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INTRODUCTION
Staples Lake (WBIC 2631200) (Figure 1) is located on the border of Polk and Barron County approximately 6.5 miles southwest of the city of Cumberland.   It is a drainage lake with an area of 340 acres and mean and maximum depths of 10 feet and 17 feet, respectively.  The bottom of the lake is mostly composed of sand (45%) and rock (30%) with lesser amounts of gravel (20%) and muck (5%) (Wisconsin Department of Natural Resources [WDNR] Lake Pages, 2015).  
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Figure 1.  2008 leaf-on aerial photo of Staples Lake (left),  and location of Staples Lake on the border of Polk and Barron County, Wisconsin (right).

Staples Lake is eutrophic and water clarity is low with a 2014 mean secchi depth of 2.4 feet and a 2002-2014 mean secchi depth of 2.9 feet.  Average 2014 chlorophyll and total phosphorus are 62.7µg/L and 91.9µg/L, respectively.  Algae blooms are common on Staples Lake (WDNR Lake Pages, 2015).
Two point intercept aquatic macrophyte surveys were conducted during the summer of 2014.  On June 5, 2014 a point intercept survey was conducted to investigate Curly-Leaf Pondweed (CLP) (Potamogeton crispus) abundance, a known invasive species in the lake.  CLP senesces early in the summer, so the June 5th survey was performed to target CLP at its peak.  A second survey was performed on July 30th, 2014 to collect baseline data for all aquatic plants.  These surveys gathered valuable information to guide the Lake District in future aquatic plant management efforts.

METHODS
A grid of lake sampling points were generated using a standard formula that takes into account the estimated size of the littoral zone and the shape of the lake (Hauxwell et al., 2010).  338 sampling points were created using GIS and located in the field using GPS (Appendix A).
At each sampling point, several measurements were collected.  A rake with a double rake head attached to a long pole was drug along the bottom for 2.5 feet in order to detach and bring up plants growing in the sediment.  The rake was then brought to the surface and given a total fullness rating (1, 2, or 3) based on the amount of plant matter collected (Figure 2).  Each species was also given a fullness rating based on the amount of that species collected on the rake.    A voucher was collected for each species.  Any plant seen within 6 feet of the boat was recorded as a “visual” on the data sheet.  (For the June 5 CLP survey, only CLP amounts were recorded.  No visual observations were recorded.)

	Rake Fullness Rating
	Description
	Rake Coverage

	1
	There are not enough plants to entirely cover the length of the rake head in a single layer.
	[image: ]

	2
	There are enough plants to cover the length of the rake head in a single layer, but not enough to fully cover the tines.
	[image: ]

	3
	The rake is completely covered and tines are not visible.
	[image: ]


Figure 2. Rake fullness ratings are based on the amount of plant matter collected at each sampling point (Hauxwell, et. al, 2010).


Lake depth was measured up to 12 feet using the plant rake, which has graduated 1 foot markings on the pole.  Sediment was assigned a category of muck, rock, or sand.  The plant rake was used to feel the bottom and distinguish the texture.  (Depth and sediment data was collected during both surveys, but only the July 30th data was used in this report.) 
Key statistics calculated from the plant occurrence data are described below:
· Frequency of occurrence – A percentage calculated to describe how frequently plants were found at sample points within the littoral zone.  Calculated by dividing the number of points where plants were found by the total number of points in the littoral zone.
· Species richness – Total number of species observed.
· Relative frequency - A percentage calculated by dividing the number of times a species was found by the number of total findings for all plants.  The sum of the relative frequencies of all species is 100%.  
· Simpson’s Index of Diversity – Represents the probability that two randomly selected individuals will be different species.  The closer the value is to 1, the more diverse the community, while 0 indicates that all plants sampled are the same species.
· Floristic Quality Index (FQI) – designed to evaluate the closeness of the flora in an area to that of undisturbed conditions (Nichols, 1999).  The method uses previously assigned Coefficients of Conservatism (C) ranging from 0 to 10.  The value is based on the species’ tolerance for disturbance and its membership to a particular pre-settlement plant community type (UW-Stevens Point Freckmann Herbarium, 2012).  A value of 0 indicated that the plant would not be found in an unaltered pre-settlement landscape whereas a value of 10 indicates the plant is only found in an undegraded natural community.  Species’ C values used to calculate FQI were determined by the Wisconsin State Herbarium (University of Wisconsin-Madison, 2001).  Non-native plants are not assigned C values, and there are some native plants that have not been assigned a C value yet.  To calculate FQI, multiply mean C by the square root of the total number of native species inventoried on the site (UW-Stevens Point Freckmann Herbarium, 2012).
Statistics are based on rake findings and do not include visual observations unless otherwise noted.  Statistics also do not include aquatic moss, freshwater sponges, filamentous algae, or liverworts.





