Chapter 2. Watershed Characteristics
The Pelican Lakes are glacial lakes formed during the last
retreat of the Red River Lobe starting about 13,000 years ago.
The soils deposited by the glacier are primarily sands and
loamy sands.
The Pelican Lakes’ watershed is approximately 162,000 acres
(includes lake acres) and the watershed to lake ratio of the
Pelican Lake is about 40 to 1. The watershed has the potential to have a huge impact on Pelican
Lake; however, much of the watershed area drains through large lakes first before the water reaches
the Pelican Lakes. The upstream lakes act as “treatment” ponds and help improve water quality of
the Pelican River and Spring Creek, two of the major tributaries to the Pelican Lakes. Land use is
primarily agriculture comprising 23% of the overall watershed, with forest accounting for about 22% of
the total watershed area. Much of the watershed drains to the Pelican River and the Pelican River
flows into Little Pelican Lake. The watershed is shown in Figures 2.2-2.3. To ensure good water
quality for years to come conservation measures in the watershed and on the lakeshore of the Pelican
Lakes are essential.
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Lakeshed Vitals

Pelican,
Bass, Fish

Little Pelican

Miles of Shoreline

22.9

7.2

Miles of shoreline describes the distance around the lake shore. Lakes with more
miles of shoreline have more area for potential shoreline impacts to occur.

Comments

Miles of Stream

0.4

1.0

Streams provide valuable habitat for aquatic and riparian organisms including fish,
aquatic invertebrates (insects, crayfish, mussels), waterfowl, muskrats, and otters.
Small streams are also highly productive systems, owing to their relationships with
adjacent upland habitats.
On the other hand, streams are also major sources of nutrients and suspended
solids to lakes. It is important that lake residents keep riparian areas natural with
vegetated buffers in order to protect the lake and the stream.

Miles of Road

39.3

7.0

Roads are considered impervious surface; they fragment the landscape for wildlife
habitat and lead to increased development.

<1 year

For lakes having longer residence times (a year or more), long-term average
pollutant loadings become more important to overall lake water quality. Lakes that
have a residence time of more than 5 years have a capacity of retaining about 60%
of the phosphorus loading that occurs and is not lost via outflow. This characteristic
requires that the longer the water residence time, the longer the time frame needed
for in-lake observations to detect any response to loading reduction.

None

Municipalities adjacent to a lake are areas of dense population and impervious
surface. Stormwater runoff from streets, parking lots, roofs and storm gutters can
contribute nutrient and pollutant loading to a lake. In addition, road salt used in the
winter can increase the salinity and conductivity in a lake.

Water Residence Time

1.4 years

Municipalities

None

Sewage Management

Individual waste treatment systems (septic
systems and holding tanks). County does
lakewide inspections every 15-20 years

Properly maintained septic systems and holding tanks are effective in treating human
waste. Education of property owners is the best way to get this message across in a
positive fashion.

Public Drainage Ditches

None

None

Public drainage ditches can contribute nutrient enriched runoff to lakes during heavy
rain events and spring thaw. Channelized streams or constructed ditches effectively
increase the slope of the watershed and reduce the time it takes water to reach the
lake.

Forestry Practices

None

None

Properly planned and managed forestry will have little impact on lake water quality;
however, clear-cutting along a tributary or in the lakeshed can accelerate erosion and
runoff.

Recreational
Development

Recreational Development Lakes usually have between 60 and 225 acres of water
per mile of shoreline, between 3 and 25 dwellings per mile of shoreline, and are more
than 15 feet deep. General Development Lakes usually have more than 225 acres of
water per mile of shoreline and 25 dwellings per mile of shoreline, and are more than
15 feet deep. These different classifications have different setback requirements.

