understood, but new genetic 
technologies can help clarify the effect.
Identification is key to studying hatchery/wild interaction; you can’t study two groups 

if you can’t tell them apart.  Hatchery salmon in PWS typically carry marked ear 
bones (otoliths) to identify hatchery origin but reading them requires lethal sampling.  
However, fish already have their own unique identifier—their DNA sequence. 

Recent technological advances fueled by human genome projects are facilitating the 
potential to use these genetic tags.  They allow scientists to identify a fish using non-
invasive sampling that poses no risk to the fish; only a small fin clip is needed for 
analysis.  The “tag” is a unique identifier, similar to a fingerprint, that lasts a lifetime 
and is passed on to future generations.  Genetic tags can also be used to deduce 
information about a population like estimating population size, identifying family 
relationships, and monitoring genetic diversity. 
The Alaska Hatchery Research Group is a collaborative group directing a large 

research project to monitor hatchery straying and investigate potential impact 
on productivity of wild salmon.  The Alaska Salmon Program at the University of 
Washington is developing the genetic tags for pink salmon so that ADF&G can 
investigate genetic aspects of hatchery/wild salmon interactions.  The project will span 
two full generations of pink salmon, and is a long-term investment in sustaining PWS 
salmon.  For more information, visit ADF&G’s website: http://1.usa.gov/1dG6QSV 

Using DNA to understand hatchery/wild interaction 
Carolyn Tarpey
University of Washington
ctarpey@uw.edu

Tyler Dann
Alaska Department of Fish & Game (ADF&G)
tyler.dann@alaska.gov

Photo (below): University of Washington graduate student
Carolyn Tarpey analyzes samples in the laboratory. 

Photo (below): ADF&G scientists use a net to 
catch adult pink salmon in Bird Creek, Alaska. Photo (below): Developing pink salmon embryos. 

Jim Seeb Tyler Dann Carolyn Tarpey

Citizen scientists document 
salmon habitat

During the kick-off field season of Salmon Blitz, over 100 
citizen scientists (including 78 students) from the Copper 
River watershed assessed 15 streams in the region.  Their 
efforts resulted in new data on over 14 miles of salmon habitat 
that will be submitted to the Alaska Department of Fish & 
Game’s (ADF&G) Anadromous Waters Catalog (AWC).
The AWC is a tool used by ADF&G to identify and 

manage all known bodies of water used by salmon and other 
anadromous fishes that migrate between fresh and saltwater 
during their complex life cycles.  Currently only 2,168 
stream miles (6%) are listed in the Copper River watershed 
(35,600 total stream miles).  ADF&G estimates that 50% of 
stream data is missing state-wide, providing an opportunity 

for citizens to contribute data while learning more 
about the diverse habitat needs of salmon through all 
stages from juvenile to spawning adult.  
Citizen scientists set and retrieved minnow traps, 

identified and counted all fish, and measured a 
subsample of them.  Volunteers also measured 
various habitat characteristics and collected photos 
of fishes and their habitat. A total of 974 fish were 
caught, including coho salmon, Dolly Varden, 
cutthroat trout, sculpin and sticklebacks.  
For more information on Salmon Blitz, including 

project partners, visit: www.copperriver.org

Kate Morse
Copper River Watershed Project
kate@copperriver.org

Photo (right): Citizen scientists baited and set 
minnow traps overnight to catch juvenile fishes.  
Volunteers identified and measured a sub-set of 
each species caught. Inset: A snapshot of the 
Anadromous Waters Catalog (AWC), which can 
be viewed at http://bit.ly/1eiaJdG.  The CRWP 
encourages citizens to explore this online tool 
and report any unlisted salmon activity.

