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Background on Wicomico River 
The Wicomico River is a major tributary for the Chesapeake Bay found on the Eastern 
Shore of Maryland.  The watershed (that is to say, the land area for which all streams 
and rivers drain into the same larger body of water) encompasses 230 square miles in 
size, with roughly 70% of the watershed located in Wicomico county, and 30% within 
Somerset county.  In our case, the Wicomico watershed drains into Tangier Sound, and 
thence to Chesapeake Bay. The Wicomico River headwaters begin in Sussex County, 
DE but Delaware contains just 1% of the total watershed, and feels none of the effects 
of the river flow. The Wicomico river itself is just 24.5 miles in length, but the larger 
watershed contains 481 linear miles of streams feeding into the Wicomico, and is 
divided into seven subwatersheds: the North Prong, South (East) Prong, Tony Tank, 
Shiles Creek, Wicomico Creek, Ellis Bay and Monie Bay.  
 
The watershed’s main land uses are dominated by agriculture (44%) and forests (38%) 
but it also contains the largest urban population on Delmarva--the Salisbury-Fruitland 
metropolitan area--and fully 16% of the watershed is developed, paved, urban area.  
Note that without the massive network of drainage ditches for agriculture, wetlands 
should also dominate (25%) the area.  The watershed contains both salt and 
freshwater, providing diverse natural systems that include saltwater and freshwater tidal 
wetlands, forests as well as agricultural lands. With a history of dams that dates back to 
the colonial era, we also have many ponds within the watershed, even though natural 
ponding does not occur.  Such a rich and diverse set of natural systems has made this 
area of the Eastern Shore a famous attraction for many water-based recreational 
activities such as fishing, crabbing, boating, hunting, and many ancillary recreations that 
the river and its associated forests enhance such as hunting, kayaking, bicycling, bird 
watching, and nature walking. 
 
One might expect swimming to also be mentioned, but with 22 % of the waters within 
the watershed impaired, serious concern about degraded water quality has reduced this 
activity for the last several decades. In order to address this situation, local citizens and 
local governments have both undertaken efforts to improve the waters within the 
watershed.  Wicomico Environmental Trust (WET) is the watershed’s oldest 
environmental non-profit organization devoted to improving and protecting the health of 
the Wicomico River and its watershed.  One part of this mission includes supporting the 
Wicomico River Creekwatchers program in sampling and analyzing river waters 
regularly. 
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Creekwatchers 
The Wicomico River Creekwatchers is a citizen-science partnership between the 
Wicomico Environmental Trust (WET) and Salisbury University (SU) with support of 
both the City and County governments and has been monitoring the quality of the river 
since the early 2000s.  Citizen volunteers from all over the watershed take water 
samples, and monitor ambient environmental conditions such as water and air 
temperature, water clarity etc. at more than twenty sites around the watershed twice 
monthly from March through early November.  Water samples are then analyzed by 
students with faculty supervision at SU, measuring chlorophyll, pH, salinity, nitrogen, 
and phosphorus.  During major swimming months, May through September, additional 
samples are tested for bacterial concentration.   
 
Due to the tidal nature of the river, Creekwatcher sample sites have been divided into 
four categories: ponds, fresh water [tidal fresh], slightly salty [oligohaline] and semi-salty 
[mesohaline] or ‘brackish’ portions of the watershed (Figure 1).  These classifications 
also reflect proximity to the mouth of the river and its connection with the Chesapeake 
(more salty); headwaters of rivers are not only less salty, but typically less nutrient rich 
when not otherwise interfered with by human alteration, building as the water flows and 
picks up sediments and runoff.  Both salinity and distance to the bay can have strong 
influences on the life that is found in the river.  Within this report you will see all four 
categories listed for purposes of water quality analysis, related to each of the metrics 
measured within the water samples.   
 
Volunteers in the field measure several metrics of the water immediately.  Some of the 
first information collected at each site includes secchi depth, water and air 
temperatures, and environmental conditions like wind and water surface (ripples, calm, 
etc.).  Secchi depth is a simple measurement of clarity, based on dropping a disc that is 
checkerboard patterned in black and white down into the water.  When the observer can 
no longer see the black and white pattern, that depth is known as the clarity depth, or 
Secchi depth for short.  Secchi depth essentially tells us how cloudy or how clear the 
water is on a given sample day, and to what depth you can see down below the surface 
of the water. Water temperature changes can also signal whether something is wrong 
with the river, much like a fever tells us that our bodies are not functioning at optimum 
level. 
 
Once a water sample is collected and brought to our lab facility, we carefully monitor the 
major nutrients of nitrogen and phosphorus, since agriculture and chicken operations 
dominate the land use within the watershed.  We also measure chlorophyll-a as a metric 
of potential algae growth in the water. Along with salinity, we additionally measure pH.  
You can think of these as the vital statistics on river metabolism. The river water is 
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chemically neutral if pH = 7, or acidic [pH drops below 7], or more alkaline [pH rises 
above 7].  The pH of water is a complex balance of influences, from carbon dioxide 
diffused from air into water or released by organisms through natural processes that all 
increase the acidity, to runoff of minerals that will interact with acidic components in the 
water and make it more alkaline.  
 
