
integrating regional research 
to tell one story

In winter researchers make their 
way to the weather station. They        

are collecting data to write a 
story that begins with ice.

This project is intended to highlight regional research in 
Southeast Alaska, conducted by the University of Alaska 
Southeast and other collaborating research organizations
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The weather station pictured on the cover is located at 
Camp 17 on the Juneau Icefield, and was constructed by 
a UAS student and Alaska EPSCoR researcher, Jamie 
Pierce. Mike Janes, avalanche forecaster, took the cover 
photo and ice crystal photos to the right while doing 
remote data collection on the edge of the icefield. 

Pat Dryer
Research Technician
University of Alaska Southeast

My research team installs 
instruments in remote places 
throughout the region. These 
instruments, like weather stations, 
glacier mass balance stakes, water 
quality monitoring equipment 
and computers on ocean moor-
ings store information about their 
surroundings.
  We have constructed 
a long-term climate monitoring    
station that records air tempera-
ture, precipitation and snowfall. It 
is located at 2,000 feet above sea 
level in a local watershed. This sta-
tion allows us to collect and store 
data on environmental changes 
where there are no humans to 
observe them.
  My team also installed 
glacier mass balance stakes along 
Gilkey Glacier, which extends from 
the Juneau Icefield, to document 
how much snow accumulates
and melts annually. In the spring 

researchers dig snow pits to deter-
mine how much snow fell over the 
winter. We can see where the new 
snow/firn interface is located be-
cause of natural dirt markings. We 
also examine ice crystal sizes and 
shapes, which help us determine 
the age of ice. Then we can calcu-
late how much snow accumulated 
in the most recent winter season. 
 Our data indicate that 
high elevations of Gilkey Glacier 
gained over thirteen feet of snow 
during the winter of 2014-2015, 
and lost nearly thirty feet of ice 
at its terminus. We installed GPS 
receivers to track its velocity of 
flow at different places along the 
glacier’s edge, too. Some extensions 
of the glacier recorded speeds as 
high as 650 feet of movement per 
year. This is fast, but normal for 
glaciers in Southeast Alaska.
  In places far from human 
touch, changes are occurring 
constantly. Modern instruments 
have allowed my research team to 
document these changes.

SOUTHEAST ALASKA IS A  region under the              
influence of ice. Glaciers have been carving the 
landscape for thousands of years and continue 
to shape it today. It is an ecosystem in flux, and 
documenting the planet’s changes--both natural 
and unnatural--is a challenging task. But it is one 
local scientists are up for.

From Icefield to Ocean illustrates the connections 
between  ice, land and sea. Data collected by 
scientists write the story of this complex system. 
The story evolves as the system changes and we 
learn more about it. 

A FORESTED STREAM is any non-glacial 
stream derived from a combination of snowmelt 
and rainfall, dominated by forest.

DISSOLVED OXYGEN CONTENT is the 
measure of oxygen dissolved in water. 
Freestanding oxygen, O2 molecules, mix with 
H2O molecules in aquatic systems like glacial 
rivers. As temperature increases, dissolved 
oxygen molecules decrease. Most aquatic life, 
including salmon, require sufficient dissolved 
oxygen to survive.
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GLACIAL FIRN forms when snow falls on 
the upper reaches of a glacier. This snow 
undergoes a metamorphosis: it turns from soft 
flakes into a granular firn. It is the intermediate 
stage between snow and glacier ice. Firn forms 
as a result of multiple freeze/thaw cycles. Dirt 
blows onto the glacier during the melt season, 
making firn visually evident.

A GLACIER MASS BALANCE STAKE 
allows its user to calculate yearly glacier mass 
changes. The tool is simply a metal pole drilled 
into glacier ice so that it remains upright. The 
reach of the snow on the pole is recorded 
seasonally, so scientists can then quantify 
and compare winter snow accumulation and 
summer snowmelt.

from ice



Jason Fellman 
Research Assistant Professor of 
Environmental Science
University of Alaska Southeast

