
The state of Crumhorn Lake, 2021 and a
plan for the management of Crumhorn Lake

Item Type Thesis

Authors Pfuhler, David Mathias

Citation Pfuhler, D. M. 2021. The state of Crumhorn Lake, 2021 and a plan
for the management of Crumhorn Lake. Master's Thesis, SUNY
Oneonta, NY, USA.

Publisher SUNY Oneonta

Rights Attribution-NonCommercial-NoDerivatives 4.0 International

Download date 23/05/2023 21:47:02

Item License http://creativecommons.org/licenses/by-nc-nd/4.0/

Link to Item http://hdl.handle.net/20.500.12648/1637

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://hdl.handle.net/20.500.12648/1637


THE STATE OF CRUMHORN LAKE, 2021 

AND 

A PLAN FOR THE MANAGEMENT OF CRUMHORN LAKE 

 

A Thesis 

by 

David Pfuhler 

 

Submitted in partial fulfillment 

 for the requirements for the degree of  

Masters of Science in Lake Management 

 

State University College at Oneonta 

Oneonta, New York 

2021 

Approved by: 

 ________________________ 
                                                                                       Dr.  Daniel Stich (Committee chair) 

 
 

________________________ 

      Dr. Willard Harman (Committee member) 

 

________________________ 

    Holly Waterfield (Committee member)



ii 
 

Contents 

Acknowledgments .......................................................................................................................1 

I. Environmental Setting and Local History. .................................................................................2 

History and Social Aspects .......................................................................................................2 

Physical Characteristics ...........................................................................................................4 

Watershed Characteristics.......................................................................................................7 

Soil Characteristics ..................................................................................................................7 

II. Water Quality and Physical Lake Assessment ........................................................................13 

Introduction ..........................................................................................................................13 

Methods................................................................................................................................14 

Field Data Collection ..........................................................................................................14 

Sample Processing .............................................................................................................15 

Trophic Status Calculations ................................................................................................15 

Map development and Isopleths .......................................................................................16 

Zooplankton Assemblages .................................................................................................16 

Results ..................................................................................................................................16 

Physical and Chemical Characteristics................................................................................16 

Trophic Status ...................................................................................................................23 

Sediment Depth ................................................................................................................24 

Zooplankton Assemblage...................................................................................................29 

Discussion .............................................................................................................................36 

III. Aquatic Plant Community .....................................................................................................39 

Introduction ..........................................................................................................................39 

Methods................................................................................................................................40 



iii 
 

Results ..................................................................................................................................41 

Discussion .............................................................................................................................43 

IV. Fishery Assessment ..............................................................................................................45 

Introduction ..........................................................................................................................45 

Methods................................................................................................................................46 

Electrofishing data .............................................................................................................46 

Angling data ......................................................................................................................47 

Data Analysis .....................................................................................................................47 

Results ..................................................................................................................................48 

Discussion .............................................................................................................................53 

V. Lake Management Plan .........................................................................................................55 

Survey Results .......................................................................................................................55 

Watershed BMPs ...................................................................................................................61 

Continued Monitoring ...........................................................................................................62 

Nutrient control ....................................................................................................................64 

Plant Community Management .............................................................................................65 

Shoreline Protection and Stormwater Control .......................................................................67 

Sediment Removal ................................................................................................................69 

Fish Habitat ...........................................................................................................................71 

Invasive Species.....................................................................................................................73 

References ................................................................................................................................77 

 

 

 



1 
 

Acknowledgments 

In the development of this final document, I would like to thank those that helped make it 

possible.  First and foremost, I would like to thank the Crumhorn Lake Association for their 

continued patience and for opening their lake for me to study. I would also like to thank those 

at the Henderson Scout Reservation, particularly Travis Coleman, for allowing me to use their 

boats and for helping provide additional data towards my research.  I would like to thank Dr. 

Daniel Stich for his constant support, patience, and guidance and who has served as a trusted 

and valued mentor.  I would like to also thank the rest of my graduate committee, Holly 

Waterfield and Dr. Willard Harman, who have been integral in guiding me through this project 

and have allowed me to see it to completion.  Special acknowledgments to those who have 

helped me collect all the data necessary in this project including Amanda Phillips, Sonja Wixom, 

Pat Goodwin, Leah Gorman, Nick Muhlenberg, and James Miller.  It was not often a quick row 

on the lake that I promised and for that I now apologize. 

 

 

 

 

 

 

 

 

 



2 
 

I. Environmental Setting and Local History. 

 Crumhorn Lake (42° 33’ 29.95” N, 74° 55’ 28.25” W) is located within the towns of 

Milford and Maryland in Otsego County, New York. It is 1838 feet above sea level located near 

the summit of Crumhorn Mountain. The outlet drains into the Upper Susquehanna Watershed 

and eventually into the Chesapeake Bay (NRCS, 2017).  

History and Social Aspects 

 Development around the lake began in 1886 when the Oneonta Herald reported that 

the lake was for sale and was of interest to the Hon. David Wilber.  The Herald regarded the 

sale of the lake in stating: 

 

 “It is understood that if the sale of Crumhorn Lake is made as 

advertised, it is to be bought by parties whose intention it is to build 

a large summer hotel near its banks.  The lake … is one of the most 

attractive little sheets of water in the state, and it seems plausible 

that a first-rate summer hotel might be made to pay up there.”   

 

The land was purchased that year and construction of a 40-foot by 60-foot building 

intended for the public was set underway.  The building was constructed where the Camp 

Henderson ranger station overlooks the lake (Simonson 2010). 

 The 630-acre parcel was purchased by the Otschodela Boy Scout Council in 1948, and 

Boy Scouts of America is still the majority landowner around the eastern shore of the lake (Pers 

Comm. Travis Coleman. 2017, Simonson 2010).  Since the initial sale of the property, little 

development has occurred around the lake, leaving it relatively undisturbed over time.  Twenty 

small cottages are located across the lake from the camp.  Eighty percent of the active 

members in the Crumhorn Lake Association (CLA) live at the lake year-round while other 

cottages are seasonally occupied and rented.  Due to seasonality of residents and frequency of 
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renters, along with the presence of the Boy Scout camp it is difficult to extrapolate specific 

socio-economic status of those individuals using the lake from current census data for Otsego 

County.  The camp hosts roughly 8,000 scouts a year with projected growth of up to 10,000 

campers in the next few years so increased use is anticipated (Pers. Comm. Travis Coleman, 

Camp Ranger. 2017).  Fishing pressure and non-motor craft use will increase in the lake as a 

result, as these are primary components of the camp experience and merit badges.   

 Residents of the lake and members of the CLA developed and conducted a survey, with 

my assistance, to develop appropriate strategies to manage the lake towards the desires of the 

residents.  Of the 29 surveyed there were 10 responses for a response rate of 34.5%.  Primary 

uses for the lake include boating, wildlife observation, and swimming (Figure 1.1).  Survey 

results show that the most prominent concerns are excessive plant growth, algal blooms, and 

accumulation of sediment and decaying organic material (muck).  Introduction of invasive 

species and water clarity are related concerns.   

 

Figure 1.1. Primary uses of Crumhorn Lake as reported from CLA survey.  open water fishing (50%), ice fishing 
(10%), boating (100%), swimming (90%), wildlife observation (90%), view (10%), quiet idyllic rural environment 
(10%). X-axis reflects the number of respondents. 
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Physical Characteristics 

 Crumhorn Lake (Figure 1.2) is located close to the summit of Crumhorn Mountain and 

therefore receives inflow primarily by groundwater and precipitation, with one outlet.  The 

drainage basin was delineated using USGS (2012) StreamStats delineation tool and was 

measured at 0.803 km2 (198.4 acres).  The location along the mountainside results in a low 

watershed-to-lake ratio of 3.47 (USGS, 2012).  The volume of the lake is about 445,445 m3.  

Maximum and mean depths were 3.9 m and 1.9 m respectively (USGS, 2012).   
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Table 1.1. Lake and watershed measurements and characteristics of Crumhorn Lake. All in-lake calculations are 
based on the bathymetry map developed during this study (Figure 2).  

Characteristic Metric Imperial 

Surface Area 231480.2 m2 57.2 acres 

Maximum Depth 3.9 m 12.8 ft 

Mean Depth 1.9 m 4.9 ft 

Relative Depth 0.72% 0.72% 

Volume 445445 m3 15730742 ft3 

Maximum Length 774 m 2540 ft 

Maximum Effective Length 774 m 2540 ft 

Maximum Width 415 m 1360 ft 

Maximum Effective Width 415 m 1360 ft 

Shoreline Length 1905 m 6250 ft 

Drainage Basin 0.80 km2 198.4 acres 

DB:LA Ratio 3.47 3.47 
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Figure 1.2. NYSDEC Bathymetric map of Crumhorn Lake (NYSDEC 1986). 
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Figure 1.3. Bathymetric map of Crumhorn Lake developed using data collected from a Lowrance HD S7 depth finder and built using QGIS software 2.18.20 and 
the contour plugin (QGIS 2018).
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Watershed Characteristics 

 Precipitation and groundwater are estimated to be the largest contributors of water 

into the lake.  Mean annual precipitation totals at 109 cm with an annual runoff of 48 cm. Peak 

summer rainfall occurs in June with mean precipitation of 11 cm (PRISM Climate Group, 2010; 

USGS, 2012).  Summer (May-August) accounts for 41 cm of precipitation per year (about 35%) 

on average according to the PRISM 1981-2010 survey (PRISM Climate Group, 2010).  There are 

no permanently established tributaries to Crumhorn Lake.  It is currently not known to what 

extent groundwater contributes to the hydrology of the lake. The area is dominated by forest 

cover (66.8%) with 2.69% of the watershed containing developed “urban” land and 0.14% of 

the watershed containing impervious surfaces according to the 2011 NLCD classes 21-24 

(Homer et.al 2015) (Figure 1.5).  

Soil Characteristics  

 Soil types within the watershed were classified using the Web Soil Survey (WSS) 

developed by National Resource Conservation Service (NRCS [2017]).  Seven soil types were 

identified within the watershed (Table 1.2).  The most abundant soils are the Mongaup-

Hawksnest complexes, 1 to 8 percent slope (MnB) and 25 to 50 percent slope (MnE) and the 

Mongaup-Franklinville complexes, 8 to 15 percent slope (MnP) and 15 to 25 percent slope 

(MnD).  Mongaup and Franklinville components are well-drained soils that are derived from 

sandstone, siltstone, and shale till. These soils are rated for moderately high to high water 

transmission with a rate of 0.20 to 1.98 in/hr and a depth to water table greater than 80 inches. 

