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Asian Carp Studies at GLERL
Understanding the Impacts of an Invasive Species

Key findings
On average, model results suggested bighead and 
silver carp would affect Great Lakes food webs 
because of their competition with plankton-eating 
fishes, and by providing additional prey for fish 
that eat other fish. In Lake Erie, the model results 
indicated that bighead and silver carp would 
reach their peak biomass (weight of fish) within 
20 years, and comprise nearly 34 percent, or one 
third, of the total fish biomass in the lake. Bighead 
and silver carp could cause declines in most fish 
species, including harvested species such as 
rainbow trout, white bass, white perch, walleye 
and rainbow smelt. However, a few species, 
including smallmouth bass, which could feed on 
young bighead and silver carp, may experience 
population increases of up to 16 percent from the 
added food source of these juvenile Asian carp.

In a few model simulations, bighead and silver 
carp reached a much higher population size 
in Lake Erie, similar to that observed in the 
Mississippi and Illinois Rivers, and had greater 
negative effects on the food web. 

Information gained from studies at GLERL 
helps state and regional managers and policy 
makers understand the likelihood of Asian carp 
establishment and impact in the Great Lakes. The 
results are used by the ACRCC to inform current 
work on management and development of 
control technologies to keep Asian carp out of the 
Great Lakes.

Lake Erie at risk
Lake Erie is at higher risk for Asian Carp invasion than the other Great Lakes 
because of its connectivity to watersheds where Asian carp occur, and the 
availability of spawning habitats and adequate food. 

A coordinated effort
NOAA GLERL is a member of the Asian Carp Regional Coordinating 
Committee (ACRCC). The purpose of the ACRCC is to coordinate 
the planning and execution efforts of its members to prevent the 

introduction, establishment, and spread of Bighead, Black, Grass, and Silver Carp 
populations in the Great Lakes. The ACRCC, a collaborative team of Federal, state, 
provincial, and local agencies, provides oversight and coordination of multi-
jurisdictional prevention activities through the development and implementation of 
an Asian Carp Control Strategy Framework. For more information on the committee’s 
guiding framework, goals, and current actions, visit www.asiancarp.us.

Reference: ZHANG, H., E.S. RUTHERFORD, D.M. MASON, J.T. Breck, 
M.T. Wittman, R.M. Cooke, D.M. Lodge, J.D. Rothlisberger, X. Zhu, 
and T.B. Johnson. Forecasting the Impacts of Silver and Bighead Carp 
on the Lake Erie Food Web. Transactions of the American Fisheries 
Society 145(1):136-162 (DOI:10.1080/00028487.2015.1069211) 
(2016). 
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Simplified Lake Erie food web, modified to include Asian carp
If they successfully invade Lake Erie,  Asian carp would likely affect the food web in two main ways:

•	 They would likely compete with native fish by eating their food (phytoplankton and 		
	 zooplankton).
•	 Juvenile Asian carp would likely become food for fish-eating fish.

Forecasting the effects of silver and bighead carp on food webs
A collaborative team of NOAA Great Lakes Environmental Research Laboratory (GLERL) 
scientists and their partners developed a model to identify potential effects of Asian carp on 
the food webs in Lake Erie and other Great Lakes. Food webs are the feeding interactions of 
aquatic life. Prior efforts to predict Asian carp effects on the Great Lakes focused on potential 
suitability of Great Lakes habitats for Asian carp spawning, establishment or growth, but had 
not investigated Asian carp effects on food webs and fisheries. This information is critical to 
assess potential control measures and management options. The models used by GLERL and 
CILER (Cooperative Institute for Limnology and Ecosystems Research) researchers simulate 
Asian carp population dynamics (growth and shrinkage over time, as controlled by birth, 
death and migration), ecosystem impacts, and food webs, and can help inform state and 
federal agencies working together to control the spread of Asian carp.

NOAA Great Lakes Environmental Research Laboratory • 4840 S. State Road •  Ann Arbor, MI 48108
www.glerl.noaa.gov • 734.741.2235
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U.S. Great Lakes Coastline Comparison

 Miles of

Lake Coastline

Lake Superior 1250

Lake Michigan 1640

Lake Huron 840

Lake Erie 470

Lake Ontario 330

TOTAL 4530

Source: The Coastline of the United States. U.S. Dept.

of Commerce, NOAA, NOAA/PA 71046 (Rev. 1975).

