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1. Synopsis 
 
The State is developing a “Maryland Genuine Progress Indicator” that will include 
several economic, environmental, and social indicators of sustainable prosperity.  The 
area of water resources offers important ecosystem and human quality of life services that 
have not been adequately described.  A major challenge is accurately quantifying the 
extent of Maryland’s water resources and the percentage of these resources that are 
currently degraded and have been degraded over time. 
 
Monitoring information collected by the Maryland Department of Natural Resources 
(DNR) in the State’s surface waters is among the best in the Nation.  This report presents 
one approach for quantifying the condition (i.e., the extent of degradation) of Maryland’s 
water body types using data collected in these DNR monitoring programs.  While long-
term trends in the degradation of water resources are important for evaluating progress 
toward sustainability, useful monitoring data included in this report extend back to only 
the mid-1970s, with the most comprehensive data sets extending back to the mid-1990s. 
Nevertheless, this report establishes a baseline of current water quality conditions (status) 
that can be tracked in future years to document the effectiveness of management actions 
aimed at sustainability. 
 
Maryland possesses abundant surface water resources in streams, rivers, lakes, estuaries, 
coastal bays, and near-shore ocean areas.  The combined acreage of these water body 
types comprises 21% of the total area of the State (sixth highest of the 50 states).  Surface 
water acres by water body type in Maryland were estimated to be: 
 

• Non-tidal streams (wadeable, 1st through 4th order) = 16,300 acres 
• Tidal streams = unknown area, but possibly about 1,000 acres 
• Rivers (5th order and larger) = about 25,000 acres (11,226 acres excluding the 

Potomac River for which no biological indicator of condition was available) 
• Lakes (all man-made) = 30,725 acres 
• Chesapeake Bay = 1,543,090 acres 
• Coastal Bays = 60,650 acres 
• Near-shore Atlantic Ocean waters were not included in this analysis. 
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We selected biological community indicator scores as the most consistent measure of 
water body condition and extent of degradation.  Throughout Maryland, and elsewhere in 
the U.S. and the world, reference-based biotic indices (focused on fish and benthic 
macroinvertebrate communities) are being used to assess overall water quality (Karr 
1981, 1987, 1991).  In Maryland, the Maryland Biological Stream Survey (MBSS) that 
monitors headwater streams and the Long-Term Benthic Survey (LTB) that monitors the 
Chesapeake Bay were among the first programs in the mid-Atlantic region to develop 
robust biological indicators derived from probability-based (random) sampling designs.  
Biological indicators from these two programs differentiate three or four condition 
categories.  For this analysis, the total acres and the percentage of total acres below an 
accepted threshold of degradation (e.g., < 3.0, on a scale of 1 to 5, for MBSS benthic 
macroinvertebrate index of biotic integrity, BIBI, scores) were used to characterize the 
condition of non-tidal streams and Chesapeake Bay. To assess conditions in the Coastal 
Bays, we used benthic macroinvertebrate index scores that failed to meet the goals for 
each year as the degradation threshold.  The condition indicator for Maryland lakes was a 
diatom-based index developed by U.S. Environmental Protection Agency (EPA) for their 
National Lakes Survey.  The condition indicator for rivers was also based on benthic 
macroinvertebrate samples; but since this indicator did not have a reference-based 
threshold of degradation specifically developed for rivers, the MBSS threshold for non-
tidal streams was also used for rivers.   
 
During the period of water monitoring data availability, 1975 through 2008, there was no 
single year for which condition data were available for all water body types included in 
this analysis.  Therefore, a range of years (2000-2003 plus 2007), during which 
monitoring data and condition estimates were available for all water body types (except 
the near shore Atlantic Ocean not included in this analysis), was designated as the 
‘benchmark period’ for estimating current conditions (i.e., status).  We used the average 
of the percentages of degraded acres of each water body type across these five years to 
determine the overall area-weighted percentage of each water body type that the 
biological indicator scores indicated were degraded.   
 
We concluded that over all Maryland water body types included in this analysis, 60.7 % 
(or 1,014,695 acres) are currently degraded.  Each water body type contributes to this 
degraded percentage as follows: 
 

• Streams:  42.2% of 16,325 acres  
                      (1.0% of all water body acreage) 
• Rivers:  10.4% of  11,226 acres are degraded (excluding about 14,000 acres in  
                    the Potomac River (0.7% of all water body acreage) 
• Lakes:  12.4% of 30,725 acres are degraded 
                    (1.8% of all water body acreage) 
• Chesapeake Bay:  64.0% of 1,543,090 acres are degraded 
                                    (92.3% of all water body acreage) 
• Coastal Bays:  21.4% of 69,651 acres are degraded 
                              (4.2% of all water body acreage) 
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Within the time periods covered by the DNR monitoring data sets used in this report, 
these trends were observed but not confirmed statistically:   
 

• A slight decrease in the percentage of degraded non-tidal stream acres between 
1995 and 2008, suggesting stream conditions may be improving. 