The Hawksnest components of the soil complexes are derived from sandstone, siltstone, and 

shale.  These soils are somewhat excessively drained and are rated for very low to moderately 

high-water transmission rate of 0.00 to 0.20 in/hr. The lesser soils include Ontusia channery silt 

loam, 1 to 8 percent slopes (OeB) which is a somewhat poorly drained soil that is derived from 

brownish loamy till derived from interbedded sandstone, siltstone and shale; Torull-Gretor 

complex, 1 to 6 percent slopes (ThB), a poorly drained soil derived from loamy till derived 

mainly from sandstone, siltstone, and shale; and Wildin channery silt loam, 3 to 8 percent 
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(WpB), a moderately well drained soil derived from Brownish loamy till derived from sandstone 

and siltstone. 

A soil septic suitability map of the watershed (Figure 1.6) was compiled using 

information from the USDA soil survey in collaboration with the NYS Department of Health 

(NRCS, 2017).  According to this source, 0.505 km2 or 64.0% of soils are ranked as ‘somewhat 

limited’ for septic absorption fields and 0.041 km2 or 5.4% of soils are ranked as ‘very limited’, 

the remaining area of the watershed is represented by the lake.  Somewhat limited soils are 

classified as having features that are moderately favorable for the septic absorption with 

physical restrictions that can be minimized by special planning, design, or installation.  Very 

limited soils are those that have features with physical restrictions that cannot readily be 

overcome with specialized planning, design, or installation.  The primary restrictions within 

these soils include permeability, depth to bedrock, and depth to the water table (NRCS, 2017).
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Figure 1.4. Watershed and regional topography of Crumhorn Lake, New York.
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Figure 1.5. Land cover map of Crumhorn Lake Watershed (Homer et.al 2015) 
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Figure 1.6. Soil Suitability Ratings for septic system drain fields in the Crumhorn Lake watershed.  Data gathered 
using NRCS Web Soil Survey (NRCS 2017). 
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Table 1.2.  Table of soil classifications by map unit including acreage as well as percent composition in the 

watershed. Table produced by the NRCS Web Soil Survey 2017 (NRCS 2017). 

Otsego County, New York (NY077) 

Map Unit Symbol Map Unit Name Acres  Percent of Watershed 

MmC Mongaup-Franklinville 
complex, 8 to 15 percent 
slopes 

42.6 21.9% 

MmD Mongaup-Franklinville 
complex, 15 to 25 percent 
slopes 

0.1 0.0% 

MnB Mongaup-Hawksnest complex, 
1 to 8 percent slopes, rocky 

42.9 22.0% 

MnE Mongaup-Hawksnest complex, 
25 to 50 percent slopes, 
rocky 

1.0 0.5% 

OeB Ontusia channery silt loam, 2 to 
8 percent slopes 

3.9 2.0% 

ThB Torull-Gretor complex, 1 to 6 
percent slopes 

5.5 2.8% 

W Water 59.5 30.6% 

WpB Willdin channery silt loam, 3 
to 8 percent slopes 

39.2 20.1% 

Totals for Area of Interest 194.7 100.0% 
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II. Water Quality and Physical Lake Assessment 

Introduction  

 Understanding the physical and chemical characteristics of a lake and surrounding 

ecosystem is a cornerstone in developing a management plan for the system.  This provides 

capacity to diagnose problems and respond to them quickly.  It is also advantageous for 

understanding changes over long periods of time.  Long-term measurements of abiotic 

indicators like total phosphorus (TP), and biotic indicators such as chlorophyll-a (Chl-a), and 

other descriptive indices such as Secchi depth (SD), can be used to determine the trophic state 

of the lake (Carlson 1977, Hakanson and Bulion 2003).  These indicators, along with information 

about other physical and chemical characteristics of a lake help in understanding the ecosystem 

and how to best manage it.  Parameters such as dissolved oxygen (DO) can control the 

population structures of aerobic organisms in the lake, while pH may determine which plants 

can grow and how well they proliferate.  This not only affects larger organisms but can 

influence microscopic zooplankton assemblages and the planktonic algal community 

(Haberman and Halinda 2014, Wetzel 2001).   

 One of the primary concerns of residents at Crumhorn Lake has been the accumulation 

of muck throughout the lake.  Detailed accounts from families that have lived along the lake for 

longer than 50 years indicate that the problem with sediment buildup began when the road 

was moved closer to the lake in the early 1960s.  Prior to that the lake was reported to be 

deeper than 6 m, and colder in temperature.  The primary focus of this study was to develop a 

contemporary baseline of information about physical, biological, and chemical conditions in 

Crumhorn Lake to better inform the management community concerns about the lake. 
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Methods 

Field Data Collection 

Measurements of chemical and physical conditions in the lake water were collected 

from November 2016 to October 2017. Vertical profile data collected included measurements 

of pH, temperature, dissolved oxygen (DO), and specific conductance. All were recorded at 1 m 

intervals from the surface (z = 0 m) to the bottom (z = 4 m) using a YSI® 650 MDS with a 6-Series 

multiparameter sonde, calibrated according to manufacturer instructions (YSI 2009) before 

each sampling event. Water transparency was measured using a Secchi disk, following standard 

procedures; depths at both the disappearance and reappearance of the disk were recorded to 

the nearest 0.25 m and the average of these depths was recorded as the final Secchi depth 

(Preisendorfer 1986).   

Nutrient samples were collected using a Kemmerer water sampler for total phosphorus 

(TP), total nitrogen (TN), and nitrate and nitrite combined (nitrate + nitrite).  These samples 

were collected at the same 1 m intervals as the vertical profiles and stored in acid washed 125 

ml polyethylene bottles.  Samples for Chl-a were taken at the top and bottom of the water 

column. Top and bottom samples were stored in brown 1-l polyethylene bottles to limit 

photosynthesis. All water samples were stored on ice until returned to the lab.   

Zooplankton samples were taken from April 2017 through August 2017 by sampling the 

entire water column using a vertical tow net with a 63 μm mesh.  One-hundred-twenty-five ml 

of 95% ethanol was added to 125 ml of sample material and stored in a walk-in laboratory 

cooler (4°C) to preserve the samples for microscopic analysis. 

Sediment depths were measured at 75 sites around the lake to properly map these 

depths for future management.  Water depth to the sediment layer was measured by recording 

depth with a Lowrance HDS7 depth finder.  The depth to true bottom (through sediment) was 

measured using a metered aluminum conduit pipe.  The piping was driven into the sediment 

layer from a boat until it hit a hard bottom at each location.  Sediment depth was estimated as 

the difference between water depth and true depth (hard bottom) to the nearest 0.5 ft.  Total 
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volume of the sediment was calculated using the truncated cone method used by Wetzel (2001) 

for determining volume using a bathymetric map. 

Sample Processing 

Nutrient samples were preserved by adding sulfuric acid to stop further biological 

activity (section 4500-P B, Way 2012) and stored at room temperature for up to 2 months 

before analysis.  Nutrient analysis was conducted with a Lachat QuickChem FIA 8000 series auto 

analyzer. Total phosphorus content was determined following the methods of Liao and Marten 

(2001). Total nitrogen and nitrate + nitrite were determined by the cadmium reduction method 

outlined by Ebina et al. (1983) and Pritzlaff (2003).  

 Chlorophyll a (Chl-a) samples were prepared in the lab by pumping lake water through 

a 47 mm glass fiber filter; the amount of water filtered varied and was recorded on each sample 

for subsequent calculations and analyses.  Filters were folded, patted dry, wrapped in 

aluminum foil, and stored in a freezer.  Filters were later cut and ground with 4 ml buffered 

acetone (90% C3H6O, 10% MgCO3).  Ten ml of slurry was transferred into a centrifuge tube and 

spun in a Thermo Scientific Sorvall Legend XI centrifuge for 10 minutes at 10,000 × g. Samples 

were then transferred into a clean 12 ml cylindrical cuvette and analyzed using a fluorometer. 

Chlorophyll a concentration was then determined using the equation (Arar and Colling 1997): 

 Chl-a (µg/l) = concentrated Chl- a × final volume/ml sample filtered  

 

Trophic Status Calculations 

Trophic status index (TSI, Carlson 1977) was calculated using measurements of SD, Chl-

a, and TP for all data collected during the open water season (November 2016, and March 

2017-October 2017). TSI provides one or more indices of the productivity of a lake. A TSI <40 

typically indicates oligotrophy, values of 40-60 indicate mesotrophic conditions, and values >70 

are typical of eutrophic systems (Jarosiewicz et al. 2011). These indices are mathematical 

predictions based on the values of SD, Chl-a, and TP. The equations used to calculate TSI for 

each parameter are as follows (Carlson 1977):  
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TSI (SD) = 10(6− 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑙𝑙𝑙𝑙2

) 

TSI (Chl-a) =  10�6 − 2.04−0.68𝑙𝑙𝑙𝑙 (𝐶𝐶ℎ𝑙𝑙−𝑎𝑎)
𝑙𝑙𝑙𝑙2

� 

TSI (TP) = 10(6−
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 48𝑡𝑡𝑡𝑡 

𝑙𝑙𝑙𝑙2
) 

 

Map development and Isopleths 

The map of sediment depth throughout the lake was generated using QGIS software 

and the contour plugin (QGIS 2018).  Isopleths were generated in R (R Core Team 2016), and 

the ‘akima’ package (Akima et al. 2015) was used to interpolate parameter values 

(temperature, DO, pH, specific conductance) across sampling dates and depths for visual 

interpretation using linear regression. 

 

Zooplankton Assemblages 

 Subsamples of 1 ml were taken from zooplankton samples from each month and placed 

on a Wildco gridded Sedgewick-Rafter slide for counting.  Each slide was then examined under 

the microscope.  Individuals were examined and identified to the following groups: Copepoda 

(calanoid, cyclopoid, harpactacoid, nauplii), Cladocera (Bosmina spp. and Daphnia spp.), or 

Rotifera.  Length of each organism was measured until at least 100 individuals were identified 

from each sample. 

Results 

Physical and Chemical Characteristics 

Crumhorn Lake displayed uniform temperatures throughout most of the year with weak 

stratification in late July to early August and during ice cover (Figure 2.1).  Mean temperature 

during the growing season (April – October 2017) was 19.8° C (standard deviation [s.d.] = 2.7).  

Stratification of dissolved oxygen (Figures 2.2 & 2.3) was more apparent and an oxycline was 
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observed at an average depth of 2.9 m, with an average change from 9.19 mg/L DO above the 

oxycline to 1.77mg/L DO below (Figure 2.3).  The lake pH was relatively uniform with a mean 

value of 7.8 (s.d.= 0.78) (Figure 2.4).  Table 2.1 illustrates mean total nitrogen and total 

phosphorus concentrations found at the lake surface, the lake bottom, and throughout the 

water column.  Total phosphorus concentrations stratified from June to September 2017 

(Figure 2.5).  The highest concentrations of TP were observed in July (71 μg/L) and August (77 

μg/L).  Total nitrogen concentrations stratified in a similar pattern to total phosphorus, from 

June-September 2017 (Figure 2.6).  Nitrate and nitrite concentrations were observed below the 

detection limit of 0.02 mg/L in all but two occurrences.  Concentrations of nitrate and nitrite 

were 0.03 mg/L on 8-3-2017 at the lake bottom and 0.65 mg/L on 9-19-2017 at the lake surface. 

