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Introduction
Coastal rivers draining into the 

Gulf of Maine in the northeastern United 
States are home to Atlantic salmon 
(fig. 1). On November 17, 2000, The 
Federal government listed the Gulf of 
Maine Distinct Population Segment of 
Atlantic salmon as endangered under 
the Endangered Species Act. State and 
Federal fisheries biologists are concerned 
with the effects of climate-related stream-

Recent climate studies in New England and the northeastern United States have shown evidence of physical changes over 
time, including trends toward earlier snowmelt runoff, decreasing river ice, and increasing spring water temperatures. A U.S. 
Geological Survey (USGS) study funded by the National Global Warming and Wildlife Science Center will be investigating 
changes in summer low streamflows and stream temperatures and the potential effects of those changes on endangered Atlantic 
salmon populations. The study also will evaluate management options that would be most likely to mitigate the effects of any 
changes in streamflow and temperature.

flow changes on Atlantic salmon survival 
in these rivers. The summer low-flow 
period in northeastern United States 
rivers and climate-related changes during 
this period are of particular concern 
because this period is critical in the 
Atlantic salmon life cycle.

The USGS has documented many 
seasonal climate-related changes in the 
northeastern United States during the last 
30 to 150 years; these include changes 

toward earlier winter/spring snowmelt 
runoff (fig. 2), decreasing duration of 
ice on rivers and lakes, decreasing ratio 
of snowfall to total precipitation, and 
denser and thinner late-winter snowpack. 
All of these changes are consistent with 
warming winter/spring air temperatures 
(Hodgkins and Dudley, 2006a; Hodgkins 
and Dudley, 2006b; Hodgkins and oth-
ers, 2005; Dudley and Hodgkins, 2002; 
Hodgkins and others, 2002; Huntington 

Spawning Atlantic salmon
Paul Nicklen/National Geographic Image Collection, rights managed



and others, 2004). Climate-model projec-
tions for the Northeast indicate air-
temperature warming, earlier snowmelt 
runoff, increases in annual evaporation, 
and decreased low streamflows (Hayhoe 
and others, 2007).

Spring snowmelt in the northeastern 
United States is important to the recharge 
of ground-water supplies. Following 
spring recharge, ground water discharges 
into streams throughout the summer. 
This discharge is a source of cool water 
during the summer and composes a large 
proportion of the streamflow during 
summer low-flow periods. A recession in 
streamflow from spring to late summer 
is typical in the Northeast. With snow-
melt occurring earlier, the recession may 

Figure 1. Northeastern coastal rivers are at the southern extent of the Atlantic salmon’s 
geographical range; as a result, Atlantic salmon in these rivers are expected to be 
particularly sensitive to changes in climate.

Shaded relief from USGS STRM 3 arc-second 
digital elevation model. Basemap from ESRI 
base layers, various scales. Map projection 
Universe Transverse Mercator, Zone 19N
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start earlier, resulting in longer periods of 
recession and lower streamflow during 
summer months. These changes could 
affect the survival of Atlantic salmon.

USGS researchers have made 
substantial progress toward completion of 
a salmon-survival model which describes 
the entire riverine life cycle as a function 
of streamflows, stream temperatures, 
and other variables. The model uses 
a unique detailed data set describing 
Atlantic salmon demographics in several 
northeastern streams (Letcher and others, 
2002; Letcher and others, 2004; Letcher 
and others, 2007). This model will 
provide the ability to forecast popula-
tion dynamics and probability of survival 
under different climate-change scenarios.

 Study Approach
The USGS will be assessing 

historical changes in ground-water 
discharge to rivers in the Gulf of Maine 
area and estimating future ground-
water discharge by using climate-model 
output and detailed watershed models of 
selected rivers in the study area. USGS 
researchers also will be completing 
development of a salmon population 
dynamics model to estimate Atlantic 
salmon survival as a function of potential 
future changes in ground-water discharge 
and in-stream temperature.

To assess historical changes in 
ground-water discharge, USGS research-
ers will be analyzing records of flow 
for rural, unregulated streams with at 
least 50 years of continuous record 
in the northeastern United States and 
selected areas in the Canadian provinces 
of Quebec and New Brunswick. The 
stormflow component of the total stream-
flow will be separated from the ground-
water-discharge component. Timing, 
magnitude, and duration statistics will be 
derived from the resulting ground-water 
discharge records and will be analyzed to 
quantify any changes that have occurred 
over the periods of record.

In an effort to project future changes 
for summer low-flow conditions in the 
Northeast, watershed models will be 
constructed by using the USGS Pre-
cipitation Runoff Modeling System. The 
models will be calibrated to the historical 
record with special emphasis on the 
summer low-flow periods, when the 
ratio of ground-water discharge to total 
streamflow is greatest. Future estimates 
of streamflows, stream temperatures, and 
ground-water discharge to streamflow 
during the critical low-flow periods for 
Atlantic salmon will be simulated by 
using climate-model output as described 
in the Intergovernmental Panel on 
Climate Change Fourth Assessment 
Special Report on Emission Scenarios 
(Nakicenovic and Swart, 2000).

Watershed-model output describing 
future flow and in-stream temperature 
estimates will be used in conjunction 
with the USGS salmon-survival model 
to describe future scenarios of salmon-
population dynamics. Specific results 
will include the number and size of 
emigrating salmon and the numbers of 
adult salmon returning to their home 
rivers to spawn, in addition to estimates 



Figure 2. Number of significant changes in monthly streamflow magnitudes over time (average of 71 years through 2002) for streamflow-
gaging stations in New England. Increasing streamflows in February, March, and April and decreasing streamflows in May are supporting 
evidence of a shift in timing toward earlier winter/spring runoff (from Hodgkins and Dudley, 2005).
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of population growth and survival. The 
model output also will allow estimation 
of the effects of different management 
strategies (for example, stocking 
strategies and habitat manipulation), 
and evaluation of the consequences of 
choosing each strategy to determine 
which would be most likely to mitigate 
the effects of streamflow and stream-
temperature changes.

Benefits
Much recent progress has been made 

in describing hydrologic changes in the 
Northeast during the last century and the 
life cycle and population dynamics of 
Atlantic salmon. Little progress, however, 
has been made in quantitatively determin-
ing the physical and biological effects 
of documented hydrologic changes in 
such variables as the timing of winter/

spring snowmelt runoff. This research 
will add substantially to the existing 
knowledge of the effects of changing 
climate on an endangered fish species 
and will contribute to the body of science 

necessary to allow managers to manage 
entire ecosystems and physical systems 
in the Northeast effectively in the face 
of short-term variability and long-term 
changes in climate.
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For more information please contact:
Director, USGS Maine Water  
   Science Center
196 Whitten Road
Augusta, Maine 04330
Telephone: (207) 622-8201
Email: dc_me@usgs.gov
Web site: http://me.water.usgs.gov

Geographic coverage for two watershed models in coastal Maine
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