• A slight increase in the percentage of degraded acres in the Chesapeake Bay  
between 1994 and 2007, suggesting Bay conditions may be declining. 

• A decrease in the percentage of degraded acres in the Coastal Bays between 
2000 and 2003, only four years of data, suggesting conditions in the Coastal 
Bays may be improving. 

• A large decrease in the percentage of degraded river acres (excluding the 
Potomac) from 1975-1978 to 1991-1994 (suggesting improved conditions), with 
no discernable changes in river conditions since 1994. 

 
As described in more detail below, we are more confident in the estimates for acres of 
degraded Maryland streams, Chesapeake Bay, and Coastal Bays than for lakes and rivers. 
We did not attempt to back cast any trends in surface water conditions in Maryland 
earlier than 1975.  An examination of land use changes and human population growth 
trends, with adjustments for probable benefits to water quality related to the Clean Water 
Act (1972), the phosphate ban, and more recent efforts to manage storm water runoff and 
other non-point sources of pollutants should offer some insights into surface water 
conditions in Maryland prior to the bench mark years for this report:  2000-2003 plus 
2007. 
    
2. Introduction 
 
The most important issue for this analysis is a consistent measure of water body 
degradation (or condition). Fortunately, the Maryland Biological Stream Survey (MBSS) 
and Long-Term Benthic (LTB) monitoring program in the Chesapeake Bay were among 
the first to develop robust biological indicators commonly used to assess water body 
condition (Klauda et al. 1998, Llanso et al. 2008, Stranko et al. 2009, Southerland et al. 
2007, Southerland et al. 2009).While these indicators differentiate three to four condition 
categories, only the percentage of waters below an accepted threshold of degradation 
(e.g., scores < 3.0 for the MBSS benthic macroinvertebrate index of biotic integrity, 
BIBI) is evaluated in this report. The indicator for river condition was also based on 
benthic macroinvertebrate samples collected by DNR’s Core/Trend program (Friedman 
2008).  But, because the Core/Trend benthic data set does not have a reference-based 
threshold of degradation, the stream threshold based on the MBSS was used to estimate 
acres of degraded rivers. The indicator of lake condition was a diatom-based indicator 
developed by EPA for their National Lakes Survey (US Environmental Protection 
Agency 2009).  For the Coastal Bays, benthic macroinvertebrate index scores that failed 
to meet the goals for each year were used as the degradation threshold (Wazniak and 
Llanso 2004). 
 
A second important issue is standardizing the extent measure for all water body types. 
For consistency of comparisons, we calculated the area (in acres) of surface water for 
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streams and rivers (i.e., stream miles were multiplied by measured widths using 
appropriate weighted estimation techniques; river miles were calculated from GIS).  
These surface water areas were used along with existing acreage estimates given in 
various reports for the Chesapeake Bay, Coastal Bays, and lakes.  
 
3. Maryland’s Water Resources 
 
Maryland possesses abundant water resources, including streams, rivers, lakes, estuaries, 
and coastal waters. The areal extent of these waters makes up 21% of the total area of 
Maryland (sixth among the 50 states). The approximate acres of each surface water body 
type as follows: 
 
Non-tidal Streams (wadeable, 1st through 4th order) = 16,300 acres 

• The MBSS stream width was calculated for each stratum (sampling region 
and stream order) using the same estimators used to estimate stream condition 
(note that the larger 1:100,000-scale stream network for the MBSS Round 2 is 
balanced by the higher proportion of 2nd and 3rd order streams sampled during 
Round 1, when stream miles are converted to acres). 

• This total acreage estimate for non-tidal streams does not include ephemeral 
and intermittent streams because they are not sampled by the MBSS.  An 
additional 40% of stream miles may be present in these smallest streams 
(based on 1:24,000-scale map overlay in Montgomery County, MD) 
(Southerland et al. 2008). 

 
Tidal Streams = unknown area (approximately 1,000 acres) 

• About 7% of wadeable streams are freshwater tidal and not currently sampled 
by the MBSS (Southerland et al. 2008). 

• The estimate of about 1,000 acres is based on the assumption that the average 
tidal stream width is the same as the weighted average width for all non-tidal 
streams. 

 
Rivers (5th order and greater) = approximately 25,000 acres (11,226 acres, excluding about 
14,000 acres in the Potomac River that is not included in the river condition estimate). 

• Approximately 1.5% of all flowing water miles in Maryland are rivers that are 
not sampled by the MBSS (Southerland et al. 2008). 