  



18 
 

Table 2.1.Mean total phosphorus and total nitrogen concentrations found in the water column.  

Constituent Surface n s.d Lake 
Bottom 

n s.d. Water 
Column 

n s.d. 

TP 13 μg/L 8 5.54 31 μg/L 8 26.06 19 μg/L 39 13.7 
TN 0.35 mg/L 8 0.51 0.42 mg/L 8 0.52 0.29 mg/L 39 0.36 

 

 

Figure 2.1. Temperature isopleths from the months of November 2016- October 2017. Black squares indicate 

sampling dates. 
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Figure 2.2. Isopleths of dissolved oxygen (mg/L) at depth from November 2016 through October 2017.  Black 

squares represent sample dates. 
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Figure 2.3. Isopleths of dissolved oxygen (%) from November 2016 through October 2017.  Black squares represent 

sample dates. 
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Figure 2.4. Isopleths of pH measurements taken from November 2016 to October 2017. Black squares represent 

sample dates. 
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Figure 2.5. Isopleths of total phosphorus concentrations(μg/L) from November 2016 to October 2017. Black 

squares represent sample dates.  Nutrient samples were not collected in January 2017. 
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Figure 2.6. Isopleths of total phosphorus concentrations (mg/L) from November 2016 to October 2017. Black 

squares represent sample dates.  Nutrient samples were not collected in January 2017. 

 

Trophic Status 

 All TSI values (TP, SD, and Chl-a) indicated that Crumhorn Lake is a mesotrophic 

(moderately productive) waterbody.  Secchi depth TSI (Figure 2.7) had a mean of 51.8 (s.d. = 

4.1), within the threshold of mesotrophic systems (40-60).  Total Phosphorus TSI (Figure 2.1) 

had a mean of 44.3 (s.d.=6.8), within the threshold of mesotrophic systems (40-60).  Mean Chl-

a TSI (Figure 2.7) was 51.6 (s.d.= 7.6), within the threshold of mesotrophic systems (40-60).   
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Figure 2.7. Box plot of TSI calculations for Secchi depth (SD), chlorophyll a (Chl-a), and total phosphorus (TP).  Box-
ends represent the inter-quartile range and whiskers approximate the 1st and 99th percentiles. The mean is shown 
for each group as ‘X’, and raw data are represented by open circles. Horizontal lines within boxes represent the 
median. Secchi disk (SD) samples were taken from November 2016 through October 2017. Chl-a samples were 
collected from April 2017- October 2017.  TP samples were taken at 1 m intervals from November 2016 through 
October 2017. 
 
Sediment Depth 

Sediment deposits at the lake bottom have been observed throughout the lake by 

stakeholders and were mapped to better understand the extent of sedimentation in the Lake.  

Mean sediment depth was measured to be 3.2 ft (SD= 3.3).  In the northwest portion of the lake 

sediment maximum depth was measured at 10.4 ft below this exceeded the water depth of 9.6 

ft in that location (Figure 2.6).  Total depositional volume was calculated to be 11.4 million 

cubic feet (324,147 cubic meters) using the bathymetric map developed.  
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Figure 2.6. This map shows sediment accumulation and silt along the lake bottom.  The northwest portion of the lake shows the greatest sediment accumulation with depths up 
to 10.5 feet.
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Zooplankton Assemblage 

Rotifera were the most common group of zooplankton found in each monthly sample (n 

= 386), and Daphnia were the least common (n = 7).  Daphnia on average were the largest 

organisms found (mean = 867 μm). The largest Daphnia measured (1,996 μm) was found in the 

April 2017 sample.  Descriptive statistics for each of the classifications and their respective body 

lengths are provided in Table 2.1. 

 

Table 2.1. Zooplankton assemblages from 2017 surveys including number measured (n), mean length, and standard deviation 
(s.d.) of length. 

Classification n Mean length (μm) s.d. 

Copepoda, Cyclopoda  23 629 248 

Copepoda, 
Harpactacoida 

33 512 125 

Copepoda, Calanoida  50 670 230 

Nauplius larvae 108 238 61 

Bosmina spp. 67 333 88 

Daphnia spp. 7 867 592 

Rotifera 386 180 155 
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Figure 2.8. Boxplot of zooplankton lengths for the tow-sample taken in April 2017. Counts for each group were: 
Copepoda, Cyclopoda (4), Copepoda, Harpactacoida (6), Copepoda, Caladoida (6), Nauplius Larvae (26), Bosmina 
(2), Daphnia (3), Rotifera (76). Box-ends represent the inter-quartile range and whiskers approximate the 1st and 
99th percentiles. The mean is shown for each group as ‘X’, and raw data are represented by open circles. 
Horizontal lines within boxes represent the median.  
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Figure 2.9.  Boxplot of zooplankton lengths for the tow-sample taken in May 2017. Counts for each group were: 
Copepoda, Cyclopoda (8), Copepoda, Harpactacoida (9), Copepoda, Caladoida (22), Nauplius Larvae (26), Bosmina 
(2), Daphnia (0), Rotifera (47).  Symbols are as explained in Figure 2.8. 
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Figure 2.10.  Boxplot of zooplankton lengths for the tow-sample taken in June 2017. Counts for each group were: 
Copepoda, Cyclopoda (4), Copepoda, Harpactacoida (0), Copepoda, Caladoida (1), Nauplius Larvae (5), Bosmina 
(11), Daphnia (0), Rotifera (92).  Symbols are as explained in Figure 2.8. 
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Figure 2.11.  Boxplot of zooplankton lengths for the tow-sample taken in July 2017. Counts for each group were: 
Copepoda, Cyclopoda (2), Copepoda, Harpactacoida (4), Copepoda, Calanoida (0), Nauplius Larvae (21), Bosmina 
(22), Daphnia (0), Rotifera (57).  Symbols are as explained in Figure 2.8. 
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Figure 2.12.  Boxplot of zooplankton lengths for the tow-sample taken in August 2017. Counts for each taxon were: 
Copepoda, Cyclopoida (0), Copepoda, Harpactacoida (4), Copepoda, Caladoida (3), Nauplius Larvae (9), Bosmina 
(8), Daphnia (2), Rotifera (82).  Symbols are as explained in Figure 2.8.  
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Figure 2.13.  Boxplot of zooplankton lengths for the tow-sample taken in September 2017. Counts for each group 
were: Copepoda, Cyclopoda (5), Copepoda, Harpactacoida (10), Copepoda, Caladoida (18), Nauplius Larvae (21), 
Bosmina (22), Daphnia (2), Rotifera (32).  Symbols are as explained in Figure 2.8.  
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Discussion 

 Based on physical and chemical limnology, Crumhorn Lake can be classified as a meso-

eutrophic system (moderately to highly productive).  Trophic status indicators for Secchi depth 

(52.7), TP (44.27), and Chl-a (51.6) were within the range for mesotrophic systems.  The 

NYSDEC classifies eutrophic systems as any that exceed 0.020 mg/L of TP (NYSDEC, 2018). Total 

phosphorus in Crumhorn Lake was slightly less than that, with a mean TP of 0.019 mg/L, 

although it should be noted that some water samples contained phosphorus levels above the 

threshold, with a maximum of 0.077 mg/L.  The mean total nitrogen concentrations were below 

a NYSDEC guidance range (below 0.35 mg/L) for oligotrophic systems at 0.31 mg/L TN, it should 

be noted that the NYDEC does not offer a threshold for trophic status with respect to TN as 

algal growth in NY is generally not nitrogen limited (NYSDEC, 2018). The NYSDEC also classifies 

lakes with a Chl-a content > 8 μg/L to be eutrophic (NYSDEC, 2018). Crumhorn Lake had a mean 

chl-a content of 10.92 μg/L.  Mean Secchi depth throughout the year, 1.8 m, is shallower than 

the minimum threshold used by NYSDEC (< 2 m) to define eutrophic conditions (NYSDEC, 2018).  

The shallow maximum depth of the lake (zmax = 4 m) can help to explain this eutrophic 

condition.   

Eutrophic systems often host assemblages of smaller bodied zooplankton with higher 

counts of Rotifers and few Daphnia spp. (Barnnett and Beisner 2007).  This condition is due to 

the lifestyle of each of these organisms.  Large-bodied zooplankton, such as Daphnia species, 

have a more competitive advantage in instances of lower food availability due to their body and 

ability to filter large quantities of water.  Rotifers and smaller bodied zooplankton are then kept 

at a disadvantage until there are conditions of greater food availability, allowing populations to 

grow more rapidly.  Zooplankton samples from the months of April to September show high 

concentrations of rotifers and copepods with few Daphnia throughout and seem to confirm 

that the lake is moderately productive. The zooplankton community during these months is 

represented by species that favor abundance over body size.  The highest numbers of larger 

bodied zooplankton were observed during April, but overall size dropped considerably from 

summer months into September. 
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Groundwater and precipitation are estimated to be the primary contributors to the 

hydrology of the lake due to the absence of permanent tributaries.  The soils where the 19 

residences and the camp latrines are located are rated as “somewhat limited” for septic 

suitability (NRCS, 2017).  Phosphorus from septic systems has the potential to contaminate 

surface waters in lakes through groundwater migration (Robertson et al, 1998).  Phosphorus 

concentrations in the lake are currently slightly below eutrophic conditions, but some samples 

have been observed to be well above the NYSDEC threshold.  Most of the phosphorus from 

septic system contamination is soluble and can be taken up by plants and algae for growth 

(Robertson et al, 1998).  Further study is required to determine the quantity and quality of 

inflowing groundwater to determine if it is serving as a source of nutrients into the lake. 

 Sediment accumulation has been identified as a primary concern among lake residents. 

The depth of the sediment on the lake bottom was mapped to help in discerning problem areas 

of the lake and to identify early action locations for treatment.  The northwest portion of the 

lake contained the greatest depths of sediment accumulation, reaching totals of 10.5 feet in 

depth.  The same depth was found in a small region of the southeast portion of the lake.  

Additional study on the composition of the sediment would provide insight into whether the 

accumulation is from biological accumulation of decomposing plants and algae, or from 

suspended solids accumulating during storm events and deposition into the lake from the 

watershed. 