Figure 1. Site locations on watershed map. 
Locations of Wicomico River Creekwatcher sampling collections, along with site numbers, and associated 
groupings and jurisdictions.  Sites 29-32 are future sites for 2020 sampling year. 
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Overall Status of the River 
In 2019, nitrate concentrations increased over the previous year, while phosphate levels 
generally remained the same or were slightly reduced.  Both nutrients remained well 
above the impaired waterway threshold, despite long term trends of improvement.  
Despite elevated nutrient concentrations, chlorophyll levels remain only slightly impaired 
in the slower moving waters of the ponds, mostly unchanged in most of the river from 
2018, along with water clarity indicated by secchi depth.  New analysis of long term 
trends of temperature and pH have revealed a warming of the river over time, including 
from 2018 to 2019, and an alkalinization (higher pH, less acidic) of river waters as well. 
 
Compared to long term averages, nitrate concentrations in 2019 were even more 
elevated compared to 2018 (Figure 2).  Increased nitrate was observed at all locations. 
Nitrate concentrations were significantly higher in 2019 than both 2018 and the long 
term average from 2010-2018 (Welch’s t-test, p<0.05).  This is a considerable departure 
from the previous trend of decreasing nitrate levels observed from long term monitoring. 
 

 
Figure 2. Nitrate long term comparisons. 

 

Nitrate concentrations from long term monitoring of the Wicomico River on the Delmarva peninsula, 
Eastern Shore of Maryland.  Long-term averages from 2004-2009 (grey) and 2010-2018 (orange) 
compared to annual averages from 2018 (blue) and 2019 (green).  Horizontal lines mark healthy 
(solid, below 1.0mg/L) and moderate (dashed, 3.0mg/L) reference levels. Error bars are one standard 
error of the mean.   
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Phosphate concentrations have been neither decreasing nor increasing over the long 
term monitoring period of the Creekwatchers program (Figure 3).  Some site groups 
have seen decreases while others have had increasing concentrations of phosphate 
through time, leading to an overall net zero change for the entirety of the river.  The 
most saline portion of the river, the mesohaline, is the only region with significant 
decadal changes (Welch’s t-test, p<0.05), increasing from a mean concentration of 0.17 
mg/L to 0.22 mg/L.  Sampling in 2019 yielded similar results, with incredible variation at 
sites throughout the year and across the pooled groups.  Downstream portions of the 
river had minor decreases in phosphate, but these were only significant in the 
oligohaline group (Welch’s t-test, p<0.05). 

Figure 3. Phosphate long term comparisons.  

  
Chlorophyll has been elevated in the last several years compared to long term averages 
(Figure 4).  Over the monitoring period of Creekwatchers, only the oligohaline segments 
of the river have improved significantly (Welch’s t-test, p=0.03), albeit slightly, and all 
segments continue to be moderately impaired.  In upper areas of the river, from the 
ponds to the oligohaline portion, chlorophyll concentrations were not significantly 
different compared to last year, although the tidal fresh sample sites were often 
elevated into the very impaired range.  Heavy rainfall may have washed much of the 
algal biomass, the main organisms indicated by high chlorophyll, down to the lower 

Phosphate concentrations from long term monitoring of the Wicomico River on the Delmarva 
peninsula, Eastern Shore of Maryland.  Long-term averages from 2004-2009 (grey) and 2010-2018 
(orange) compared to annual averages from 2018 (blue) and 2019 (green).  Horizontal lines mark 
healthy (solid, below 0.05mg/L) and moderate (dashed, 0.1mg/L) reference levels. Error bars are one 
standard error of the mean. 
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parts of the river, where concentrations were significantly higher compared to previous 
years (Welch’s t-test, p=0.03). 

Figure 4. Chlorophyll long term comparisons. 

 
Secchi depth, an indicator of water clarity, has been improving through time (Figure 5). 
Poor water clarity is influenced by sediments or algae growth, reducing light that is 
critical for the growth of underwater grasses.  Waters are still not to the 1m mark of 
good clarity, but often approach that depth at times during the year.  Between 2018 and 
2019, water clarity neither improved nor worsened (Welch’s t-test, p>0.05) at all location 
groups despite increases in nutrient concentrations that might promote light blocking 
algal growth.  This is unsurprising given that chlorophyll was also not significantly 
different, for the most part, from last year. 

Chlorophyll concentrations from long term monitoring of the Wicomico River on the Delmarva 
peninsula, Eastern Shore of Maryland.  Long-term averages from 2004-2009 (grey) and 2010-2018 
(orange) compared to annual averages from 2018 (blue) and 2019 (green). Horizontal lines mark 
healthy (solid, below 3mg/L) and elevated (dashed, 40mg/L) reference levels. Error bars are one 
standard error of the mean. 
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Figure 5. Secchi depth long term comparisons. 

