
 

 
Conesus Lake Monitoring 2024: 

Internal Phosphorus Loading in the Three Basins 

      

Report Submitted to 

The Livingston County Planning Department 
 

 

 
 

By 

Isidro Bosch, PhD 
*Michael Chislock, PhD 

+Karl Hanafin and Jake Calus 
 

Department of Biology 

State University of New York at Geneseo 

 
*Department of Environmental Science and Ecology 

State University of New York at Geneseo 

 
+ Livonia, NY 

 

  Feb 1, 2025 

 



 

2 

 

 

TABLE OF CONTENTS 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

List of Tables, Figures and Appendices 3 

Summary 5 

Background 6 

Methods 7 

Results and Discussion 9 

Conclusions 13 

Acknowledgements 14 

References 15 

Tables and Figures 15 

Appendix IA, B, C 34 



 

3 

 

 

Tables 

 

Table 1. Historical record of total phosphorus (TP) buildup near bottom and timing  

of water column mixing for the three Conesus Lake Basins from 2000- 2024 ……..   17 

 

Table 2. TP concentrations for multiple depths in all three basins of Conesus Lake 

 sampled between June 12 and September 27, 2024.  …….…….……………………   18 

          

Table 3. Estimated magnitude of internal TP loading for the whole lake based on previous  

studies and on 2024 data.          ………………...…………………………………………......     

19 

 

Table 4. Estimated magnitude of internal TP loading calculated separately for each  
of the three Conesus Lake basins. …….…….……………………………………………..    19 

 

 

 

Figures 

 

Figure 1. Google Earth map showing the designated boundaries for each basin (red line). 

The placemarks show georeferenced locations of our sampling sites and the 

position of the deployed temperature array in each basin.  ……………………….     20 

 

Figure 2. Graphs showing corresponding temperatures from in situ arrays in the North,  

Center and South Basins and Hydrolab sonde profiles taken at the same sites,  

date and time for comparison.   .………………………………………………..     21 

 

Figure 3. Seasonal temperature record for several depths in the three basins obtained from  

in situ sensor arrays.                 ……………………………………………………     22 

 

Figure 4. Seasonal temperatures in the epilimnion (0-6 m), midwater (7-9, 8-10) and  

near-bottom from Hydrolab profiles from the three basins     ……………………….     23 

 

Figure 5. Temperature profiles from the in situ arrays showing the breakdown of  

stratification late in the season for the three basins.     ………………………………...    24 

 

Figure 6. Comparison of the Schmidt Stability Index in Joules/m2 for the South Basin from  

June through Aug. for years before 2010, 2012-2023 and 2024. …...….…………….   25  

      

Figure 7. Seasonal trends in dissolved oxygen concentrations (top) and oxidation-reduction 

potential (bottom) shown for different depths in the North  Basin.   …….………...   26  

 

Figure 8. Seasonal trends in dissolved oxygen concentrations (top) and oxidation-reduction 

potential (bottom) shown for different depths in the Center Basin. .………………    27 

 

Figure 9. Seasonal trends in dissolved oxygen concentrations (top) and oxidation-reduction 

potential (bottom) shown for different depths in the South Basin.    ………………   28 



 

4 

 

 

Figure 10. Seasonal trends in TP concentrations for samples taken in 2024 within one meter  

off the bottom in each of the three basins.      ……………………………………..   29 

 

Figure 11. Seasonal TP concentrations in the hypolimnion (10-18 m) of the South Basin for 

2024. Measurements were made at depths of 3,6,10,14,16 m and within 1 m of the 

bottom on each sampling date.      ………………………………………………..     29 

 

Figure 12. Historical comparison of TP buildup near-bottom in all 3 basins shown on the  

same concentration scale for comparison…  …………………………………    30 

 

Appendix I.   

 

A. Seasonal temperatures at different depths from the temperature arrays in the three  

basins over selected intervals. See graphs of these data in Figure 3……………….….  31 

 

B. Tables of Hydrolab profiles from June 12 to September 27, 2024. ………………….   34 

 

C. Secchi depth (m) and Turbidity (NTU) from June 12-Sept 27, 2024…………………  50 

 

 

 

 

 

  



 

5 

 

 Summary 

 

● The 2024 monitoring program investigated the internal loading of relic phosphorus (P) from 

the bottom sediments in the North, Center and South Basins of Conesus Lake.  Characteristics 

associated with water column temperature stratification were also studied, including dissolved 

oxygen (DO) concentrations and changes in the oxidation-reduction potential (ORP), which 

are especially relevant to internal loading of P.   