• The Core/Trend survey has sampled a limited number of rivers since 1975. 
• We estimated river acreage based on a GIS analysis. 
• The Potomac River area was estimated to be about 14,000 acres. 

 
Lakes (all man-made) = 30,725 acres 

• The total acres of lakes in Maryland was provided by Sherm Garrison  
(DNR). 

 
Chesapeake Bay = 1,543,090 acres 

• Chesapeake Bay comprises 92% of all water body surface area in Maryland. 
• Approximately 15% (or 231,300 acres) are shallow areas not currently 

sampled by the LTB (Southerland et al. 2008). 
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Coastal Bays = 69,650 acres 

• The Coastal Bays survey sampled Maryland’s waterbodies bordering the 
Atlantic Ocean during 2000-2003 (Wazniak and Llansó 2004). 

 
The Maryland Biological Stream Survey (MBSS) uses a random sampling design that 
yields probability-based estimates (with known confidence intervals) of the extent of 
degraded wadeable, non-tidal streams (1st through 4th order). Similarly, the Long-Term 
Benthic (LTB) monitoring program provides a robust estimate of tidal water conditions in 
the Maryland portion of the Chesapeake Bay.  The Maryland Coastal Bays survey used a 
similar sampling design and provided comparable data. The survey of the Coastal Bays 
provided data for estuarine waters along the Atlantic coastline of Maryland (Wazniak and 
Llanso 2004).  At present, there are no robust assessments of conditions for freshwater 
tidal streams and Atlantic Ocean coastal waters.  The Core/Trend survey (Friedman 
2008) provided useful but somewhat limited estimates of conditions in Maryland rivers.  
For lakes, data were provided by a national assessment of lake status sponsored by EPA 
that is based on a diatom indicator (US Environmental Protection Agency 2009).   
 
4. Non-tidal Streams 
 
The MBSS sampled non-tidal streams in 84 Primary Sampling Units (PSUs) that were 
equivalent to individual or combined 8-digit watersheds throughout Maryland during 
Rounds 2 and 3 (18 drainages basins were used as PSUs in Round 1).  Each year of the 
survey used a stratified random (2-stage stratification by PSU and stream order for  
Round 1) sampling design. This design allows annual estimates of the statewide 
percentage of degraded streams with confidence intervals for the individual years 1995, 
1996, 1997 (Round 1); 2000, 2001, 2002 2003, 2004 (Round 2); and 2007, 2008, 2009 
(Round 3). The total acres failing to meet or exceed the 3.0 threshold BIBI score and the 
percentage of total acres that these represent are given in Table 1.  For this report, failing 
acres are defined as non-tidal streams in a degraded condition. 
 
 
Table 1.  Total non-tidal stream acres failing, percentage of acres failing, 
and the number of sites sampled each year by the MBSS.  ND = no data 

Year Total Acres Failing 
Percentage 

Failing 
Number 
of Sites 

1995 8,666 53.09 284 
1996 9,807 60.07 343 
1997 8,580 52.55 328 
1998 ND ND ND 
1999 ND ND ND 
2000 7,976 48.85 210 
2001 5,274 32.31 212 
2002 7,737 47.40 216 
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2003 5,979 36.62 219 
2004 7,692 47.11 207 
2005 ND ND ND 
2006 ND ND ND 
2007 7,478 45.81 88 
2008 7,121 43.62 90 

 
 
5. Rivers 
 
Data from the Core/Trend monitoring program provided the best available source of 
information for characterizing stream conditions for years prior to 1995. However, 
Core/Trend sampling sites were neither randomly selected nor sampled with the same 
methods at all sites. In addition, the Core/Trend sites were located on both streams and 
rivers (Table 2). No stream/river widths were measured by the Core/Trend program. To 
estimate the area of degraded rivers, sampling sites in rivers (≥5th order) were extracted 
from the Core/Trend data set and river widths were determined using GIS.  These 
monitoring sites were spread out across 10 Maryland’s rivers, which together comprise 
2,286 acres out of a total of 11,226 acres for all Maryland rivers (Figure 1).  The 
percentage of the river acreage sampled that failed (i.e., fell below the BIBI threshold 
score of 3.0) was calculated and then that percentage was multiplied by the total river 
acreage in Maryland (11,226 acres) to derive a statewide estimate of degraded river 
acreage.  Although there are about 14,000 additional acres of river surface area in the 
Potomac River (Andy Becker, DNR, personal communication), there are no BIBI scores 
available to assess the biological condition of this river system.  Therefore, the Potomac 
River was not included in the calculations reported here.   
 
