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Summary 

 
Aquatic plants provide many benefits to aquatic ecosystems, but can become a 

recreational nuisance when growth is excessive. Excessive aquatic plant growth also has the 

potential to disrupt lake ecosystems and fisheries, particularly when non-native species are 

introduced. To aid lake management efforts, the Pickerel-Crooked Lakes Association (PCLA) 

contracted with the Tip of the Mitt Watershed Council in 2014 and 2015 to perform 

comprehensive aquatic plant surveys of Pickerel Lake, Crooked Lake, Round Lake, and the 

Crooked River in Emmet County, Michigan. 

Fieldwork was conducted during July through October 2014 and July 2015. Watershed 

Council staff surveyed aquatic vegetation at sample sites using a throw-able rake device attached 

to a rope. Plants were collected until the surveyor believed all taxa at the site were documented.  

Community boundaries were mapped by creating lines on a Global Positioning System (GPS). 

Field notes were taken on a datasheet. All data was imported into a Geographic Information 

System (GIS) to create detailed maps and charts. 

Staff collected specimens and noted plant densities at 495 sites in the lakes and river, 

documenting 47 different aquatic plant taxa during the survey. Muskgrass (Chara spp.), variable 

leaf watermilfoil (Myriophyllum heterophyllum), and slender naiad (Najas flexilis) were the three 

most commonly encountered plant taxa. Four invasive species were encountered during this 

survey: purple loosestrife (Lythrum salicaria), curly-leaf pondweed (Potamogeton crispus), 

Eurasian watermilfoil (Myriophyllum spicatum), and narrow-leaf cattail (Typha angustifolia). 

These invasive plants are a concern due to their ability to outcompete native vegetation and 

crowd wetlands, shorelines, and waterways. Vegetation densities ranged from very light to very 

heavy. 
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The 2015 aquatic plant survey of Pickerel and Crooked Lakes followed up on concerns of 

a previous survey in 2008. These concerns include aquatic invasive species like purple 

loosestrife and curly leaf pondweed, in addition to the distribution and density of plants 

throughout Pickerel and Crooked Lakes. The 2014 surveys of Round Lake and the Crooked 

River documented concerns of those waters. These concerns include invasive species throughout 

the Crooked River, potential invasive species in Round Lake, and the distribution and density of 

plants.  

In Pickerel and Crooked Lakes, curly leaf pondweed has been spreading since the 2008 

survey. The infestation of curly leaf pondweed by Oden Creek has been expanding, though much 

of the area is at very light density. Purple loosestrife was documented at only one site, while no 

Eurasian watermilfoil was documented in or along these two lakes. Similar to the 2008 survey, 

the vegetated areas of Pickerel and Crooked Lakes were mostly at light or moderate density. Less 

than an acre of very heavy density vegetation was documented in the lakes. 

PCLA and local governments should act immediately to control existing invasive species 

in the lake, as well as prevent the introduction of other exotic species. Shoreline areas should be 

surveyed on a regular basis to document evidence of nutrient pollution, erosion, riparian 

vegetation, and other factors that potentially contribute to nuisance aquatic plant growth. 

Problem areas identified during surveys should be addressed to prevent or reduce nuisance 

aquatic plant growth.  

Results from this survey should be shared to maximize benefits and assist in lake 

management efforts. Information and education efforts should be undertaken to promote an 

understanding of aquatic plant communities and the lake ecosystem among riparian property 

owners and other lake users, as well as encourage behaviors and practices that protect and 
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improve lake water quality. Future surveys are recommended to collect the necessary data for 

determining trends over time, evaluating successes or failures of aquatic plant management 

projects, and documenting the locations and spread of non-native aquatic plant species. 

Introduction 

 

Aquatic plant communities provide numerous benefits to lake ecosystems. Aquatic plants 

provide habitat, refuge, and act as a food source for a large variety of waterfowl, fish, aquatic 

insects, and other aquatic organisms (Valley et. al. 2004, Dibble et. al. 1996, Engel 1985). Like 

their terrestrial counterparts, aquatic plants provide primary production to the ecosystem and 

oxygen via photosynthesis. Aquatic plants utilize nutrients in the water and sediments that could 

otherwise be used by algae and potentially result in nuisance blooms. A number of aquatic 

plants, including bulrush, water lily, cattails, and pickerelweed, help prevent shoreline erosion by 

absorbing wave energy and moderating currents (Madsen and Warncke 1983). In addition, soft 

sediments along the lake bottom are held in place by rooted aquatic plants (Engel 1985). 

In spite of all the benefits associated with aquatic plants, some aquatic ecosystems suffer 

from overabundance, particularly where non-native nuisance species have been introduced. 

Excessive plant growth can create a recreational nuisance by making it difficult or undesirable to 

boat, fish, and swim. It also has the potential to cause aquatic ecosystem disruptions. In lakes 

plagued by nuisance plant growth, it sometimes becomes necessary to develop and implement 

programs to control excessive growth and non-native species.  

The introduction and spread of non-native aquatic species in Michiganôs surface waters is 

an issue of great concern, both environmentally and economically. Over 180 non-native aquatic 

species have been documented in the Great Lakes, the most prolific and problematic commonly 
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labeled ñaquatic invasive species.ò These invasive species can have a myriad of negative impacts 

on Michiganôs aquatic ecosystems, including displacement or loss of native aquatic organisms, 

food web and nutrient cycling alterations, and water quality degradation. Annual economic costs 

associated with aquatic invasive species in terms of negative impacts to ecosystem services, such 

as commercial and sport fisheries, raw water use, and wildlife viewing, are estimated at $138 

million dollars for the Great Lakes region (Rothlisberger et al. 2012).  

Aquatic invasive species impacts to aquatic ecosystems and local economies can be 

dramatically lessened via an early detection and rapid response strategy. Monitoring for these 

species is a crucial element of such a strategy. 

Control measures that reduce aquatic plants in a lake can have negative impacts on the 

lake ecosystem. Herbicide treatment causes oxygen loss, which can lead to fish and invertebrate 

mortality (Brooker and Edwards 1975). Phosphorus has been shown to increase following 

herbicide application (Morris and Jarman 1981). Blue-green algal blooms have been documented 

after herbicide treatment (Getsinger et al. 1982). Herbicides can be toxic to fish and invertebrates 

(Engel 1990), while mechanical harvesting of aquatic plants removes fish and invertebrates in 

the process (Wile 1978). Thus, aquatic vegetation control measures should be carefully 

considered in terms of impacts to the lake ecosystem.  