● Temperature data indicated that water column stratification was in place in all three basins by 

June 12, with a thermocline (change by 1.0 ºC/m or higher) at depths of 7-10 m forming a 

density barrier to mixing between surface and bottom waters.  

● A significant increase in surface temperatures to 24-25 ºC in July strengthened stratification 

well into mid-August.  The Schmidt Stability Index (energy required to mix a lake), calculated 

from temperature profiles of the South Basin, was at historically high levels in July and most 

of August 2024.  

● A stratified water column persisted into late August and September in the North and Center 

basins, and past mid-October in the South basin.  Generally, fall mixing occurred later in 2024 

than in previous years, but this conclusion is tentative due to uncertainty in the precise time of 

mixing.   

● The deepest few meters of the lake were without much oxygen from June to after mid- 

October in the hypolimnion of the South Basin.  The oxygen depleted region extended to as 

shallow as 8-10 m, just below the thermocline or 4 m, 6 m and 8 m above the bottom for the 

North, Center and South Basin.  

● In the South Basin, the loss of oxygen resulted in near-bottom oxidation-reduction potential 

(ORP) values that were below 150 mV and lasted from mid-July through September. These 

conditions are conducive to the internal loading of P.  

● Internal loading was evident in all three basins, but P accumulation was 3-4x higher in the 

South Basin, where concentrations reached 635 µg/L by the end of September.  Calculations 

that account for the greater depth and volume of the South Basin indicate that 92% of the 

internal loading of P in Conesus Lake likely originates in the South Basin.  Lake-wide, there 

was a net 8,640 Kg of P added between June 12 and September 27, which is the highest mass 

of internally generated P reported to date. 

● Researchers exploring the consequences of climate change have predicted that warming lakes 

should develop more pronounced stratification, which could extend periods of hypoxia/anoxia 

in the hypolimnion and promote a higher amount of internal P loading. While we are not 

ready to affirm that this is happening in Conesus Lake, the data on oxygen, ORP and TP 

collected in 2024 are consistent with these predictions.   

● Monitoring studies of Conesus Lake in the foreseeable future should prioritize a better 

understanding of how a warmer climate might change internal loading and other 

physical/chemical conditions in the lake.  A better understanding of these dynamics is 

essential to management of ecosystem health, water quality and other ecosystem services.  
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Background 

Internal loading is the process by which nutrients, primarily phosphorus (P), are released 

from the sediments of productive lakes back into the water column, where they become available 

for primary producers, like algae, to grow.  Phosphorus may be released in shallow water areas 

of productive lakes through the breakdown of organic material, or in deeper waters of the 

hypolimnion under anoxic environments, in a process known as internal loading (Zhao et al., 

2024).  The conditions responsible for anoxic internal loading in temperate lakes are initiated by 

the warming of spring surface waters that create a density-stratified water column.  At this point, 

mixing between the highly oxygenated upper lake and the colder bottom region is restricted.  

Over the next few weeks microbes in the deeper waters consume oxygen and release carbon 

dioxide, producing a chemical environment in which reducing conditions dominate.  Reducing 

conditions, measured as the oxidation-reduction potential or ORP, change the chemistry of the 

surficial sediments and promote the release of phosphorus into the water column.  

Internal loading has been recognized as the major source of P for Conesus Lake.  Model 

calculations of the lake P budget conducted by New York State D.E.C. researchers indicated that 

anoxic internal loading accounts for approximately 50% of the annual P loading into Conesus 

Lake, while oxic internal loading was 30% and external loading was 20% of the total (USEPA 

and NYSDEC report, 2019).  Lake warming, as seen already in Conesus Lake (Bosch and 

Chislock unpublished data) and other Finger Lakes (e.g. Lang et al., 2023), is expected to 

accelerate the spring onset of stratification and increase its stability and duration (Adrian et al. 

2009, Butcher et al. 2015).  It is likely that these changes will alter the dynamics of the internal 

loading phenomenon, even if the exact consequences remain uncertain.  As we consider ways to 

reduce the internal sources of P to improve lake water quality, it is important to have information 

on the overall amount and rate of release from sediments, plus the seasonal timing of availability 

of the release P to the upper waters for algal growth, and how these dynamics are changing as 

Conesus Lake continues to warm.   