Spatial coverage of Core/Trend program sampling was more complete in some years than 
others.  In order to gain sufficient geographical representation, four or five years of data 
were aggregated into year-blocks throughout the time series (Table 3).  During any given 
year-block, the maximum number of sites sampled was 20 and the minimum number was 
14.  The BIBI developed from Core/Trend program data by DNR (Walt Butler, personal 
communication) was used to assess the biological condition of Maryland’s rivers.  The 
Core/Trend BIBI in its current form does not have a threshold for degradation, therefore 
we used the MBSS BIBI threshold (i.e., rivers with Core/Trend BIBI scores <3.0 were 
classified as degraded).  The Core/Trend sites are not probability-based (randomly 
selected) and the degree to which they represent all Maryland rivers has not been 
demonstrated.  Major caveats associated with using data from the Core/Trend program 
are discussed in Section 10 of this report.   
 
The Core/Trend survey collects benthic macroinvertebrate samples at specific sites  
(3 square feet of substrate per site) and does not sample river segments.  Because stream 
miles are not available for this survey, river acreage was determined using GIS and site-
specific samples were assumed to be representative of the entire river for the year-block 
in which they were sampled.  For example, if one Core/Trend site out of three sites 
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sampled in a particular river had a BIBI score <3.0 and was therefore classified as 
degraded, then that entire river was assumed to be 33% degraded.  The area-weighted 
average percent degraded of all river acres sampled was calculated for each year-block 
and then those percentages were multiplied by the total number of river acres in 
Maryland.  The resulting product was the percentage of river acres classified to be in a 
degraded condition.   
 
Pending an evaluation of representativeness, condition assessments for Maryland rivers 
based on Core/Trend survey data should be used with caution. Our recommendation is to 
compare Core/Trend site results with any close proximity sites sampled during EPA’s 
2008-2009 National Rivers Survey (when results are available) or with any other river 
assessments. 
 
 
Table 2.  Core/Trend survey, 1975-1989: Percentage of sites 
located in each stream order for each year. 
 

Order 1975-1978 1979-1982 1983-1986 1987-1989 
1 2.4 3.5 3.6 4.8 
2 9.2 11.2 9.4 8.3 
3 23.5 29.7 25.1 27.0 
4 18.3 16.2 24.4 24.8 
5 24.0 22.8 17.3 17.4 
6 4.6 4.8 6.2 4.8 
7 18.1 11.8 14.0 13.0 

 
 
 
 
 
Table 3.  Number of river acres failing and the percentage of acres failing during year-
blocks of the Core/Trend survey.  Number of sites and sampling events are also shown.  
Some sites were visited multiple times during a given year-block.  These estimates 
exclude the Potomac River (for which no BIBI scores are available).   

 

Year 
Total Acres 

Failing 
Percentage 

Failing 

Number of 
Sites 

Number of 
Sampling 

Events 
1975-1978 6721.2 59.87 19 57 
1979-1982 2747.1 24.47 20 104 
1983-1986 2475.7 22.05 19 50 
1987-1990 1912.9 17.04 19 45 
1991-1994 829.6 7.39 14 42 
1995-1999 1282.0 11.42 15 61 
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2000-2003 1169.8 10.42 16 57 
2004-2007 903.7 8.05 15 51 



 
Figure 1.  Locations of Core/Trend survey sampling sites in Maryland rivers (excluding the Potomac).  Rivers outlined in orange are 
≥5th order and black circles represent the Core/Trend sampling sites.  Either all or a subset of these sites was sampled in each year-
block analyzed for this report.
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6. Estuaries 
 
The Long-Term Benthic Monitoring Program (LTB) has been sampling 150 random sites 
each year in the Chesapeake Bay and its tidal tributaries since 1994.  These random 
samples provide a yearly estimate of Bay acres failing to meet Restoration Goals (Llansó 
et al. 2008), as presented in Table 4.  The Chesapeake Bay comprises 92% of all water 
body surface area in Maryland. 
 
 
Table 4.  Estimated tidal area (acres) in the main-stem Chesapeake Bay and tidal 
tributaries in Maryland failing to meet the benthic macroinvertebrate community 
restoration goals (Llansó et al. 2008). 

 
Year Total Acres Failing Percentage Failing 
1994 1,070,437 66.5 
1995 904,138 58.6 
1996 857,189 55.6 
1997 872,015 56.5 
1998 1,063,024 68.9 
1999 972,338 63.0 
2000 945,898 61.3 
2001 874,239 56.7 
2002 1,009,651 65.4 
2003 1,009,651 65.4 
2004 802,580 52.0 
2005 1,008,168 65.3 
2006 1,135,425 73.6 
2007 1,100,089 71.3 

 
7. Lakes 
 
There are no significant, naturally-formed lakes in Maryland.  All identified “lakes” and  
“ponds” are man-made reservoirs created by impounding natural water by damming 
natural waterways, excavation, or building dikes or levees.  Several available sources of 
data have been used to determine how the number of acres of lakes in the State, and each 
has known limitations.   
 
