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Nearshore conditions in the Great Lakes national parks:
A baseline water quality and toxicological assessment

By William O. Hobbs, Brenda Moraska Lafrancois, and
Eva DiDonato

Abstract

In summer 2010 the coastal water quality in Great Lake national
parks was assessed in conjunction with the EPA National Coastal
Condition Assessment program (NCCA). Here we present the main
findings from this survey, summarize environmental quality, and
test whether conditions within park boundaries differ from those
in the larger lake. We found that water quality was generally good
within park boundaries, as assessed using NCCA criteria, and did
not differ significantly from the larger Lakes Michigan and Superior
with one exception. Dissolved nitrogen concentrations within three
park boundaries were shown to be significantly different than in
the larger lakes. The presence of contaminants in sediments and
fish in all nearshore parks was widespread. However, contaminant
concentrations only exceeded environmental criteria in two sites

in Lake Michigan parks, and toxicology results revealed that
concentrations at these sites were not acutely toxic to sediment-
dwelling invertebrates. Ultimately, the data set compiled during
this study offers managers a common baseline on which to build
future monitoring efforts.
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tle Islands National Lakeshore, in Lake Superior.
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logistical, and jurisdictional constraints. In addition, the moni-
toring work of other agencies and partners has generally been
limited in scope or focused on specific research or management
goals. Consequently baseline data on nearshore waters in these
national parks are scarce, patchy in time and space, and in general
poorly suited for a comprehensive assessment of nearshore con-
ditions (Lafrancois and Glase 20035).

Many have recognized this gap in nearshore data availability.
Davis (2004) outlined a Service-wide effort to enhance the NPS
role in coastal park stewardship, noting a need to inventory, as-
sess, and monitor coastal resources. Similarly, in 2008 the NPS
Midwest Region released a strategy for protecting coastal waters
in Great Lakes national parks, identifying a need to acquire and
interpret baseline data on nearshore conditions (NPS 2008).
These needs have been further emphasized in subsequent NPS
natural resource condition assessments for Great Lakes parks,
with significant nearshore data gaps noted at even the most
prominent of these parks (e.g., Kraft et al. 2010). Concerns about

Lakes Restoration Initiative, a largg:scale, multiagency restoration
program coordinated by the EPA: These funds enabled managers
and scientists from the NPS Water Resources Division, Midwest
Regional Office, and Great Lakes Inventory and Monitoring
Network to partner with EPA to include NPS-administered sites
in the 2010 condition assessment. The result is a comprehensive
nearshore data set collected with consistent methods, addressing
multiple media (water, sediments, and fish), and spanning five
Great Lakes national parks (Isle Royale National Park and Apostle
Islands, Indiana Dunes, Pictured Rocks, and Sleeping Bear Dunes
National Lakeshores) as well as the nearshore waters of the Great
Lakes that are not part of a national park (fig. 1, next page).

Here we summarize the 2010 NCCA results, discuss NPS near-
shore conditions relative to the broader Great Lakes NCCA data
set and relevant environmental benchmarks, and describe impli-
cations for future NPS monitoring in the Great Lakes.
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Methods

Sampling

Contractors sampled a total of 262 sites for water chemistry in
Lakes Michigan and Superior, including 60 sites within Great
Lakes national parks (30 in each of Lakes Michigan and Superior),
over a 130-day period in the summer of 2010 (fig. 1). Sites were
selected using a Generalized Random Tessellation Stratified survey
design (Olsen 2009). Sampling (e.g., water, fish, and macroinver-
tebrates) and site reconnaissance protocols conformed to estab-
lished EPA protocols for the NCCA program (USEPA 2010a).
Sample depths ranged from 0.2 to 29.5 m (0.7—96.8 ft). Briefly, field
measurements at each site involved water column profiles for light,
temperature, dissolved oxygen, pH, and conductivity. Water qual-
ity and phytoplankton samples were collected at each site from a
depth of 0.5 m (1.6 ft) via a pumping system or a bottle-based water
sampling device. At a subset of sites, more extensive sediment and
fish sampling occurred, detailed below. Multiple sediment samples
were collected from these sites using a Ponar grab sampler for
analysis of benthic species composition and abundance, physical
and chemical characteristics, and use in acute whole sediment
toxicity tests. Targeted fish species were collected for contaminant
analysis using trawls and other appropriate methods.