The timing and magnitude of internal P loading has been studied over several years in 

Conesus Lake, starting with the work of Makarewicz and colleagues in 2001 and over 7 seasons 

thereafter (Table 1). Most of the previous work has focused on the deeper South Basin (n=7 yr) 

and Center Basin (n=6 yr) and sparingly in the shallow North Basin (n=2 yr).  Typically, the 

seasonal increase in hypolimnetic P concentration has been 3-4x higher in the South Basin than 

in the Center and North Basin (Table 1).  This is not unexpected considering the depth, volume 
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and relative stability of stratification in the South Basin.   In 2004, Makarewicz and colleagues 

carried out a mass budget analysis of hypolimnetic P loading for the whole lake.  By comparing 

the total mass of hypolimnion P at the beginning or soon after onset of stratification (usually 

May or early June) to the total mass in fall after weeks of internal loading, the researchers were 

able to estimate how much P is released from the sediments in the hypolimnion during the 

summer period.  Similar calculations were carried out by Makarewicz and coworkers in 2009, 

2012 and 2014 and by Bosch and colleagues in 2018.  However, no previous study had sampled 

all three basins concurrently until the work of Bosch, Chislock, and colleagues in 2018 (Bosch et 

al., 2019).    Unfortunately, the short duration of sampling in the 2018 study made it difficult to 

draw any definitive conclusions about the dynamics of internal loading in each basin.  

The 2024 in lake monitoring program sampled all three basins concurrently every other 

week from June 12 to September 27.  The results of this work allow for more definitive 

conclusions about internal loading in Conesus Lake, specifically about the relative importance of 

the three lake basins to this phenomenon. 

 

Methods 

To study internal loading of P and document the distribution of total phosphorus (TP) in 

the water column we sampled on 10 different dates approximately two weeks apart from June 12 

to September 27, 2024.  The coordinates for each site sampled are as follows:  North Basin N 

42.81525° W 77.70951°;   Center Basin, N 42.79251° W  77.71741°; South Basin,  N 42.75512°  

W 77.71643° (Fig. 1).  

Water column profiles were obtained on each sampling date for all three sites with a 

Hydrolab 5a sonde equipped with sensors for depth (m), temperature (°C), conductivity 

(μSiemens/cm2), irradiance (PAR in µE/m2/sec) and pH units, as well as sensors for dissolved 

oxygen (mg/L and % saturation), and redox potential (mV) that are especially important 

indicators of conditions that promote internal loading.  Sensors were calibrated before and after 

sampling, in adherence to the procedures and recommendations of the manufacturer (OTT 

Hydromet) and guidelines in our quality assurance project plan (QAPP).  Calibration sheets are 

provided with this report. The Secchi depth was measured with a black and white 20-cm disk 

following standard operating procedures.  Water turbidity as nephelometer turbidity units 

(NTU) was measured with a calibrated Hach 2100P turbidity meter in the laboratory within two 

hours of collection. 
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Temperature sensor arrays were deployed in all three basins to monitor stratification and 

mixing between sampling trips.  The coordinates for each site are as follows:  North Basin N 

42.812016° W 77.712402°;   Center Basin, N 42.793056° W  77.71788°; South Basin,  N 

42.764370°  W 77.713882°.  Each array consisted of a vertical cable anchored at the location of 

interest and held vertically by a small, underwater buoy.  Temperature sensors (Texas 

Instruments TMP-107) were positioned along the vertical cable from the lake bottom to 

approximately 3.5 - 4 m below the surface at 0.5 or 1 m spacing.  At approximately 15 minutes 

intervals, all the sensors are triggered by a local shore-based microprocessor which is connected 

to the vertical cable by a long, underwater cable.  The temperatures are recorded and uploaded to 

a server hosted by SUNY Geneseo (http://iotdb.geneseo.edu/streams/).  The exact depth of each 

sensor was determined by matching sensor temperatures to Hydrolab sonde temperatures taken 

immediately adjacent to each array.   

For nutrient analyses, 2.2 L water samples were collected with a Van Dorn bottle from 

designated depths in each of the three basins.  In the shallow North Basin, samples were 

collected at 3, 6, and 10 m and just off the bottom, typically over a depth of 11-12 m.  The same 

depths were sampled in the Center Basin, with a bottom typically at 12-13 m.  In the deep South 

Basin, we collected samples from 6 depths at 3, 6, 10, 14, 16 m and near the bottom at 18 m.  

For quality control standards, two separate Van Dorn samples were taken for each depth.  They 

were combined in a clean bucket at the surface and subsampled for analyses following standard 

quality control procedures.  All sample containers were rinsed with the water being collected 

prior to sample collection.  Samples were stored in acid-washed plastic bottles and held in ice 

for transport.   On each collection date, an equipment blank and a field duplicate sample for a 

randomly selected depth were analyzed for quality control purposes. All laboratory analyses 

were conducted by the SUNY Brockport Limnology Laboratory (NYSDOH ELAP #12116, 

EPA NY01597). The data and QC information for these analyses are submitted separately.  

