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1. Purpose and Scope 
The Patuxent Tributary Summary outlines change over time in a suite of monitored tidal water quality 

parameters and associated potential drivers of those trends for the time period 1985 ς 2018, and 

provides a brief description of the current state of knowledge explaining these observed changes. Water 

quality parameters described include surface (above pycnocline) total nitrogen (TN), surface total 

phosphorus (TP), spring and summer (June, July, August) surface chlorophyll a, summer bottom (below 

pycnocline) dissolved oxygen (DO) concentrations, and Secchi disk depth (a measure of water clarity). 

Results for annual surface water temperature, bottom TP, bottom TN, surface ortho-phosphate (PO4), 

surface dissolved inorganic nitrogen (DIN), surface total suspended solids (TSS), and summer surface DO 

concentrations are provided in an Appendix. Drivers discussed include physiographic watershed 

characteristics, changes in nitrogen, phosphorus, and sediment loads from the watershed to tidal 

waters, expected effects of changing land use, and implementation of nutrient management and natural 

resource conservation practices. Factors internal to estuarine waters that also play a role as drivers are 

described including biogeochemical processes, physical forces such as wind-driven mixing of the water 

column, and biological factors such as phytoplankton biomass and the presence of submersed aquatic 

vegetation. Continuing to track water quality response and investigating these influencing factors are 

important steps to understanding water quality patterns and changes in the Patuxent River.   
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2. Location  
The Patuxent River watershed covers approximately 1.4% of the Chesapeake Bay watershed. Its 

watershed is approximately 2,236 km2 (Table 1.) and is contained within one state, Maryland (Figure 1).  

Tributary Name Watershed Area km2  

MARYLAND MAINSTEM 71967 

POTOMAC 36611 

JAMES 25831 

YORK 6537 

RAPPAHANNOCK 6530 

LOWER EASTERN SHORE 4532 

MARYLAND UPPER EASTERN SHORE 2441 

PATUXENT 2236 

VIRGINIA MAINSTEM 2052 

CHOPTANK 1844 

PATAPSCO-BACK 1647 

MARYLAND UPPER WESTERN SHORE 1523 

MARYLAND LOWER WESTERN SHORE 439 

Table 1. "Watershed areas for each of the thirteen tributary or tributary groups for which Tributary 

Trends summaries have been produced. All of the tributary summaries can be accessed at the following 

link: https://cast.chesapeakebay.net/Home/TMDLTracking#tributaryRptsSection". 

 

2.1 Watershed Physiography 
The Patuxent River watershed stretches across two major physiographic regions, namely, Piedmont and 

Coastal Plain (Bachman et al., 1998) (Figure 1). The Piedmont physiography covers primarily crystalline 

areas. The Coastal Plain physiography covers lowland, dissected upland, and upland areas. Implications 

of these physiographies for nutrient and sediment transport are summarized in Section 5.1.1. 

https://cast.chesapeakebay.net/Home/TMDLTracking#tributaryRptsSection
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Figure 1. Distribution of physiography in the Patuxent River watershed. Base map credit Chesapeake Bay 

Program, www.chesapeakebay.net, North American Datum 1983. 
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2.2 Land Use 
Land use in the Patuxent watershed is dominated (54%) by natural areas. Urban and suburban land 
areas have increased by 86,149 acres since 1985, agricultural lands have decreased by 44,543 acres, and 
natural lands have decreased by 41,713 acres. Correspondingly, the proportion of urban land in this 
watershed has increased from 17% in 1985 to 33% in 2019 (Figure 2).  

 

Figure 2. Distribution of land uses in the Patuxent watershed. Percentages are the percent change from 
1985 for each source sector. 

 

In general, developed lands in the 1970s were concentrated within towns and major metropolitan areas. 

Since then, developed and semi-developed lands have increased around these areas, as well as 
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expanding into previously undeveloped regions (Figure 3). The impacts of land development differ 

depending on the use from which the land is converted (Keisman et al., 2019; Ator et al., 2019). 

Implications of changing land use for nutrient and sediment transport are summarized in Section 5.1.3. 

 

 

Figure 3. Distribution of developed land in the Patuxent River watershed. Derived from Falcone (2015). 

Base map credit Chesapeake Bay Program, www.chesapeakebay.net, North American Datum 1983. 
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2.3 Tidal Waters and Stations 
For the purposes of water quality standards assessment and reporting, the tidal waters associated with 

the Patuxent River and the Western Branch tributary are divided into four segments (U.S. Environmental 

Protection Agency, 2004): Tidal Fresh Western Branch and Patuxent (WBRTF, PAXTF), Oligohaline 

Patuxent River (PAXOH), and the Mesohaline Patuxent River (PAXMH) (Figure 4). 