Development Classification

General
Development
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Lakeshed Vitals

Pelican,
Bass, Fish

Little Pelican

Comments

Shoreline Development Index 2.5

2.7

The shoreline development index is the ratio of the length of shoreline to the
circumference of a circle with an area equal to the lake area. As the index value
increases from 1, it indicates a more irregularly shaped shoreline. An index value of
1 is the smallest possible value and indicates a lake that is perfectly circular. Lakes
with an index value of approximately 2 are more elliptical in form, while elongated or
dendritic-shaped lakes can have values greater than 4. The shoreline development
index is an important morphological parameter to consider because it can give an
idea of a lake’s susceptibility to the impacts of shoreline development. Lakes with
high index values are more susceptible to the impacts of development because there
is more shoreline to be developed compared to a more regularly shaped (round) lake
with a similar surface area. (Wetzel 2001)

Total Lakeshed to Lake Area
Ratio (total lakeshed includes lake

3.7:1

5.2:1

The lakeshed to lake area ratio shows how much land area drains into the lake
compared to the size of the lake. If this ratio is greater than 2, the land has more
potential impact on the lake.

0.01:1

0:1

Public land is protected, and therefore additional development cannot occur in those
areas. Private land that is undeveloped has the potential to be developed unless
there are wetlands present that are protected by the Wetland Conservation Act.

area)

Public Land : Private Land

Wetland Coverage

3%

5%

Wetland protection is a critical component for the long-term protection of water
quality and recharge of groundwater. Historically, wetlands were drained for various
land-use practices. Today, environmental awareness and increased stewardship
has lead practices to restoration. All wetlands in the National Wetlands Inventory are
protected by the Wetland Conservation Act and cannot be developed. The more
land tied up in protected wetlands around a lake, the less development and impact
there will be on the lake water quality. Wetlands in agricultural areas around the lake
could be restored for better water storage in periods of high precipitation.

Exotic Species

Zebra mussels,
Curly-leaf
pondweed

Zebra mussels, Curlyleaf pondweed

Curly-leaf pondweed is under control in the Pelican Group of Lakes by chemical
herbicide application. Zebra mussels are a problem with no solution for removal.
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Demographics
Little Pelican Lake is classified as a recreational development lake. Recreational development
lakes usually have between 60 and 225 acres of water per mile of shoreline, between 3 and 25
dwellings per mile of shoreline, and are more than 15 feet deep.
Pelican Lake is classified as a general development lake. General development lakes usually
have more than 225 acres of water per mile of shoreline and 25 dwellings per mile of shoreline,
and are more than 15 feet deep.
The Minnesota
Department of
Administration
Geographic and
Demographic
Analysis Division
extrapolated future
population in 5-year
increments out to
2035. These
projections are
Figure 2.9. Little Pelican Lake showing Dunn Township and Pelican, Bass
shown in Figure
and Fish Lakes showing Dunn and Scambler Townships.
2.10 below.
Compared to Otter
Tail County as a whole, Dunn Township population growth has higher extrapolated growth
projections, while Scambler Township has lower extrapolated growth projections.

Population Growth Projection
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Figure 2.10. Population growth projection for Otter Tail County and the townships around the PGOLID
Lakes (source: http://www.demography.state.mn.us/resource.html?Id=19332).
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Lake Water Level Report
DNR: http://www.dnr.state.mn.us/lakefind/showlevel.html?id=56078600

Water Level Data
Period of record: 03/24/1938 to 10/14/2015
# of readings: 1657
Highest recorded: 1319.72 ft (08/25/1993)
Highest known: 1319.72 ft (08/25/93)
Lowest recorded: 1314.78 ft (03/24/1938)
Recorded range: 4.94 ft
Last reading: 1317.4ft (10/25/2017)
Ordinary High Water Level (OHW) elevation: 1318 ft
Datum: MSL 1912 (ft)

Figure 2.11. Water levels in Pelican Lake 2009-2018. Source: MN DNR
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Wetlands
"Wetlands" is the collective term for marshes, swamps, bogs, and similar areas. Wetlands are
found in flat vegetated areas, in depressions on the landscape, and between water and dry land
along the edges of streams, rivers, lakes, and coastlines.
Wetlands prevent flooding by holding water much like a sponge. By doing so, wetlands help
keep river levels normal and filter and purify the surface water. Wetlands accept water during
storms and whenever water levels are high. When water levels are low, wetlands slowly release
water. Wetlands encompass many different habitats including ponds, marshes, swamps, and
peatlands. They are areas where land and water meet and are wet for an ecologically significant
part of the year. Wetlands may be temporally flooded by rain, or be filled seasonally with water
from melting snow.

Figure 2.12. National Wetlands Inventory in the area around Little Pelican, Pelican, Bass and Fish Lakes.