*All numbers rounded to the nearest 10 miles.
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From: Gronewold, Fortin, Lofgren, Clites, Stow, and Quinn (2013). Climatic Change.
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Name Country Surface area Volume
(km2) (mi2) (km3) (mi3)

Michigan–Huron U.S. and Canada 117,702 45,445 8,458 2,029
Superior U.S. and Canada 82,414 31,820 12,100 2,900
Victoria Multiple 69,485 26,828 2,750 660
Tanganyika Multiple 32,893 12,700 18,900 4,500
Baikal Russia 31,500 12,200 23,600 5,700
Great Bear Lake Canada 31,080 12,000 2,236 536
Malawi Multiple 30,044 11,600 8,400 2,000
Great Slave Lake Canada 28,930 11,170 2,090 500
Erie U.S. and Canada 25,719 9,930 489 117
Winnipeg Canada 23,553 9,094 283 68
Ontario U.S. and Canada 19,477 7,520 1,639 393

Table: Water volume and surface area of Earth’s largest (ranked by surface area) fresh surface waters.

From: Gronewold, Fortin, Lofgren, Clites, Stow, and Quinn (2013). Climatic Change.
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From: NOAA National Ocean Service (CO-OPs) and NOAA-GLERL.
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Recent events: 1997-2000 decline and 2000-2013 low levels

From: Gronewold & Stow (2014), Science

See also: Sellinger, Stow, Lamon, and Qian (2007), ES&T
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Suite of Software Analyzes 
Data on the Sphere

Dawn Spacecraft Orbits
Dwarf Planet Ceres

The Social Contract
Between Science and Society

VOL. 96  •  NO. 6  •  1  APR  2015

Earth & Space Science News

GREAT LAKES
WATER LEVELS SURGE
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Drivers of water level change: hydrologic cycle

From: Hunter, T.S. et al. (2015),
Journal of Great Lakes Research; Satellite Imagery: NOAA CoastWatch
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From: Hunter, T.S. et al. (2015),
Journal of Great Lakes Research; Satellite Imagery: NOAA CoastWatch
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White Shoal Lighthouse: Lake Michigan

Photo courtesy Dick Moehl (Lighthouse Keepers Association)
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Glacial isostatic rebound

From: Mainville and Craymer (2005), GSA Bulletin.
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ously from December 2011 to October 2012, repre-
senting the longest continuous decline in monthly 
water levels ever recorded on Lake Erie. Up until the 
2012 water year, the historical record indicates that 
Lake Erie water levels had, with one exception (1892), 
always risen between March and April (bottom panel, 
Fig. 1), and generally rose between both February and 
March, and April and May.

Lake Erie water-level dynamics in 2011 and 2012 
collectively represent unprecedented year-to-year 
variability in the seasonal water-level cycle, yet while 
the water-level cycle in 2011 represented an amplifi-
cation of the average seasonal cycle (Fig. 1), the 2012 
water-level cycle may, in fact, be more consistent 
with a long-term trend (Fig. 2). For example, from 
1860 through the mid-1930s and 1940s, water levels 
on Lake Erie tended to decrease from November to 
December, from December to January, and from 
January to February (indicated by the relative fre-
quency of red vertical lines, and the point at which 
the black trend line crosses zero, in the “Nov,” “Dec,” 
and “Jan” panels of Fig. 2). Since then, it has become 
increasingly common for water levels to rise during 
this time period (a phenomenon ref lected in the 
month-to-month changes in Lake Erie water levels 
from December 2011 to January 2012). In contrast, 
month-to-month water level changes in the spring 
(i.e., March to April, April to May, and May to June), 

though historically positive on aver-
age, have been decreasing steadily 
for roughly 70 to 80 years (Fig. 2). 
Decreases in water levels from June 
to July have also become increasingly 
common for the past 20 to 30 years.

Further investigation will be needed 
to fully understand the range of factors 
driving the changes in the Lake Erie 
seasonal water cycle, and the extent 
to which comparable changes are tak-
ing place on the other Great Lakes. 
Nonetheless, the stark difference in 
seasonal water-level dynamics between 
2011 and 2012 on Lake Erie, and the 
ongoing shift in the Lake Erie seasonal 
water level cycle, are both related to 
changes in the magnitude and timing 
of runoff, overlake precipitation, and 
overlake evaporation. These three vari-
ables constitute the major components 
of the Great Lakes water budget and are 
(unlike the same components of the 

water budget in Earth’s other large basins) all roughly 
of the same order of magnitude. For example, it appears 
that opposite combinations of extremes in precipita-
tion and evaporation are the likely cause of the 2011 to 
2012 interannual seasonal water-level cycle variability. 
Specifically, near-record-high spring precipitation 
combined with below-average evaporation to produce 
the amplified 2011 seasonal rise, while record-high 
evaporation and below-average precipitation character-
ized much of 2012. Additionally, during the extremely 
mild winter of 2011–12, most precipitation fell as rain, 
leading to relatively low seasonal snow accumulation 
and, consequently, low spring runoff. The mild winter 
was also accompanied by minimal ice formation with 
almost no latent heat carryover into the spring, allow-
ing a rapid spring water temperature increase.