Sediment chemistry and toxicity were assessed at 177 sites over
both lakes; 13 of these sites were within a park’s boundaries.

To evaluate the potential toxicity of existing contaminants to
sediment-dwelling aquatic invertebrates, sediment toxicity assays
were carried out using freshwater invertebrates (Hyalella azteca).
The assays determined the percentage survival of the inverte-
brates relative to a clean control sample (USEPA 2010b). Addition-
ally, we compared measured sediment contaminant concentra-
tions with the consensus-based threshold effect concentration
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Figure 1. Distribution of sampling sites in Lakes Superior (top) and
Michigan (bottom) for the 2010 sampling.
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the Great Lakes] because of financial,
logistical, and jurisdictional constraints.

and the probable effect concentration (MacDonald et al. 2000).
Results below the threshold effect concentration predict the ab-
sence of toxicity (lethality), and concentrations above the probable
effect concentration tend to predict sediment toxicity accurately. A
total of 192 samples were collected for benthic macroinvertebrates
from depths ranging from 0.4 to 33.2 m (13-108.9 ft).

A total of 148 tissue samples were collected from resident fish and
analyzed for toxics, including organochlorine pesticides, PCBs,
and mercury. Sampling and analysis protocols for the NCCA
program list the target fish species and length in each lake (USEPA
2010a). Analysis of contaminants in fish tissue is a useful estimator
of the potential risk to human health (USEPA 2009b). We assessed
all fish data against the ecological criteria under the Great Lakes
Water Quality Agreement (GLWQA) (Governments of Canada
and the USA 2012) and the EPA human health screening value,’
which is intended for fillet tissue but is used here as a conservative
comparison for whole-fish tissue concentrations.

Sample analysis

Laboratory analysis and quality control adhered to EPA guidance for
the assessment (USEPA 2010b). Water chemistry analyses included
nutrient (ammonia nitrogen, nitrate + nitrite nitrogen, total nitrogen,
soluble reactive phosphorus, and total phosphorus) and chlorophyll
a concentrations, while sediment samples were analyzed for legacy
and current-use organochlorine pesticides,> polychlorinated biphe-
nyls (PCBs, 21 congeners measured), and heavy metals including
total mercury. Whole-fish tissue samples were assessed for a similar
suite of persistent toxic compounds as sediments; macroinvertebrate
communities were also enumerated in a number of locations.

Data analysis

To test for potential differences in water and sediment chemistry
within and beyond national park boundaries in Lakes Michigan
and Superior we grouped the data into each Great Lake to test

'EPA risk-based approach for a cancer health endpoint based on the consumption
of four 8-ounce meals per month by a 150-pound adult human (USEPA 2000).
2dichlorodiphenyltrichloroethane (p,p' DDT), dichlorodiphenyldichloroethane
(p,p' DDD), dichlorodiphenyldichloroethylene (p,p' DDE), and 13 additional
compounds such as Mirex and Chlordane.
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each water quality variable separately. We then tested the data for
normality using a Shapiro-Wilks test and subsequently trans-
formed all data except pH, dissolved oxygen, and secchi depth
(table 1, next page). We conducted a one-way ANOVA (analysis
of variance) with a Levene’s test for equality of variance. Vari-
ables that showed significant differences were analyzed further
to quantify the significance by park using either a Bonferroni or
Dunnett’s test depending on the homogeneity of the variance.
Water quality variables were also compared with the NCCA
criteria for classification as “good,” “fair,” or “poor” (table 2, next
page; USEPA 2008; USEPA 2009a).