Figure 6. Water temperature long term comparisons 

Secchi depths, a measure of water clarity, from long term monitoring of the Wicomico River on the 
Delmarva peninsula, Eastern Shore of Maryland.  Long-term averages from 2004-2009 (grey) and 
2010-2018 (orange) compared to annual averages from 2018 (blue) and 2019 (green).  Horizontal 
lines mark healthy (dashed, greater than 1.0m) and impaired (solid, 0.2m) reference levels. Error bars 
are one standard error of the mean. 

Water temperatures from long term monitoring of the Wicomico River on the Delmarva peninsula, 
Eastern Shore of Maryland.  Long-term averages from 2004-2009 (grey) and 2010-2018 (orange) 
compared to annual averages from 2018 (blue) and 2019 (green).  Error bars are one standard error 
of the mean. 
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Water temperatures have been steadily rising in portions of the Wicomico river for the 
last 15 years (Figure 6).  Temperatures after 2010 were significantly higher in ponds 
and the mesohaline portions of the river when compared to measured temperatures 
before (Welch’s t-test, p<0.05 for both groups), and slightly warmer in other portions, 
although non-significant statistically.  In 2019, water temperatures were not significantly 
different from the previous year, however, even small temperature changes of only a 
few degrees can have dramatic impacts on algal growth and water impairment, along 
with sea level rise. 
   
Water pH has also been rising along with temperatures for the monitoring period (Figure 
7). However, the comparisons are nonsignificant in the upper portions of the river; the 
lower portions, oligo- and mesohaline groups, have seen significantly higher pH values 
in the last ten years compared to the beginning of monitoring (Welch’s t-test, p<0.05).  
In keeping with that trend, pH has increased from 2018 to 2019 significantly at all 
segments of the river (Welch’s t-test, p<0.05 for all groups).  Alkalinization of waters has 
been documented along the Atlantic coast as increases in acid rain cause higher levels 
of weathering in soils and sediments, releasing minerals into rivers and streams and 
raising the pH.  Given the increases in rain over the last two years, this may be the case 
in the Wicomico River as well. 

Figure 7. pH long term comparisons. 

  

Measured pH from long term monitoring of the Wicomico River on the Delmarva peninsula, Eastern 
Shore of Maryland.  Long-term averages from 2004-2009 (grey) and 2010-2018 (orange) compared to 
annual averages from 2018 (blue) and 2019 (green).  Water pH typically varies from 6.5 (solid 
horizontal line) to 8.5 (dashed horizontal line). Error bars are one standard error of the mean.. 
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Levels of fecal coliform bacteria have been quite variable in the Wicomico river (Figure 
8).  Since the beginning of testing, in 2012, bacteria levels have mostly improved, with 
one stark exception in 2018.  In general, 2019 was no exception to the trend, with 
significantly decreasing bacteria counts at all groups compared to the long term average 
(Welch’s t-test, p<0.05 for all groups).   

 
Figure 8. Bacteria long term comparisons. 

Measured fecal coliform bacteria from long term monitoring of the Wicomico River on the Delmarva 
peninsula, Eastern Shore of Maryland.  Long-term averages from 2012-2018 (orange) compared to 
annual averages from 2018 (blue) and 2019 (green).  Dashed horizontal line indicates the safe 
swimming threshold of 104 MPN/100mL.  Error bars are one standard error of the mean. 
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Nitrogen as Nitrate (NO3) - Seasonal and Site Patterns in 2019 
Nitrogen is a critical nutrient for growth of plants and algae, which typically enters 
waterways from both natural and artificial sources through runoff of surface water.  
Spring rains in the Wicomico watershed bring pulses of nitrogen, which lag temporally 
from the upper region, including the majority of the ponds and tidal fresh locations, to 
the lower region, including oligohaline and mesohaline sites (Figure 9). The high nitrate 
concentrations observed in all the categories are likely linked to fertilizer use in the 
region, as the primary land use in the upper watershed is agriculture, and nitrate is also 
a primary ingredient in fertilizers.  

 
Figure 9. Nitrate by sampling 
date.  

 
Nitrate was generally well 
above the impaired threshold 
of 3 mg/L year round, but 
dipped down in summer 
months at pond and tidal fresh 
locations.  At these times, 
warm temperatures promote 
increased algal growth and 
uptake of nutrients merge with 
reduced precipitation and 
runoff.  Data are limited from 
more saline areas due to 
method limitations.  Most 
oligohaline and mesohaline 
sites are found in the lower 
portion of the river, where the 

Average nitrate concentrations at 
each sampling date from ponds (A), 
tidal fresh (B), oligohaline (C), and 
mesohaline (D) portions of the 
Wicomico River.  Error bars are one 
standard deviation, indicating a 
measure of variation across sites 
within each category. The horizontal 
lines indicate elevated (solid) and 
impaired (dashed) levels. 



