Surface Water Chemistry
In Glacier Bay Ecosystems

By Robert Stottiemyer

Long-term, ecosystem-level monitoring and re-
search provide earfier indications of environmental
change and considerably improved eslimates of im-
pact magnitude. This conceptual approach is widely
applied in assessing the effects of atmospheric conta-
minants and change in land use on terrestrial and
aquatic environments. By definition, an ecosystem
must have a boundary be it a terrarium or the Missis-
sippi River basin. For research, small (<200 ha)
watershed ecosystems have proven quite adequate.
The goal is understanding ecosystem structure (com-
ponents) and functioning (processes). The study of
processes focuses on the transfer of nutrients and
energy among ecosystem components.

Watersheds in a number of national parks are now
used to assess impact associated with atmospheric
contaminants. A major concern is the leaching of crit-
ical nutrients from eccsystems by atmospheric conta-
minants such as hydrogen and sulfate in acid rain.
Nutrient losses often show up in streamwater draining

the watershed. Long-term change in surface water
chemistry has proven effective in delecting early
ecosystem response to atmospheric contaminants,
change in land use {Bormann and Likens 1979}, and
fire (Tiedemann et al. 1978). Watersheds are an ideal
tool with which to assess factors responsibie for nat-
ural change prior fo human-induced impact (Waring
and Schlesinger 1985). But such study must be con-
ducted over the long-term for there are numerous
sources of cyclic natural variation in ecosystem pro-
cesses and chemistry which must be quantified before
human-induced impact can be assessed.

In 1984, | and a graduate sludent, Jane LeTarte
from Michigan Tech, began to characterize surface
water chemistry and to quantify some of the natural
factors responsible for its variation in the national
parks of Alaska. The initial study, now completed. was
at Glacier Bay National Park and Preserve. Similar
study has just been completed at Lake Clark, and is
underway at Denali NP and P. Suppoert is provided
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Figure 1. Glacier Bay and Muir inlet showing approximate locations of the major sampiing stations.
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through the NPS Alaska Regional Office and Division
of Water Resources in Denver.

Glacier Bay provided both a logistical chalienge and
unique opportunity for this type of study. During the
last 250 years a major retreat of the glaciers up the
bay has exposed entire watersheds atter 3700 years
{Fig. 1). The result is a gradient of watershed “ages”
from recently re-exposed to those deglaciated for 200
years or more. Within 25 years following deglaciation,
young watersheds such as Woif Creek (Fig. 2) began
to revegetate with nitrogen fixers as Dryas (rose fam-
ily) and alder {birch family}. Nitrogen is an especially
limiting nutrient for early revegetation {primary suc-
cession), and invading plants with the capacity to fix
atmospheric nitrogen for use in protein synthesis have
areal advantage. Later successional watersheds, de-
glaciated for longer periods, are subsequently vege-
tated with poplar, then spruce. which foliows deglaci-
ation by about 120 years. Ecosystem succession is
thought to be a major factor causing variation in sur-
face water chemistry. Thus. we had an ideal opporiu-
nity to study its effects over a spectrum of succes-
sional stages. And we had the chance to look at
ecosystems undergoing change during primary suc-
cession, a process rarely studied except following vol-
canism.

We studied five watersheds varying from 30 to
>300 years since deglaciation. The oldest was at Trap
Bay. a USFS experimental area, south of Glacier Bay.
where deglaciation occurred first. The most recently
deglaciated was Wolf Creek (Fig. 2. in each
watershed we sampled precipitation {about 200 cm/
year) chemistry to determine if its quality might influ-
ence stream chemistry. Going up Glacier Bay and
especially info Muir Inlet one sees a decreasing
marine influence on precipitation chemistry. Sedium.
magnesium and chioride. primarily of marine origin,
decreased rapidly while calcium and potassium. indi-
calive of the relative increase in land mass, increased.
Sulfate, a potential atmospheric contaminant, would
normally also decrease in concentration with increas-
ing distance from its marine scurce. But at Glacier
Bay the highest sulfate concentration was found at
stations well up Muir inlet. This suggests a local
geologic source or the possibility of human-induced
atmospheric contamination beneath the prevailing air
inversions in this fjord.

The watersheds in earliest successional stages.
Wolf and Nunatak, had the highest streamwater dis-
charge per unit area. This reflected their proximity to
active glaciers, low evaporation due to low tempera-
tures, and less vegetation for water uptake. The
amount of streamwater discharge usually affects its
chemical concentration. and this source of natural
variation requires long-term study to quantify. In many
watersheds there are clear mathematical relationships
between chemical concentration and streamwater dis-
charge, which provide an excellent tool for looking at
trends in chemical nutrient concentration. But in
Alaska there are many glacially-fed drainages and
annual and seasonal variation is especially large, and
we did not find these relationships at Glacier Bay.

Another tool for detecting trends is watershed
chemical budgets determined by measuring precipita-
tion input and streamwater discharge of chemical
species. In any solution there must be chemical
equilibrium; that is, the positive-charged ions as cal-
cium or hydrogen must be balanced by negative-
charged ions such as sulfate or nitrate. With this prin-
cipie we can determine if atmospheric inputs are re-
tained in an ecosystem, or if atmospheric contamin-
ants may be leaching critical nutrient ions as potas-