RESULTS
All Aquatic Plants Survey
One hundred six (106) of the 338 sample points were sampled for aquatic plants (Figure 3).  Two hundred thirty two (232) of the points were not surveyed because they were deeper than 12 feet and thus too deep for aquatic plants to grow (Figure 4).  
[image: ][image: ]Figure 3. Staples Lake point intercept data collection locations.
Figure 4. Staples Lake depth at point intercept locations.


[bookmark: _GoBack]Of the 106 points that were sampled, muck covered 51.9% (55 sites) of the lake bottom (Figure 5).  These points are concentrated in the relatively shallow southwest portion of the lake.  Twenty-five sites (23.6%) are covered with sand, and 16.0% (17 sites) of the sites had a rocky substrate.  The west and east shorelines of the lake were dominated by rocky substrate, while the north and south shorelines were predominantly a mixture of sand and muck with some scattered rock on the north shore.
Aquatic plants were found growing at a maximum depth of 8.0 feet (Figure 6).  Therefore, eight feet is determined to be the deepest edge of the littoral zone.  There are 81 sites (24.0%) that measure 8 feet deep or less and can thus support plant life.  
[image: ][image: ]Figure 5. Staples Lake bottom substrate sediment type.
Figure 6. Staples Lake littoral and limnetic zones.


Aquatic plants were found at 54 of the 81 sites within the littoral zone, (Figure 7) giving the survey a frequency of occurrence of 66.7% (Appendix B).  This does not include visual sightings.  While plants were present at 66.7% of sites in the littoral zone, they were found at only 16.3% of the total lake bottom.  The average depth where native plants were found was 4.1 feet.
There were 13 native species collected with the aquatic plant rake (Figure 8).  One aquatic invasive species, CLP, was present during the July survey.  Species richness including visually observed plants totaled 20 species (Table 1).  
[image: ][image: ]Figure 7. Staples Lake total rake fullness at point intercept locations.
Figure 8. Staples Lake native species richness at point intercept locations.


Table 1. Summary information for Staples Lake point intercept survey.
	Total number of points sampled
	106

	Total number of sites with vegetation
	54

	Total number of sites shallower than maximum depth of plants
	81

	Frequency of occurrence at sites shallower than maximum depth of plants
	66.7

	Simpson Diversity Index
	0.84

	Maximum depth of plants (ft)
	8.0

	Number of sites sampled using rake on Rope
	0

	Number of sites sampled using rake on Pole
	106

	Average number of all species per site (shallower than max depth)
	1.4

	Average number of all species per site (veg. sites only)
	2.1

	Average number of native species per site (shallower than max depth)
	1.4

	Average number of native species per site (veg. sites only)
	2.0

	Species Richness 
	14

	Species Richness including visuals
	20


The Simpson’s Diversity Index value was 0.84 meaning that two randomly sampled individuals will be different species 84% of the time.  The five species with the highest relative frequency were Common waterweed (Elodea canadensis) (28.9%) (Figure 9), Coontail (Ceratophyllum demersum) (19.3%) (Figure 10), White water lily (Nymphaea odorata) (12.3%) (Figure 11), Wild celery (Vallisneria americana) (8.8%) (Figure 12), and White-stem pondweed (Potamogeton praelongus) (7.0%) (Figure 13) (Table 2).
[image: ][image: ]Figure 10. Coontail (Ceratophyllum demersum) distribution.
Figure 9. Common waterweed (Elodea canadensis) distribution.