Forecasting salmon runs
Rich Brenner & Steve Moffitt
Alaska Department of Fish & Game (ADF&G)
richard.brenner@alaska.gov

In January of this year, biologists at ADF&G 
issued their 2014 forecast for the spawning run 
of adult sockeye salmon to the Copper River. If 
the forecast is realized, this run will total 2.56 
million sockeye salmon and will be the eighth 
largest in the last 35 years (since 1980); in other 
words, quite respectable. But how did biologists 
arrive at this number? 
For the Copper River and other rivers around 

the State, biologists use a “sibling model” to 
generate many of their forecast estimates. 
Siblings? Indeed, salmon do have brothers and 

sisters and for several species of salmon these 
siblings return to spawn in 
different years. For example, 
sockeye salmon hatched in 
freshwater might spend one to 

four years in the ocean prior to returning back to 
the same freshwater habitat to spawn. 
Biologists at ADF&G have observed that 

a large return of fish that spent two years in 
the ocean will likely indicate a large number 
of fish returning the following year that spent 
three years in the ocean. Biologists tabulate the 
number and age of salmon returning each year 
and include these data in a statistical model that 
estimates the number of salmon that will return 
the following year. 
Please see the ADF&G website for additional 

information about salmon forecasts for the 
Copper River and Prince William Sound: 
http://1.usa.gov/1h54f40

Copper River Watershed Project

Figure (above):The relationship between total returns of 2-ocean sockeye and 3-ocean 
sockeye the following year.
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KING (Chinook)
(Oncorhynchus tschawytscha) 
Average length:  36” long
Average weight: 30 lbs.
Record weight: 126 lbs. 

SOCKEYE (Red) 
(Oncorhynchus nerka) 
Average length:  24” long
Average weight: 6 lbs.
Record weight: 16 lbs.

COHO (Silver) 
(Oncorhynchus kisutch) 
Average length:  24-30” long
Average weight: 8-12 lbs. 
Record weight: 26 lbs.

PINK (Humpy) 
(Oncorhynchus gorbusha) 
Average length:  18-25” long 
Average weight: 3-5.5 lbs.
Record weight: 14 lbs.

KETA (Chum) 
(Oncorhynchus keta) 
Average length:  24-28” long
Average weight: 10-12 lbs. 
Record weight: 35 lbs.

Image source: Alaska Seafood Marketing Institute - alaskaseafood.org

Alaska salmon species

New technologies were developed through 
NVE’s Chinook Escapement Monitoring 
(CEM) project on the Copper River. Since 
inception, the project has collected data on 
Chinook salmon escapement, length, and 
migration timing. 
In 2007, deployment of new tagging 

technology, specifically developed for 
the CEM project, eliminated issues with 
retention, durability, and detectability while 
increasing efficiency. The external dual T-bar 
Anchor - Passive Integrated Transponder 
(TBA-PIT) tag contains a unique 
radio-frequency identification 
(RFID) code that is detected with 
a reader enabling a link between 
recapture and tagging datasets 
providing information on fish travel 
time and biometrics.
A new multiyear study uses TBA-

PIT tag technology already in use 
on the CEM project. NVE can track 
Chinook migration from the tagging 
site to spawning grounds 290 km 
upriver by placing a streambed RFID 
reader array in the Gulkana River. 

This provides important data on Gulkana 
River Chinook run timing and duration. 
Project expansion into additional tributaries 
would provide valuable information on other 
Copper River Chinook stocks. 
Establishing baseline data on salmon 

provides biologists with tools to help 
maintain stable runs and track population 
fluxes. Through research, NVE’s goal is to 
help maintain stable Copper River Chinook 
populations ensuring the continuation of 
subsistence, personal use, commercial, and 
sport fisheries throughout the region.
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Tracking Chinook migration
Mathew Piche
Native Village of Eyak (NVE)
matt.piche@eyak-nsn.gov

Copper River/Prince William Sound Marketing Association

Photo (left): Tagging a king salmon 
at NVE’s Baird Canyon research 
station.
Photo (below right): NVE biologists 
and field crew deploying the RFID 
array on the Gulkana River.
Photo (below left): The Copper River 
commercial salmon fishery in action.

 INCUBATION
Embryo develops within the egg, 

alevin hatch and continue to develop
within the gravel substrate.