Macroinvertebrate sampling protocols (EPA) for bioassessment
recommend a minimum of 100 individuals for community analysis
(Barbour et al. 1999). Screening our data set yielded 101 of 192 sites
that met this criterion. Macroinvertebrate species diversity was
quantified by the Shannon-Wiener index and the number of in-
dividuals was standardized to a common count (100 as suggested
above). The similarity of macroinvertebrate communities to one
another was tested using a detrended correspondence analysis
(DCA) (Hill and Gauch 1980). The DCA is a multivariate statisti-
cal tool that allows us to visualize how similar communities are

by their proximity on a two-dimensional biplot (closer together is
more similar). All data analyses were made using the program R
(R Core Development Team 2014) and SPSS (SPSS 20009).

Results and discussion

Water chemistry

In general, water quality conditions in national park sites did not
differ significantly from those outside these areas, with the excep-
tion of some nutrient variables. Dissolved inorganic nitrogen
(largely as nitrate + nitrite, a nutrient variable) differed significant-
ly within and beyond national park boundaries. In Lake Superior,
Isle Royale had significantly higher dissolved inorganic nitrogen
concentrations than the lake outside park boundaries (p = 0.038)
(fig. 2A, page 41). This difference in dissolved inorganic nitro-

gen led to a significantly lower nutrient supply ratio (dissolved
inorganic nitrogen to total phosphorus) between Isle Royale and
the rest of Lake Superior (p = 0.011). Chlorophyll a concentrations
(a surrogate measure for algae growth) were also significantly
lower around Isle Royale when compared with the rest of the lake
(p < 0.005) or Apostle Islands (p < 0.005) and Pictured Rocks

(p < 0.005). In Lake Michigan, Sleeping Bear Dunes (p < 0.005)
and Indiana Dunes (p < 0.005) had significantly higher dissolved
inorganic nitrogen than the lake outside park boundaries (fig. 2B).
Sleeping Bear Dunes also had significantly higher soluble reactive
phosphorus (p < 0.005), the biologically available inorganic form
of phosphorus that algae use.
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Table 1. Summary of water chemistry parameters for Lakes Michigan and Superior national parks

Lake Michigan

Lake Superior

Apostle Pictured Indiana Sleeping
& Isle Royale Islands Rocks & Dunes Bear Dunes
L National National National Lo National National Lake
¢ Park Lakeshore  Lakeshore Lake Superior ¢ Lakeshore Lakeshore Michigan
S - —  ___O® - =
Parameter = Mean SD Mean SD Mean SD Mean SsD ~F Mean SD Mean SD Mean SD
pH none 7.68 0.32 7.63 0.13 7.78 0.26 7.75 0.34  none 8.39 0.16 8.20 0.21 8.21 0.25
Dissolved oxygen (mg/l) none 10.6 1.8 10.7 0.7 10.7 2.6 10.6 2.1 none 10.4 24 10.0 0.7 10.2 2.1
Secchi depth (m) none 9.5 3.9 6.0 1.6 8.0 0.0 6.1 3.6 none 4.3 2.0 6.3 3.1 4.9 3.4
% Photosynthetically log 0.69 0.12 0.56 0.11 0.60 0.12 1.56 9.59 log 0.69 0.15  0.60 019 063 0.66
active radiation at
1m(3.3ft)
NH, (mg/l) square  0.001  0.001 0.003 0.001 0.002 0.002 0.006 0.012 square 0.003 0.002 0.006 0.004 0.008 0.010
root root
NO, + NO, (mg/I) log 0.369 0.031 0.343 0.024 0.333 0.016 0.323 0.054 square 0.262 0.012 .0271 0.017 0.170 0.134
root
Total nitrogen (mg/l) log 0.433 0.026 0.497 0.015 0.393 0.033 0.445 0.149 log 0.431 0.043 0434 0.020 0.429 0.202
Soluble reactive log 0.004  0.001 0.003  0.001 0.004  0.001 0.006 0.006 log 0.008 0.004 0.006 0.003 0.005 0.003
phosphate (mg/l)
Total phosphorus (mg/l) log 0.004 0.001 0.003 0.002 0.003 0.002 0.007 0.013 log 0.004 0.001 0.004 0.002 0.010 0.022
Dissolved inorganic none 93 20 208 141 196 146 131 104 none 65 1 74 22 75 90
nitrogen: Total
phosphorus (molar)
Chlorophyll a (ppb) log 0.64 0.15 1.07 0.24 0.86 0.01 1.17 1.09 log 1.63 0.44  0.81 0.42 3.00 712
n 15 9 4 91 4 24 98
The water quality status, as defined by the NCCA criteria Table 2. Water quality criteria used by EPA during the
(table 2), was classified as “good” for all sample sites in the Great National Coastal Condition Assessment