14 
 

watershed is dominated by rural and agricultural influences that may have more 
consistent sources of nutrient additions. 
 
Figure 10. Nitrate box models 
by site. 

 
 
Within categories, nitrate 
concentrations ranged 
considerably over time, most 
notably at the uppermost ponds 
and lowermost mesohaline 
sites (Figure 10A & D).  
Leonard’s Mill pond (site 2), the 
most northern location, had 
nearly the smallest range of 
nitrate concentrations of all 
sites, with two high outliers, 
and was the only site that 
primarily fell below the impaired 
threshold of 3 mg/L.  In 
contrast, Johnson Pond (site 
3), the next location south of Leonard’s Mill pond, had some of the highest nitrate 
concentrations measured and one of the largest ranges of values.  The southernmost 
site, Mount Vernon (site 24) had, on average, the highest nitrate concentrations of all 
locations and only a moderate range of values through time.  However, equipment 
limitations may be driving the reduced range, as sample size was lowest at this site. 

Nitrate concentrations measured in 
2019 at each site within groupings of 
ponds (A), tidal fresh (B), oligohaline 
(C), and mesohaline (D) portions of 
the Wicomico River.  Error bars are 
one standard deviation, indicating a 
measure of variation across sites 
within each category. The horizontal 
lines indicate elevated (solid) and 
impaired (dashed) levels. 
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Phosphorus as Orthophosphate (PO4) - Seasonal and Site Patterns in 
2019 
In addition to nitrogen, phosphorus is a critical nutrient for growth of photosynthetic 
organisms like plants and algae, and is often limiting in aquatic systems.  In the 
Wicomico River, there is a large source of phosphates in runoff from chicken manure 
used as fertilizer in agricultural areas.  The ratio of nitrogen to phosphorus in chicken 
manure is nearly 1:1, compared to typical aquatic ratios of 6:1, often promoting rapid 
algal growth as phosphorus limitation is diminished. In general, average phosphate 
concentrations were quite variable, peaking in spring at pond and tidal fresh locations, 
with similar, but more minor peaks a little later in the season at oligohaline and 
mesohaline locations (Figure 11).  There are multiple peaks found later in the year at 
each of the site categories.  These demonstrate the high degree of variability in aquatic 

nutrients, and may reflect the 
influences of summer and early 
fall low oxygen conditions in 
bringing legacy phosphorus out 
of sediments.  
 
Phosphorus, with its high degree 
of biological importance, is often 
much less variable than other 
nutrients.  Similar to nitrate, the 
most variability in phosphate 
was found in ponds and 
mesohaline portions of the river 
(Figure 12).   
 
 
Figure 11. Phosphate by 
sampling date. 

 

Average phosphate concentrations at 
each sampling date from ponds (A), 
tidal fresh (B), oligohaline (C), and 
mesohaline (D) portions of the 
Wicomico River.  Error bars are one 
standard deviation, indicating a 
measure of variation across sites 
within each category. The horizontal 
lines indicate elevated (solid) and 
impaired (dashed) levels. 
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Figure 12. Phosphate box 
models by site. 

 
Concentration ranges also 
decreased from the northern 
ponds to the lower river (oligo- 
and mesohaline portions) 
indicating uptake of phosphates 
by aquatic autotrophs (algae and 
plants).  Phosphate 
concentrations were above the 
impaired threshold at nearly all 
sites on nearly all sampling 
occasions. 
 

Chlorophyll a - Seasonal and 
Site Patterns in 2019 
Chlorophyll a is the main pigment used in photosynthesis; its concentration in water is 
relative to biomass of photosynthetic organisms, primarily algae. Elevated chlorophyll 
concentrations are expected in both spring and summer, when high nutrient levels and 
elevated temperatures, respectively, promote increased algal growth.  In the ponds and 
lower part of the river (mesohaline), this pattern holds true, with peaks in spring and late 
summer/early fall (Figure 13A & D). A clear pattern is less visible in the middle river 
sites, tidal fresh and oligohaline, but concentrations were almost always elevated above 
healthy, and occasionally into the more heavily impaired category, especially later in the 
year.  

Phosphate concentrations measured in 
2019 at each site within groupings of 
ponds (A), tidal fresh (B), oligohaline (C), 
and mesohaline (D) portions of the 
Wicomico River.  Error bars are one 
standard deviation, indicating a measure 
of variation across sites within each 
category. The horizontal lines indicate 
elevated (solid) and impaired (dashed) 
levels. 
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Figure 13. Chlorophyll by 
sampling date. 

 
 
Some of the most elevated 
chlorophyll concentrations were 
in Parker Pond, site 5, on the 
east side of the watershed, and 
at Mount Vernon, site 24, the 
most southern and saline 
location (Figure 14).  The 
former is likely a result of 
slower water movement 
combined with high nutrients.  
At the mouth of the Wicomico, 
however, the confluence of the 
river and the bay creates high 
mixing and turbulent 
conditions.  Elevated 

chlorophyll at Mount Vernon is more likely due to this mixing, but may also be fueled by 
nutrients from upstream. 
 

