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Introduction

Warming trends of surface temperature have been measured from across the
planet for the past 50 years (IPCC 2007). As a result, water temperatures of streams
and rivers have also been increasing (Webb and Walling 1992, Webb and Nobilis 1995,
Bonacci et al. 2008, Pekarova et al. 2008). Similar increasing trends have also been
reported for streams and rivers across the United States (Bartholow 2005, Kaushal et
al. 2010).

| analyzed a long-term data set from the Susquehanna River to determine ifa
significant warming trend was evident. Such warming could have considerable negative
consequences for the ecology of the river.

Methods

River temperature data were collected from a temperature probe stationed at the
bottom of the river adjacent to the Susquehanna SES Environmental Laboratory, near
Berwick, Pennsylvania. The probe was regularly calibrated using a NIST standardized
thermometer.

The data were recorded continuously either by graph paper or digital datalogger.
Some gaps occurred in the data because of datalogger malfunctions. Attempts will be
made to fill these gaps for future analysis. However, at this time | do not think that
these gaps will significantly change the outcome of these results.

Data were analyzed for trends by simple linear regression. This analysis is
similar to that used by others research trends in stream and river temperatures (Kaushal
et al. 2010). Alpha was set at 0.05.

Results

A significant increasing trend was evident in average annual water temperatures
from 1974-2010 (P<0.05, Figure 1). The regression equation describing the linear
model predicts an annual increase of 0.038°C yr', or an increase of 3-4°C over a
century, if this rate of warming continues. While there is a considerable amount of
"noise” evident in the data, the temporal variable accounts for 38% of the variation in
river temperature over this 35-year time period.

Discussion

The Susquehanna River's rate of warming is consistent with the warming rates of
other streams and rivers in the northeastern United States (Table 1, modified from
Kaushal et al. 2010). For many locations where increases in water temperature have
been documented, significant linear increase in air temperature also occurred.
Regression equations for these streams and rivers reported very similar coefficients of
determination.




Serious ecological consequences can result from increases in average water
temperatures in rivers like the Susquehanna. It is thought that warmer temperatures will
assist invasive species, decrease community biodiversity, disrupt the spawning and
development of species, and change the relative abundance and distribution of species.
In addition, the overall metabolism of ecosystems can be altered and this can
subsequently increase the toxicity of a number of environmental contaminants (Kaushal
et al. 2010).

Table 1. Select data on warming of streams and rivers in the northeastern United States
(modified from Kaushal et al. 2010).

Name Nearby City Time Range | (°C yr’) R*
Susquehanna River | Berwick, PA 1974-2010 0.038 0.37
Delaware River Hale Eddy, NY 1986-2007 0.040 --
Delaware River Chester, PA 1965-2007 0.077 0.39
Brandywine Creek | Chadds Ford, PA 1972-2007 0.070 0.28
Gunpowder River Baltimore, MD 1983-2007 0.059 -~
Potomac River Washington, DC 1922-2006 0.046 0.43
Patuxent River Solomons, MD 1938-2006 0.022 0.38
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Fig. 1. Average annual river temperatures from the Susquehanna River, 1974-2010. The
trend line is the result of a simple linear regression (P<0.05).
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PA DEP Growing Greener Grant Pl ($110,000 grant towards reclamation of the
Little Wapwallopen Creek)

PPL Inc. 2003 PI ($2500 equipment grant for environmental education initiatives)

Central Susquehanna Community Foundation 2005 PI ($6,500 to study
environmental connections to human health and wellness)

Hazleton City Authority Water Department 2005 P| ($6350 to compile baseline
water-quality data for Quakake Creek, Schuylkill County)

Foundation for the Alleghenies 2008 Student Internships ($5000)

Margaret A. Cargill Foundation Grant 2009-14 ($438,600)

Foundation of Pennsylvania Watersheds 2009 Student Internships ($5000)

PPL Corporation Environmental Education Grant 2010 ($5000)

PPL Corporation Environmentail Education Grant (River Institute; $1000)

Community Foundation for the Alleghenies 2010 ($2000)

Foundation for Pennsylvania Watersheds 2010 Mercury & Internships ($10,000)

Foundation for Pennsylvania Watersheds 2010 Student Internships ($4000)

PA Fish and Boat Commission 2010 Unassessed Waters Grant ($3600)

Degenstein Foundation 2011 Mercury & Internships ($10,000)

PA Fish and Boat Commission 2011 Unassessed Waters Grant ($2300)

Degenstein Foundation 2012 Mercury & Internships ($10,000)

Foundation for the Alleghenies ($3500)

Total to date $736,850
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College/Community Service

King's College Environmental Program — Director (2000-present)

Susquehanna River Institute — Founder/ Director (2000-present)

King's College Environmental Club — Advisor (2000-present)

Environmental Studies Committee — Chair (2000-2010)

PA Consortium for Interdisciplinary Environmental Policy — College
Representative (2000-present)

Morris K. Udall Scholarship — College Representative (2001-present)

Susquehanna River Heartland Coalition for Environmental Studies — College
Representative (2003-present)

Barry M. Goldwater Scholarship — College Representative (2002-2005)

Middle States Faculty Study Group — Member (2003)

Lake Silkworth Protective Association — Advisor (2003-2005)

PA Wildlands Recovery Project — Scientific Advisor (2003)

Wyoming Valley Watershed Coalition — College Representative (inactive)

Shoval Center for Community Engagement and Learning, Service Learning
Project Team (2005-present)

King's College Climate Change Working Group -- Chair (current)

Undergraduate Courses Taught
Environmental Science |
Environmental Science ||
Environmental Art
Environmental Seminar
Conservation Biology
Wildlife Ecology & Management
Ecotoxicology
Wildlife Techniques
Water Quality Analysis
Chesapeake Bay Ecology
Adirondack Park Ecology
Environmental Health
Wildlife Natural History
Independent Study
Environmental Research
Environmental Internship

Graduate Courses Taught
Susquehanna River Ecology

Energy and the Environment
Pennsylvania Wildlife
Chesapeake Bay Ecology