Eran Hood
Professor of Environmental Science
University of Alaska Southeast

GLACIERS IN Southeast Alaska are 
shrinking at some of the fastest rates on 
Earth. This loss of ice has a wide range of 
impacts on the local environment, from 
reducing the quantity of water in rivers 
to altering coastal oceanic currents. Our 
research aims to gain a fuller understanding 
of freshwater and marine ecosystems 
downstream from the ice flow.
 Glaciers have long been 
considered inert blocks of ice, 
but recent research indicates 
they are actually ecosystems 
in their own right.  Glaciers 
support algal communities 

both on and beneath their surfaces. These 
communities of microbial plants fix 
carbon dioxide via 
photosynthesis.  So 
this micro-ecosystem 
cycles and releases 
nutrients, impacting 
the ecosystem at 
large. 
 Our team 
is studying how the nutrients in water 
released from glaciers differs from water 
flowing from forests. To answer this research 
question, we are comparing water samples 
from  glacier outflows and forested streams. 
Our data indicate that runoff from glaciers 
has a distinctive form of organic matter. This 
matter is readily consumed by microbes 
at the bottom of the food chain living in 
streams. 
 Our research suggests that 
glaciers can be an important source of 
phosphorus and iron needed by organisms 
in the ocean, too. Bedrock ground to fine 

powder by glaciers as they flow down 
valleys is the main source of these nutrients.  

Phosphorus and iron 
enhance phytoplankton 
productivity in marine 
ecosystems. And this 
phytoplankton feeds 
the entire oceanic 
food chain, from 
zooplankton to whales. 

 Our research findings 
demonstrate the unique nature of runoff 
from glaciers.  It provides new insight 
into productivity in marine ecosystems 
that receive glacial runoff. Ultimately, this 
information helps us predict how coastal 
ecosystems in Southeast Alaska will change 
as glaciers recede. In a warmer future, fewer 
glaciers mean less runoff discharged into 
estuaries and bays. So species downstream 
from glaciers, from microbes to whales, 
could be impacted if the planet’s future has 
less ice.

“Glaciers have long been 
considered inert blocks of 
ice, but recent research 
indicates they are actually 
ecosystems in their own 

right.”

Sonia Nagorski
Assistant Professor of Geology
University of Alaska Southeast

GLACIAL RIVERS CARRY LOADS OF MATERIALS downriver, evident by their grey hue 
and opacity. This color proves the power glaciers have in carving out and eroding the mountains 
from which they emerge. But what is this silty material, and is it essential to coastal food webs? Are 
nutrients in glacier streams richer than clear water draining from forested streams? These are the 
research questions my team asked and is now answering with fieldwork.
 Our study measures the quantity and form of iron and phosphorus carried by glacier 
and forested streams that flow through Juneau. These mineral micronutrients are both essential 
and in short supply in the marine environment. Previous research indicates they are likely key 
in maintaining the rich marine ecosystems of the Gulf of Alaska. My research team has been 
examining the concentration, form and timing of nutrient release from their sources. We hope to 
better understand how rivers transport nutrients from mountains to the ocean. The results will 
allow us to predict how coastal marine ecosystems will change as glaciers shrink. As ice diminishes, 
so does its chemical contribution to downstream freshwater and marine ecosystems.
 The next question is what these changes mean for the future of our ecosystem if the 
planet continues to warm. We don’t yet know the answer.

From left to right: Collecting water atop a glacier (Eran Hood), 
Glacial runoff discharged into a bay (Eran Hood), Sampling glacier 
outflow (Eran Hood)

to flowing water



UAF is an AA/EO employer and educational institution.

As temperatures warm in this temperate climate, more precipita
tion is falling as rain instead of snow. This is already affecting the 
economically valuable yellow-cedar trees. Over longer time scales, 
this shift could lead to further declines in glacier mass. 

Calving action and the release of 
cold, fresh water from tidewater 
glaciers creates turbidity in the 
water. This mixing makes fjords  
a unique habitat for krill, fish, 
sea birds and marine 
mammals like seals.

Freshwater runoff from 
glaciers helps drive the 
Alaska Coastal Current. 
This current carries heat, 
nutrients, and organisms 
towards the Arctic. 
Glacier runoff also adds 
rock derived elements 
such as phosphorus and 
iron to marine ecosys-
tems, which fuels phyto-
plankton growth at the 
bottom of the food chain.

DRIVING CURRENTS & PRODUCTIVITY

FJORD OF LIFE

The effects of glacier runoff on rivers and estuaries help create ideal 
habitats for salmon. It is estimated that salmon fisheries provi
almost $1 billion per year in economic benefits to Southeast Ala

SUPPORTING THE SALMON

 rom ICEFIELD
 oOCEAN

Coastal Alaska and British Columbia glaciers are melting faster than almost any other 
glaciers on Earth. Glaciers are central to many natural processes and economic activities 
in this region. Changes in coastal icefields and glaciers can ha
through the watershed all the way to the ocean.