Water Clarity - Turbidity and Secchi Depth - Seasonal and Site Patterns in 
2019 
In river waters, many components contribute to turbidity (or cloudiness) including 
sediments and terrestrial material in runoff and growth of algae in the water column.  
High water flow can wash out both algae and bacteria before they have time to grow, 
leading to  

Average chlorophyll concentrations at 
each sampling date from ponds (A), 
tidal fresh (B), oligohaline (C), and 
mesohaline (D) portions of the 
Wicomico River.  Error bars are one 
standard deviation, indicating a 
measure of variation across sites 
within each category. The horizontal 
lines indicate elevated (solid) and 
impaired (dashed) levels. 
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Figure 14. Chlorophyll box 
models by site. 

 
 
 
clearer waters even when 
high nutrient loads are 
present.  However, water 
movement can also lead to 
more turbid waters from 
resuspension or stirring of 
bottom sediments. 
In the Wicomico river, waters 
are generally moderately 
turbid, with secchi depths only 
infrequently exceeding 1m but 
typically greater than 0.2m 
(Figure 15).  Average depths 
decrease from the upper 
waterway in the ponds and 
tidal fresh areas to the lower 
oligo- and mesohaline 
sections.  However, water clarity is quite variable in the ponds and upper river, with 
frequent occurrences of quite turbid waters at several sites throughout the year. 
 
One of the stand out locations in the river is near the Wicomico Zoo, site 8, that had 
very high water clarity (Figure 16).  This site is also one of the deeper sampling sites, 
taken from a bridge near the zoo where water is slowed through a series of low-head 
dams.  Future monitoring will include depth of the water column in addition to secchi 
depth for greater context of clarity. 
 

Chlorophyll concentrations measured 
in 2019 at each site within groupings 
of ponds (A), tidal fresh (B), 
oligohaline (C), and mesohaline (D) 
portions of the Wicomico River.  Error 
bars are one standard deviation, 
indicating a measure of variation 
across sites within each category. 
The horizontal lines indicate elevated 
(solid) and impaired (dashed) levels. 
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Figure 15. Secchi depth by 
sampling date. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Average secchi depth at each 
sampling date from ponds (A), tidal 
fresh (B), oligohaline (C), and 
mesohaline (D) portions of the 
Wicomico River.  Error bars are one 
standard deviation, indicating a 
measure of variation across sites 
within each category. The horizontal 
lines indicate elevated (solid) and 
impaired (dashed) levels. 
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Figure 16. Turbidity box 
models by site. 

 
 
  

Secchi depths measured in 2019 at 
each site within groupings of ponds 
(A), tidal fresh (B), oligohaline (C), 
and mesohaline (D) portions of the 
Wicomico River.  Error bars are one 
standard deviation, indicating a 
measure of variation across sites 
within each category. The horizontal 
lines indicate elevated (solid) and 
impaired (dashed) levels. 
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Water Temperature - Seasonal and Site Patterns in 2019 
Water temperatures generally display a typical seasonal pattern of warming in summer, 
with peak temperatures reached in late July - early August (Figure 17).  Warmer 

temperatures will enhance algal 
growth in the river and promote 
thermal stratification, or in other 
words, separation of a warmer 
surface layer over a cooler 
bottom layer; this creates 
conditions for seasonal hypoxia 
(lack of oxygen) as algae 
decompose in deeper water.  An 
unusually warm spring occurred 
in 2019, with considerable jumps 
in air and water temperatures in 
late April and early May seen in 
all groups. 
 
Generally water temperatures 
were warmer in ponds and tidal 
fresh locations, and were cooler 
at downstream sites (Figure 18).  
Combined with slower water 
movements typical of ponds, 
such a trend may lead to 
increases in algal growth. In 
contrast, air temperatures did not 
follow the same pattern, not 
differing across the site 
groupings (Figure 19).  
 
 

Figure 17. Temperature by sampling date. 

 
 

Average temperatures at each sampling date from ponds (A), tidal fresh (B), oligohaline (C), and 
mesohaline (D) portions of the Wicomico River, along with average water temperatures at all site groups 
(E).  Water temperatures (filled circles) and air temperatures (open triangles) were measured with a 
handheld analog thermometer.  Error bars are one standard deviation, indicating a measure of variation 
across sites within each category. 



22 
 

 
Figure 18. Water temperature box models 
by site. 
 

 
 
  
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 19. Air temperature box models 
by site. 
 

Water temperatures measured in 2019 at each site 
within groupings of ponds (A), tidal fresh (B), 
oligohaline (C), and mesohaline (D) portions of the 
Wicomico River.  Error bars are one standard 
deviation, indicating a measure of variation across 
sites within each category. 