2

REARING
 Fry emerge from the gravel

and are transferred into
the rearing ponds.

3

FERTILIZATION
Gametes are collected, 

fertilized eggs are placed 
into an incubator. 

1

THE LIFE CYCLE OF 
HATCHERY BORN, 

OCEAN-RAISED 
WILD ALASKAN SALMON

Freshwater raceway
for Sockeye, Coho

and Chinook.

4
RELEASE

Smolt are released into 
the ocean during the 

peak of the zooplankton 
bloom to feed and mature.

6
HARVEST

Upon return, the �sh are
harvested for commercial, personal, 
subsistence, sport and hatchery use 
(for cost recovery, or collected for 

brood stock for the next generation)  

Sockeye Salmon 
return mid-June at 
ages four and �ve 
(in ocean either 

two or three years).

Coho Salmon feed in 
the ocean for one year 

(and return as age three) 
in late August.

Chum Salmon 
return in early June 
between the ages 
of three and six, 
feeding in the 

ocean between 
two and �ve years.

Chinook Salmon 
return mid-June at di�erent 
ages (three to six) but they 

depart the hatchery 
at age two.

RETURN
Adults migrate back 

to the waters where they 
were released and 

return at various ages. 

5

Salt water net 
pens for Chum 
and Pink.

Figure (right): Hatchery salmon life cycle created by the Prince William Sound Aquaculture Corporation.
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Students study 
ecosystem changes

Fifth grade students at Mt. Eccles Elementary School in 
Cordova look forward to field trips to the PWSSC. They learn 
to conduct ocean monitoring tests that real scientists perform.
Using a Hydrolab, students record water temperature, 

dissolved oxygen, pH and salinity. A Niskin sampler collects 
water for phosphate, nitrate, iron, and ammonia nutrient tests.
PWSSC researcher, Michele Buckhorn, visited the fifth 

graders in February and inspired them to think about how 
changes in our environment may affect herring populations 
in Prince William Sound. 
Using hydroacoustic equipment, Buckhorn demonstrated 

how she captures movement of juvenile herring underwater 
and talked about how it helps researchers understand Pacific 
herring populations. 
Students then observed the heart, eyes, scales, and other 

body parts of herring under a microscope and went on a field 
trip to the local Alaska Department of Fish & Game office to 
look at herring scales with a microfiche reader.
Students learned how to calculate a herring’s age by counting 

the number of annual rings on the scales and even learned to 
tell the difference between summer and winter growth rings. 
The fifth grade monitoring program is funded by the Oil Spill 
Recovery Institute.

Photo (top left): 
AmeriCorps member, 
Wil Tushaus, and a 
fifth grade student 
use a HydroLab 
to record ocean 
monitoring data. 
Photo (top right): 
Fifth grade students 
look at herring scales 
through microfiche at 
Alaska Department 
Fish & Game.
Photo (left): PWSSC 
researcher Michele 
Buckhorn and a 
fifth grade student 
observe parts of 
a herring under a 
microscope.

Salmon have influenced the lives of Cordova 
residents for many generations.  Listening to elders 
and youth talk about their connection to this keystone 
species, it is evident that though technology changes, 
the value of salmon to the community remains a very 
important piece of local identity.
Over the past seven years, approximately 50 

interviews were collected from Cordova residents 
and seasonal fishermen. These interviews were 
revised into “portraits” that feature the speaker and 
setting in monologue style.  Each piece is a sketch, 
a flash of identity in the moving spectrum of life, 
depicting the research intent: tales of an Alaska fishing 
community.  There is no intention to prioritize any 
opinion—it is a matter of listening to the interviewee 
and representing the expressions accurately.  
Stories are read informally to a public audience.  

Alaska salmon inspire plenty of debate and this 
method allows audience members from deeply 
divided and argumentative factions the chance 
to listen, comment, and even casually debate. 
Performance also perpetuates the active process 
of oral history—a story can inspire listeners to 
contribute new information. 
There will be more chances to tell your story and 

contribute to explaining the role of salmon for 
contemporary residents of Cordova. 