How do glaciers impact Alaska’s coastal 
ecosystems, and what do glacier changes 
mean for the future of this ecologically and 
economically valuable system?

Alaska Climate Science Center

For more information, download the “From Icefield to Ocean” 
factsheet at https://csc.alaska.edu/resource/icefield-ocean.

EPSCoR  laska



Rates of glacier loss are projected to 
increase in the region, with a 26–36 % 
reduction of total glacier volume by the 
end of the century. 

As temperatures warm in this temperate climate, more precipita-
tion is falling as rain instead of snow. This is already affecting the 
economically valuable yellow-cedar trees. Over longer time scales, 
this shift could lead to further declines in glacier mass. 

On the surface, within, and 
underneath—glaciers are full 
of life. The glacier surface 
collects organic matter and is 
home to diverse microbial 
communities. Runoff from 
glaciers provides bioavailable 
carbon to downstream 
ecosystems. 

About 50% of 
the freshwater 

runoff into the Gulf 
of Alaska comes from 
glaciers. Watersheds 

with glacier ice are 
different from those 

without—they have unique  
physical and biological 

properties that support 
different organisms.

RAIN OR SNOW?

MELTING AWAY

LIFE ON ICE

GOING WITH THE FLOWThe effects of glacier runoff on rivers and estuaries help create ideal 
habitats for salmon. It is estimated that salmon fisheries provide 
almost $1 billion per year in economic benefits to Southeast Alaska.

SUPPORTING THE SALMON

Coastal Alaska and British Columbia glaciers are melting faster than almost any other 
glaciers on Earth. Glaciers are central to many natural processes and economic activities 
in this region. Changes in coastal icefields and glaciers can have a ripple effect down 
through the watershed all the way to the ocean.

From Icefield to Ocean depicts the important linkages between glaciers, glacier change, and the ocean. This illustration is the product of collabora-
tions formed in research projects and through a March 2013 workshop supported by the Alaska Climate Science Center (AK CSC). The workshop 
brought together scientists and land and resource managers from several different organizations and resulted in a more coordinated strategy for 
studying glacier change in Alaska, monitoring changes in glacier runoff into the Gulf of Alaska, and addressing key questions related to glacier 
change. Alaska’s coastal glaciers are among the most rapidly changing areas on the planet and glacier runoff can influence marine habitats, ocean 
currents and economic activities, and so the research and workshop leaders set out to find a compelling way to communicate these research find-
ings to Alaskans. This illustration is one element of a suite of resources produced by the Alaska Climate Science Center on this subject, including 
the From Icefield to Ocean fact sheet and a peer-reviewed synthesis publication entitled Icefield-to-Ocean Linkages across the Northern Pacific 
Coastal Temperate Rainforest Ecosystem.



Jason Fellman, Research Assistant 
Professor of Environmental Science
Sonia Nagorski, Assistant Professor of 
Geology
Eran Hood, Professor of Environmental 
Science 
University of Alaska Southeast
John Hudson, Independent Aquatic 
Ecologist

OUR RESEARCH TEAM is curious about 
the impact of a warmer climate on salmon 
habitat in Southeast Alaska’s 
watersheds. We want to know how 
temperature, dissolved oxygen 
content and different water sources 
interact to affect salmon and their 
future. 
 Our findings show clear differences 
in salmon habitat quality based on 
temperature and dissolved oxygen content. 
These two factors influence metabolic activity 
and behavior of salmon. We have found that 

in glacier-fed streams, temperature varies 
only slightly during the main glacier runoff 
season (May through 
October). However, 
glacier streams can 
be colder and siltier 
than what is optimal 
for salmon.  In contrast, stream temperature 
in forested streams can increase substantially 
with warmer summer temperatures. So 
salmon habitat in forested streams is likely 
more sensitive to climate change. 