Aquatic plant management is a critical component of lake or river management. An 

important step in aquatic plant management is an inventory of the aquatic vegetation that 

documents species, abundance, density, and the presence of non-native species. There is a strong 

history of aquatic plant management in Pickerel and Crooked Lakes, detailed in the following 

section.  
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Background 
 

Purple loosestrife, an invasive wetland and lakeshore plant that crowds out native 

vegetation, was the initial focus of aquatic plant management in the Pickerel and Crooked Lakes 

Watershed. With Tip of the Mitt Watershed Council guidance, Pickerel-Crooked Lakes 

Association (PCLA) volunteers in 2006 carried out surveys to inventory all purple loosestrife 

infestations in Pickerel and Crooked Lakes. Initially, control consisted of cutting the invasive 

plants followed by herbicide treatment, but then shifted to biological control using Galerucella 

beetles, which continued until 2014. Due to these efforts, purple loosestrife has been prevented 

from taking over the Lakesô shorelines. In 2008, PCLA contracted with the Watershed Council to 

conduct a comprehensive aquatic plant survey in Pickerel and Crooked Lakes. Watershed 

Council staff collected field data during the summer of that year and provided PCLA with a 

report of the density and distribution of aquatic plant communities in the Lakes, as well as 

options and recommendations for management of nuisance plants.  

The 2008 survey documented the aquatic plant density and community at 479 sites in 

Pickerel and Crooked Lakes. A total of 31 aquatic plant taxa were documented during the 

survey. Plant community data showed that a majority of Pickerel and Crooked Lakes (54%) 

contained no or little aquatic vegetation. Muskgrass (Chara spp.), slender naiad (Najas flexilis), 

eelgrass (Valisneria americana), and bulrush (Schoenoplectus spp.) commonly dominated the 

Lakeôs aquatic plant communities. The aquatic plant communities of Pickerel and Crooked 

Lakes predominantly contained light to moderate density growth (76% of the vegetated area).  

Relatively little heavy-density growth was documented and very heavy growth was found only in 

Crooked Lake and limited to 17 acres.  A few areas in Crooked Lake and no areas in Pickerel 

Lake contained what is generally considered to be nuisance plant growth. Areas of dense 
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vegetation in Crooked Lake (classified as very heavy) were limited to the southwest corner and 

in two locations along the northern shore. Only one invasive species, curly-leaf pondweed 

(Potamogeton crispus) was found during this survey and at only one site in Crooked Lake by 

Oden. Upon being notified of this invasive plant, the PCLA took immediate steps to control its 

growth and spread using manual methods and herbicides.   

Also in 2008, the Crooked River, Pickerel Lake, and Crooked Lake were surveyed for the 

invasive plant Eurasian Phragmites through a collaborative effort between the Watershed 

Council and the University of Michigan Biological station. The survey documented no invasive 

Phragmites, although 63 stands of native North American Phragmites were documented along 

the Crooked River and Crooked Lake. 

 In 2014, the PCLA contracted with the Watershed Council to perform a second 

comprehensive aquatic plant survey of Pickerel and Crooked Lakes, as well as surveys of Round 

Lake and the Crooked River. The purpose of these surveys was to inventory the density and 

composition of native plant communities and aquatic invasive plant infestations. Survey field 

methods, data management procedures, project results, and discussion of results for the 2014 and 

2015 surveys are contained in this report.  

 

Study Area 
 

The lakes and river of the 2014 and 2015 aquatic plant surveys are located near the tip of 

the Lower Peninsula of Michigan. Descriptions for each water body are below. 

 

Pickerel and Crooked Lakes 

 

Pickerel and Crooked Lakes are located in southeast Emmet County in the northern tip of 

the Lower Peninsula of Michigan (Figure 1). The Lakes are split between Springvale and 
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Littlefield Townships, with the western edge of Crooked Lake touching upon Little Traverse and 

Bear Creek Townships. Oden Island, in the middle of Crooked Lake, effectively splits the Lake 

into two basins to the east and west of the Island, though the far western area of the Lake (to the 

west of Graham Point) could be considered a third distinct basin. Pickerel Lake, located to the 

east of Crooked Lake and connected by a half-mile channel, is composed of two basins to the 

northwest and southeast of a narrow area located in front of Ellsworth Point.   

Based upon digitization of aerial orthophotography (Emmet County 2008), the Crooked 

Lake shoreline measures 16.3 miles and the Lake surface area totals 2,351 acres whereas 

Pickerel Lake has 7.1 miles of shoreline and 1083 acres of surface area. The connecting channel 

between the Lakes accounts for an additional 1.3 miles of shoreline and 13.3 acres of surface 

area. Crooked Lake measures approximately 3.5 miles from west to east at its widest point and 

1.75 miles from north to south. From northwest to southeast, Pickerel Lake measures roughly 2.5 

miles and has a maximum width of less than a mile. 

Pickerel and Crooked Lakes contain extensive shallow areas, but there are deep pockets 

in both Lakes as well. Maps from the Michigan Department of Natural Resources Institute for 

Fisheries Research indicate that the deepest point in Crooked Lake, 50 feet, is located to the west 

of Oden Island (MDNR 2015). There are two deep holes in Pickerel Lake that approach 70 feet 

of depth and which are located in the northwest basin. The broad near-shore shallow areas of 

both Lakes support large communities of emergent vegetation. 

Pickerel and Crooked Lakes are drainage lakes of glacial origin. The largest inlet streams 

on Crooked Lake include Round Creek on the west end, Oden Creek on the north shore, 

Minnehaha Creek near the southern tip and the Black Hole channel connecting to Pickerel Lake 

on the east end. Inlet streams to Pickerel Lake include Cedar Creek on the east end, Mud Creek 
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on the west side and an unnamed creek on the east end of the north shore. Water leaves Pickerel 

Lake through the Black Hole channel and flows out of Crooked Lake in the northeast corner into 

the Crooked River.   

Following the retreat of glaciers (~14,000 years ago) that covered the region during the 

last ice age, water flowed west across the state, through the Pickerel and Crooked Lakesô area 

and out to Little Traverse Bay. During the Lake Nipissing stage, some 4,000 years ago, dunes 

rose up to the west of Round Lake and cut off stream flow into Little Traverse Bay (Spur and 

Zumberge, 1956). The dune formation effectively reversed the course of the streams and rivers, 

gradually forming the current Inland Waterway flow path across the State to the east-northeast, 

discharging into Lake Huron at the City of Cheboygan. 