[image: ][image: ]Figure 12. Wild celery (Vallisneria americana) distribution.
Figure 11. White water lily (Nymphaea odorata) distribution.


[image: ]Figure 13. White-stem pondweed (Potamogeton praelongus) distribution.

Table 2. Species’ relative frequency (%), frequency in vegetated sites (%), frequency in littoral zone sites (%), total rake samples, mean rake fullness, and number of visual sightings.  Species are in order of decreasing 
relative frequency.  CLP values are from the July survey only.  Distribution maps of all plants 
can be found in Appendix B.
	Species
	Common Name
	Relative Frequency (%)
	Frequency in Vegetated Sites (%)
	Frequency in Littoral Zone Sites (%)
	Total Rake Samples
	Mean Rake Fullness
	Number of Visual Sightings

	Elodea canadensis
	Common waterweed
	28.9
	61.1
	40.7
	33
	2.0
	1

	Ceratophyllum demersum
	Coontail
	19.3
	40.7
	27.2
	22
	1.7
	4

	Nymphaea odorata
	White water lily
	12.3
	25.9
	17.3
	14
	2.3
	12

	Vallisneria americana
	Wild celery
	8.8
	18.5
	12.3
	10
	1.8
	2

	Potamogeton praelongus
	White-stem pondweed
	7.0
	14.8
	9.9
	8
	1.4
	2

	Potamogeton richardsonii
	Clasping-leaf pondweed
	5.3
	11.1
	7.4
	6
	1.3
	5

	Potamogeton robbinsii
	Fern pondweed
	5.3
	11.1
	7.4
	6
	1.7
	1

	Nuphar variegata
	Spatterdock
	3.5
	7.4
	4.9
	4
	1.5
	5

	Potamogeton crispus
	Curly-leaf pondweed
	3.5
	7.4
	4.9
	4
	1.0
	2

	Pontederia cordata
	Pickerelweed
	1.8
	3.7
	2.5
	2
	3.0
	6

	Najas flexilis
	Slender naiad
	1.8
	3.7
	2.5
	2
	1.5
	1

	Lemna minor
	Small duckweed
	0.9
	1.9
	1.2
	1
	2.0
	3

	Lemna trisulca
	Forked duckweed
	0.9
	1.9
	1.2
	1
	1.0
	

	Potamogeton pusillus
	Small pondweed
	0.9
	1.9
	1.2
	1
	1.0
	

	Filamentous algae
	
	
	31.5
	21.0
	17
	1.8
	

	Sagittaria graminea
	Grass-leaved arrowhead
	
	
	
	
	
	7

	Schoenoplectus tabernaemontani
	Softstem bulrush
	
	
	
	
	
	4

	Typha latifolia
	Broad-leaved cattail
	
	
	
	
	
	3

	Sparganium sp.
	Bur-reed
	
	
	
	
	
	2

	Eleocharis acicularis
	Needle spikerush
	
	
	
	
	
	1

	Schoenoplectus acutus
	Hardstem bulrush
	
	
	
	
	
	1



All of the native plants sampled in Staples Lake had an assigned Coefficient of Conservation (C) in the Floristic Quality Index (FQI) (Table 3).  C values ranged from 3 to 8 with a mean of 5.8.  This resulted in a FQI value of 21.1.