In 1985, a report listing significant dams in Maryland was published as an inventory of 
dams and resources with a potential for hydropower development (Weisberg et al. 1985).  
While this report was not an inventory of lakes per se, it served as the basis for a 
subsequent State listing of “significant, publicly-owned lakes” which was required for 
participation and annual reporting in the federal Clean Water Act S. 314 (Clean Lakes 
Program) restoration grant program.  Maryland defined eligible lakes as those having a 
surface area equal to or greater than 5 acres, that were located on publicly-accessible 
lands, and that served multiple uses (though not including services as waster water 
lagoons, municipal or industrial ponds, or storm water management).  This working 
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definition excluded many smaller lakes and ponds and excluded all lakes on private 
property or federally-controlled lands.  With this restrictive definition, Maryland 
routinely reported on water quality conditions in 59 “significant, publicly-owned lakes” 
with a surface area totaling 20,010 acres. 
 
In 1991, EPA provided summary water body statistics for each state using a USGS 
hydrologic trace data base (Digital Line Graph) with a related system linked with 
connectivity data as a water body network developed by EPA (Reach File Version 3).  
The process addressed mapping stream traces at a scale of 1:100,000 and identifying 
lakes as polygons of stream traces outlining a lake’s shoreline.  In their report, EPA 
identified 947 lakes in Maryland totaling 77,965 acres (US Environmental Protection 
Agency 1991).  State summary results in this EPA report were significantly greater than 
the data being reported to EPA in the biennial Clean Water Act S. 305(b) water quality 
and CWA S. 314 reports.  It was suspected that numerous, smaller lakes and ponds (< 5 
acres), especially numerous agricultural water supply and urban storm water management 
ponds and lakes on inaccessible private properties and federal lands, would comprise the 
bulk of apparently “missing” lakes.  EPA never responded to repeated requests for copies 
of the Reach File data source.  Therefore, while the EPA lake numbers and acreage data 
are often reported, state agency confidence (Maryland included) in these data is low.  
 
The most recent version of Maryland’s Dam Inventory Report was published as a 
computer data base (Paradox for Windows) in 1999 (Maryland Department of Natural 
Resources 1999).  In this data base are 374 dams with a total surface area impoundment 
of 34,164 acres, 44% of the lake acreage for Maryland report in the 1991 EPA report.  
Many of these facilities were created for specific purposes and not designed to simulate a 
natural lake (lacustrine) environment.  The reported purposes are listed as follows in this 
data base: 

• 42 industrial/municipal water/waste lakes (761.2 acres) 
• 4 agriculture irrigation lakes (21.5 acres) 
• 32 storm water management facilities (73.2 acres) 
• 19 breached dams or dry systems (150.4 acres). 

 
A final review of this data base identified some dams as being “run of the river”; that is, 
the volume of water being discharged at the dam is governed by river flow.  From a 
limnological perspective, a “run of the river” impoundment is one in which the retention 
time is comparatively low (i.e., stream flow versus storage capacity), permanent water 
currents may be present, and these impoundments are often created by “low head” dams 
(although some large dams might impound wide, shallow reservoirs, often filled with 
sediment that may also have defined currents; e.g., Conowingo Dam on the lower 
Susquehanna River).  The width of these impoundments often is not much wider than the 
river.  Conditions in these impoundments may be more representative of a large pool in 
the river rather than a lake environment.  To identify “run of the river” impoundments 
from this data base, the lake watershed area (square miles converted to acres) was divided 
by the surface area of the impoundment (acres).  In the mid-Atlantic region, the larger the 
ratio of watershed area to impoundment surface area, the more likely would the 
impoundment be classified as “run of the river”.   
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For this analysis, based on known “run of the river” systems and satellite imagery (from 
Google Earth), the ratio threshold was set at 5,000.  Impoundments in Maryland 
exceeding this threshold value are classified as “run of the river” and not considered to be 
lakes.  Using this criterion, 35 impoundments were classified as “run of the river” with a 
total surface area of 2,432.9 acres.  Excluding these impoundments from the original 
listing, the most recent dam inventory describes 242 impoundments classified as “lakes” 
in Maryland, with a total reservoir surface area of 30,725 acres.  These data sources have 
not been updated since 1999, hence new reservoirs (e.g., Lake Artemesia in Prince 
George’s County and others) have not been included in this report, nor did we delete 
impoundments whose reservoirs had been drained or whose dams have been breached or 
removed. 
 