 

Round Lake 

 

Round Lake is located in the northern Lower Peninsula of Michigan in Emmet County, 

less than one mile east of Little Traverse Bay. The surface area of Round Lake is approximately 

360 acres and the shoreline distance totals four miles (Emmet County 2012). Round Lake is in 

northern Bear Creek Township. Developed lakefront properties are served by a sanitary sewer 

system maintained by the Harbor Springs Area Sewer Authority. 

Round Lake consists of a single basin in the shape of a rounded equilateral triangle that 

measures approximately one mile per side. Its deepest location, in the middle of the basin, is 15 

feet. Residential development exists along the Lakeôs mid-western, mid-eastern, and mid-

northern shorelines, while the rest of the Lake is largely undeveloped. 

A small unnamed creek limited to 1000 feet in length flows into the southern tip of 

Round Lake. This inlet tributary delivers water from Mud and Spring Lakes, which receive 
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polluted runoff from adjacent urban development. Iduna Creek is the only outlet, flowing out of 

Round Lakeôs eastern terminus and into the west side of Crooked Lake via 1.25 miles of stream 

channel. 

 

Crooked River (and Watershed) 

 

The Crooked River is located near the northwest tip of the Lower Peninsula of Michigan; 

in Littlefield and Maple River Townships of Emmet County and Burt Township of Cheboygan 

County. Based on spatial hydrography data from the State of Michigan, as well as digitization of 

aerial orthophotography from the Emmet and Cheboygan County Equalization Departments 

(both 2012), the river has a length of 5.6 miles. The Crooked River flows in a northeast direction 

from Crooked Lake to Burt Lake and is part of the Inland Waterway: a 40+ mile series of 

navigable lakes and rivers in the Cheboygan River Watershed. The Crooked River is typically 50 

to 200 feet wide throughout its length, and less than 10 feet deep. The river flows through the 

Village of Alanson where the only two road crossings occur.  

The primary inlet of the river is Crooked Lake. The other named inlet is McPhee Creek, a 

6.5 mile second order stream entering the west side of the river in Alanson. The outlet of the 

Crooked River is the west shore of Burt Lake in Bullhead Bay. 

According to GIS files developed by the Watershed Council using elevation data 

acquired from the State of Michigan, the Crooked River Watershed encompasses approximately 

97,334 acres, which includes the River area (Figure 1). Encompassed by the Crooked River 

Watershed are the Crooked Lake, Pickerel Lake, and Round Lake Watersheds. Land cover 

statistics were generated for the Crooked River Watershed using remote sensing data from the 

Coastal Great Lakes Land Cover project (NOAA 2010). Based on 2010 data, the majority of the 
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Watershedôs land-cover is natural; consisting primarily of forest, wetlands, and grassland (Table 

1). Agricultural land-cover (9.7%) and urban land-cover (3.8%) exist to a lesser extent in the 

Watershed. Agricultural land-cover has grown by 1.6% and urban land-cover has grown by 1.1% 

of watershed area between 1985 and 2010. 

 

Table 1. Crooked River Watershed* land-cover statistics. 

Land Cover 

Type 

1985 

acres 

1985 

percent 

2010 

acres 

2010 

percent 

Change 

(acres) 

Change 

(percent) 

Agriculture 7854 8.1 9436 9.7 1582 1.6 

Barren 181 0.2 364 0.4 183 0.2 

Forest 56441 58.0 54364 55.9 -2077 -2.1 

Grassland 11137 11.4 9040 9.3 -2097 -2.2 

Scrub/Shrub 3008 3.1 4396 4.5 1388 1.4 

Urban 2665 2.7 3734 3.8 1070 1.1 

Water 4036 4.1 4041 4.2 4 <0.1 

Wetland 12011 12.3 11959 12.3 -53 -0.1 

TOTAL 97334 100.0 97334 100.0 NA NA 

*Encompasses the Crooked Lake, Pickerel Lake, and Round Lake Watersheds. 
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Figure 1. Crooked River: features and watershed. 
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Methods 
 

 The aquatic plant communities of Round Lake and the Crooked River were mapped in 

August through October 2014, while Pickerel and Crooked Lakes were mapped in July 2015. 

Survey methods used during the survey were developed by the Watershed Council, incorporating 

the experience and knowledge of Watershed Council surveyors, as well as elements of methods 

detailed in the Michigan Department of Environmental Qualityôs Procedures for Aquatic 

Vegetation Surveys (MDEQ 2005). The methods were designed for comprehensive and detailed 

aquatic vegetation surveys that document aquatic plant species, community, and density 

information at specific sample sites while also mapping the areal extent and delineation of plant 

communities throughout the lake. Survey methods are described below and procedural details are 

in Appendix A. 

 

Sampling 

 
To document aquatic plant taxa, specimens were collected, identified, photographed and 

recorded in a notebook at sample sites throughout the surveyed areas. Sample site locations were 

not random, but rather selected with the intent of collecting representative information on all 

aquatic plant communities currently inhabiting the areas. Most sampling was conducted along 

transects across the lake that were spaced at regular intervals. In expansive, deep areas, transects 

began near the shoreline and continued linearly into deeper waters until plants were no longer 

found. The distance between sample points along transects varied depending upon plant 

community changes that were visible from the surface. In areas where plant communities were 
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not visible, sample sites were selected based on interpretation of signals from the depth-finder or 

at regular intervals along the transect. 

At each sample site, the boat was anchored, water depth noted, and GPS data recorded. 

Water depth was monitored using Hummingbird depth finders. Trimble Juno SB GPS units were 

used to record sample site locations.  

Plant specimens were collected using a sampling device consisting of two garden rake 

heads fastened together back to back with a length of rope attached. Using the sampling device, 

multiple throws were made at four directions each site: north, south, east, and west. Sometimes 

the exact direction of the throw would diverge from a cardinal direction due to natural or man-

made features; in these cases, notes were taken for the updated direction. Sampling continued 

until the collector was satisfied that plant taxa present at the site were represented in the sample. 

Rigorous sampling techniques and effort were employed, but some species may have been 

missed.  