Understanding the composition of the sediment is important as it can aid in diagnosing 

nutrient concerns and the origins of the sediment.  Sediments can serve as a rich bank of 

nutrients and drive internal nutrient loading where soluble phosphorus is released during 

periods of anoxia (Søndergaard et al. 2003).  High organic content in the lake sediment can be 

an indicator of high productivity and biological breakdown, further driving the nutrient 

availability in the lake.  This is important for shallow lakes, such as Crumhorn Lake, as they can 

allow for nutrients to accrue more rapidly in the sediment (Nõges 2009).  The highest 

concentrations of phosphorus (0.077 mg/L, 0.071 mg/L) were observed in the summer months 

of July and August at the lake bottom when anoxia had occurred.    
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 Samples and observations made in this study represent a single year and consider 

interpretations from previous maps and personal accounts.  To best understand the 

limnological functions of the lake and assess response to management actions, long-term data 

sets should be collected through regular monitoring.  The NYSDEC Citizens Statewide Lake 

Assessment Program (CSLAP) is an established organization that trains lake association 

members and provides them with the tools to collect important data such as Chl-a, TP, and 

Secchi depth.  The long-term collection of data will allow future researchers to explore trends 

deeper and make connections that may be missed during shorter studies. 
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III. Aquatic Plant Community 

Introduction 

 Aquatic plants are an integral part of any freshwater ecosystem, and they are often 

cited as a top management concern among residents around lakes (Helfrich et al., 2000).  These 

plants perform important ecosystem functions as they sequester nutrients from sediments, and 

they provide important habitat for many aquatic organisms.  These functions, in turn, result in 

ecosystem services such as allowing fish to grow to catchable sizes.  Despite providing these 

ecological benefits, the most prominent concerns related to aquatic plants result from 

interference with aesthetics and recreational activities (Helfrich et al., 2000).  Specifically, dense 

plant growth can damage boat motors and limit other recreational activities such as paddling, 

swimming, and fishing (Helfrich et al., 2000).  Keeping these concerns in mind, sustainable 

management of aquatic plants must take social and ecological concerns into account when 

deciding the appropriate course of action (Helfrich et al., 2000). 

 Crumhorn Lake, NY is relatively isolated due to its location and status as a private lake, 

allowing few nonresidents to launch boats or access the lake in other ways.  This seclusion 

reduces opportunities for anthropogenic introduction of invasive species through common 

vectors such as incidental seed introduction in boots and other clothing as well as the 

introduction of plant fragments by boats and angling equipment (Tamayo and Olden, 2014).  

Introduction of invasive species is an ever-present management concern, especially in an area 

such as Otsego County where there is a high prevalence of aquatic invasive species (Yoo et al. 

2013).  Invasive species, primarily water chestnut (Trapa natans), as well as curlyleaf pondweed 

(Potamogeton crispus), starry stonewort (Nitellopsis obtusa) and Eurasian watermilfoil 

(Myriophyllum spicatum) have been observed in nearby waterways such as Goodyear Lake, the 

Susquehanna River, and many ponds along Cherry Valley Creek (NYNHP, 2020).   

 A cursory glance of the lake in peak growing season reveals patches of emergent 

vegetation and shallow growth beneath the surface.  Plants such as cow lilies (Nuphar lutea), 

broadleaf arrowhead (Saggitaria latifolia), and floating burr reed (Sparganium angustifolium) 
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stud the shoreline and small mats of slender naiad (Najas flexis) float up to the shores.  Yet, 

beyond that little vegetation breaks the surface or is overtly apparent.  No previous 

comprehensive plant survey has been conducted on the lake, and little else is known about the 

plant community.   

This study aimed to investigate plant community composition and relative abundance of 

individual species in the areas in the lake of greatest management concern- those along the 

shoreline- to understand the aquatic plant communities that inhabit the prominent littoral zone 

(~30%) of Crumhorn Lake.  To achieve this, I sampled points along the shoreline of the lake to 

estimate the relative abundance of each species in the community.  The results of this study will 

be useful for determining priority areas for management and will improve general 

understanding of the ecology of the lake.  Immediate plant management concerns in Crumhorn 

Lake relate primarily to nuisance native vegetation, with secondary interest in establishing 

preventative measures against biological invasions.  Concerns of lake users specifically center 

around dock use and swimming. 

Methods 

 Twenty sample sites were chosen along the shoreline, each 100 m apart and a 

minimum of 10 m from the shore.  Sampling was conducted in mid-July and August because 

these are months of peak plant growth and use by residents, which means that it is the time of 

year with the greatest potential for plant-related conflicts with lake use. Sampling methods 

were adapted from those used in point intercept rake toss relative abundance method 

(PIRTRAM) surveys (Lord and Johnson 2006).  Three tosses of the rake were conducted at each 

site.  With the boat anchored perpendicular to the shore, the rake was thrown from the stern, 

port, and starboard sides of the boat.  Once the rake was thrown, it was dragged back slowly to 

gather plants along its return.  Then, plants were identified on site and ranked by their overall 

abundance in each rake toss, the ranking system and field measure parameters has been 

described in Table3.1.  Total dry weight biomass was then estimated using estimated totals 

from rake tasses, described in Harman et al (2008). 
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Table 3.1. Conversion of field measure and ranking to estimated total dry weight of plant biomass (Harman et al. 
2008)  
Abundance 
Category 

Field Measure Total Dry Weight (g/m2) Mid Low High 

“Z”- Zero Nothing  0 0 0 
“T”- Trace Fingerful 0.001-2.000 1.005 0.001 2 
“S”- Sparse Handful 2.001-140.000 71.005 2.001 140 
“M”- Medium Rakeful 140.001-230.000 185.005 140.001 230 
“D”- Dense Can’t Bring in Boat 230.001-450.000 340.005 230.001 450 

 

Results 

 A total of eight plant species were found across the 20 sites (Table 3.2).  Slender naiad 

was found most frequently, with an estimated dry weight of 87.11 g/m2   in July and 164.90 

g/m2   in August.  It was absent from only two sites in July and three sites in August.  These sites 

were in the swimming area, and in the northern end of Crumhorn Lake where the substrate is 

rocky and little plant growth is found.  White water lilies (Nymphaea odorata) were found 

sporadically throughout the lake, most often along the eastern shore and the southern portion 

of the lake.  The southern region of the lake is dominated by emergent yellow cow lilies and 

white-water lilies. 
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Table 3.2. Plant species identified during the 2017 survey with notes on the growth form of each species. 

Common Name Scientific Name Notes 

Slender naiad  Najas flexilis submergent 

Burr reed  Sparganium angustifolium emergent 

White water lily  Nymphea odorata emergent 

Broad Leaf pondweed  Potamogeton grandifolia Submergent, emergent flowers 

Narrow leaf pondweed  Potamogeton strictifolius Submergent, emergent flowers 

Broadleaf arrowhead  Saggitaria latifolia emergent 

Yellow cow lily  Nuphar lutea emergent 

Spirogyra algae Spirogyra spp. Submergent, mat-like growth 

 

Table 3.3. Estimated biomass of submerged plant species found in Crumhorn Lake July-August 2017. 

 Number of sites found  
Mean Estimated Biomass 

(g/m2) 

Species July August  July August 

Najas flexilis 18 17  87.11 164.9 

Potamogeton grandifolia 6 6  24.33 47.67 

Potamogeton strictifolius 3 4  24.33 18.50 

Spirogyra spp. 2 5  36 29 
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Discussion 

The sampling of the plant community provide a baseline species list for the macrophytes 

found along the shore of Crumhorn Lake.  The findings confirmed anecdotal evidence of the 

high density of yellow cow lily in the southern portions of the lake and prominence of slender 

naiad throughout the lake. The locations of these plants and the knowledge of their abundance 

will be helpful in determining management strategies for the residents of the lake and for 

assessing success of management. 

Slender naiad is listed as a native plant species by the USDA (Mitchell 1986).  Naiad 

typically grows at depths up to 2 m with a water pH between 6.0 and 9.0; Crumhorn Lake 

provides an ideal habitat for the species in this regard (see Wingfield et al. 2004).  It grows as a 

mat along the lake-bottom, which can inhibit growth of other plants (Wingfield et al. 2004) and 

may contribute to lack of diversity in the plant community.  Excessive growth of slender naiad 

may affect lake ecology in other ways.  For example, the plant is not valuable as structural 

habitat for fishes like yellow perch (Perca flavescens) or juvenile fish, and it can cover substrates 

that might otherwise be suitable for spawning for species such as largemouth bass (Micropterus 

salmoides) or sunfishes (Dibble et al. 1996).  This could lead to poor spawning success for 

largemouth bass and sunfishes, and high mortality of juvenile fishes that have historically 

supported popular fisheries in Crumhorn Lake.  This would be evidenced by poor recruitment of 

juvenile fish to catchable sizes (see Chapter IV). 

         No invasive species were documented in this 2018 vegetation survey.  Curlyleaf 

pondweed (P. crispus) was documented in Crumhorn Lake during a county-wide AIS survey in 

2013 (Yoo et al., 2013), though it was not seen during this survey, likely due to timing, as P. 

crispus is an early-season species.  Surveys were conducted outside of the typical growing 

season for curly leaf pondweed and likely explain why it was not found.  Like slender naiad, 

curlyleaf pondweed provides little value as fish habitat and may interfere with spawning of 

various species if it occurs at high densities during late spring.  The overall lack of invasive 

species may be due in part to restricted access, and to the concern of residents about the 

spread of invasive species into the lake.  Other common invasive plants in the region include 
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water chestnut (Trapa natans), starry stonewort (Nitellopsis obtusa) and Eurasian watermilfoil 

(Myriophyllum spicatum), which can impact plant and animal communities in the lake as well as 

disrupt human enjoyment (Yoo et al 2013, Tamayo and Olden 2014).  

Water chestnut is found in many lakes and waterbodies in proximity to Crumhorn Lake 

(NYNHP, 2020).  This invasive plant is often transported on waterfowl, mammal fur, or by 

human actions (Hummel and Kivian, 2004).  It grows in dense mats and can outcompete native 

species covering nearly 100% of the water surface and intercepting 95% of the incident sunlight 

(Hummel and Kivian, 2004).  This plant has been found in 43 counties across New York state 

including Otsego County (NYNHP, 2020).  Another species that is of regional concern is (Hydrilla 

verticillata), a highly invasive plant that can have serious ecological and human impacts (Gettys 

and Enloe 2016).  Hydrilla can form dense mats and outcompete other plants.  Growing in up to 

7.5m depth (Gettys and Enloe 2016), it could theoretically grow throughout Crumhorn Lake as a 

monoculture if established.  The plant has not yet reached Otsego County, NY, but it has been 

found in neighboring counties and lakes such as Cayuga Lake and small isolated ponds in 

Broome County (Hulbert 2015).  Management solutions could include selected removal of 

undesired and invasive plants already found in the lake by hand harvesting.  To prevent further 

invasion of plants such as hydrilla in the lake, continued monitoring of boats from outside the 

immediate community is recommended.  This would allow for more control over community 

composition and locations of macrophyte beds.  
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IV. Fishery Assessment 

Introduction 

Recreational fishing plays an important role in New York State’s economy.  The 

American Sportfishing Association (ASA) reports that the state registers about 2.2 million 

anglers who spend 1.9 billion dollars on recreational fishing. This grosses approximately three 

billion dollars in economic output and supports more than 20,000 jobs (ASA 2019).  This 

provides a strong economic benefit to local communities with some of the largest expenditures 

in lodging and tourism.  Angling also provides numerous societal and cultural benefits that are 

not well captured by economic figures (ASA, 2020). 