Catching fish 
tales

Since 2012, PWSSC 
educators have taken Remotely 
Operated Vehicle (ROV) kits to 
the Tsunami Bowl in Seward 
where teams from across 
Alaska participate in the ROV 
Challenge. 

Students construct the ROVs 
out of PVC piping and use bilge 
pumps for motors. To simulate 
an oil spill cleanup, students 
maneuver the ROVs through 
hula hoops, pick up a neutrally 
buoyant ring and place it on 
an underwater hook, retrieve a 
beach ball and bring it poolside, 
and hover in front of a target. 
This year one group used our 
Aqua-Vu underwater camera, 

allowing them to see the ROV’s 
point of view in real time. Next 
year we hope to put cameras on 
all the ROVs.

Teams were judged on how 
well they completed each task 
and how well they worked as 
a team.  Homer, Dillingham, 
and Petersburg placed first, 
second and third, respectively. 
Everyone had a great time 
designing, building, and 
driving their ROV. One student 
commented that their favorite 
part of the event was driving 
the ROV and cheering on their 
teammates.

The ROV Challenge is made 
possible by funding from the 
Oil Spill Recovery Institute 
and the Prince William Sound 
Regional Citizens’ Advisory 
Council and the volunteer time 
from our Cordova students.

Photo (top left): NOSB students drive ROV’s through the challenges in the pool.  Photo (top right): NOSB stu-
dents excited to complete a challenge. Photo (bottom): High school students at the Tsunami Bowl work together 

to build an ROV that will be used later to complete six mock oil spill challenges in the pool.  

The ROV challenge
Wil Tushaus & Marita Kleissler
Prince William Sound
Science Center (PWSSC)
wtushaus@pwssc.org
mkleissler@pwssc.org

Marita Kleissler 
Prince William Sound Science Center (PWSSC)
mkleissler@pwssc.org

Emilie Springer
University of Alaska Fairbanks
esspringer@alaska.edu

Photo (above):A fisherman nets a Copper River Chinook salmon.

PWSSC

PWSSC PWSSC

Copper River/Prince William Sound Marketing Association



Can you identify 
some of the 

different animals 
found in Prince 
William Sound?
Write your answers below
each photo. Check your

answers on page 23.

Help the bear find a fish to eat

Sudoko (Medium Difficulty)

What has no beginning, end or middle and touches 
every continent?
The Ocean. 

What did one wave say to the other wave?
Nothing. It just waved.

What time is it when a whale runs into your boat?
Time to get a new boat.

Why did the whale cross the ocean?
To get to the other tide.

Photo credit:  Craig Matkin

Photo credit:  PWSSC

Photo credit:  Raskoff/MPC

Photo credit:  PWSSC Photo credit:  PWSSC Photo credit:  Jordan Watson

Photo credit:  R.RosenthalPhoto credit:  PWSSC

Photo credit:  Michele Buckhorn

Photo credit:  Brittany Blaine

Photo credit:  Kate McLaughlin Photo credit:  Skye HinkleyPhoto credit:  Michele Buckhorn

Photo credit:  Jordan Watson
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Guess the acronym
There are dozens of orgnanizations 
involved in managing, researching 
and understanding the ecosystem 

and environment in Prince 
William Sound. Can you guess 

the organizations associated with 
these acronyms?

Check your answers
at the bottom of page 23.

Biodegredation
timeline

1. ADF&G ....................................................................................................................................................................
2. PWSK ....................................................................................................................................................................
3. PWSSC ....................................................................................................................................................................
4. USFS ....................................................................................................................................................................
5. EVOSTC ....................................................................................................................................................................
6. PWSRCAC ....................................................................................................................................................................
7. USFWS ....................................................................................................................................................................
8. OSRI ....................................................................................................................................................................
9. CRWP ....................................................................................................................................................................
10. AOOS ....................................................................................................................................................................