Specimens were identified to the lowest taxonomic level possible and representative 

samples of each species were laid out and photographed with a slip of paper indicating the 

number assigned to that site. Taxon density was determined by the surveyor for each taxon at 

each toss and recorded as light (L), moderate (M), or heavy (H), but also included the sub-

categories of very light (VL), light-moderate (LM), moderate-heavy (MH) and very heavy (VH). 

In general, the category ñvery heavyò was assigned when plant growth was so heavy that it 

reached the surface and formed a continuous mat. At the other end of the spectrum, ñvery lightò 

indicated sparse vegetation where only a few stems or pieces were found. Overall plant density 

for the site was determined and noted using the same categorization system.  
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Abundance rankings were determined at each site by summing the number of times 

individual taxon were found during rake throws. A plant found in all four rake tosses would be 

considered Abundant, three tosses Common, two tosses Uncommon, and one toss Rare. The 

abundance rankings do not account for density, but rather indicate frequency of occurrence. 

If a plant specimen could not be identified immediately, it was stored in a sealed bag and 

identified later with the aid of taxonomic keys, mounted herbarium specimens, and, if necessary, 

assistance from other aquatic plant experts. All taxa names, relative taxa densities, overall site 

density, and comments were recorded in a field notebook. If no plants were encountered during 

sampling, ñno vegetationò was recorded. Specimens representing each taxon found at the site 

were photographed. 

To assist in mapping the aquatic vegetation, additional photographs were taken to 

document emergent vegetation. At each sample site located within or adjacent to emergent 

vegetation, pictures were taken of surrounding areas. Pictures were taken with either a Ricoh 

G700SE or Nikon Coolpix AW110 digital GPS camera.  

 

Community Mapping 

 
Aquatic plant communities can be delineated simply by interpolating or extrapolating 

between sample points, but the accuracy of such delineations is greatly improved by noting and 

mapping precise locations where one plant community type ends and another begins. Therefore, 

additional data were collected to improve the accuracy of delineations between distinct plant 

communities in the lake. During sampling, plant community details observed at or near sample 

sites were recorded in the field notebook. Plant communities that were visible from the boat were 

described in terms of species composition, areal extent, shape, and density. Changes in plant 
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communities between sample sites and the absence of vegetation in any direction were also 

noted.  

Distinct submerged aquatic plant beds and emergent vegetation were mapped with a 

GPS. Where feasible, the perimeter of submerged plant beds was followed as closely as possible 

in the boat and GPS data collected at major vertices to develop polygons representing the plant 

beds. The depth finder was also used to delineate plant communities, as signals show transitions 

between vegetated and non-vegetated areas. Emergent plants growing directly along the 

shoreline were mapped directly on foot or at an offset distance that was recorded in the GPS unit. 

Plant specimens were not collected while mapping community lines with GPS. Occasionally 

wind, poor visibility, or other factors resulted in sinuous community lines which were noted in 

the GPS and later smoothed into more accurate, straight lines in a GIS. 

In spite of sampling at 495 sites, as well as subsequent community line mapping, small or 

isolated plant communities could have been missed. Plants were not sampled between sites in 

survey transects and conditions occasionally prevented community mapping between sites. Upon 

several occasions, plant community mapping was impeded by poor visibility, whether from wave 

turbulence, turbidity, or simply water depth and attenuation of sunlight. Additionally, emergent 

plant bed mapping may contain errors resulting from misinterpretation of GPS data and 

associated comments collected in the field. 

 

Data Processing and Map Development 

 
GPS data from the Trimble Juno SB units were transferred to a computer in an ESRI 

shapefile format. GIS data layers developed using the GPS data consisted of point layers 
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representing sample sites and polygon layers representing plant communities. All GIS work was 

performed using ESRI GIS software: ArcGIS 10.3 and 10.4. 

Information collected at sample sites and written in field notes was entered into a 

Microsoft Access database. A record was entered into the database for each sample site, using 

the sample site number as the unique identifier. Field data were entered as separate attributes in 

the database table, including water depth, taxa names and densities, areas of no or little 

vegetation, overall community density, and comments. Additional columns were added to the 

database for the number of taxa at each site. Field data were then exported to a Microsoft Excel 

spreadsheet, which was imported into a GIS and joined to the sample site GIS point data layer. 

The joined data were exported to a new GIS point data layer containing attribute information 

collected at each sample site.  

Delineations of aquatic plant communities recorded with GPS were used to develop 

polygons representing community types occurring in the lake. If borders between plant 

communities were not mapped directly with GPS in the field, then divisions between plant 

communities were determined by interpolating between or extrapolating from sample sites. Field 

notes from sample sites were also consulted during on-screen delineation of plant communities. 

After developing polygons, area statistics for specific plant communities and associated densities 

were calculated. 

In order to examine trends over time, plant survey data from 2008 was compared to 2015 

survey data. Plant densities assigned to each community polygon were assigned a corresponding 

number ranging from 0 to 7, with no vegetation as 0 and very heavy vegetation as 7. Using GIS, 

both plant community layers were overlaid, and an intersect operation was used to bring both 

yearsô data into one dataset. Plant density values for 2015 were then subtracted from plant 
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density values from 2008.  The resultant values and associated plant community data provided a 

spatially explicit density difference between 2008 and 2015.  

Final products include both maps and statistics generated from digital map layers. 

Presentation-quality maps were developed to depict sample site locations, plant community 

densities at sample sites, dominant plant communities, and plant community densities. In 

addition, the sample site ESRI shapefiles allow GIS users to view all tabular data associated with 

the site. 
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Results 
 

A total of 495 sites were sampled in Crooked Lake, Pickerel Lake, Round Lake, and the 

Crooked River. Additionally, aquatic plant communities were mapped with GPS lines when 

feasible. Results of each survey are included. 

 

Pickerel and Crooked Lakes 
 

Sample site and community results for the Pickerel and Crooked Lakes surveys are 

shown in the following sections. 

 

Sample Sites 

 

 A total of 42 aquatic plant taxa were documented during the survey conducted on 

Pickerel and Crooked Lakes, including the Black Hole Channel. Thirty two taxa were 

documented during rake throws, while 10 additional taxa were noted in comments or mapped 

with GPS, but not collected during rake throws or represented in the spreadsheet columns: broad-

leaf cattail (Typha latifolia), yellow pond lily (Nuphar variegata), sedge (Carex spp.), purple 

loosestrife (Lythrum salicaria), North American common reed (Phragmites australis 

americanus), narrow leaf cattail (Typha angustifolia), bur reed (Sparganium spp.), white water 

lily ( Nymphaea odorata), sweet gale (Myrica gale), and three square bulrush (Scirpus pungens). 