Although a private waterbody, fishing is a popular pastime at Crumhorn Lake, NY. In 

2017, there were 19 permanent residences in the watershed of the lake, but more than 8,000 

campers visit the Crumhorn Henderson Boy Scout Reservation administered by the Boy Scouts 

of America (BSA).  The BSA owns most of the watershed, as well as the water rights to the lake.  

The primary uses of the lake center on the camp and these involve fishing, swimming, and 

boating. However, year-round residents are supportive of the camp and tend to use the lake for 

the same purposes.   

The prohibition of motorboats has resulted in the degradation of a small boat launch 

over the past several decades through disuse.  The state of the launch is sufficient for carry-in 

boats, but vehicle access is difficult.  This limited access has made it difficult to carry out 

conventional fisheries assessments, such as electrofishing, and reduces the frequency of 

monitoring.  The NYSDEC did conduct a survey of Crumhorn Lake fishes in 1994, prior to launch 

deterioration, and that survey can be used as a baseline for comparing contemporary data.  

 Crumhorn Lake is classified by the NYSDEC as a warm water fishery dominated by perch 

and centrarchids (sunfishes and bass).  During July and August, the plant community is 

dominated by slender naiad (Najas flexilis).  This is also the time when fishing pressure is 

greatest on the lake, and it is a critical period for determining survival of young-of-year fish.  

Importantly, slender naiad provides poor habitat for juvenile largemouth bass (Micopterus 
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salmoides Lacepede) and yellow perch (Perca flavescens Mitchill) and can reduce spawning 

habitat for largemouth bass (Dibble 1996).  In recent years, residents have reported notable 

declines in the size of yellow perch caught in the lake. The last study on the fishery was 

conducted by the NYSDEC in 1994, leaving a 23-year data gap since the most recent survey.   

This preliminary study will help guide the design of a long-term project for the future 

management of the fishery and to update past studies conducted by the NYSDEC.  To 

accomplish this goal, the specific objectives of this study were to compare angling data with 

data collected using standard methods to determine the viability of a citizen engaged project, 

and to conduct an additional electrofishing survey to help bolster historical information. I used 

data on largemouth bass to compare angling results to electrofishing results because BSA 

angling reports for this species included both weight classes and frequency of catch.  Yellow 

perch were also examined, but only for frequency of catch and total length.  Finally, I estimated 

proportional size distribution (PSD) of predators and prey caught in electrofishing surveys to 

characterize fish community balance in the lake.  

 

Methods 

Electrofishing data 

Historical data were available from the NYSDEC state-wide fishery database (NYSDEC 

2016). These data were from a single, general biological survey conducted in 1994.  NYSDEC 

sampled the lake along the shore near the outflow on the north end of the lake (NYSDEC 2016).  

These data were collected by electrofishing using NYS standard methods outlined in Green 

(1989).  Length (mm) and mass (g) data were available for largemouth bass and yellow perch.   

 In October 2017, electrofishing data were collected by State University of New York 

(SUNY) College at Oneonta according to NYS standard methods (Green 1989).  The entire 

shoreline was sampled.  Total electrofishing time was 1 hour and 38 minutes. Pulsed direct 

current (DC) was used, varying from 560 to 580 volts at variable amperage of 6 to 9 amps, with 
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60 pulses per second. Fish were identified and the total length (mm) of each fish was measured 

prior to release. 

 

Angling data  

 During summer 2017, the Henderson Boy Scout camp tasked each scout taking the 

Fishing Merit Badge and others who were fishing around the lake to take inventory of the fish 

they caught.  A variety of tackle was used by scouts with varying skill levels and experience.  The 

data collected included species of fish caught and the weights for largemouth bass in 1-lb 

intervals.  Panfish species (bluegill, and pumpkinseed) were combined as a group within this 

reporting of this data set. 

 

Data Analysis 

Length-frequency histograms were developed to examine the size structure of fish 

collected. Proportional size distribution (PSD) was calculated following the equation described 

in Anderson et al. (1996): 

PSD = (Number of fish ≥ quality length/Number of fish ≥ stock length) × 100 

Quality and stock lengths (Table 1) are based on proportions of world-record lengths for 

a given species (Gabelhouse 1984).  The PSD calculations for each species included data from 

the NYSDEC and SUNY Oneonta electrofishing surveys.  The data sets were combined to 

estimate PSD from all electrofishing data due to low sample sizes, but this also provides an 

opportunity to update previous information through a Bayesian framework rather than simply 

estimating PSD separately at either end of a multi-decade period.  PSD was estimated within a 

Bayesian framework in JAGS (Plummer 2002) with the R2jags package (Su & Yajima 2015) in R 

(R Core Team 2020) following Elliott (2019).  I tested for differences in catch-frequencies of 

different species between the Boy Scout data, historical NYSDEC survey, and the SUNY Oneonta 
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2017 survey using the Pearson chi-square analysis in R.  I also analyzed differences in frequency 

of largemouth bass in different weight bins between the three surveys. 

 

Table 4.1. Lengths (mm) used to delineate PSD categories for the species within Crumhorn Lake (Gabelhouse 

1984). 

 Stock  Quality Preferred Memorable Trophy 

Largemouth bass 200 300 380 510 630 

Chain pickerel 280 350 510 630 760 

Yellow perch 130 200 250 300 380 

Bluegill 80 150 200 250 300 

Pumpkinseed 80 150 200 250 300 

Brown bullhead 130 200 280 360 430 

 

 Results  

All largemouth bass collected by NYSDEC in 1994 were larger than quality size, except 

for a single fish that was smaller than 100 mm (Figure 4.1).  However, largemouth bass shorter 

than stock length (200 mm) were caught with greater frequency than quality length (300 mm) 

fish in the 2017 SUNY Oneonta electrofishing survey.  No largemouth bass were caught 

between stock and quality size during 2017 (Figure 4.1). The NYSDEC 1994 survey reported a 

normal distribution of yellow perch sizes around stock length with some fish reaching quality, 

preferred, and even memorable lengths (Figure 4.2).  Recent sampling failed to collect any 

yellow perch longer than quality length (200 mm) and most perch collected were below stock 

length of 130 mm (Figure 2).  The largest yellow perch that was caught was 196 mm. 
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Estimated PSDs suggested that the fishery is out of balance (Figure 3).  The PSD for 

predator populations including chain pickerel Esox niger (mean = 79, 95% CRI = 62-92), 

pumpkinseed Lepomis gibbosus (mean= 19, 95% CRI = 1-37), and largemouth bass (mean = 100, 

95% CRI = 100-100) were dominated by large individuals. Conversely, the PSD of the bluegill 

Lepomis macrochirus (mean= 0, 95% CRI = 0-6), and yellow perch (mean = 19, 95% CRI = 1-37) 

populations indicated that individuals of quality size or larger were rare. Taken together, these 

estimates show the fishery in Crumhorn Lake is out of balance with respect to the proportional 

abundance of large and small fish.  

Analysis of the catch frequency showed that the Boy Scouts most readily caught panfish 

(n=197). They caught these fish with greater frequency than in either the DEC survey (n=27) or 

the SUNY Oneonta survey (n=32).  Catch frequencies were most similar for yellow perch (Boy 

Scouts = 23, NYSDEC = 29, SUNY = 27). The Pearson’s χ2 test indicated that there were 

significant differences in the Boy Scout and DEC catch frequencies for largemouth bass, panfish, 

and yellow perch (χ2 = 130.3, df = 6, p < 0.05), and between the Boy Scout and SUNY Oneonta 

catch frequencies (χ2 = 78.1, df = 7, p < 0.05).   
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Figure 4.1. Distributions of Largemouth Bass lengths from both surveys.  Note the change in scale of y-axis. 
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Figure 4.2. Distributions of Yellow Perch lengths from each survey. Note the change in scale of y-axis. 
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Figure 4.3. Boxplot of Posterior distributions of PSD with 95% CRI for each fish species derived.  from GLM 

including both data sets.  Box-ends represent the inter-quartile range and whiskers approximate the 5th and 95th 

percentiles, and the horizontal lines within boxes represent the median 

 

 

Figure 4.4. Catch frequency from each survey. Each species is clustered, and bars represented in Boy Scout, 

NYSDEC, and SUNY data sets from left to right in each species. 
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Discussion 

The analysis of data collected by the NYSDEC in 1994 and SUNY Oneonta in 2017 

indicate a clear change in the size structure of fish populations over the past 23 years.  This 

information corroborates reports from lakeside residents who have noted a steady decrease in 

large yellow perch during the past few years.  Yellow perch longer than quality length were 

caught in 1994, but not in the current survey (Figures 4.3 and 4.4).  Importantly, this pattern is 

consistent with size structures of other predator and prey populations in the lake that suggest 

the fishery is currently out of balance, likely due to high mortality of juvenile fish. 

Based on estimated PSDs from the combined model, the predator community in 

Crumhorn Lake is heavily skewed toward large fish (Gabelhouse 1984). Predator species such as 

largemouth bass and chain pickerel had PSDs that were very high (Figure 4.3) and indicate that 

recruitment of small fish may be limited (Gabelhouse 1984).  Limited habitat for the rearing of 

juvenile largemouth bass likely leaves them open to predation from chain pickerel and adult 

largemouth bass.  Likewise, the lack of quality-sized yellow perch, and correspondingly low 

PSDs of bluegill indicate that recruitment of juvenile prey fishes to large sizes may be impaired 

by the top-heavy predation from largemouth bass and chain pickerel coupled with the lack of 

suitable habitat (refuge) for juveniles. Low recruitment for both predators and prey are likely 

due to high mortality from lack of structural habitat that would otherwise provide protection 

from predators.  

The dominant plant species in the lake are slender naiad and yellow cow lily (Nuphar 

sp.). Neither of these plants provides suitable habitat for juvenile fish, leaving young-of-the-

year fish vulnerable to predation in most areas of the lake.  There are limited data on the plant 

community of the past, so the dominance of slender naiad may or may not be a driver of 

population change and should be considered in future management.  Recruitment of both 

predator and prey species will be important to consider in management of this fishery.   