 

Figure 4. Map of tidal Patuxent River segments and long-term monitoring stations. Base map credit Esri, 

HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user community, World Geodetic System 

1984. 
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Long-term trends in water quality are analyzed by MD Department of Natural Resources at 12 stations 

stretching from the Western Branch to of the mouth of the Patuxent flowing into Chesapeake Bay 

(Figure 4). Water quality data at these stations are also used to assess attainment of dissolved oxygen 

(DO) water quality criteria. All tidal water quality data analyzed for this summary are available from the 

Chesapeake Bay Program Data Hub (Chesapeake Bay Program, 2018). Other shallow-water monitoring 

has been conducted over the years and used for water quality criteria evaluation but is not shown in the 

long-term trend graphics in subsequent sections because of its shorter duration. 

 

3. Tidal Water Quality Dissolved Oxygen Criteria Attainment 
Multiple water quality standards were developed for the Patuxent River and Western Branch to protect 

aquatic living resources (U.S. Environmental Protection Agency, 2003; Tango and Batiuk, 2013). These 

standards include specific criteria for dissolved oxygen (DO) and water clarity/underwater bay grasses. 

For the purposes of this summary, a record of the evaluation results indicating whether each of the 

tributary segments have met or not met either 30-day or instantaneous Open Water (OW) and Deep 

Water (DW) DO criteria over time is shown below (Zhang et al., 2018a; Hernandez Cordero et al., 2020). 

While analysis of water quality standards attainment is not the focus of this summary, the results 

(Tables 2 and 3) provide context for the importance of understanding factors affecting water quality 

trends. For more information on water quality standards, criteria, and standards attainment, visit the 

/.tΩǎ ά/ƘŜǎŀǇŜŀƪŜ tǊƻƎǊŜǎǎέ ǿŜōǎƛǘŜ ŀǘ www.chesapeakeprogress.com. In the recent period (2016-

2018), none of the segments met the 30-day mean OW summer DO requirement, nor did the 

mesohaline Patuxent segment (PAXMH) met the 30-day mean DW summer DO requirement (Zhang et 

al., 2018b). 

 

Table 2. Open Water summer DO criterion evaluation results (30-day mean June-September assessment 

ǇŜǊƛƻŘύΦ DǊŜŜƴ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŎǊƛǘŜǊƛƻƴ ǿŀǎ ƳŜǘΦ ²ƘƛǘŜ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŎǊƛǘŜǊƛƻƴ ǿŀǎ ƴƻǘ ƳŜǘΦ άb5έ 

indicates no data. 

time period WBRTF PAXTF PAXOH PAXMH 
1985-1987 ND 0 0 0 
1986-1988 ND 0 0 0 
1987-1989 ND 0 0 0 
1988-1990 ND 0 0 0 
1989-1991 0 0 0 0 
1990-1992 0 0 0 0 
1991-1993 0 0 0 0 
1992-1994 0 0 0 0 
1993-1995 0 0 0 0 
1994-1996 0 0 0 0 
1995-1997 0 0 0 0 
1996-1998 0 0 0 0 
1997-1999 0 0 0 0 
1998-2000 0 0 0 0 
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1999-2001 0 0 0 0 
2000-2002 0 0 0 0 
2001-2003 0 0 0 0 
2002-2004 0 0 0 0 
2003-2005 0 0 0 0 
2004-2006 0 0 1 0 
2005-2007 0 0 1 0 
2006-2008 0 0 0 0 
2007-2009 0 0 0 0 
2008-2010 0 0 0 0 
2009-2011 0 0 0 0 
2010-2012 0 0 0 0 
2011-2013 0 0 0 0 
2012-2014 0 0 0 0 
2013-2015 0 0 0 0 
2014-2016 0 0 0 0 
2015-2017 0 0 0 0 
2016-2018 0 0 0 0 

 

Table 3. Deep Water summer DO (30-day mean) criteria evaluation results. Green indicates that the 

criterion was met. White indicates that the criterion was not met. (Note: the entire table is white 

intentionally because this criterion has not been met during this period.) 

time period PAXMH 
1985-1987 0 
1986-1988 0 
1987-1989 0 
1988-1990 0 
1989-1991 0 
1990-1992 0 
1991-1993 0 
1992-1994 0 
1993-1995 0 
1994-1996 0 
1995-1997 0 
1996-1998 0 
1997-1999 0 
1998-2000 0 
1999-2001 0 
2000-2002 0 
2001-2003 0 
2002-2004 0 
2003-2005 0 
2004-2006 0 
2005-2007 0 
2006-2008 0 
2007-2009 0 
2008-2010 0 
2009-2011 0 
2010-2012 0 
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2011-2013 0 
2012-2014 0 
2013-2015 0 
2014-2016 0 
2015-2017 0 
2016-2018 0 