 Our team also wants to know 
whether spawning salmon themselves 
influence the oxygen content in 
streams. One of our hypotheses is that 
decaying salmon carcasses, which can 
build up during spawning, have the 

potential to decrease dissolved oxygen in 
the water. When fish decompose, microbes 
arrive to aid in the breakdown process, and 
these microbes consume dissolved oxygen in 
the stream. When increased summer water 

temperatures coincide with large numbers of 
salmon carcasses and low stream discharge, 

dissolved oxygen in 
the water can become 
exceptionally scarce.  This 
time of oxygen deficiency 
is called an “oxygen 

depletion event.” So more dead fish rotting in 
streams could mean less oxygen available for 
live salmon and other organisms. But we are 
still researching these complex interactions.
 Our findings thus far indicate that 
many factors, physical characteristics like 
temperature, and live animals in streams, 
interact to determine water quality.  
 Some salmon streams might benefit 
from climate change, but other streams 
could experience a decline in salmon runs. 
We hypothesize some heavily glaciated 
watersheds could become better habitat for 
salmon if water temperatures rise, while 
forested watersheds could become a more 
challenging place for the fish to live.

Brian Buma
Assistant Professor of Forest Ecology
University of Alaska Southeast

I STUDY FOREST CHANGE. In Southeast Alaska windstorms, 
landslides, logging and climate-induced mortality modify the forest.  
My research is conducted using a mix of fieldwork and satellite 
analysis. This means my team compares ground 
data, such as changes in tree size or carbon content, 
with satellite imagery. Our research documents 
what is happening across the entire Southeast 
Alaska archipelago, the coastal temperate rainforests 
of North America and further south in the Rockies. 
One recent project of mine suggests the coastal rainforests of Alaska 
are expanding and gaining carbon (since the year 2000), especially in 
the northern portion of the region.
 One of my research team’s ongoing projects focuses on tree 
decline: the mass die-off of Alaska’s coniferous yellow-cedar. The trees
are both culturally and economically valuable, but in some areas the 

species is dying rapidly. Deaths occur when the ground, including tree 
roots, freeze due to low snow insulation in the spring. In other words, 
climate change could be killing trees by reducing snow levels. 

  Hundreds of thousands of acres of 
cedar have already died. My research team 
is tracking where mortality is occurring, 
and how fast it is spreading, from Alaska to 
British Columbia and further south. 
 There are a few patches of healthy yel-

low-cedar scattered throughout the woods in Juneau, so the trend here 
could be different. My team is documenting where these populations 
are located and the nearby plant communities. We want to know how 
fast yellow-cedar populations are expanding here. 
 If they are currently expanding at all.

“The trees are both culturally 
and economically valuable, but 
in some areas the species is 

dying rapidly.”

“So salmon habitat in forested 
streams is likley more sensitive 

to climate change.”

From left to right: Undergraduate students doing research (UAS 
and EPSCoR), Yellow-cedar decline area (Sarah Bisbing), Young 
yellow-cedar (UAS and EPSCoR)

through forests



Heidi Pearson
Assistant Professor of Marine Biology 
University of Alaska Southeast

MY RESEARCH IN JUNEAU 
waters focuses on three topics: 
biodiversity and abundance of marine 
mammals, humpback whale feeding 
behavior and human-humpback 
interactions. 
 Berners Bay, located just 
north of Juneau, supports thriving 
hooligan and herring spawning runs 
every spring. Due to high foodfish 
density the area attracts marine 
mammal predators. But until recently 
we hadn’t documented which marine 
mammal species were most abundant. The 
Kensington Mine ferry runs through this 
waterway, so for the last three summers 
student researchers from the University 
of Alaska Southeast rode the ferry with 
notebooks. The students have documented 
nearly 300 sightings of humpback whales, 
Steller sea lions, harbor seals, Dall’s porpoise, 
harbor porpoise and killer whales. 
 The high numbers recorded 
indicate the area is a rich habitat for marine 
mammals over the entire summer season. We 
documented yearly variation of species: in 
2015 we observed more Dall’s porpoise and 
harbor seals but fewer humpback whales and 
harbor porpoise than the previous year.  We 
are now hypothesizing reasons for this 

variation. One theory is that a change in sea 
surface temperature causes differences in 
species’ feeding patterns and habitat use. An 
oceanographic research buoy will help us 
determine whether temperature and marine 
mammal occurrence correlate with one 
another.
        Humpback whales in Southeast 
Alaska feed in a variety of ways: alone, in 
small groups or in bubble-netting groups 
of up to thirty whales. My research team 
hypothesizes that these feeding differences 
are likely related to type, distribution and 
abundance 
of prey. 
 I am working with a physical 
oceanographer to map what’s happening 