Wetlands around PGOLID include emergent wetlands, which are usually colonized with cattails,
ponds and forested/shrub wetlands (Figure 2.12).
If these areas are filled in, the water needs to go somewhere and could cause lake levels to
rise. These areas are important for water storage and filtration and should be preserved to
maintain water levels in the PGOLID lakes.
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Stream Assessments
Streams and rivers are rated by the Minnesota Pollution Control Agency to have the most potential
to impact lakes. After all, a lake can only be as healthy as the water that flows into it.
Pelican Lake has 4 impacting streams. All of which are tested in several places. By breaking up the
sampling per stream we can better locate pollution sources. For example; points A, B, and C are
sampled for pollutant X. A is upstream from B, and B is upstream from C. Pollutant X is found at C
but not B or A. This means that the pollutant source must be in-between B and C. Say that
pollutant X is found at B but not C. This means that (usually naturally) the pollutant is being
"filtered" between B and C. Perhaps the most important sites are at where they enter the lake
body. The rivers and streams that exit the lake are also sampled. This is for comparison
purposes. For example the totals of a substance entering the lake can be found and compared
with the totals exiting the lake. This is another way to distinguish if other pollutants are entering the
lake by other means than streams.
PGOLID monitors 9 sites in 4 watersheds. The sites are numbered below and refer to the map
below (Figure 2.13):
1.
2.
3.
4.
5.
6.
7.
8.

Highway 20 Culvert, Pelican River
Strom's Bridge, Pelican River
Pelican River Outlet
Bob Creek Inlet
Burton Lake Outlet
Spring Creek Inlet (Simenson)
15823 Sherbrooke Road , Spring Creek
Lake Ida Outlet
9. Cormorant Lake Outlet

Samples are collected monthly year around. The PGOLID Water Resource Coordinator also
periodically takes samples after "storm events" or after heavy precipitation (usually >1 inch).
Sampling after a storm event can give us a relation as to how the watersheds runoff is impacting
the water or the "worst case scenario". Storm event samples are included with other samples in
statistics. This evens out to more accurately represent a true average. It also makes up for the
other storm events that are not monitored, or recorded in the monthly samples.

Figure 2.13. PGOLID stream monitoring sites.
PGOLID Lake Management Plan, 2018
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Inlets and Outlet Loading Comparisons
Totals are approximated by averaging all the values. Storm events are included.
Average Totals Entering Pelican Lake
3.03

Chlorophyll a ( lbs / day )

1188

Total Suspended Solids ( lbs / day )

48,615

Fecal Coliform Bacteria ( Fecal Colonies / day )

13.63

Total Phosphorus ( lbs / day )

9.80

Ortho Phosphorus ( lbs / day )

63,644,236

Flow (GPD)

Average Totals Exiting Pelican Lake
1.99

Chlorophyll a ( lbs / day )

652

Total Suspended Solids ( lbs / day )

50,234

Fecal Coliform Bacteria ( Fecal Colonies / day )

8.81

Total Phosphorus ( lbs / day )

7.91

Ortho Phosphorus ( lbs / day )

66,628,510

Flow (GPD)

Flow
The combined flow from the inlets mirrors the outlet flow (Figure 2.14). This result is expected, and
means that most of the water that is flowing into the PGOLID lakes is flowing back out. The peaks
in flow correspond to spring thaw and usually occur in May-June.
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Figure 2.14 Combined inlets flow versus the outlet flow for the PGOLID lakes.
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Total Phosphorus
The total phosphorus loading is calculated by taking into account both the phosphorus
concentration in the water and the volume of flow passing through a certain area. In streams,
phosphorus loading is a better indicator for water quality than phosphorus concentration. A stream
with high phosphorus concentration that is just a trickle of water could be depositing less
phosphorus into a lake than a flow.