 

Comparing trends in station-level DO concentrations to the computed DO criterion status for a recent 

assessment period can reveal valuable information, such as whether progress is being made towards 

attainment in a segment that is not meeting the water quality criteria, or conversely the possibility that 

conditions are degrading even if the criteria are currently being met. To illustrate this, the 2016-2018 

attainment status for the OW summer and DW summer DO criteria shown in Tables 2 and 3 are overlain 

with the 1985-2018 change in summer surface DO concentration and the 1985-2018 change in bottom 

summer DO concentrations, respectively (Figure 5). The bottom depths at each of these stations is 

different due to varying bathymetry, but the bottom DO trends at these stations are expected to 

represent water in the DW designated use. As mentioned above, none of the applicable criteria were 

met in the 2016-2018 period. Degrading surface oxygen concentrations in the WBRTF and PAXTF 

segments indicate lack of progress towards meeting those criteria. Improving surface DO in the PAXMH 

region, does indicate positive progress there; however, two stations with bottom DO decreases show 

that this improvement is not consistent throughout the water column. 
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Figure 5. Pass-fail DO criterion status for 30-day OW summer DO and DW summer DO designated uses in 

Patuxent segments along with long-term trends in DO concentrations. Base map credit Chesapeake Bay 

Program, www.chesapeakebay.net, North American Datum 1983. 

 

4. Tidal Water Quality Trends 
Tidal water quality trends are computed by fitting generalized additive models (GAMs) to the water 

quality observations that have been collected one or two times per month since the 1980s at the 12 

Patuxent River and Western Branch stations labeled in Figure 4. For more details on the GAM 

implementation that is applied each year by MD Department of Natural Resources for these stations in 

collaboration with the Chesapeake Bay Program and Virginia analysts, see Murphy et al. (2019). 

Results shown below in each set of maps (e.g., Figure 6) include those generated using two different 

GAM fits to each station-parameter combination. The first approach involves fitting a GAM to the raw 
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observations to generate a mean estimate of the concentrations over time, as observed in the estuary. 

The second approach involves including monitored river flow or in situ salinity (as an aggregated 

measure of multiple river flows) in the GAM to explain some of the variation in the water quality 

ǇŀǊŀƳŜǘŜǊΦ CǊƻƳ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ǎŜŎƻƴŘ ŀǇǇǊƻŀŎƘΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ άŦƭƻǿ-ŀŘƧǳǎǘŜŘέ 

change over time, which gives a mean estimate of what the water quality parameter trend would have 

been if river flow had been average over the period of record. Note that depending on station and 

parameter, sometimes gaged river flow is used for this adjustment and sometimes salinity is used, but 

ǿŜ ǊŜŦŜǊ ǘƻ ŀƭƭ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ŀǎ άŦƭƻǿ-ŀŘƧǳǎǘŜŘέ ŦƻǊ ǎƛƳǇƭƛŎƛǘȅΦ 

To determine if there has been a change over time (i.e., a trend) at a particular station for a given 

parameter, we compute a percent change between the estimates at beginning and end of a period of 

interest from the GAM fit. For each percent change computation, the level of statistical confidence can 

be computed as well. Change is called significant if p < 0.05 and possible if the p-value is up to 0.25. That 

upper limit is higher than usually reported for hypothesis tests but allows us to provide a more complete 

picture of the results, identifying locations where change might be starting to occur and should be 

investigated (Murphy et al., 2019). In addition to the maps of trends, for each parameter, there is a set 

of graphs (e.g., Figure 7) that include the raw observations (dots on the graphs) and lines representing 

the mean annual or seasonal GAM estimates, without flow-adjustment. The flow-adjusted GAM line 

graphs are not shown. 

 

4.1 Surface Total Nitrogen 
Annual total nitrogen (TN) trends have decreased over the long-term at every Patuxent River station, 

with and without flow-adjustment (Figure 6). Over the short-term, the improvements are limited mostly 

to the upper half of the river, with more improvements after flow-adjustment than without flow-

adjustment. 
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Figure 6. Surface TN trends. Base map credit Chesapeake Bay Program, www.chesapeakebay.net, North 

American Datum 1983. 

 

TN data values and mean annual GAM estimates decreased dramatically in the 1980s and early 1990s 

for the tidal fresh and oligohaline stations in the Patuxent River and Western Branch (Figure 7). The 

long-term decreases are less obvious at the mesohaline stations where the magnitude of the TN 

concentrations are also lower than they are in the tidal fresh. Vertical blue dotted lines represent a 

laboratory and method change (July 1, 1990) that was tested for its impact on data values. A statistical 




























