Lakes national parks. Using more stringent assessment criteria
based on the National Lakes Assessment (USEPA 2009a), a
similar status of “good” was identified for these sites. Outside
boundaries of NPS-administered areas, coastal water quality was
also classified as “good” for most sites. However, several non-na-
tional-park sites in Lakes Michigan and Superior were classified
as “fair” or “poor” because of elevated nutrient concentrations.
These sites are affected by urban, industrial, and agricultural run-
off and received high nutrient loading ratings in a recent stressor
assessment for the Great Lakes (Allan et al. 2013).

Our observation of elevated dissolved inorganic nitrogen concen-
trations at Indiana Dunes and Sleeping Bear Dunes is puzzling
but may relate to localized inputs from groundwater or agricul-
tural tributaries. More surprising were the elevated inorganic
nitrogen concentrations at remote Isle Royale. Long-term moni-
toring of one Isle Royale watershed has documented a significant
increase in the concentrations of dissolved inorganic nitrogen
and dissolved organic carbon over the last several decades, likely
due to climate change and related impacts on temperature, snow-
pack accumulation, and soil microbial activity in park watersheds
(Stottlemyer and Toczydlowski 2006; 2011). Long-term increases

Threshold
Parameter Fair
Dissolved oxygen (mg/l) >5 2-5 <2
Chlorophyll a (ppb) <5 5-20 >20
Dissolved inorganic nitrogen (mg/l) <0.1 0.1-0.5 >0.5
Dissolved inorganic phosphorus (mg/I) <0.01 0.01-0.05 >0.05
Water clarity (% surface light at 1 m [3.3 ft]) >20% 10-20% <10%

Notes: Overall sample site water quality

Good = No component indicators rated poor; maximum of one rated fair.
Fair = One component indicator rated poor, or two or more indicators rated fair.
Poor = Two or more component indicators rated poor.

in dissolved inorganic nitrogen have also been noted in Lake Su-
perior as a whole (Sterner et al. 2007; Sterner 2011). Our findings
suggest that increased nitrogen leaching from remote watersheds
such as Isle Royale may increasingly influence Lake Superior’s
nutrient status as climate changes.

Sediment contaminants
There were no statistical differences in sediment contaminants
among sites within and outside park boundaries in either Lake
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Figure 2. Nitrate + nitrite concentrations for (A) Lake Superior and (B) Lake Michigan sites. The left panels show the concentrations over time

for the summer sampling period, and the right panels summarize the concentrations in box plots (median and quartiles) for the parks. In Lake
Superior, Isle Royale has significantly higher concentrations than the larger lake or the other parks; in Lake Michigan, both Indiana Dunes and
Sleeping Bear Dunes have significantly higher concentrations than the larger lake.