Improving juvenile fish habitat should be a priority of management.  Low-cost practices 

are available and include such actions as the addition of structure along the shoreline where 

young fish can avoid predation.  A variety of natural and authentic options exist, from discarded 
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Christmas trees to artificial rubberized structures (Bassett, 1994).  In many small ponds, dead 

Christmas trees are often placed under docks for a season to provide structure.  Synthetic 

alternatives also exist, including artificial, rubberized trees that have recently gained popularity 

among fishery managers in small lakes and ponds.  Monitoring will be required to assess the 

efficacy of management strategies; this could include the use of angling data from residents or 

BSA summer programs.  However, this would require specific training in the collection of 

measurements (Aveces-Bueno et al. 2017) and standardization of practices (Lewandowski & 

Specht 2015).  Standardization of length measurements, for example, would allow managers to 

continue to monitor PSD for each species and how they may change over time.  
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V. Lake Management Plan   

The development of a management plan for Crumhorn Lake was based on the concerns 

of the residents and their intended uses along with the functions and services provided by the 

Henderson Boy Scout Camp.  The primary concern of those around the lake was the 

accumulation of sediment throughout the lake, which impedes recreational activities such as 

boating, swimming, and wading.  Threat of invasive species is also a concern for residents as 

they wish to maintain the native communities found when possible.  Additional concerns 

include protecting the shoreline, managing algal blooms, controlling turbidity throughout the 

water column, and harboring a healthy fishery.  Each of these concerns and how they interact 

with one another will be covered throughout the management plan to develop comprehensive 

solutions to meet long term goals for success.  Management strategies are introduced in Table 

5.1. 

Survey Results 

An opinion-based survey was conducted by the lake association to gauge needs around 

the lake for the use of those around it.  The survey results showed that boating and wildlife 

observation were the primary activities of all respondents.  Swimming was the next most 

popular use of the lake, with 90% of respondents indicating that it was a primary activity (Figure 

5.1).  Concerns about the lake included algae blooms and invasive species as the top concerns 

with sedimentation and weed growth slightly lower (Figure 5.2).   
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Figure 5.1: Stakeholder survey results for primary uses of the Crumhorn Lake by residents.  
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Figure 5.2: Primary management concerns across stakeholders. The range runs from 5 “most important” to 1 “least 
important”. 
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Table 5.1. Description of in-lake management solutions for identified concerns including descriptions and advantages/disadvantages. 

Management Option Concerns Description Advantages Disadvantages 

Aeration Water Quality Forced circulation of the water 
column by sending diffused air 
from the lake bottom to the 
surface. 

Cost:  

- Vary by company 
- High start-up cost 
- Maintenance costs 

vary by size 

Limits internal loading of 
nutrients from the lake 
bottom. 

By lowering nutrient 
concentrations can lower algal 
growth. 

Eliminates stratification in the 
lake and allows for more 
dissolved oxygen. 

Requires an engineer to “fit” a 
system. 

May increase turbidity with a 
churning of loose sediments. 

Long term maintenance is 
required. 

Can have a high initial cost 
with continual maintenance 
costs as well. 

Continued Monitoring Water Quality 

Plant Management 

Fisheries 

Volunteers and lake 
association members collect a 
variety of samples and 
measurements to build a long-
term data set. 

Costs:  

- Lab costs vary by test. 
- Secchi Disc: ~ $30.  
- CSLAP membership: 

$375 

Long term data sets can better 
educate management 
decisions and help to set 
better goals for management. 

Requires consistent 
volunteers. 

Laboratory costs if water 
samples are taken. 

Dredging Water Quality 

Sediment Accumulation 

Removal of the sediment from 
the lake bottom either from 
mechanical dredging or 
suction dredging. 

Complete physical removal of 
sediments from the lake 
bottom. 

Requires long permitting 
process. 
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Cost: 

- Removal: $45-
$65/cubic yard 

- Dewater: $15-
$25/cubic yard 

- Disposal: varies 
- Permitting: varies 

Removes all resident plant 
material. 

Improve bottom feel for 
swimming areas. 

Increase lake volume. 

Physical limitations of 
removing sediments from the 
lake bottom. 

Proper disposal of dredge 
material 

Removes native seed bank. 

Expensive 

Benthic Mats Plant Management 

Sediment Accumulation 

A plastic, or organic fiber 
geotextile that is anchored to 
the lake bottom. 

Costs:  

-  approximately $0.22-
$1.25/sq.ft 

- Price varies based on 
matting material 

Removes the silted bottom 
feel in swimming areas 

Utilized in site specific areas 

General low cost 

Does not remove sediment 
from the lake bottom 

May need to be removed 
every year 

Hydro Raking Plant Management 

Sediment Accumulation 

Suction removal of plant 
material from the lake. 

Cost: 

- $1,000-$25,000/acre 

Can quickly remove large 
sections of abundant plant 
growth. 

Removes partial sediment 
from the suction harvest. 

Can spread invasive species 
fragments throughout the lake 

Requires proper disposal of 
plant matter and spoils. 

Hand Harvesting Aquatic Plant Plant Management Hand pulling of aquatic plants 
from the lake. 

Cost:  

- Minimal cost with 
hand tools used 

- Jelsin Rake (pictured): 
$130 

Highly specified removal of 
targeted species. 

Allows you to treat specific 
areas of concern. 

Requires proper planning, 
organization, and volunteers. 
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Aquatic Herbicides Plant Management Directed application of 
chemicals onto targeted plant 
populations. 

 

Cost: Vary by application area 
and herbicide used. 

Can target specific areas. 

Selection of herbicide can 
allow targeting of individual 
species. 

 

Must consider half-life of 
chemicals used. 

Public perception around 
herbicide use. 

Consideration of holding times 
within the water column 

Ensure proper selection of 
herbicide and dosage before 
use. 

Requires a skilled professional. 

May remove non target 
species in the treated area. 

Requires seasonal treatment 
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Watershed BMPs 

 Watershed best management practices (BMPs) are intended to implement long-term 

changes to the practices that occur around the lake that may contribute to eutrophication of 

the lake or to any degraded enjoyment of the resources within it (NYSFOLA, 2009).  The central 

focus of watershed BMPs is to protect critical environmental areas by implementing land use 

planning strategies and zoning regulations that will minimize development around the lake, 

although this can also include localized mitigation options and restorative measures.  

 Watershed BMPs can include the introduction of land use regulations and navigational 

use regulations through county, town, and municipal laws, or through zoning regulations to 

avoid over development of the watershed in the future (NYSFOLA, 2009).  A simple introduction 

to the process of proposing legislation and having it accepted can start with formalizing 

informal policies that influence immediate lakeside enjoyment. The no-motor policy that is 

implemented around the lake, for example, is one that is wholly supported by the Crumhorn 

Lake Association and Henderson Scout Reservation.  This is an informal policy that can be 

written into local laws or land use regulations without impacting anyone outside the lake 

community.  This policy would be relatively easy to have codified into local law and is 

preferable to any informal policy that does not have legal standing and could potentially be 

violated without consequence.  The formalization of this policy would allow for the continued 

maintenance of the shoreline without disruption from boat wakes and preserve the quiet 

enjoyed by lake residents.  Furthermore, discussion within the community regarding the above 

should bring many other concerns to light.   

 Implementing or modifying regulations requires continued participation with the Town 

Planning Board to demonstrate a willingness to enact legislation intended to improve the 

quality of regional waters and help those who use them.  After officials have recognized the 

initial stakeholder concerns and their willingness to participate with local boards, planning 

measures within the watershed can be easier to implement.  These planning measures include 

but are not limited to establishing lot sizes and building setbacks, codifying storm water 

practices, and defining riparian and lakeside buffers (NYSFOLA, 2009).  These measures are 
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intended to be preemptive and to protect against unwanted actions as land use regulations are 

not often considered until such things as a large development project or hotel are proposed 

which would be otherwise unwanted by the community.  Though this process may be time 

consuming it offers legal protections within the watershed from unforeseen practices and 

offers the ability to continually maintain the quality of the watershed and in turn the lake that is 

enjoyed by the residents surrounding it. 

 

Continued Monitoring 

The term “pristine” is often used to refer to the condition of a waterbody in the absence 

of human disturbance, and it is important to understand that this may actually specify different 

sets physical and chemical conditions depending on geography, elevation, geology, and 

hydrology.  We typically associate these conditions lakes with low nutrient concentrations and 

diverse macrophyte communities that provide structure throughout the lake (Moss, 2007).  This 

is an indication that the plants and organic substrate can properly balance and mitigate sudden 

changes within the watershed (Hilt et al, 2017).  Setting management goals to achieve this state 

requires the establishment of reference conditions from historical data, comparison to similar 

ecosystems that are relatively undisturbed with similar geological pasts, or through literature 

review.  Due to the relatively undisturbed nature of the watershed Crumhorn Lake may be near 

these conditions with proper management.  Further study of nearby lakes along Potato Creek 

to the south would assist in determining if current conditions in Crumhorn Lake are indicative of 

locally pristine (reference) conditions or are the result of human disturbances within the 

watershed. 

The trophic status of Crumhorn Lake is defined as meso-eutrophic with high productivity 

throughout the water column.  Mean Secchi depth, which measures water clarity, is slightly 

above the NYSDEC threshold for eutrophic systems (NYSDEC, 2018).  The mean total 

phosphorus concentration was slightly below the NYSDEC (2018) threshold (0.020 mg/L) at 

0.019 mg/L TP, with some samples having concentrations as high as 0.077 mg/L in the summer 

when anoxia occurred along the lake bottom (August 3, 2017).  The mean total nitrogen 
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concentrations were below a NYSDEC guidance range (below 0.35 mg/L) for oligotrophic 

systems at 0.31 mg/L TN, but it should be noted that the NYDEC does not offer a threshold for 

trophic status regarding TN as algal growth in NY is not typically nitrogen limited (NYSDEC, 

2018). Oxygen profiles of the lake show that it was stratified at approximately 2.9 m with mean 

oxygen concentrations with an average change from 9.19 mg/L DO above the oxycline to 

1.77mg/L DO below.  Continued monitoring of the water quality in the lake will allow for the 

tracking of management strategy success with measures geared towards achieving a locally 

pristine condition. 

Developing a better understanding of the contribution of groundwater to the lake and 

its quality is important in determining whether groundwater is serving as a source of nutrient 

contributions to the lake.  Older septic systems have the potential to leach nutrients into the 

lake through groundwater travel (Robertson et al, 1998).  Regular maintenance and inspection 

of these systems is particularly important in Crumhorn Lake where influxes from septic systems 

can have a disproportionate impact on water quality due to the small size of the watershed.  

The Henderson Scout Reservation currently diverts their waste to a septic system that is outside 

of the Crumhorn Lake watershed (Pers comm. Travis Coleman).  This is important as it reduces a 

high use system from potential inflow into the lake through the groundwater.  Septic suitability 

is listed by the USDA as “somewhat limited” where the residences are located around the lake.  

Septic systems should be inspected by those who are unfamiliar with the status of their systems 

to ensure that all components are structurally sound, connected appropriately, and functioning.   