Table 3. Sampled species’ Coefficients of Conservatism and calculation of FQI.
	Species
	Common Name
	Coefficient of Conservatism (C)

	Ceratophyllum demersum
	Coontail
	3

	Elodea canadensis
	Common waterweed
	3

	Lemna minor
	Small duckweed
	4

	Lemna trisulca
	Forked duckweed
	6

	Najas flexilis
	Slender naiad
	6

	Nuphar variegata
	Spatterdock
	6

	Nymphaea odorata
	White water lily
	6

	Pontederia cordata
	Pickerelweed
	8

	Potamogeton praelongus
	White-stem pondweed
	8

	Potamogeton pusillus
	Small pondweed
	7

	Potamogeton richardsonii
	Clasping-leaf pondweed
	5

	Potamogeton robbinsii
	Fern pondweed
	8

	Vallisneria americana
	Wild celery
	6

	
	
	

	
	N
	13

	
	mean C
	5.8

	
	FQI
	21.1





Curly-leaf Pondweed Survey
A CLP monitoring survey was completed on June 5, 2014 to document the abundance of CLP within Staples Lake.  One-hundred sixteen sites of the 338 sites were surveyed due to site depth (Table 4) (Figure 14).  CLP was present at thirty-six (36) sites with an average rake fullness was 2.  Dense CLP, rake fullness of 3, was only found at 4 sites.  CLP was found at a maximum depth of 7.5 ft.  The frequency of occurrence of CLP within the littoral zone was 48%.  
Table 4. Summary information for CLP point intercept survey.
	Total number of  points sampled 
	116

	Total number of sites with vegetation
	36

	Total number of sites shallower than maximum depth of plants
	75

	Frequency of occurrence at sites shallower than maximum depth of plants
	48

	Maximum depth of plants (ft) 
	7.5

	Mean rake fullness
	2

	Number of sites sampled using rake on Rope
	0

	Number of sites sampled using rake on Pole
	338



[image: ]Figure 14. Curly-leaf pondweed (Potamogeton crispus) distribution.



DISCUSSION

Staples Lake is eutrophic with low water clarity likely attributed to algal blooms (WDNR, 2015).  Low water clarity is likely limiting the ability of plants to grow at depths greater than 8 feet.  

Most plants were concentrated in the southern tip of the lake where water is shallow and mucky substrates are dominant.  The aquatic vegetation in Staples Lake is highly diverse despite the limited area to grow.  Staples Lake vegetation had a relatively high Simpson’s Diversity Index value (84%) indicating high species diversity and evenness.

The range of C values (3 to 8) from the FQI indicates that some species in the lake, like common waterweed, are very tolerant to disturbance while other plants, such as the various pondweed species are less tolerant to disturbance. A mean C of 5.8 indicates a community of medium floristic quality and biological integrity and a medium level of disturbance impacts.  (University of Wisconsin-Stevens Point Freckmann Herbarium, 2012). The FQI for the Staples Lake plant community is 21.1, which is slightly better than the mean ecoregion average of 20.9.  (Nichols, 1999).
Most of the CLP was found along the northern and southern edges of the lake.  The frequency of occurrence of CLP in June was 48% within the littoral zone.  If this CLP abundance had been present during the July survey, CLP would have been the second most abundant aquatic plant in Staples Lake behind Elodea.  


CONCLUSION

CLP is an aquatic invasive species found throughout most of Wisconsin.  The rate of spread can be rapid, as one plant can produce hundreds of turions.  Risk of monoculture is high, especially in impacted, eutrophic systems (WDNR, 2012).  The purpose of this study was to gather baseline data that will guide future management of CLP.  At 2014 levels, CLP doesn’t appear to be causing direct negative impacts to either navigation or native aquatic plants.  Future management may be necessary if CLP expands to the point of causing navigation or native aquatic plant impacts.
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Appendix A: Staples Lake Summary Maps
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Appendix A: Staples Lake Summary Maps
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Appendix B: Point Intercept Survey Plant Distributions[image: ]
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Hardstem bulrush AA—
(Schoenoplectus acutus) ()
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