Superior or Michigan, although the total organic carbon concen-
trations in sediments collected within the boundaries of Pictured
Rocks are significantly lower than those collected outside the
park in Lake Superior (p = 0.027). All sites in the Great Lakes
parks were below threshold effect concentration values for total
PCBs (sum of all PCB congeners), total DDTs (sum of p,p' DDE,
p,p' DDD, p,p' DDT), total PAHs, and the majority of heavy
metals including mercury (fig. 3), suggesting low toxicity to
invertebrates. However, two sites did exceed the threshold effect

concentration for copper concentrations, one in Sleeping Bear
Dunes and one at Apostle Islands; the same site in Sleeping Bear
Dunes was also in excess of the probable effect concentration

for chromium. The most heavily impacted sites in Lakes Michi-
gan and Superior, where contaminant concentrations exceeded
threshold effect concentration and probable effect concentration
thresholds, were located adjacent to major urban and industrial
centers and are recognized areas of concern. Additional sediment
toxicity testing indicated that all sites within park boundaries
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Figure 3. Summary of the main sediment chemistry variables with toxicity threshold effect concentrations (TEC; red line) and probable
effect concentration (PEC; blue line) marked on each plot. NPS-administered sites are in red. The sediment toxicity threshold is based on the
percentage survival in control bioassays, where a result above the red line suggests no adverse impacts to the test organism.

were within threshold limits (i.e., they showed greater or equal in-
vertebrate survival in comparison to control assays), including the
site at Sleeping Bear Dunes where concentrations of chromium
were above the PEC threshold. Several sites in Lake Michigan and
one site in Lake Superior exceeded threshold limits for inverte-
brate toxicity; however, these sites were not located near national

parks (fig. 3).

Contaminated sediments in the industrialized regions of the
Great Lakes contribute to cumulative ecosystem stress (Allan et
al. 2013). Previous assessments of the sediment chemistry in these
lakes have identified sediment quality as a primary contributor
to degraded overall quality at many sample sites (USEPA 2008).
Although sediments within park boundaries did not exhibit
acute toxicity, each of the sites at Indiana Dunes had detectable
concentrations of total PAHs, and the threshold exceedances

for copper and chromium at Apostle Islands and Sleeping Bear
Dunes are of concern. Elevated concentrations of PAHs are well
documented at Indiana Dunes and are likely the result of deposi-
tion of atmospheric particulates from coal and other combustion
sources (Egler et al. 2013). Causes for elevated copper and chro-
mium concentrations at the Apostle Islands and Sleeping Bear
Dunes sites are less clear since neither site is directly influenced
by riverine runoff or substantial urban or industrial sources, and
copper concentrations are thought to be relatively moderate in
and near these parks (Allan et al. 2013). However, copper and
chromium have been associated with a range of agricultural and
marine applications and both parks share a common agricultural
(e.g., orchards) and maritime context.

Fish contaminants

The accumulation of legacy organochlorine pesticides, PCBs,
and mercury in fish of the Great Lakes has long been recognized
as a human health risk and a significant impact on the ecological
health of these ecosystems (Environment Canada and the USEPA
2011). Although a majority of all fish samples (83%) had detectable

concentrations of total PCBs, no samples from national park sites
had concentrations exceeding a threshold of more than 100 ppb
as per the GLWQA (Governments of Canada and the USA 2012),
and only a few park sites (one from Apostle Island and seven
from Indiana Dunes and Sleeping Bear Dunes combined) had
concentrations exceeding the EPA human health screening value
of 12 ppb (USEPA 2000). Similarly, most fish samples (86%) had
detectable concentrations of total DDT, but none of the samples
exceeded the threshold of 1,000 ppb as per the GLWQA (Gov-
ernments of Canada and the USA 2012), and no national park
samples exceeded the EPA’s human health screening value of 69
ppb (USEPA 2000). All fish samples contained detectable con-
centrations of mercury; however, no samples from national park
sites exceeded the EPA recommended methylmercury criterion
of 300 ppb (USEPA 2001). Tiwo fish tissue samples from Lake Su-
perior and one from Lake Michigan had mercury concentrations
greater than the USEPA criterion. Chlordane is an organochlorine
pesticide that was banned in the United States for all uses in 1988;
however, it is still prevalent in fish tissue throughout the country
(USEPA 2009b). We found measurable concentrations in 27% of
all samples analyzed, but none exceeded the EPA human health
screening value of 67 ppb (USEPA 2000).