Air temperatures measured in 2019 at each site 
within groupings of ponds (A), tidal fresh (B), 
oligohaline (C), and mesohaline (D) portions of the 
Wicomico River.  Error bars are one standard 
deviation, indicating a measure of variation across 
sites within each category. 
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pH - Seasonal and Site Patterns in 2019 
The balance of water pH is driven by a combination of carbon dioxide diffusion from the 
atmosphere, the subsequent interactions with water that release hydrogen ions, and 
runoff of alkaline material from surrounding terrestrial regions.  As a guide, pH is 
measured on a scale rated 0-14. Highly acidic = 0 and extremely basic or alkaline = 14, 
while of 7 is the middle of the scale or neutral.  In general, the pH of rainfall is about 5.5 
and optimum pH for river water is about 7.4 on this scale. 

 
River pH fluctuates more at 
upstream locations, in pond 
and tidal fresh groups 
(Figure 20), rising in 
summer as algal biomass 
increases and CO2 is taken 
up during photosynthesis.  
In general, oligohaline and 
mesohaline groups had 
lower pH than the other two 
groups, with the exception 
of one sampling in spring. 
  
 
Figure 20. pH by 
sampling date. 
 

 
 
 
 
 

Average pH at each sampling 
date from ponds (A), tidal fresh 
(B), oligohaline (C), and 
mesohaline (D) portions of the 
Wicomico River, along with 
average pH at all site groups 
(E).  Error bars are one standard 
deviation, indicating a measure 
of variation across sites within 
each category. 
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Figure 21. pH box models by 
site. 

 
The variability in pH in pond 
and tidal fresh groups was not 
limited to a single or a few 
sites (Figure 21).  However, 
the highest variability was 
found in site 5, Parker Pond, 
which was also the location of 
the highest and most variable 
chlorophyll concentrations.   
 
 
 
 
 
 

 

Bacteria - Seasonal and Site Patterns in 2019 
The occurrence of fecal coliform bacteria in water indicates waste material of humans or 
wildlife.  Such bacteria could enter the river via failing septic systems following heavy 
use or high precipitation events, or as simply as defecation from waterfowl or household 
pets. The threshold for swimming safety is less than 104 MPN (most probable number) 
per 100 mL of water tested.  Most sites tested along the Wicomico River were 
swimmable on a majority of the sampling dates (Figure 22); samples are taken 
bimonthly starting the Tuesday before or after Memorial Day until the end of September.   
 

Measurements of pH in 2019 at 
each site within groupings of 
ponds (A), tidal fresh (B), 
oligohaline (C), and mesohaline 
(D) portions of the Wicomico 
River.  Error bars are one 
standard deviation, indicating a 
measure of variation across sites 
within each category. 
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Figure 22. Fecal coliform bacteria 
by sampling date. 

 
 
 
In the ponds, sites 2 (Leonard’s Mill 
Pond) and 6 (Schumaker Pond) 
had at least 2 sampling events with 
high bacterial counts, while site 3 
(Johnson Pond) was always below 
the threshold for swimming safety 
(Table 1).  
 
 
 

 
Table 1. Bacteria samples and swimmable counts.  
Total sample size, sample count above safe swimming threshold, and percent swimmable for sites along 
the Wicomico River sampled in 2019 for fecal coliform bacteria.  
 

Site Grouping Number of Samples 
Taken 

Number of Samples 
>104 MPN/100mL 

% Swimmable 
Days 

2 Pond 10 5 50 

3 Pond 10 0 100 
6 Pond 10 2 80 
11 Tidal Fresh 10 2 80 
17 Oligohaline 10 3 70 
21 Oligohaline 10 3 70 
27 Tidal Fresh 10 0 100 
28 Mesohaline 9 0 100 

Average bacteria in MPN (most 
probable number) per 100ml tested at 
each sampling date from ponds (A), tidal 
fresh (B), oligohaline (C), and 
mesohaline (D) portions of the 
Wicomico River, along with average pH 
at all site groups (E).  Error bars are one 
standard deviation, indicating a 
measure of variation across sites within 
each category. The horizontal line 
indicates the unsafe swimming 
threshold. 
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Figure 23. Bacteria box 
models by site. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Improved and Expanded Sampling in 2020    
 
The fifteen years of Creekwatcher data have provided us with a long term look at the 
changing health of the river.  However, recently WET and Creekwatchers have begun to 
expand and improve the sampling protocol within the watershed.  We have added four 
new sampling sites to begin sampling in the 2020 sample season [two downtown and 
two within the non-urban areas] and we are also expanding the metrics that we monitor.  
Beginning in 2020 we will monitor dissolved oxygen as a new parameter of water 

Measurements of fecal coliform bacteria 
in 2019 at each site within groupings of 
ponds (A), tidal fresh (B), oligohaline 
(C), and mesohaline (D) portions of the 
Wicomico River.  Error bars are one 
standard deviation, indicating a 
measure of variation across sites within 
each category. The horizontal line 
indicates the unsafe swimming 
threshold. 
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quality. These changes will allow for a more detailed and scientifically rigorous 
understanding of the river’s health.  We also have arranged the data into different 
classifications.  Previous classifications were strictly geographic: upper Wicomico, lower 
Wicomico, ponds, and Wicomico Creek.  Beginning this year, we have grouped the data 
based on the tidal and chemical characteristics of the water itself, in order to better 
understand the water quality trends.  Now you will see classifications based on the 
water chemistry: ponds, tidal fresh, oligohaline (slightly salty), and mesohaline 
(moderately salty), also known as ‘brackish’ water as groupings for the river data.  