Maryland has no regular statewide assessment of lake water quality or biological 
condition.  MDE is continuing a long-term monitoring program in selected reservoirs to 
measure contaminant levels in game fish tissues and assess human health risks.  In 1991 
and 1993, the State assessed trophic conditions (using an estimate of lake productivity 
based on measurements of phosphorous, chlorophyll a, and water clarity) at 59 
“significant, publicly-owned” reservoirs.  In some water supply reservoirs, there are 
regular intensive water quality monitoring programs focused on managing the reservoir 
watersheds and refining the water treatment process. 
 
In 2004, EPA began a national water body assessment program to describe water quality, 
biological community conditions, and habitat conditions in the Nation’s waters.  
Wadeable streams were assessed first follow by lakes, rivers, coastal waters, and 
wetlands.  Randomly-selected water bodies in each state were sampled by state agencies, 
tribal groups, or contractors trained by EPA staff using nationally-consistent field and 
laboratory methods.  Results of these national surveys are being analyzed by EPA and 
statistically-valid summaries of water body conditions are being produced and 
disseminated.  If funding for this program continues, the monitoring cycle will be 
repeated in each water body type every five years to yield status and trends reports at 
various spatial scales from national to EPA region to ecoregion.   
 
A draft report on the National Lakes Assessment results from samples collected in 2007 
provided national and ecoregion assessments of water quality, biological conditions, and 
habitat conditions (US Environmental Protection Agency 2009).  Maryland’s 
participation in this survey consisted of collecting samples and conducting assessments in 
six lakes selected by EPA among: 

• 1,241 lakes assessed nationwide (0.5%), and  
• 74 lakes assessed in EPA Region III (8%). 

 
Two aggregated Level III ecological regions (ecoregions) split Maryland at about the Fall 
Line (map at:  ftp://ftp.ega.gov/wed/ecoregions/reg3/reg3_eco_pg.pdf) into the: 

• Coastal Plain ecoregion (103 MD lakes with total surface area = 4,132.5 acres) 
• Southern Appalachian ecoregion (139 MD lakes = 26,592.4 acres). 
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Of the six lakes assessed in Maryland during EPA’s National Lakes Assessment, one was 
located in the Coastal Plain ecoregion among 99 other lakes assessed in this ecoregion 
(1.0%), while the five remaining Maryland lakes were in the Southern Appalachian 
ecoregion among the 116 others assessed in this ecoregion (4.3%). 
 
Defining the Biological Condition of Lakes 
 
In the draft National Lakes Assessment report (US Environmental Protection Agency 
2009), diatoms are used to assess the biological condition of lakes.  The Lake Diatom 
Condition Index (LDCI) was compared to a natural lake diatom community reference 
condition.  The LDCI is a variant of the Index of Biotic Integrity (IBI) which is defined 
by looking at measures of taxonomic richness, habit and trophic composition, sensitivity 
to human disturbance, and other aspects that reflect “natural” conditions.   
 
Scores for each National Lakes Assessment condition indicator for a lake (including the 
LDCI) were classified as “good”, “fair”, or “poor”, relative to the conditions for that 
indicator in reference lakes, where: 

• “good” denotes an indicator score similar to that found in minimally-disturbed 
reference lakes, 

• “fair” denotes lake conditions on the borderline of reference lake conditions, and 
• “poor” denotes lake conditions definitely different from reference conditions. 

 
Based on LDCI scores for 7,009 lakes assessed in the Coastal Plains ecoregion, 

• 63.1% of the lakes are in good biological condition, 
• 24.1% of the lakes are in fair biological condition, and  
• 6.3% of the lakes are in poor biological condition. 

 
Based on LDCI scores for 4,690 lakes assessed in the Southern Appalachian ecoregion, 

• 63.0% of the lakes are in good biological condition, 
• 22.4% of the lakes are in fair biological condition, and 
• 13.3 % of the lakes are in poor biological condition. 

 
The draft lakes assessment report does not recommend extrapolating ecoregion condition 
estimates to a single state or individual lake.  The sampling design was not intended to 
characterize lake conditions at fine spatial scales.  Given the error in defining the LCDI, 
the use of a fixed index scale, varying sizes and features of lakes in Maryland, and the 
agglomeration of a large number State lakes (about 100+), application of LCDI results for 
this analysis is probably a reasonable approach to assessing lake conditions in Maryland 
based on the diatom community indicator.   
 
Extrapolating the EPA National Lakes Assessment results in the Coastal Plain ecoregion 
that indicate lakes in “poor” biological condition (our definition of “degraded” for the 
purposes of the analyses conducted for this report) to Maryland’s Coastal Plain lakes 
produced an estimate of 260.3 acres of lakes that are degraded.  Extrapolating the EPA 
National Lakes Assessment results in the Southern Appalachian ecoregion that indicate 
lakes in “poor” biological condition to Maryland’s Southern Appalachian lakes produced 
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an estimate of 3.536.8 acres of lakes that are degraded.  Therefore, statewide in 
Maryland, we estimated that 3,797.1 acres (12.4% of the total lake acreage in the State) 
were degraded in 2007, the only year for which we have a statewide assessment of lake 
condition.  
 