GET CONNECTED

www.pwssc.org

/PWSSC

Snap a quick photo showing us where you are reading your copy of Delta Sound Connections. Post your photo on our Facebook 
wall and tell us your favorite article in this issue to be entered in a drawing to win a cool prize pack!Winner selected 10/01/2014.

/PWSSC @PWSSCJoin the science conversation.
SNAP TO WIN!

Where are 
you reading 
Delta Sound 

Connections?

What is technology?
Technology is a body of knowledge used to create tools, develop skills, and extract or 
collect materials. Technology includes the use of materials, tools, techniques, and sources 
of power to make life easier or more pleasant and work more productive. Whereas 
science is concerned with how and why things happen, technology focuses on making 
things happen. Technology began to influence human endeavor as soon as people began 
using tools. It accelerated with the Industrial Revolution and the substitution of machines 
for animal and human labor. Accelerated technological development has also had costs, 
in terms of air and water pollution and other undesirable environmental effects. 
- Britannica Concise Encyclopedia

What are some examples of technology you use in your daily life?



PAGE 23              © DELTA SOUND CONNECTIONS 2014

ANSWERS

Identify Prince William Sound animals 
(from page 20)
Check your answers: 
1. Chinook salmon
2. Northern sea nettle (jellyfish)
3. Dall’s porpoise
4. Steller Sea Lion
5. Juvenile Bald Eagle
6. Oyster Catcher
7. Western Sandpiper
8. Killer Whale (Orca)
9. Sea Otter
10. Pacific Halibut
11. Yelloweye Rockfish
12. Skate
13. Pacific Cod
14. Rufous Hummingbird
15. Moose

Identify the acronym (from page 21)
Check your answers: 
1. Alaska Department of Fish & Game 
2. Prince William Soundkeeper
3. Prince William Sound Science Center
4. United States Forest Service
5. Exxon Valdez Oil Spill Trustee Council
6. Prince William Sound Regional Citizens’ 
Advisory Council
7. United States Fish & Wildlife Service
8. Oil Spill Recovery Institute
9. Copper River Watershed Project
10. Alaska Ocean Observing System

SPONSORED BY
$1,500+

Gulf Watch Alaska

$1,000+
Prince William Sound Economic

Development District
Alaska Ocean Observing System 
Herring Research & Monitoring
American Seafoods Company

Aquetec, LLC
Oil Spill Recovery Institute

$250+
Stan Stephens Cruises

Auklet Charters
Prince William Soundkeeper

University of Washington
Marine Exchange of Alaska

$100+
Chugach National Forest (USFS) 

Chinook Auto Rental
Native Village of Eyak

Cordova District Fishermen United
Cordova Wireless Communications

North Gulf Oceanic Society
University of Notre Dame

$50+
Pangaea Adventures
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The 2014 Delta Sound Connections is proudly

the following generous organizations and businesses:

Stan’s dedication and passion for Prince 
William Sound was unprecedented. To 
honor his tireless commitment to defend 
the safety and sustainability of this region, 
the Prince William Sound Science Center 
is dedicating this year’s issue of Delta 
Sound Connections in his memory.
Originally from Minnesota, Stan arrived 

in Alaska in 1961. He first set roots in the 
North Pole area, where he and his wife, 
Mary Helen, built their family home and 
raised a family.
In 1978 he started what eventually 

became Stan Stephens Cruises, a 
sightseeing company based out of Valdez. 
Realizing the uniqueness and fragility of 
Prince William Sound, he became more 
and more concerned about the safety of 
shipping oil through these waters.
After the Exxon Valdez struck Bligh 

Reef, he witnessed the lack of effective 
clean-up efforts. From then on, he 
dedicated the rest of his life to helping 
protect the waters and wildlife of Prince 
William Sound.
Over the years, he received numerous 

awards for his countless hours of 
volunteer time and contributions. As a 
cofounder and council member for the 
Prince William Sound Regional Citizens’ 
Advisory Council, he was a key figure 
in improving maritime safety in Prince 
William Sound. He advocated that above 
all else, prevention will always be more 
effective than response.
Not only was Stan a defender of 