both above and below the ocean’s 
surface. From a boat we observe 
surfacing humpback whales with 
our eyes and record both behaviors 
and group sizes. Meanwhile we 
use an underwater fish-finder 
called an echosounder to gain 
unobservable underwater data. The 
echosounder sends high frequency 
pings to the seafloor that bounce 
off small objects like fish and krill. 
The pings get translated into an 
acoustic picture on our computer, 
demonstrating location, depth and 

density of prey. Our results indicate that 
whales change their behavior from feeding 
solo to feeding cooperatively based on 
the type of food they are after. Humpacks 
tend to feed cooperatively for fish, but feed 
independently for krill. 
 Due to growth of both humpback 
whale populations and the whale watching 
industry in Juneau, there is a need to 
investigate how whales and vessels interact. 
While this research is in its infancy, I hope 
the study will ensure the sustainability 
of whales and watchers. This part of 
my research includes a human-ecology 
component, because humans are part 
of the ecosystem, too.
 

Anne Beaudreau
Assistant Professor of Fisheries
University of Alaska Fairbanks

ESTUARIES, WHERE RIVERS meet the sea, are critical 
habitat for a diversity of species. These systems support a 
richness of life in Southeast Alaska. The coastal environment 
here is changing rapidly due to melting glaciers and increased 
precipitation, now depositing more freshwater into the ocean. 
Changes in the delivery of freshwater and nutrients to the 
coast will affect estuary habitats and food webs in ways we don’t yet 
comprehend. Our research is a first step towards understanding how 
these ecosystems function now, and how they might change in the 
future. 
 My research team is interested in 
three main questions: What fish are abundant 
in Juneau estuaries? How do estuary 
ecosystems change throughout the year? 
What types of food and habitats do estuary 
fish rely on?
 In 2014 we used extended nets called beach seines to collect 
nearshore fish at three Juneau estuaries once per month, from April 
through September. Over the summer, we caught more than 32 
species of fish and large invertebrates like crabs. The most abundant 
species caught were Pacific staghorn sculpin (bullheads), starry

 flounder, juvenile salmon, Dolly Varden and juvenile 
flatfishes.
        The fish community in the estuary shifted over the 
course of summer. Young salmon showed up in great numbers 
in June, as wild fish emigrated from rivers and hatchery fish 
were released into nearshore habitats to begin their lives 

at sea. In July and August, staghorn sculpins and starry flounder 
were the dominant species in our seine catches. Staghorn sculpins 
are “samplers” of their environment, feeding upon a wide variety of 

marine organisms including crustaceans, 
worms, and small fishes. They also capitalize 
on salmon eggs deposited in river mouths by 
spawning salmon, freshwater insect larvae 
and adult beetles. 
 Staghorn sculpins may be adaptable 
to an environment with more freshwater in 

the near future because they are fairly tolerant to low salinity and 
consume prey observed in high densities in wetland areas. Although 
not valued in fisheries, staghorn sculpins fill an important role in the 
ecosystem as a food source for marine fish and a variety of terrestrial 
predators including bears, otters and eagles.

“Changes in the delivery of 
freshwater and nutrients to the 
coast will affect estuary habitats 
and food webs in ways we don’t yet 

comprehend.”

Below: Humpback whales bubblenet feeding (Heidi Pearson)

into oceans.



This booklet was created by Theresa Soley (tesoley@usfca.edu) and Suzie Teerlink (s.teerlink@alaska.edu) with the help of local researchers. The 
Alaska EPSCoR Project is funded by the National Science Foundation. It seeks to strengthen research and education by fostering collaboration. 

Published with support from Alaska EPSCoR NSF award #OIA-1208927 and the state of Alaska.

              

“The ordinary citizen today assumes that science knows what makes the community 
clock tick; the scientist is equally sure that he does not. He knows that the biotic 

mechanism is so complex that its workings may never be fully understood.”

-Aldo Leopold, A Sand County Almanac

Brian Vander Naald
Assistant Professor of Economics
University of Alaska Southeast   

Projected retreat of the Mendenhall Glacier:

HOW MUCH WOULD YOU PAY TO SLOW GLACIAL RECESSION? 

LAST SUMMER, WITH THE HELP of students from University of Alaska Southeast, I asked 
tourists this question. Preliminary research results suggest a large, positive willingness to pay to slow 
the rate at which glaciers are melting. By assigning price tags, human perceptions and conservation 
priorities can be measured. If only money were the actual solution! 
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