Figure 2.16

Figure 2.18
Total Phosphorus (lbs/day)

Figure 2.17
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Figure 2.15
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These figure 2.15 - 2.18 represent corresponding flow readings (cubic feet per second), depth
down to water level from bridge/culvert (in), and the total phosphorus (pounds per day). To
understand depth down, think of it as higher the number the shallower the stream, as it is further
down from the top of the bridge. The general trend is the higher the water level the faster the flow
with a higher total phosphorus reading.
The combined phosphorus loading from the inlets mirrors the phosphorus loading at the outlet. As
pulses of phosphorus enter the PGOLID lakes, much of that phosphorus exits back out of the
system. A portion of the phosphorus stays in the lake and gets taken up by plants and algae. If all
the phosphorus was staying in the lake and not flowing back out, it would be a problem and would
contribute to the lake getting greener with more plants and algae.
The peaks in phosphorus loading correspond with the peaks in flow (Figure 2.19). These peaks
occur in the spring (April-June) as spring thaw and rains contribute to higher water levels.
80
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Figure 2.19. Combined inlets phosphorus loading versus the outlet phosphorus loading for the PGOLID
lakes.
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Totals and Average Loading by Watershed
Minor watersheds are grouped by the stream that discharges into Pelican Lake. These groups of
watersheds are Bob Creek, Spring Creek, and the Pelican River (Figure 2.16).

Figure 2.16 Minor watersheds draining directly into PGOLID Lakes.

Flow
In comparing the flow between the different inlets, the Pelican River accounts for the majority
(81%) of the water flowing into the PGOLID lakes (Figure 2.17).

Inlets Comparison: Flow (gal/day)
Historical (2001‐2018)
12%
Pelican River Inlet
Bob Creek
Spring creek inlet

7%

81%

Figure 2.17 Comparison of water flow entering Pelican Lake between the different inlets.
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Total Phosphorus
In comparing the total phosphorus between the different inlets, the Pelican River accounts for
almost three quarters (71%) of the total phosphorus entering Pelican Lake (Figure 2.18). This
would prioritize this stream for source identification; however, the phosphorus concentration in the
Pelican River is average compared to the other sites and is nearly half of other area streams. This
would suggest that heavy loading is due to the sheer volume of water (Figure 2.17).

Inlets Comparison:
Total Phosphorous loading (lbs/day)
Historical (2001‐2018)
23%

Pelican River Inlet
Bob Creek
Spring creek inlet
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Figure 2.18 Total phosphorus loading proportions from each inlet to Pelican Lake.

Figure 2.19. shows the actual phosphorus loading for each inlet. Duck Lake is a small inlet that
trickles in from a wetland on the west side of Pelican Lake. The flow and phosphorus loading from
Duck Lake is negligible.
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Figure 2.19 Comparison of total phosphorus loading from each inlet to Pelican Lake.
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In looking at all the monitoring sites in each watershed, one can better pinpoint potential sources of
phosphorus (Figure 2.20). In the Bob Creek watershed, both the Burton Lake Outlet (upstream)
and the Bob Creek Inlet to Pelican Lake have similar phosphorus loading. This result means that
not much phosphorus is picked by Bob Creek as it passes through a cattle farm and a large
wetland.
In the Spring Creek Watershed, water exits Lake Ida and Big Cormorant Lake with very low
phosphorus concentrations. The Sherbrooke Road site has higher phosphorus loading than the
source at Big Cormorant Lake. As Spring Creek winds back and forth through the city of
Cormorant, it has a rapids-like nature and picks up phosphorus from the stream banks as it flows.
Further downstream, the branch from Lake Ida joins Spring Creek and then enters Pelican Lake at
the Spring Creek Inlet. The phosphorus loading at the Spring Creek Inlet is slightly higher than at
Sherbrooke Road, which could come from the Lake Ida branch or the wetlands.
The Pelican River has the highest phosphorus loading of all the watersheds. The Highway 20 site
is just upstream from Little Pelican Lake and the Stroms Bridge site is between Little Pelican and
Pelican Lakes. The results show that some phosphorus remains in Little Pelican Lake and most
likely gets taken up by plants and algae for food.
The sum of the phosphorus loading from the inlets is higher than from the Pelican River Outlet, but
this is common in lakes. The extra phosphorus gets utilized by plants and algae in the lake and
also gets deposited at the bottom of the lake into the sediments.

Figure 2.20 Comparison of total phosphorus loading from each watershed. The bars in blue are the actual
inlets to Pelican Lake. The grey bars are monitoring sites upstream from the lake. For locations see Figure
2.13.
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