The Work of Watersheds 

In order to understand any changes in the water quality of the Wicomico River, it is 
important to understand a bit about how watersheds function as a system.  The land 
area that all drains surface water to the same location functions basically like a bowl, on 
which rain (and snow) falls and then either soaks into the ground or rolls downhill and 
collects into divots of the landscape.  Those low spots either become ponds, or are 
where creeks form that then carry water downhill to join larger streams; all of those flow 
into rivers that also join together, and eventually water will spill out to the sea--in our 
case to Chesapeake Bay.  This capillary network connects the entire watershed through 
drainage flow.  So a molecule of water that starts as rain at the top of our watershed 
[just over the line into Delaware] or at the very outer edges [for instance, the Salisbury 
airport] will eventually either soak into the ground to become groundwater, or it will 
make its way to one of the creeks and connected ponds, then flow down to the main 
stem of the Wicomico River, and onward down to the Chesapeake Bay.   
 
Without human activities, rivers are a mechanism for transporting not just water, but 
also sediment and nutrients, and dead leaves, twigs, whatever the force of rain pulls 
into the river, and the force of gravity pulls downhill.  In the wetland areas, water flow 
slows to almost stand still and the slow pace of water flow allows time for nutrients to 
break down, and sediments to collect, and eventually form new soils.  Wetlands can be 
thought of as the liver of nature’s circulatory system, while water is like the blood that 
circulates through all of nature.  Like the liver, wetlands filter and break down molecular 
compounds, which cleans the water--so the water that flows out is cleaner than the 
water flowing into wetlands.  
 
Forests also interconnect with water and soil. The trees themselves breathe in carbon 
dioxide, and breathe out oxygen, which cleanses the air and replenishes it with oxygen.  
Also, the root systems of trees help hold soil in place so when it rains, less erosion of 
soil into the streams occurs when trees are in the watershed.  Trees also slow down the 
flow of water as it soaks into the soil, or flows over the land towards streams and ponds, 
which allows more time for soil to filter out any pollutants and cleanse the water.  And as 



28 
 

an added bonus, forests support a huge array of other wildlife by providing shelter, 
habitat and food sources for animals and other plants like ferns, bushes, grasses etc.  In 
short, forests and soil and water are all interconnected and function together to help 
move and clean the water within a watershed as it flows towards the sea. 
 

Humans in the Watershed 
Human activities will alter the processes of a watershed, and we must be aware of this 
and understand our impact on the water quality.  Water samples are taken in order to 
measure the vital signs of a river’s health.  When human impacts begin to degrade the 
water quality, we need to know this and adjust how we interact with the river and the 
lands of the watershed.  For instance, nutrients like nitrates and phosphates flow 
naturally into the watershed as dead plants and animals biodegrade. The breakdown of 
these materials results in dissolved nutrients that flow into the streams. However, if too 
many nutrients flow into the water, it can cause an explosion of algae growth, also 
known as eutrophication, or in other words, excessive dissolved nutrients. When that 
happens, too much algae can block sunlight from penetrating the water surface--which 
chokes out plants already growing in the water, and also causes fish to die due to a lack 
of dissolved oxygen in the water.  Nutrients give algae food to grow, but when the algae 
die and bacteria decompose them, this reduces the amount of dissolved oxygen and 
suffocates fish.  Agriculture uses fertilizers in the fields to make plants grow; but fertilizer 
that is not taken up by the plants flows off the fields, and into the water, surging more 
nutrients into the system than soil and forests can break down. 
 
Paving over the land also alters the flow of water.  Water that would naturally soak into 
the ground cannot soak through pavement so it rolls off the pavement, and as it does 
this collects all sorts of pollutants from urban living like oil residue, that have dried to the 
pavement. A watershed with no urban activities usually has about 40% of all 
precipitation evaporate back into the air, 50% soak into the ground, and 10% run off the 
surface.  Once a watershed has been urbanized, that is to say heavily paved over, 
those proportions dramatically alter, with only 25% evaporated, as much as 40-45% run 
off from the surface, and just 30-35% soaked into the ground.  The implications of urban 
growth then must be understood to come at a cost.  The more we pave, the more water 
will surge across the streets, rooftops, sidewalks and alleys, straight into storm drains 
and then into the rivers...and that water is not clean either, after crossing so much 
pavement.  Urban paving can also lead to more floods, for all of these reasons, and it 
can be a sort of ‘double whammy’ if the land that gets paved over as the city grows was 
originally forest or wetlands--both parts of the watershed that naturally work to hold and 
slowly redistribute water, but are now absent in the urban growth.   
 