Of the 396 locations sampled, aquatic plants were found at 306 sites (Figure 3). The total number 

of aquatic plant taxa encountered at a vegetated site ranged from one to 11 with an average of 2.9 

taxa per sample site. Three invasive species were encountered during this survey: purple 

loosestrife, narrow leaf cattail, and curly-leaf pondweed (Potamogeton crispus). 
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Muskgrass (Chara spp.), variable-leaf watermilfoil (Myriophyllum heterophyllum), 

slender naiad (Najas flexilis), and common bladderword (Utricularia vulgaris) were the most 

commonly collected species, collected at 78%, 61%, 36%, and 21% of vegetated sites, 

respectively (Table 2). The next four taxa in order of total sites collected were broadleaf 

pondweed (Potamogeton amplifolius), flat stem pondweed (Potamogeton zosteriformis), 

waterweed (Elodea canadensis), and variable leaf pondweed (Potamogeton gramineus); these 

species were collected at 16%, 15%, 14%, and 13% of vegetated sites. The remaining plant taxa 

were documented at less than 10% of vegetated sites. 

The list of plants most commonly collected is similar to the list of plants that were 

abundant at the greatest percent of vegetated sample sites. Muskgrass was the most abundant 

plant, being considered abundant at 42% of vegetated sites (Table 3). Variable leaf watermilfoil, 

flat stem pondweed, common bladderwort, and waterweed followed, considered abundant at 

13%, 2%, 2%, and 2% of vegetated sites. The remaining taxa were abundant at 2% of sites or 

less. 

Typical for lakes and rivers in this region, the pondweed family (Potamogetonaceae) was 

the most speciose (i.e., had the greatest number of species). A total of 14 pondweed species were 

documented in the lakes during this survey. 
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Table 2. Aquatic plant taxa occurrence at Pickerel and Crooked Lakes sample sites. 

Scientific Name Common Name 

Total 

Sites 

Total 

% 

Sites* 

Chara spp. Muskgrass 225 73.5% 

Myriophyllum heterophyllum Variable Leaf Watermilfoil 176 57.5% 

Najas flexilis Slender Naiad 103 33.7% 

Utricularia vulgaris Common Bladderwort 61 19.9% 

Potamogeton amplifolius Broad Leaf Pondweed 46 15.0% 

Potamogeton zosteriformis Flat Stem Pondweed 42 13.7% 

Elodea canadensis Waterweed 40 13.1% 

Potamogeton gramineus Variable Leaf Pondweed 37 12.1% 

Sagittaria spp. Arrowhead 25 8.2% 

Valisneria americana Eelgrass 23 7.5% 

Potamogeton strictifolius Straight Leaved Pondweed 17 5.6% 

Schoenoplectus subterminalis Swaying Bulrush 12 3.9% 

Stuckenia pectinata Sago Pondweed 11 3.6% 

Potamogeton pusillus Small Pondweed 9 2.9% 

Myriophyllum sibiricum Northern Watermilfoil 7 2.3% 

Potamogeton natans Floating Leaf Pondweed 7 2.3% 

Potamogeton praelongus White Stem Pondweed 6 2.0% 

Stuckenia filiformis Fineleaf Pondweed 6 2.0% 

Ceratophyllum demersum Coontail 5 1.6% 

Utricularia resupinata Lavender Bladderwort 5 1.6% 

Heteranthera dubia Water Stargrass 4 1.3% 

Potamogeton spp. Pondweed (species unknown) 4 1.3% 

Bidens (syn. Megalodonta) beckii Water Marigold 3 1.0% 

Lemna trisulca Star Duckweed 3 1.0% 

Potamogeton friesii Fries' Pondweed 3 1.0% 

Potamogeton richardsonii Richardson's Pondweed 3 1.0% 

Potamogeton crispus Curly Leaf Pondweed 2 0.7% 

Potamogeton robbinsii Robbins' Pondweed 2 0.7% 

Najas guadalupensis Guadalupe Naiad 1 0.3% 

Potamogeton xhaynesii Haynes' Pondweed 1 0.3% 

Schoenoplectus spp. Bulrush (species unknown) 1 0.3% 

Schoenoplectus tabernaemontani Softstem Bulrush 1 0.3% 

*Percent of sites based on those sites with vegetation (306).  
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Table 3. Aquatic plant taxa abundance at sample sites in Pickerel and Crooked Lakes. 

Scientific Name Common Name 

A
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n

 

%
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ite
s
* 

R
a
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 %

 

S
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s
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Chara spp. Muskgrass 41.8% 12.4% 6.9% 12.4% 