8. Coastal Bays 
 
Benthic macroinvertebrate data were collected annually in Maryland’s Coastal Bays only 
in 2000 through 2003.  Random sampling allowed for an estimate of the percentage of 
Coastal Bay surface area (acres) that failed to meet the benthic index goal in each year; 
i.e., were defined as degraded (Wazniak and Llansó, 2004), as presented in Table 5 
below. 
 
 
Table 5. Estimated area (acres) failing to meet the benthic index goals in the Maryland 
Coastal Bays and the number of sites sampled each year (Wazniak and Llansó 2004). 
 

Year Total Acres Failing Percentage Failing Number of Sites  
2000 15,463 22.2 54 
2001 20,896 30.0 54 
2002 16,020 23.0 124 
2003 7,313 10.5 152 

 
 
9. Statewide Estimates of Degraded Water Resources by Water Body Type and Overall 
 
The annual percentage of the total area and the total area degraded for each water body 
type on a statewide basis is summarized in Figure 2 below.  Unfortunately, during the 
period 1975 through 2008, there was no individual year for which monitoring data and 
condition estimates were available for all water body types.  Therefore, a range of years 
(2000-2003 plus 2007), over which data could be attained for all water body types, was 
identified as a benchmark period to describe water body status based on biological 
conditions.  We used the average of the percentages of degraded area for each water body 
type across these five years to determine the overall area-weighted percentage of 
Maryland’s water bodies that is degraded (Tables 6 and 7). We estimated that 60.4% of 
all water body types in Maryland included in these analyses are degraded (i.e., the current 
status).  
 
The next logical step in this exercise would be to project back in time from this current 
estimate of degraded surface waters in Maryland (for the period 2000-2003 plus 2007) 
and attempt to characterize trends in water resources conditions back to 1950 or 1960.  
This step was not taken in this report.  
 
Over the period of water monitoring data availability for this report, a visual examination 
of Figure 2 reveals some apparent trends.  Between 1995 and 2008, a slight improvement 
in the condition of non-tidal streams can be discerned.  For rivers, monitoring data from 
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the Core/Trend survey exists for the longer time period of 1975 through 2007.  During 
the first 15 or so years of this 32-year interval, an apparent improvement in river 
conditions is suggested; with no discernable trend between the early 1990s and 2007.  
Unfortunately we have not located any other monitoring data from Maryland’s rivers 
dating back to the 1970s that could be used to corroborate this apparently improving 
trend.  Over the period of monitoring data availability in the Chesapeake Bay (1994-
2007), conditions appear to have worsened slightly.  With only four years of data for the 
Coastal Bays (2000-2003) and only one year for lakes (2007), it is premature to describe 
any trends in conditions for these two water body types.  
 
Assuming that the improving condition trend for Maryland rivers between 1975 and the 
early 1990s is real, what were river conditions like prior to 1975?  Similarly, what were 
conditions like in Maryland’s non-tidal streams, lakes, the Chesapeake Bay and our 
Coastal Bays prior to 1990?  An examination of land use changes and human population 
growth, with adjustments for benefits to water quality from regulations linked to the 
Clean Water Act (1972), the phosphate ban, and more recent efforts to control storm 
water and other non-point sources of pollution should afford some insights in surface 
water conditions in Maryland prior to the availability of monitoring data used in this 
report. 
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Figure 2. The percentage of acres degraded statewide for each water body type over time.  
For rivers, estimates for individual years represent average estimates for time-blocks that 
are four or five years in duration.  See text for detailed explanation. 
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Table 6.  Percentage of total degraded acres in all Maryland water body types during the benchmark period of 2000-2003 plus 2007.  
The estimate for rivers in 2007 represents a four-year average of the 2004-2007 period.  River estimates exclude the Potomac River  
(for which no BIBI is available).  See text for details.  n/d indicates ‘no data’ or’ insufficient data’. 
 