29 
 

For these reasons, it is extremely important that we, as citizens, understand how our 
activities interact with the watershed and find ways to co-exist so that the watershed’s 
own natural systems remain intact and functioning to keep the river clean.  One way to 
do this is to keep the edges of the river unpaved, to protect the soils that naturally filter 
pollutants before water enters the river.  Another is to keep the land near rivers as 
parks, playgrounds, walking paths, forests, and other very low impact uses that will 
minimize the damage we cause to the river, and capture pollutants or excess nutrients 
before they enter the water.  Keeping wetlands, rather than draining them allows 
nutrients to breakdown before they hit the river; keeping forests, or planting trees where 
others have been cut also helps keep the watershed healthy. Practicing agricultural 
techniques to allow for less nutrient run-off into the water helps keep the watershed 
clean. There are so many things people can do to limit the impact of our own lives on 
the river so that both people and the river can be healthy.  Humans cannot live without 
any impact to our surrounding environment, but there are definitely ways that we can 
minimize our impact so that we do not degrade the river and its functioning systems 
throughout the watershed. 
 
 

EXECUTIVE SUMMARY 
 

Creekwatcher priorities/goals: 
The Wicomico River Creekwatchers is a citizen-science partnership between the 
Wicomico Environmental Trust (WET) and Salisbury University (SU) with support of 
both the City and County governments and has been monitoring the quality of the river 
since the early 2000s.  The main priority is to establish science-based monitoring 
protocols and a credible water quality database that decision-makers and all 
stakeholders can access for the common goal of improving/maintaining the water 
quality of the Wicomico River and its watershed. 
 
Scope of project: 
Citizen volunteers from all over the watershed take water samples, and monitor ambient 
environmental conditions such as water and air temperature, water clarity etc. at more 
than twenty sites around the watershed twice monthly from March through early 
November.  Water samples are then analyzed by students with faculty supervision at 
SU, measuring chlorophyll, pH, salinity, nitrogen, and phosphorus.  During major 
swimming months, May through September, additional samples are tested for bacterial 
concentration. With a yearly operating budget close to $50,000 and the combined 
cooperation of WET, SU, and City and County governments, the scale of monitoring 
comprehensively covers all surface water within the watershed: ponds, tributaries, the 
main stem of the river, and the drainage into Chesapeake Bay. 
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Results of sampling: 
In 2019, nitrate concentrations increased over the previous year, while phosphate levels 
generally remained the same or were slightly reduced.  Both nutrients remained well 
above the impaired waterway threshold, despite long term trends of improving water 
quality.  Despite elevated nutrient concentrations, chlorophyll levels remain only slightly 
impaired in the slower moving waters of the ponds, mostly unchanged in most of the 
river from 2018, along with water clarity indicated by secchi depth.  New analysis of long 
term trends of temperature and pH have revealed a warming of the river over time, 
including from 2018 to 2019, and an alkalinization (higher pH, less acidic) of river waters 
as well. 
 
Compared to long term averages, nitrate concentrations in 2019 were even more 
elevated compared to 2018 (Figure 2).  Increased nitrate was observed at all locations. 
Nitrate concentrations were significantly higher in 2019 than both 2018 and the long 
term average from 2010-2018.  This is a considerable departure from the previous trend 
of decreasing nitrate levels observed from long term monitoring. 
 
 In upper areas of the river, from the ponds to the more brackish portion, chlorophyll 
concentrations were not significantly different compared to last year, although the tidal 
fresh sample sites were often elevated into the very impaired range.  Heavy rainfall may 
have washed much of the algal biomass, the main organisms indicated by high 
chlorophyll, down to the lower parts of the river, where concentrations were significantly 
higher compared to previous years  
 
Secchi depth, an indicator of water clarity, has been improving through time (Figure 5). 
Poor water clarity is influenced by sediments or algae growth, reducing light that is 
critical for the growth of underwater grasses.  Waters are still not to the 1m mark of 
good clarity, but often approach that depth at times during the year.  Between 2018 and 
2019, water clarity neither improved, nor worsened at all location groups, despite 
increases in nutrient concentrations that might promote light blocking algal growth.  This 
is unsurprising given that chlorophyll was also not significantly different, for the most 
part, from last year. 
 
Conclusions and implications:  
Looking at the long term trends, the health of the river has improved, but is not yet 
completely healthy.  The largest reasons for this are believed to be excess nutrients 
draining off of agricultural lands, increased pavement throughout the watershed over the 
previous 15 years [due to increased population and also increased suburban sprawl], 
and development within the most ecologically sensitive riverine corridor along the river 
and its tributaries.  Improvements in water quality can be attributed to improved 
wastewater treatment facilities in Salisbury, and reduction of industrial effluent and 
stormwater pollution, but more improvements are needed. 
 
 