Myriophyllum heterophyllum Variable Leaf Watermilfoil 13.1% 7.5% 10.8% 26.1% 

Potamogeton zosteriformis Flat Stem Pondweed 2.3% 2.0% 2.0% 7.5% 

Utricularia vulgaris Common Bladderwort 2.3% 1.6% 5.2% 10.8% 

Elodea canadensis Waterweed 2.3% 1.3% 2.6% 6.9% 

Najas flexilis Slender Naiad 2.0% 3.9% 7.8% 19.9% 

Potamogeton gramineus Variable Leaf Pondweed 1.6% 1.6% 3.3% 5.6% 

Valisneria americana Eelgrass 1.3% 0.0% 2.0% 4.2% 

Potamogeton amplifolius Broad Leaf Pondweed 1.0% 3.9% 2.0% 8.2% 

Schoenoplectus subterminalis Swaying Bulrush 1.0% 0.0% 1.0% 2.0% 

Sagittaria spp. Arrowhead 0.7% 0.7% 3.3% 3.6% 

Ceratophyllum demersum Coontail 0.3% 0.3% 0.0% 1.0% 

Myriophyllum sibiricum Northern Watermilfoil 0.3% 0.0% 0.3% 1.6% 

Stuckenia pectinata Sago Pondweed 0.0% 1.3% 0.7% 1.6% 

Potamogeton strictifolius Straight Leaved Pondweed 0.0% 0.7% 1.0% 3.9% 

Potamogeton natans Floating Leaf Pondweed 0.0% 0.7% 0.3% 1.3% 

Utricularia resupinata Lavender Bladderwort 0.0% 0.7% 0.3% 0.7% 

Potamogeton friesii Fries' Pondweed 0.0% 0.7% 0.0% 0.3% 

Potamogeton pusillus Small Pondweed 0.0% 0.3% 1.6% 1.0% 

Heteranthera dubia Water Stargrass 0.0% 0.3% 0.0% 1.0% 

Potamogeton richardsonii Richardson's Pondweed 0.0% 0.3% 0.0% 0.7% 

Potamogeton praelongus White Stem Pondweed 0.0% 0.0% 0.7% 1.3% 

Bidens beckii Water Marigold 0.0% 0.0% 0.3% 0.7% 

Lemna trisulca Star Duckweed 0.0% 0.0% 0.3% 0.7% 

Potamogeton crispus Curly Leaf Pondweed 0.0% 0.0% 0.3% 0.3% 

Stuckenia filiformis Fineleaf Pondweed 0.0% 0.0% 0.0% 2.0% 

Potamogeton spp. Pondweed ( unknown) 0.0% 0.0% 0.0% 1.3% 

Potamogeton robbinsii Robbins' Pondweed 0.0% 0.0% 0.0% 0.7% 

Najas guadalupensis Guadalupe Naiad 0.0% 0.0% 0.0% 0.3% 

Potamogeton xhaynesii Haynes' Pondweed 0.0% 0.0% 0.0% 0.3% 

Schoenoplectus spp. Bulrush (unknown) 0.0% 0.0% 0.0% 0.3% 

Schoenoplectus tabernaemontani Softstem Bulrush 0.0% 0.0% 0.0% 0.3% 

*Abundance based on number of rake throws the plant is collected at each vegetated site. 4 = 

Abundant, 3 = Common, 2 = Uncommon, 1 = Rare. 
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Figure 2. Sample sites for 2015 Pickerel and Crooked Lakes aquatic plant survey. 
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The distribution of aquatic plant community densities at sample sites leaned toward 

moderate-density growth (Table 4). Approximately 42% of sample sites overall had aquatic plant 

community densities that fell into the light categories (very light, light, and light to moderate). 

Moderate growth was documented at 17% of sites and heavy-density growth (moderate to heavy 

or heavy) accounted for 14%. One hundred nine sites had little or no vegetation, while no sites 

had very heavy density vegetation. 

Table 4. Aquatic plant densities at Pickerel and Crooked Lakes sample sites. 

Density Category 

Both 

Lakes (# 

of sites) 

Both 

Lakes 

(% of 

sites) 

Crooked 

(# of 

sites) 

Crooked 

(% of 

sites) 

Little/no vegetation 109 28% 59 21% 

Very Light 50 13% 39 14% 

Light 61 15% 49 17% 

Light to Moderate 56 14% 46 16% 

Moderate 67 17% 53 19% 

Moderate to Heavy 30 8% 25 9% 

Heavy 23 6% 14 5% 

Very Heavy 0 0% 0 0% 

TOTAL 396 100% 285 100% 

Density Category 

Pickerel 

(# of 

sites) 

Pickerel 

(% of 

sites) 

Channel 

(# of 

sites) 

Channel 

(% of 

sites) 

Little/no vegetation 50 47% 0 0% 

Very Light 11 10% 0 0% 

Light 12 11% 0 0% 

Light to Moderate 10 9% 0 0% 

Moderate 10 9% 4 100% 

Moderate to Heavy 5 5% 0 0% 

Heavy 9 8% 0 0% 

Very Heavy 0 0% 0 0% 

TOTAL 107 100% 4 100% 
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Plant Communities 

 

Aquatic plant community mapping revealed that 1,699 of the 3,452 surveyed acres (49%) 

of Pickerel and Crooked Lakes contained little or no aquatic vegetation (Table 5). Plant 

communities dominated by bulrush were found to be the most common and extensive, covering 

486 acres (14%) of lake area. Communities dominated by muskgrass followed at 312 acres (9%), 

then a mix of muskgrass and other submergent plants at 249 acres (7%). A mix of pondweeds 

was dominate at 180 acres (5%), while a mix of many types of submergent vegetation followed 

at 167 acres (5%). The remainder were small communities that dominated 5% or less of lake 

surface area. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



         

 

Pickerel and Crooked Lakes Aquatic Plant Surveys 2015  27 

Table 5. Dominant aquatic plant communities of Pickerel and Crooked Lakes. 

Dominant Community 

Both Lakes 

(acres) 

Both Lakes 

(percent) 

Crooked 

(acres) 

Crooked 

(percent) 

Little or no vegetation 1698.58 49.20% 970.99 41.23% 

Bulrush 485.90 14.07% 369.81 15.70% 

Muskgrass 311.88 9.03% 230.32 9.78% 

Muskgrass mix 249.31 7.22% 246.32 10.46% 

Pondweed mix 179.77 5.21% 117.75 5.00% 

Mixed submergents 167.41 4.85% 152.61 6.48% 

Muskgrass and Naiad 159.81 4.63% 113.82 4.83% 

Watermilfoil 88.84 2.57% 68.39 2.90% 

Mixed emergents 42.69 1.24% 42.16 1.79% 

Mixed submergents and emergents 26.46 0.77% 26.46 1.12% 

Pond-lily  13.59 0.39% 5.92 0.25% 

Bladderwort 10.78 0.31% 0.00 0.00% 

Pondweed 9.82 0.28% 9.82 0.42% 

Swaying bulrush 6.01 0.17% 0.00 0.00% 

Bur reed 0.65 0.02% 0.00 0.00% 

Naiad mix 0.43 0.01% 0.43 0.02% 

Eel-grass mix 0.40 0.01% 0.40 0.02% 

Sweet Gale 0.05 0.00% 0.00 0.00% 

TOTAL 3452.38 100.00% 2355.19 100.00% 

Dominant Community 

Pickerel 

(acres) 

Pickerel 

(percent) 

Channel 

(acres) 

Channel 

(percent) 