Continued monitoring of water quality during and after management activities allows 

stakeholders to track progress and direct efforts to those activities that are most effective.  The 

New York State Federation of Lake Associations (NYSFOLA) organizes the Citizen Statewide Lake 

Assessment Program (CSLAP) which provides the tools and training for lake associations to 

monitor their lakes.  This includes training and equipment for lake association volunteers to 

monitor Secchi depth, pH, and color, and collect samples for nutrient concentrations (total 

phosphorus and nitrogen), chlorophyll a content, calcium, and chloride (NYSFOLA, 2020, 

https://nysfola.org/what-is-cslap/).  Participation in CSLAP costs $370 per year.  To determine if 

there is leaching from adjacent septic systems into the groundwater, water can be tested for 

https://nysfola.org/what-is-cslap
https://nysfola.org/what-is-cslap/
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common household compounds along the shoreline.  One simple compound to test for is 

caffeine as it does not completely break down in the body and is excreted as waste.  Another 

class of compounds to consider is optical brighteners, which are found in laundry detergents.  It 

should be noted that although the test for them may be readily available optical brighteners are 

being used less in some detergents due to their environmental impacts and may not be as 

comprehensive as previously hoped.  Laboratory costs vary in price depending on the tests 

being conducted. 

Other options exist for lake residents who would like to take personal measures to track 

the progress of water quality within the lake.  Secchi depth is a measurement of water 

turbidity, or water clarity, that is measured with a Secchi disk.  This is a simple tool used to 

measure visibility in water and can be purchased or made quite readily.  A Secchi disk is an 8-

inch plastic disk with opposing quadrants painted black and white that is weighted and 

attached to a metered line.  This video (https://www.youtube.com/watch?v=zMwentLa_ks) 

explains the use and implications of Secchi disk measurements and how to make inferences 

from results.  Water clarity measured by Secchi depth is a valuable tool in monitoring the 

condition of the lake, but the other parameters provided by CSLAP can help in better 

understanding the symptoms and root causes of management concerns. 

 

Nutrient control 

Sediments accumulated at the lake bottom may be an additional source of nutrients in 

the lake.  Removing or inactivating this “nutrient bank” in sediments on the lake bottom will 

allow for increased clarity in the water column and reduce the productivity of algal species.  

Sediment removal can be conducted through hydraulic dredging, which includes the physical 

removal of soft sediments from the lake bottom that are then pumped to a specific site to 

dewater.  A full description of sediment removal is discussed in further below.  Inactivation of 

nutrients targets primarily phosphorus-binding chemicals such as aluminum sulfate or 

bentonite clay which bind to phosphorus in the water column and at the top layer of sediment 

and restrict availability for uptake by algae.  Inactivation is not a permanent solution and will 

https://www.youtube.com/watch?v=zMwentLa_ks
https://www.youtube.com/watch?v=zMwentLa_ks
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need to be repeated on a scheduled basis to maintain water clarity.  Specialized equipment and 

technicians are required for treatment and labor costs should be factored in when considering 

this option.  Costs of alum treatments range from $619/acre to $4,143/acre, the variability in 

price is a result of dosages, timing, and on-site limitations.  At the time of writing, this method 

of inactivation is not permitted in New York, but that may change in the future. 

 

Plant Community Management  

 The plant communities within Crumhorn Lake are diverse and composed of both 

submerged and emergent plant species.  Dense emergent plant growth around recreational 

areas, such as docks and swimming areas, are areas of management concern among the 

residents of Crumhorn Lake.  Overgrowth of aquatic plants around docks and in the shallow 

waters of lakes can disrupt recreation activities such as swimming, boating, and fishing.  

Management of plant growth must be taken with a balanced approach as the plants provide 

important ecological functions as shelters for the fish and invertebrates in the lake and in 

helping serve as a nutrient sink within the water column.  Determining the appropriate 

management method regarding excessive plant growth relies heavily upon understanding the 

plants you wish to manage.  Knowing the growth periods of each plant can be very useful in 

determining treatment schedules or in coordinating volunteer events to achieve the intended 

goals of the entire community without jeopardizing additional aquatic life. 

 Herbicides are effective tools for managing plant growth and can function as a contact 

herbicide, killing a plant on contact, or as a systemic herbicide, disturbing functions of the plant 

over time leading to mortality.  The use of aquatic herbicides requires trained specialists who 

have been licensed in the state of New York.  Additional permitting is needed to treat large 

areas.  Consultants can offer specific expertise on the type of herbicides to use for specific 

target species.  Selections of herbicides depend upon the plant that is being treated.  Curly leaf 

pondweed is the only invasive plant that has been observed in Crumhorn lake.  A combination 

of Endothall and 2,4-D or triclopyr is often used for treating this species.  Whereas Endothall is a 

contact herbicide (causing rapid damage on contact), 2,4-D is a systemic herbicide that acts 
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more slowly over time to reduce re-growth and selectively kills broadleaf weeds without 

harming other plants such as grasses.  These herbicides would also be effective in treating 

water lilies that grow along the shallow waters of the southern shore of the lake.  It is 

important to note that herbicides are broadcast over treatment areas and though they may be 

more effective against specific plants they may impact additional populations.  

 Other techniques for removing excessive plants include their mechanical removal from 

targeted areas using any number of methods.  This includes hand pulling weeds. While slower 

and more labor intensive, this method allows for careful selection of plants that are removed 

from the lake and is particularly effective in cultivating a native stand of aquatic plants by 

removing strictly invasive weeds.  Weed raking is not as selective as hand pulling and utilizes a 

weed rake (Figure 5.3) to physically remove plants and their root systems from the sediment.  

These are effective in clearing swimming areas around docks and other high-use areas while 

allowing for native plant stands in other shallow waters.  A hydrorake system implements a 

pump to pull the plants from the lake.  This system requires a specialized technician and can 

cost between $1,500 and $2,000 per day of treatment (SOLitude, 2018).  This system can 

effectively treat large areas of plant beds and will remove some sediment during treatment. 

Using a hydrorake system runs the risk of further spreading invasive plant fragments that may 

break off throughout the lake and requires appropriate disposal methods for the plants 

removed.  If using a specialized consultant for this practice they will be able to arrange disposal. 

 Benthic barriers allow for targeted areas of plant control by physically blocking and 

shading the lake bottom.  The use of benthic barriers is recommended for swimming areas 

where the feeling of sediments can disrupt personal enjoyment.  These barriers are typically 

made from plastic, geotextiles, or natural fabrics, such as burlap or jute.  If they are made from 

plastics or other petroleum-based geotextiles these barriers may need to be removed every 

year.  In most regions of NYS, the use of benthic barriers is licensed under a “general permit”. 

General permits can be located on the NYSDEC web page 

(https://www.dec.ny.gov/permits/111325.html).  The average costs of benthic barriers varies 

based upon the materials used and whether they are installed by professionals or lake 

https://www.dec.ny.gov/permits/111325.html
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residents.  These costs are typically between $0.22-$1.25 per square foot when done by 

residents or $10,000-$40,000 per acre (NYSDEC, 2005; Hill, 2007).   

 
FIgure 5.3: An example of a manual plant rake (Jelsin Weed Raker Model #WRK09). 
 

Shoreline Protection and Stormwater Control 

Shoreline protection and proper stormwater Best Management Practices (BMPs) can be 

cost-effective measures that help prevent exacerbating many stakeholder concerns in 

Crumhorn Lake.  With a small watershed, the importance of stormwater management and 

near-shore practices is amplified in this system compared to other regional waterbodies.  Bank 

erosion during storm events can lead to further accumulation of sediment on the lake bottom, 

reducing the volume of the lake and limiting reproductive success of nest-spawning fishes in 

the lake such as sunfish and largemouth bass.  Further intrusion of sediment to the basin of the 

lake can be prevented with thoughtful planting, shoreline stabilization, and other measures. 

Controlling stormwater discharge into the lake is a preventative tool as these practices 

would intercept sediment laden water from rain events and either divert the water from 

entering the lake or slow the water allowing for the sediment to settle out before entering the 

system.  A shallow v-ditch currently runs along Boy Scout Road and catches sheet flow before 

diverting the water into the lake.  Increasing the capacity of these ditches and maintaining the 

vegetation within them to slow the flow of water would reduce the sediment load into the lake 
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from the managed areas and roads associated with the Scout reservation.  Redirecting the flow 

of water along the north shores of the lake downslope of the mountain would limit sediment 

loads of stormwater from dirt roads that would otherwise flow into the lake.   

Several ephemeral drainages run between the residences and are well vegetated.  These 

drainages should be monitored frequently for signs of erosion and channelization as these 

problems can worsen over time and result in increased sediment load delivered to the lake.  If 

erosion begins to occur in these drainages reinforcement by installing riprap or river rock as 

permanent structures may serve as a permanent measure to interrupt and slow the velocity of 

water through the channels and reduce further erosion potential.  If the erosion is minimal, 

planting may prove sufficient to prevent further degradation. 

Vegetative planting is one management option that has high potential for reducing 

sedimentation in Crumhorn Lake.  Numerous informal/social access points exist around 

Crumhorn Lake that can be used as potential sites for planting vegetative buffers that will 

reduce the rate of sediment import. Social access points refer to areas that have historically 

been cut or maintained to allow access around the lake.  These access points occur mostly 

along the north shore where boy scout road runs parallel to the shoreline.  Currently, they 

provide easy access to the lake, something that stakeholders have expressed an interest in 

reducing to limit spread of invasive species. These areas could be replanted with native shrubs, 

bushes, and trees.  Plants suitable for reinforcing the shoreline can be found in Appendix H of 

the New York State Stormwater Management Design Manual (NYSDEC, 2015).  The plants 

needed along the shoreline would fill zone 3 of “shoreline fringe” plants, and these include 

several native trees and shrubs.  Tree species that warrant specific consideration include river 

birch (Betula nigra), swamp willow (Salix nigra), and red maple (Acer rubrum).  Shrubs of similar 

consideration would be elderberry (Sambucus canadensis), silky dogwood (Cornus ammonium), 

and winterberry (Ilex verticillata).  Other plants may be used for planting, each of the species 

listed above offers high wildlife value and are valuable in preventing erosion along shorelines 

(NYSCEC 2015).  These qualities align with recreational needs of the residents around the lake 

through ecological services and provide important ecological functions such as habitat and 

shoreline stabilization.   
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When planting new trees and plants in sensitive areas their initial rooting and growth is 

paramount to success.  It is advised to purchase mature plants when possible as they can better 

withstand browsing from deer and other herbivores, although other measures may be 

necessary to limit browsing depending on local wildlife populations.  For example, the NYSDEC 

advises the use of biodegradable weed mats or mulch to assist in blocking out other 

competitors that could interfere with initial uptake of water from roots.  Tree shelters or 

temporary cages can be used to prevent browsing from deer that can stunt growth or prove 

fatal to saplings.  Seedlings and newly budding plants are particularly susceptible to browsing.  

Ample protection will allow for the greatest chance of success as the areas identified for 

planting are typically in high traffic zones that are less densely vegetated at Crumhorn Lake, 

leaving new plants vulnerable. 