Year Streams Streams Rivers Rivers Lakes Lakes
Chesapeake 

Bay 
Chesapeake 

Bay 
Coastal 
Bays 

Coastal 
Bays 

All 
Surveys 

  
Acres 

Degraded 
% 

Degraded 
Acres 

Degraded
% 

Degraded
Acres 

Degraded
% 

Degraded
Acres 

Degraded 
% 

Degraded 
Acres 

Degraded
%     

Degraded

Total 
Acres 

Degraded 
2000 7,976       48.9 n/d n/d 945,898 61.3 15,463 22.2  
2001 5,274        32.3 n/d n/d 874,239 56.7 20,896 30.0  
2002 7,737        47.4 n/d n/d 1,009,651 65.4 16,020 23.0  
2003 5,979  

  

      36.6

1,169.8 10.4

n/d n/d 1,009,651 65.4 7,313 10.5  
2007 7,478           45.8 909.3 8.1 3,810 12.4 1,100,089 71.3 n/d n/d

Average           6,889 42.2 1,168 10.4 3,810 12.4 987,906 64.0 14,923 21.4 1,014,695
 
 

 



Table 7. Area-weighted percentages of degraded conditions in all Maryland water body 
types included in this analysis.  Percentage degraded for individual water body types 
represents the average percentage degraded during the benchmark period of 2000-2003 
plus 2007.  *The total river acreage estimate includes all rivers in Maryland except the 
Potomac River for which there is no BIBI.  Total river acreage including the Potomac 
comprises 1.5% of Maryland surface water area. 
 

Water Body 
Type Total Acreage % of Total Acreage % Degraded 

Streams 16,325 0.98 42.2 
Rivers* (with Potomac) 11,226 (25,000) 0.67 (1.50) 10.4 
Lakes 30,725 1.84 12.4 
Chesapeake Bay 1,543,090 92.34 64.0 
Coastal Bays 69,651 4.17 21.4 
Sum 1,671,017 100.0   
Area-Weighted Percentage of All Maryland Water Body Types 
Degraded 60.7 

 
 
10. Caveats for Interpreting Water Body Condition Estimates 
 
The statewide water body condition assessment presented in this report was based on data 
compiled from several monitoring programs that used different sampling designs, 
collection methods, and biological indicators of condition.  Nevertheless, we believe that 
the results for non-tidal streams, Chesapeake Bay, and the Coastal Bays are robust and 
have quantifiable precision. The following caveats should be applied when interpreting 
the results for rivers and lakes.  
 
• The Core/Trend sampling sites used to estimate acres of degraded  rivers were not 

selected randomly and may not be representative of all rivers across the entire state.  
Nevertheless, for this analysis, data from the available sample sites were used to 
characterize the conditions of all non-tidal rivers, except for the Potomac. Because of 
limited spatial coverage in several years, multiple years were blocked together to 
improve the spatial coverage of the condition estimates.  Even so, only 10 rivers were 
sampled by the Core/Trend survey during any given year-block, with no sites in 
Eastern Shore rivers  Moreover, the maximum number of sites sampled in a year-
block was 20 (minimum=14).  It is unlikely that the samples sites were truly 
representative of all rivers in Maryland.  The Potomac River, which covers more 
surface area than all other Maryland rivers combined, was not included in this 
analysis of degraded river acres because no BIBI is available for this system.     

 
• The Core/Trend survey collected benthic macroinvertebrates at only point samples of 

substrate (3 square feet sampled per site) and may not account for the spatial 
variability of benthic macroinvertebrate communities in Maryland rivers.  For this 
analysis, if three sites were sampled in the same river during the same time period and 
one of them was degraded, then 33% of the acreage in that river was classified as 
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degraded during that time period.  If only one site was sampled in a river during a 
given time period and it was degraded, then the entire river was categorized as 
degraded 

 
• The Core/Trend BIBI developed by the Maryland DNR lacks a reference-based 

threshold value with which to assign rivers to degraded versus not degraded 
condition.  Therefore, rivers were classified as degraded when the Core/Trend BIBI 
scores were <3.0 (on a 1-5 scale); i.e., the MBSS threshold for non-tidal streams was 
used for the rivers.  It is not known whether this is a reasonable threshold value for 
the Core/Trend BIBI.  Attempts to use MBSS BIBIs on Core/Trend data showed that 
the river sites were consistently “overscored,” owing to the more diverse river benthic 
macroinvertebrate communities. 

 
• The lake assessment used data from a nation-wide assessment in which only six 

Maryland lakes were sampled.  These six lakes occurred in two different ecoregions.  
Nationwide data from the two ecoregions that were sampled (Southern Appalachian 
and Coastal Plain) were used to approximate the total acres and percentage of total 
acres of lakes that are degraded in Maryland.  Because Maryland contributed only a 
small number of lakes to the national assessment, it is unlikely that this information is 
a true representation of the biological status of Maryland lakes statewide. 

 
• Because there was no individual years that contained condition data for all water 

body types, a benchmark period was chosen to describe the current condition or 
status.  All water body types were sampled in 2000-2203, except lakes. Lakes were 
sampled only in 2007. We averaged across the time period 2000-2003 and 2007, so 
all water body types could be included and to obscure any year-to-year variability that 
may have occurred over this time period.  

 
• No data were available for Maryland tidal streams.  Therefore, the overall estimate of 

degraded surface waters does not include the acreage of tidal streams that may be 
degraded. 
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