Little or no vegetation 725.83 66.99% 1.76 12.79% 

Bulrush 115.03 10.62% 1.07 7.76% 

Muskgrass 72.71 6.71% 8.85 64.38% 

Muskgrass mix 2.99 0.28% 0.00 0.00% 

Pondweed mix 62.01 5.72% 0.00 0.00% 

Mixed submergents 14.80 1.37% 0.00 0.00% 

Muskgrass and Naiad 45.99 4.25% 0.00 0.00% 

Watermilfoil 20.45 1.89% 0.00 0.00% 

Mixed emergents 0.37 0.03% 0.17 1.21% 

Mixed submergents and emergents 0.00 0.00% 0.00 0.00% 

Pond-lily  6.13 0.57% 1.54 11.19% 

Bladderwort 10.78 0.99% 0.00 0.00% 

Pondweed 0.00 0.00% 0.00 0.00% 

Swaying bulrush 6.01 0.56% 0.00 0.00% 

Bur reed 0.28 0.03% 0.37 2.68% 

Naiad mix 0.00 0.00% 0.00 0.00% 

Eel-grass mix 0.00 0.00% 0.00 0.00% 

Sweet Gale 0.05 0.00% 0.00 0.00% 

TOTAL 1083.44 100.00% 13.75 100.00% 
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Of the 3,452 surveyed acres of Pickerel and Crooked Lakes, 1,754 acres (51%) of the 

total lake area had aquatic vegetation (Table 6). The remainder of the lake area had little to no 

aquatic vegetation. Vegetated areas were divided into broad categories of emergent vegetation 

(bulrush, cattails, pond-lilies, and other plants that float or rise above the waterôs surface) and 

submergent vegetation (muskgrass, watermilfoil, naiad, and other underwater plants). 

Submergent plants were found to be the only form of aquatic vegetation at 68% of the 1,754 

acres of surveyed vegetated area of Pickerel and Crooked Lakes. Approximately 31% of the 

vegetated area was dominated by emergent vegetation, and less than two percent was dominated 

by a mix of submergent and emergent vegetation. The majority of emergent vegetation occurred 

near the shallow edges of the lakes (Figure 3). 

 

Table 6. Emergent versus submergent Pickerel and Crooked Lakes vegetation statistics. 

Lake and Vegetation 

Lake Surface 

Area (acres) 

Lake Surface 

Area (percent) 

Crooked and Pickerel Lakes 3452.4 100.0 

Little or no vegetation 1698.6 49.2 

Lake area with aquatic vegetation 1753.8 50.8 

  a. Emergent* 542.9 31.0* 

  b. Submergent* 1184.5 67.5* 

  

c. Mixed Emergent and 

Submergent* 26.5 1.5* 

*Refers to percent of surface area with aquatic vegetation (i.e., 1753.8 acres). 
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Figure 3. Aquatic plant communities in Pickerel and Crooked Lakes. 
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Table 7. Density statistics for aquatic plant communities in Pickerel and Crooked Lakes. 

Plant Community Density 

Both Lakes 

(acres) 

Both Lakes 

(percent)*  

Crooked 

(acres) 

Crooked 

(percent)*  

Very Light 81.62 4.65% 20.09 1.45% 

Light 558.55 31.85% 519.83 37.55% 

Light to Moderate 567.33 32.35% 431.64 31.18% 

Moderate 303.37 17.30% 236.79 17.11% 

Moderate to Heavy 169.68 9.68% 163.02 11.78% 

Heavy 72.91 4.16% 12.50 0.90% 

Very Heavy 0.33 0.02% 0.33 0.02% 

TOTAL 1753.80 100.00% 1384.20 100.00% 

Plant Community Density 

Pickerel 

(acres) 

Pickerel 

(percent)*  

Channel 

(acres) 

Channel 

(percent)*  

Very Light 61.53 17.21% 0.00 0.00% 

Light 36.43 10.19% 2.29 19.07% 

Light to Moderate 135.23 37.81% 0.46 3.86% 

Moderate 57.71 16.14% 8.88 74.00% 

Moderate to Heavy 6.30 1.76% 0.37 3.08% 

Heavy 60.41 16.89% 0.00 0.00% 

Very Heavy 0.00 0.00% 0.00 0.00% 

TOTAL 357.61 100.00% 11.99 100.00% 

*Refers to percent of surface area with aquatic vegetation (i.e., 1753.8 acres). 

 
 

Very light to light to light density growth accounted for 37% of vegetated areas in 

Pickerel and Crooked Lakes (Table 7). Moderate growth, ranging from light-moderate to 

moderate-heavy, accounted for 59%, while heavy growth covered 4% of vegetated areas. Less 

than one acre of very heavy growth was documented during the survey (Figure 4). The Black 

Hole Channel contained primarily moderate density muskgrass (Figure 5). 
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Figure 4. Aquatic plant densities in Pickerel and Crooked Lakes. 
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Figure 5. Aquatic vegetation communities of the Black Hole and Channel. 
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 Plant community density shifts between the 2008 and 2015 surveys were analyzed in 

GIS. Numeric differences between densities over the seven year period were calculated and 

mapped (Figure 6). Over half of the lake area saw no change in vegetation density between the 

2008 and 2015 survey. Subtle shifts occurred across much of the lake area, with a tendency 

towards plant density reduction, especially within the eastern and southern portions of Crooked 

Lake. Subtle changes and no change, when combined, make up 93.7% of the entire lakes area. 

More dramatic changes in plant density tend towards increasing density, with the increasing 

categories of +5 and +6 each approximately 10 acres greater than the respective decreasing 

categories of -5 and -6 (Table 8). Notable density increases occurred in the deeper portions of 

eastern Crooked Lake, the Black Hole and Channel, and eastern Pickerel Lake. 

 

Table 8. Density change statistics in Pickerel and Crooked Lakes. 

Density Change Classification Acreage Percent Lake Area 

-7 Significant Density Reduction 0.72 0.0% 

-6 Significant Density Reduction 11.87 0.3% 

-5 Significant Density Reduction 9.63 0.3% 

-4 Significant Density Reduction 78.82 2.3% 

-3 Slight Density Reduction 150.18 4.4% 

-2 Slight Density Reduction 332.02 9.7% 

-1 Slight Density Reduction 400.05 11.7% 

0 No Density Change 1863.70 54.3% 

+1 Slight Density Increase  169.23 4.9% 

+2 Slight Density Increase  145.53 4.2% 

+3 Slight Density Increase  152.85 4.5% 

+4 Significant Density Increase 83.36 2.4% 

+5 Significant Density Increase 20.69 0.6% 

+6 Significant Density Increase 23.94 0.7% 

+7 Significant Density Increase 0 0.0% 
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Figure 6. Aquatic vegetation density change 2008-2015 in Pickerel and Crooked Lakes. 
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Two aquatic invasive plants were documented during the survey of Pickerel and Crooked 

Lakes (Figure 7). Curly leaf pondweed was documented in three locations during the survey, all 

in Crooked Lake. The first location is on the east side of Oden Island in a man-made lagoon. 