Although concentrations of PCBs and legacy pesticides continue
to decline in Great Lakes fish (Salamova et al. 2013), we note that
PCBs and DDT are still detected in a large majority of fish from
the 2010 survey. Recent studies document a halt in the declining
trend of organic contaminant concentrations in fish tissue over
time from the Great Lakes (Carlson et al. 2010; Monson et al.
2011), possibly because of changes in the base of the Great Lakes
food web, which alter the biomagnification of these contami-
nants. Relative to previous studies of contaminants in the same
species of fish from Lakes Superior and Michigan, concentrations
measured during the 2010 survey were generally lower (Carlson
et al. 2010). A recent survey (near Apostle Islands) of bald eagles,
which are dependent on fish and other aquatic prey, found that



PCBs and DDT are still detected in a large
majority of fish from the 2010 survey.

contaminant concentrations were below levels thought to impair
reproduction (Dykstra et al. 2010). However, new contaminants
such as perfluorinated compounds also pose a threat to aquatic
life and wildlife that depend on them (Route et al. 2014).

Benthic macroinvertebrate communities

Macroinvertebrate species diversity did not differ significantly
among parks and the nonpark waters of the Great Lakes, nor did
species richness. In previous assessments of Great Lakes mac-
roinvertebrate communities, indicator species of Diporeia and
Hexagenia have been used to evaluate benthic health because of
their importance at the base of the Great Lakes food web (USEPA
2012). However, Diporeia and Hexagenia were not abundant
enough to consider using them as lake-wide assessment tools for
the coastal sites. Only one Diporeia specimen was identified and
very few samples contained more than five Hexagenia specimens.

Analysis of the macroinvertebrate community and the species
diversity data reveals a clear separation of communities between
Lakes Michigan and Superior (fig. 4). Goforth and Carman (2005)
suggest that nearshore substrate has a significant influence on

the community structure and density of benthic organisms in the
Great Lakes. However, the vast majority of sites in the 2010 survey
had similar substrates dominated by sand. A range of other factors
(e.g., currents, sediment contaminants, and local food webs) likely
accounts for the variation in community composition among these
sites. A handful of samples from Green Bay on Lake Michigan re-
semble samples from some Lake Superior sites, which is interest-
ing given the differences in water chemistry between the two lakes.

Summary and management implications

The 2010 condition assessment survey indicated that coastal water
quality in the Great Lakes national parks was generally good, and
that sediment and fish contaminants were generally below levels
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Figure 4. Community analysis of the macroinvertebrate samples.
The parks do not differ from the surrounding Great Lake and there
is a clear separation of communities between Lakes Superior and
Michigan. Circle size is scaled to species richness, where a larger
circle indicates a greater number of species.

of concern for consumption by humans and wildlife. However,
we identified several potential management issues: (1) elevated
dissolved inorganic nitrogen concentrations at Isle Royale, Indi-
ana Dunes, and Sleeping Bear Dunes; (2) elevated heavy metal
concentrations in sediments at Apostle Islands and Sleeping Bear
Dunes; and (3) continued detection of legacy contaminants in
whole-fish samples.

We found this broad-scale survey valuable for creating a base-
line data set and providing a larger spatial context for under-
standing nearshore conditions in the Great Lakes national
parks. Since conditions in NPS-administered waters did not
differ greatly from those of the surrounding lake waters in the
2010 study, we conclude that the broader surveys of the EPA
National Coastal Condition Assessment program (expected to
recur every five years) may suffice for understanding general
trends in coastal conditions at these parks. However, unless
national parks are explicitly included in future NCCA study
plans, it is not clear how many EPA sites will occur in or near
national parks, or whether park-specific nearshore issues will
be as readily identifiable. We expect results of this study to
inform site selection for future interagency contaminant moni-
toring, inspire topical follow-up research, and serve as a foun-
dation for understanding future trends in nearshore conditions
at Great Lakes national parks.
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