Prince William Sound—he was also an 
ambassador. Over the years, he shared 
the beautiful and pristine waters with 
thousands of visitors to the area through 
his cruise business.
The Prince William Sound Science 

Center strives to educate and inform our 

current and future citizen leaders. Stan 
too understood the importance of this and 
used his exemplary leadership skills to 
mentor others involved in promoting and 
protecting Prince William Sound.
In the years since the Exxon Valdez oil 

spill, great strides have been taken to 
advance the understanding and sustainable 
use of ecosystems in our region. 
Thank you, Stan, for being one of the 

most influential forces in this journey. 

In Memory of Stan Stephens: November 16, 1934—September 21, 2013

“Today is absolute confusion. They found a lot of oil north of Perry Island in Wells Passage. Equipment is starting to break 
down. So there are less and less skimmers working. The oil is getting so spread out they cannot handle it.

Here is a whole month gone by without a real understanding of those in charge how big Prince William Sound really is.
I’m dedicating the rest of my life and spare time to the protection of the environment.”

From Stan Stephen’s journal during the Exxon Valdez oil spill, April 18, 1989

Photo (right): Stan Stephens
(November 16, 1934—September 21, 2013) 

Photo (below): Stan Stephens
Cruises in Prince William Sound.



DELTA SOUND CONNECTIONS is brought to you by 

RESEARCH

Our research and collaborations improve 
understanding of the northern Gulf of Alaska’s 
natural systems and the implications for 
humans that rely on them.

Humans are a part of ecosystems. We study 
ecosystem function and processes and share 
that information with people whose 
decisions impact those systems.

Our mission empowers us to study marine, 
freshwater, terrestrial, wetland, estuarine, 
cryospheric and socioeconomic systems, and 
we are well known for our research on salmon, 
herring, birds, climate and oceanography.

EDUCATE

We share knowledge and inform the public
about the critical interdependence of 
resilient natural systems and society.

We develop and offer STEM-rich (Science, 
Technology, Engineering, and Mathematics) 
educational opportunities that improve 
scientific literacy.

We enable students and educators to use the
region as a natural laboratory, and we initiate
projects that demonstrate the connections
between ecosystem management and 
community sustainability.

From kindergarten through senior citizens, 
our learning programs include post-second-
ary research and education opportunities, 
summer camps, a lecture series, and more.

INTEGRATE
We seek to generate and share a holistic 
understanding of natural processes and 
systems in the region.

We look at many pieces of the picture and tie 
it all together. Our operations, information, 
research, education and collaborations en-
courage and support meaningful connections 
and knowledge exchange among scientists, 
managers, students, educators, 
citizens and leaders.

By integrating and synthesizing information 
across many disciplines and organizations, 
our work informs place-based management 
decisions that take into account the short 
and long-term impacts of human actions 
on natural systems.

For more information visit 
www.pwssc.org

PHOTO: NASA

A FRESH APPROACH
-----------------------------

WORLD’S
RICHEST
WAT E R S

www.pwssc.org
300 Breakwater Ave 

PO Box 705
Cordova, AK 99574

 907.424.5800  

The world is entering a different era, one confronted by rapid climate 
change, ocean acidification and unprecedented demand for both renewable 
and nonrenewable resources.

We were founded in 1989 to work across all domains of our bioregion’s 
ecosystems. Our mission is to advance the understanding and sustainable 
use of ecosystems in our region through research and education, and we 
connect science to our region’s social and economic needs.

We believe that if we effectively accrue and share knowledge with decision-
makers—including citizens—they will apply what we have learned to ensure 
a sustainable future for our region. 

We do this in ways that honor local communities, are data-driven, unique to 
place, and inform similar efforts worldwide.

To support our work,
become a member at

www.pwssc.org/support