This lagoon has 0.28 acres of patchy light density curly leaf pondweed. The second two locations 

are in front of Oden where curly leaf pondweed was documented during the 2008 survey (Figure 

8). At these locations, 5.3 acres of patchy curly leaf pondweed were documented with light to 

moderate density. Narrow leaf cattail was documented at nine locations along the shore of 

Crooked Lake and the Black Hole Channel, totaling 0.7 acres and ranging from light-moderate to 

very heavy density. One infestation of purple loosestrife was documented along the south shore 

of Crooked Lake, totaling 0.14 acres of light density loosestrife. No Eurasian Phragmites or 

Eurasian watermilfoil were documented during the survey of Pickerel and Crooked Lakes. 
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Figure 7. Invasive species location in Pickerel and Crooked Lakes. 
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Figure 8. Map of curly leaf pondweed near the mouth of Oden Creek. 
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Round Lake 

 
Sample site and community results for the Round Lake survey are shown in the following 

sections. 

 

Sample Sites 

 

A total of 20 aquatic plant taxa were documented during the survey conducted on Round 

Lake. Twelve taxa were documented during rake throws, while eight additional taxa were noted 

in comments or mapped with GPS, but not collected during rake throws or represented in the 

spreadsheet columns: soft stem bulrush (Schoenoplectus tabernaemontani), sweet gale (Myrica 

gale), yellow pond lily (Nuphar variegata), white water lily (Nymphaea odorata), swamp 

loosestrife (Decodon verticillatus), cattail (Typha spp.), floating leaf pondweed (Potamogeton 

natans), and sedges (Carex spp.). Of the 70 locations sampled, aquatic plants were found at 63 

sites (Figure 9). The total number of aquatic plant taxa encountered at a vegetated site ranged 

from one to seven with an average of 2.6 taxa per sample site. No aquatic invasive plants were 

documented during the survey of Round Lake. 

Muskgrass (Chara spp.), slender naiad (Najas flexilis), variable leaf pondweed 

(Potamogeton gramineus), and northern watermilfoil (Myriophyllum sibiricum) were the most 

commonly collected species, collected at 81%, 63/%, 24%, and 21% of vegetated sites, 

respectively (Table 9). The remaining plant taxa were documented at less than 20% of sample 

sites. 

The list of plants most commonly collected is similar to the list of plants that were 

abundant at the greatest percent of vegetated sample sites. Muskgrass was the most abundant 

plant, being considered abundant at 44% of vegetated sites (Figure 14). Slender naiad, variable 
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leaf pondweed, and broad leaf pondweed (Potamogeton amplifolius) followed, considered 

abundant at 19%, 6%, and 2% of sites, respectively. The remaining plant taxa were not 

considered abundant at any site. 

 

Table 9. Aquatic plant taxa occurrence at Round Lake sample sites. 

Scientific Name Common Name 

Total 

Sites 

Total % 

Sites*  

Chara spp. Muskgrass 57 81% 

Najas flexilis Slender Naiad 44 63% 

Potamogeton gramineus Variable Leaf Pondweed 17 24% 

Myriophyllum sibiricum Northern Watermilfoil 15 21% 

Potamogeton amplifolius Broad Leaf Pondweed 13 19% 

Potamogeton illinoensis Illinois Pondweed 6 9% 

Heteranthera dubia Water Stargrass 5 7% 

Potamogeton praelongus White Stem Pondweed 2 3% 

Stuckenia pectinata Sago Pondweed 2 3% 

Utricularia vulgaris Common Bladderwort 2 3% 

Potamogeton richardsonii Richardson's Pondweed 1 1% 

Valisneria americana Eelgrass 1 1% 

*Percent of sites based on those sites with vegetation (63).  

 

 

The distribution of aquatic plant densities at sample sites leaned toward light density 

growth (Table 11). Approximately 64% of sample sites had aquatic plant community densities 

that fell into the light categories (very light, light, and light to moderate). Moderate density 

growth was documented at 14% of sites and heavy density growth (moderate to heavy or heavy) 

accounted for 10%. No sites had documented very heavy vegetation, while 8 sites (11%) had 

little to no vegetation. Heavy density growth was found primarily near the mouth of Mud Lake 

Creek. The middle of the Lake had moderate or moderate-heavy vegetation, and the edges of the 

Lake had growth in the light density categories (Figure 9). 
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Table 10. Aquatic plant taxa abundance at sample sites in Round Lake. 

Scientific Name Common Name 

Abundant 

% Sites* 

Common 

% Sites*  

Uncommon 

% Sites* 

Rare 

% 

Sites 

Chara spp. Muskgrass 44% 14% 13% 19% 

Najas flexilis Slender Naiad 19% 13% 17% 21% 

Potamogeton 

gramineus 

Variable Leaf 

Pondweed 6% 5% 10% 6% 

Potamogeton 

amplifolius 

Broad Leaf 

Pondweed 2% 6% 8% 5% 

Myriophyllum 

sibiricum 

Northern 

Watermilfoil 0% 3% 3% 17% 

Potamogeton 

illinoensis Illinois Pondweed 0% 2% 5% 3% 

Heteranthera dubia Water Stargrass 0% 2% 0% 6% 

Potamogeton 

richardsonii 

Richardson's 

Pondweed 0% 2% 0% 0% 

Utricularia vulgaris 

Common 

Bladderwort 0% 0% 3% 0% 

Potamogeton 

praelongus 

White Stem 

Pondweed 0% 0% 0% 3% 

Stuckenia pectinata Sago Pondweed 0% 0% 0% 3% 

Valisneria americana Eelgrass 0% 0% 0% 2% 

*Abundance based on number of rake throws the plant is collected at each vegetated site. 4 = 

Abundant, 3 = Common, 2 = Uncommon, 1 = Rare. 

 

Table 11. Aquatic plant densities at Round Lake sample sites. 

Density Category 

Number 

of Sites 

Percentage 

of Sites 

Little/no vegetation 8 11% 

Very Light 14 20% 

Light 18 26% 

Light to Moderate 13 19% 

Moderate 10 14% 

Moderate to Heavy 6 9% 

Heavy 1 1% 

Very Heavy 0 0% 

TOTAL 70 100% 
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Figure 9. Sample sites for 2014 Round Lake aquatic plant survey. 

 
























