While the factors driving the shift in the Lake 
Erie seasonal water cycle are consistent with climate 
change expectations (e.g., higher rain-to-snow ratios 
and increasing fall evaporation rates), the reversal 
of extremes underlying the amplified variability 
from 2011–12 was not anticipated, and it is unclear if 
similar patterns will continue into the future. More 
specifically, the skill of Great Lakes seasonal water-
level forecasts in 2011 and 2012 was significantly 
diminished relative to previous time periods (for 
further discussion on research-oriented and opera-
tional Great Lakes water-level forecasting systems, see 

Fig. 2. Month-to-month changes in Lake Erie monthly average water 
levels. Vertical bars in each panel (one panel for each month) rep-
resent the water-level change (m) from the month indicated at the 
bottom of the panel to the following month for each year from 1860 to 
2012. The left-most panel, for example, includes water-level changes 
from Oct to Nov. Blue vertical bars indicate an increase in monthly 
water level; red vertical bars indicate a decrease in monthly water 
level. The black line within each panel indicates the long-term trend.
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decreased winter ice-cover, 

and a period of sustained 

low water levels. At the 

same time, annual precipi-

tation throughout the Great 

Lakes basin has, relative 

to overlake evaporation, 

shown minimal net change, 

although extreme dry condi-

tions in 2012 combined with 

the already below-average 

water levels to produce the 

record seasonal lows of late 

2012 and early 2013.

The low levels have cat-

alyzed demands to regulate 

outfl ows from Lake Michi-

gan-Huron ( 5); however, the 

demands are often aimed 

at reversing reductions 

associated with historical 

dredging ( 6) and interbasin 

diversions ( 7). Differentiat-

ing potential justifications 

for raising water levels on 

Lake Michigan-Huron is 

critical; compensating for 

historical dredging alone 

would do little to alleviate 

low water-level problems 

if declines continue due 

to climate change. Water 

resource management plan-

ning decisions thus hinge 

critically on determining the 

extent to which the water-

level drop in the late 1990s was a state shift 

resulting from a strong climate perturbation 

(the 1997–1998 El Niño); part of a progres-

sive decline resulting from global climate 

change ( 8,  9); or a consequence of engi-

neering modifi cations to the hydrologic sys-

tem, including historical channel dredging 

and regulation of Lake Superior outfl ows. 

Resolving these questions, however, is not 

straightforward.

For example, historical estimates of 

overlake evaporation and lake-wide sur-

face water temperature in the Great Lakes 

(see the fi rst fi gure) are based on computer 

models ( 10) that assimilate intermittent 

measurements from a small set of coastal 

and offshore meteorological monitoring 

stations (see the second fi gure). The coarse 

resolution of the monitoring network over 

the lakes themselves, coupled with spatial 

heterogeneity in regional meteorological 

and climatological conditions (particularly 

between the land and lake surface), presents 

a potential source of bias and uncertainty in 

the historical estimates ( 11).

These uncertainties complicate planning 

decisions but should be greatly reduced by a 

new and expanding network of year-round 

offshore monitoring stations. Within the 

past 5 years, for example, six fi xed eddy-fl ux 

towers have been installed on remote light-

houses across the Great Lakes ( 12). Further-

more, scientists are exploring buoy-based 

sensors that could increase the spatial reso-

lution of evaporation-related measurements 

substantially ( 13). Findings from these 

monitoring platforms may help to improve 

understanding of the water budget and of the 

drivers of water loss from Lakes Superior 

and Michigan-Huron.  
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Sparse monitoring networks. The Great Lakes basin (black outline) long-term hydrometeorological monitoring network shown 
here includes shoreline (red) and offshore (yellow) stations that, for at least 1 year in the historical record, reported measure-
ments used in model simulations of overlake evaporation and lake surface water temperature. Of these shoreline and offshore 
stations, about half reported data for 10 years or less; many (yellow with concentric black dots) are seasonal buoys that are 
only deployed between May and November. The remaining stations (dark gray) are either too far from the lake shoreline to be 
potentially useful in overlake simulations or only monitor variables (such as precipitation) not used in overlake evaporation and 
surface water temperature simulations. For location sources, see ( 15).
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