Here we report an analysis of the trends in the data.  

To estimate the total P internal loadload, we followed procedures established by 

Makarewicz and colleagues in 2004.  To estimate the volume of different depth strata, 

Makarewicz used a hypsographic curve (area vs. depth) for Conesus Lake that was attributed to 

Savaard and reported by Forest et al. (1978) in the book Lakes of New York State: Ecology of the 

Finger Lakes.  Savaard’s hypsographic curve was based on areal estimates for eight different 

depths from the surface to 20 m.  Makarewicz extrapolated between these depths to develop a 
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finer scale area curve which was then used to calculate volume of different depth intervals.  To 

determine the total Kg weight of P in the lake, the volume of each stratum was multiplied by the 

average measured concentration of P at those depths.  The P produced via internal loading was 

estimated by comparing the total Kg in the hypolimnion at the beginning of stratification (June 

12) to that in the last autumn collection or the sample prior to mixing for the Center Basin.  The 

difference between those two time points is designated as the internal loading estimate.  To have 

a basis for comparison with previous work, in the present study we used the volume estimates of 

Makarewicz and colleagues (2004) for the different depth strata.    Additionally, to estimate 

internal P loading in each of the three lake basins, we calculated the volume for each basin 

separately.  We first used Google Earth to estimate the surface area of each of the three basins, 

which were demarcated as follows: for the Center Basin, its southern margin was a horizontal 

line between the south end of Long Point and McPherson’s Point and to the north by a similar 

line between the northern extreme of Eagle and Old Orchard Points;  The North Basin was 

designated as the volume between the Eagle Point-Orchard Point diagonal and the northern 

margin of Conesus Lake (Fig. 1).  The South Basin was designated as the volume south of the 

Long Point-McPhersons Point diagonal and the southern margin of the lake (Fig. 1).  We also 

used distinct landmarks on Google Earth to create a distance scale that was applied in a digital 

analysis of a bathymetric chart of Conesus Lake. ImageJ (NIH Image) was used to determine the 

surface area at different depths.  To calculate volume, each surface area was multiplied times the 

depth of each stratum from lake surface to bottom. 

 

Results and Discussion 

Temperature and Stratification 

Sensor array temperatures on 6/21 and 9/5 were matched to Hydrolab profiles taken at 

approximately the same date/time and adjacent to the array units in each of the three basins. This 

allowed accurate determination of the depths at which the array sensors were positioned. Graphs 

comparing the array trends and the Hydrolab trends (Fig. 2) showed very close correspondence, 

which demonstrated that the arrays could provide accurate real-time data. With the combination 

of Hydrolab and array temperatures, the time of stratification onset and of late summer/autumn 

mixing for the three basins could be approximated.  The arrays were deployed at the beginning 

of June and the first data were recorded on June 2, 3, 4 respectively for the North, Center and 

South Basins (Fig. 3, Appendix IA).   
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By June 2-4 all three basins were stratified (Fig. 3). The first manual data collections 

were made on June 12. Those profiles show a thermocline (defined by a > 1 °C/m rate of change) 

at depths of 8-10 m, 7-10 m and 7-9 m for the North, Center, and South Basins respectively (Fig. 

4).  Notably, both the array (Fig. 3) and Hydrolab profile data (Fig. 4) show a very sharp 

temperature peak after mid-June with average temperatures reaching 25 °C in the upper 6 m of 

the North and Center sites (and 27 °C near the surface), and 24 °C in the South Basin. We 

searched through 16 previous monitoring studies that included seasonal temperature data for 

Conesus Lake, beginning with Makarewicz and Forest (1986), and 2017 was the first year in 

which June temperatures reached 24-25 °C.  Such high June temperatures were also reported in 

2021 and 2022 by Bosch and colleagues. Historically, these temperatures are typical of July and 

August in Conesus Lake.   

The lake remained stratified through July and into mid-August as seen in array profiles 

(Fig. 5).  Breakdown of stratification to a depth of 9-10 m in the shallow North Basin occurred in 

mid-August (Fig. 3, Fig. 5). Interestingly, mixing is progressive, not episodic. This can be seen 

clearly in North Basin array profiles by comparing the August 3 fully stratified pattern to August 

22, which shows uniform temperatures from the surface to a depth of 10 m. A very cold layer of 

water about 1-2 m thick remained near the bottom and mixing top to bottom was not evident 

until a month later in late September.  Similarly, in the slightly deeper Center Basin, partial 

mixing was evident to 10 m in late September, to 12 m by October 11 and to a fully mixed water 

column (14 m) by October 21 (Fig. 5). In contrast to the shallower north and center regions of 

the lake, the thermal stratification of the deeper/larger South Basin was very stable.  There was 

evidence of mixing to 11-12 m by late September, but as late as October 10 the deeper sections 

of the lake remained relatively undisturbed (Figs. 3-5).   