 

Sediment Removal 

Sediment accumulation at the bottom of the lake is the primary concern for the 

residents of the Crumhorn Lake Association and for the Henderson Boy Scout Reservation.  The 

estimated total volume of accumulated sediment within Crumhorn Lake is 1,271,902 cubic 

yards (Figure 2.6).  Sediment removal is expensive, ranging from $45 to $65 per cubic yard, 

because of the physical and logistic challenges associated with removing sediment from the 

lake and management of waste materials once completed (EcoLogic LLC, 2013).  Conducting a 

dredging project involves physical modification of the lake bottom and in turn can have lasting 

effects on the lake’s physical habitats.  To properly account for these changes, consultation with 

the NYSDEC and US Army Corps of Engineers (USACE) is required.  Permitting will be required at 

the state and federal levels due to jurisdiction under the Clean Water Act (USEPA, 1972).    

  Permitting with these agencies may vary depending on condition and pre-application 

meetings should be held at least 6 months in advance of any anticipated work to allow time for 

proper planning and design, and to allow for potential delays or setbacks.  Due to the size and 

nature of the dredging effort that would be required, an individual permit under Section 404 of 

the Clean Water Act (CWA) will be required along with pre-application meetings with USACE. 



70 
 

Nationwide Permits (NWPs) are offered through the USACE for projects that result in 

understood impacts to waters of the United States, NWP 19 allows for the minor dredging of 

water bodies under 50 cubic yards.   Nationwide Permits require less study as they are 

associated with lower impacts to the environment.   

 NYSDEC will typically require a permit under the Protections of Waters for Excavation or 

Fill in Navigable Waters (NYS, 2020).  Crumhorn Lake is under the ownership of the Henderson 

Boy Scout Camp and may be exempt so long as the ownership encompasses “Waters that are 

surrounded by land held in single private ownership at every point in their total area.” 

(https://www.dec.ny.gov/permits/6335.html).  Proper permitting and agency consultation 

should be conducted before any work is started to avoid potential for legal violations or non-

compliance with responsible regulatory agencies.  The task of dredging can be completed in 

phases and completed over an extended period to reduce disturbances within the lake or 

watershed, should sediment be disposed therein.   

 Physical removal of sediment would require the use of a suction dredge to remove the 

sediment from the lake bottom.  Dredging will likely need to be completed in multiple phases, 

prioritizing areas of greatest concern and easiest access.  Suction dredging is a labor-intensive 

method of dredging that can allow for specific areas and depths of a lake bottom to be 

dredged.  This process includes the use of a gas-powered pump to remove sediment with a 

suction hose and to pump it to a disposal location.   

 Disposal of dredge spoils will depend on the method of disposal and the amount of 

sediment being removed from Crumhorn Lake at any given time.  Disposal would likely require 

geotubes and offsite disposal.  A geotube is a porous bag that receives the pumped sediment 

from the lake bottom and filters out the water allowing for the dredged materials to be sent to 

a disposal location.  This option can become costly as it requires trucking of sediment-filled 

geotubes.  Disposal of waste at a nearby location is preferred as trucking of these materials off-

site can add significant cost to the total project.  Other disposal systems such as Rapid 

dewatering systems (RDS) developed by Genesis Fluid solutions offer a turnkey onsite 

dewatering system.  The Genesis system uses a series of screens and polymers to remove solids 

https://www.dec.ny.gov/permits/6335.html
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down to clay particles allowing for the water to be pumped directly back into the waterbody 

(Hodges et al., 2009).  Rapid dewatering systems would only be viable for large dredging 

projects.  Dewatering costs using the RDS system range from $15 to $25 per cubic yard 

(EcoLogic LLC, 2013). 

 Floating industrial dredge systems are available for rent and have an effective range of 

12 feet depth.  Rentals of these units are available with companies such as DredgeAmerica, 

which may offer dredges that perform at rates greater than commercial options.  Rental rates 

vary with duration and availability of the products.  Available commercial dredges have a 

capacity of 25-40 cubic yards of excavation per hour, contingent on the composition of the 

bottom, and effective depth ranges of 10-14 feet.  Commercial dredges can range in purchase 

price from about $5,000 to $10,500 depending on their performance metrics.  These will be 

able to effectively pump sediment laden water out to a geotube for dewatering.  Professional 

services may be required for removing sediment from deeper portions of the lake under this 

option.  In the deepest point of the lake, sediment depths exceeded 10 feet.  These areas would 

be out of reach of personal systems and professional services would allow for the sediment to 

be removed in the safest way possible to minimize human and environmental risks associated 

with the process.   

 

Fish Habitat 

 About 50% of all stakeholders use the lake for open water fishing and visiting Boy Scouts 

also use the lake for fishing during summer months. The fish community within Crumhorn Lake 

is representative of other warm water fisheries in the region and includes locally popular 

species such as largemouth bass, yellow perch, pumpkinseed, bluegill, chain pickerel, and 

brown bullhead.  Over time the community appears to have shifted toward a state 

characterized by few large predators, primarily largemouth bass, and many smaller fish.  This 

has led to an imbalance in the fishery that does not allow for many juveniles to reach maturity 

and grow to catchable or harvestable sizes. This top-down pressure is likely exacerbated by 

diminished refuge habitat for smaller fish, which would allow them to rear and feed while being 
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protected from larger predators such as adult yellow perch, chain pickerel, and largemouth 

bass.   

 A primary goal among stakeholders is the ability to easily catch fish in the lake.  The lake 

residents currently maintain a catch-and-release policy with few fish being taken from the 

system by residents or campers.  Enhancing recruitment of prey fishes to larger sizes through 

habitat modification will allow for more fish to be caught more readily. 

 Recruitment and survival of juvenile fish to catchable sizes appears to be limited for 

most fish species in the lake.  This is likely due to the near absence of structural habitat 

available in the lake throughout most of the growing season, most notably a lack of aquatic 

vegetation that most juvenile, warm-water fish rely on for refuge from predators during 

summer months in New York. Natural or artificial habitat can be introduced along the shore to 

increase this survival of juvenile bass, perch, and sunfishes and promote a more abundant food 

base for larger fish.  Habitat, in this sense, could be thought of as any structure intended to 

allow young of the year, or younger smaller fish, the refuge to hide from predators so that they 

can continue to grow and mature.  In its current condition there is little structure within 

Crumhorn Lake with a few bays and small inlets to provide additional refuge.  It is unlikely or 

unfeasible to change the morphology of the lake in a way that would add more small bays, so 

the most effective measure going forward would be to increase structure for refuge.   

 The introduction of refuge structure for juvenile and fishes will likely improve survival of 

prey fish on which popular sportfish rely for food.  Refuge structures could include natural 

structure such as native aquatic plants in specific areas of the lake or even placing small 

evergreen trees under the water.  Artificial structures designed to provide fish habitat are also 

widely available from numerous vendors, ranging from about $100 to $600.  Any structure 

should be added after any dredging is conducted within an area to avoid having to install or 

plant them twice.  Structural additions to the lake should be located along the shoreline and in 

shallow depths, no more than 8 feet in depth, as these are the primary areas of foraging for 

largemouth bass and yellow perch within the lake (IEPA, 2004).  There are many different 

designs to choose from that stakeholders may wish to apply in this situation (Bassett, 1994; 



73 
 

IEPA, 2004).  The Illinois EPA provides a guide on lake fishery structure and can serve as a 

valuable tool in selecting desirable measures, (IEPA, 2004).  Dredging the lake may also assist 

those fish in the lake that are nest spawners, such as largemouth bass and sunfishes, because 

sedimentation can suffocate eggs in the nests of those fish (Gent et al., 1995).   

 Choosing a structure to provide additional habitat will likely come down to available 

fundraising and budgeting on behalf of the Lake Association to construct the desired feature.  

The most affordable option would be to use the method of sinking small, cut evergreens 

attached to concrete blocks or other anchors to the bottom of the lake.  These can be placed at 

depths up to six feet along the shoreline.  Vertical and horizontal arrangements of these trees 

can be done based on preference.  Horizontal deployment can allow for greater clearance 

between the water surface and the structure and may be implemented at shallower depths. 

 

Invasive Species 

 Invasive species are a prominent concern of lake residents according to survey results 

(Figure 5.2).  Eurasian watermilfoil, water chestnut, zebra mussels and many other species are 

found in lakes throughout the region and are continually managed by lake associations and 

professionals alike (NYIS 2020).  A primary vector of invasive species spread is through transfer 

of boats between multiple lakes; fragments, seeds, and whole organisms can be left on boats 

and transported from one lake to another.  The no-motor policy and the relatively secluded 

location of Crumhorn Lake limit public use of the lake outside of residents and the Boy Scout 

camp.   

 Curly leaf pondweed is the only invasive species that has been observed in Crumhorn 

Lake (Yoo et al. 2013) and is an early season growing plant (March-June in New York).  This 

pondweed is distinguishable by its serrated leaf edges and wavy leaf edge, bearing an 

appearance like a lasagna noodle (Figure 5.4).  This plant can be hand pulled quite effectively 

and grows primarily in a softer substrate.  Water chestnut, though not observed in Crumhorn 

Lake, is an additional invasive species of concern in the area (NYNHP, 2020). This species is 

http://www.epa.state.il.us/water/conservation/lake-notes/fish-cover.pdf
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relatively easy to identify and grows in rosettes with deeply serrated leaves (Figure 5.5).  It can 

be easily transported by waterfowl such as geese (Hummel and Kivian, 2004).  When identified 

early hand pulling is effective in stopping the further spread of the species.  Dredging in shallow 

portions of the lake would limit the available habitat for this species, but disturbance such as 

this may also favor colonization by more aggressive (i.e. Invasive) plants. 

 Restricting recreation on the lake to the Boy Scout Camp and residents of the lake by 

virtue of limited public access has proven effective in limiting the spread of invasive species into 

the lake.  The NYSDEC recommends for those transporting boats between water bodies and for 

those who use any equipment in multiple bodies of water, including fishing equipment, to 

Check, Clean, Drain, and Dry any gear that has been in the water before transferring it.  The 

nearest decontamination station at the Richfield Springs Boat Launch located at 135 Domion 

Rd, Richfield Springs, NY, 13439 (NYSDEC, 2020b). Updates to this map and the status of 

different stations can be found at the website: 

https://nysdec.maps.arcgis.com/apps/webappviewer/index.html?id=f075ea7a07894951b82d9f

91de5a87f7.  

  Prevention is the strongest tool in invasive species management.  Ongoing dedication by 

residents to recommended policies will continue to help protect this system. 

https://nysdec.maps.arcgis.com/apps/webappviewer/index.html?id=f075ea7a07894951b82d9f91de5a87f7
https://nysdec.maps.arcgis.com/apps/webappviewer/index.html?id=f075ea7a07894951b82d9f91de5a87f7
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Figure 5.4: Line drawing of curly leaf pondweed (USDA NRCS, 2020) 
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Figure 5.5: Line drawing of European water chestnut (Britton and Brown, 1913) 
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