In climate change scenarios, the stratification of the water column in warming lakes is 

expected to be more pronounced and stable.  There is concrete evidence that over the last 14 

years Conesus Lake surface waters (0-6 m) in July have warmed by 2 °C on average, while the 

hypolimnion has cooled by approximately 1.2 °C (Bosch and Chislock, unpublished data).  

Before 2010, the average temperature difference between the epilimnion and hypolimnion in 

July was 10.9 ºC; from 2012-2024 the average difference has been 14.1 ºC.  The difference in 

temperature between the epilimnion and the hypolimnion has increased by 3.2 ºC.  These 

measurements suggest increases in the thermal/density stratification of the water column.  To 

confirm this, we calculated historical changes in the Schmidt Index of (water column) Stability 
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for Conesus Lake (RStudio software Version 2024.09.1+394 with LakeAnalyzer Package). The 

Schmidt Index is a measure of how much wind energy would be needed (in Joules/m2 of lake 

surface) to cause the complete mixing of a lake.  Temperature v. depth data from monitoring 

reports dating back to Makarewicz and Forest (1986) were used in this analysis.  The results 

comparing Pre-2010, 2012-2023, and 2024 trends (Fig. 6) show that water column stability has 

increased markedly (by 39% in July), and 2024 was well above the norm even for the last 13 

years. The disproportionately high Schmidt Index calculated for late June 2024 is related to the 

surge in temperature recorded for that period (see Fig. 4).    

 

Dissolved Oxygen and Oxidation Reduction Potential 

All three of the Conesus Lake basins go through extended periods of hypoxia and anoxia 

from early July continuing to late August in the shallower North and Center Basins, and past 

mid-October in the South Basin (Figs. 7-9). Anoxic conditions extend into shallower waters. In 

2024, all three basins lost most of their hypolimnetic oxygen as shallow as 7-9 m (4-10 m from 

the bottom) at least for a short time in late July and August.  In the future we hope to analyze 

data on the distribution of oxygen in the hypolimnion over time to see if any major changes have 

taken place in recent years as the lake has warmed.   

As outlined earlier in this report, most of the oxygen loss in the hypolimnion can be 

attributed to microbial metabolism, which also releases carbon dioxide into the water.  These 

changes create a reducing environment that brings about the release of P from the bottom 

sediments. The oxidation reduction potential (ORP) serves as a key indicator for conditions that 

bring about internal P loading.  This is readily measurable with a calibrated ORP sensor.  

Typically, ORP decreases when oxygen concentrations decrease and as carbon dioxide 

accumulates in the water.  Surface waters normally have ORP values of more than 400 mV, 

whereas ORP values below 200 mV near the bottom are associated with conditions that cause 

internal P release.   

The ORP data for 2024 highlights the differences in the chemical environment of the 

three basins.  The lowest ORP measured in the North Basin (Fig. 7) was about 250 mV, still 

above the general threshold for conditions favoring internal loading. In the Center Basin, the 

ORP in the deepest layer drops below 250 mV in August but is never lower than the 200 mV 

threshold (Fig. 8) despite a prolonged period of anoxia near the bottom.  By contrast, ORP 

values below 150 mV occur in the deeper more stable South Basin beginning in mid to late July 



 

12 

 

and well into October (Fig. 9).  Notably, stratification may have persisted for two weeks or more 

after our last sampling which means that P buildup would have continued.  These patterns 

indicate that of the three basins, the South had the most internal P loading in 2024.  The trends in 

P concentrations and P loading presented in the following section support this prediction.   

 

Accumulation of Phosphorus in the Hypolimnion 

As anticipated from the extent of oxygen depletion and reducing conditions, the 

maximum concentrations of TP near the lake bottom were 3x higher in the South Basin than in 

the Center Basin, and 4x higher than in the North Basin (Table 2, Fig. 10).  The maximum TP 

concentrations in 2024 are comparable but slightly higher than any previous measurement for 

each of the basins (Table 2, Fig. 11).  The maximum TP concentration of 635 μg/L at 18 m in 

the South Basin is, to the best of our knowledge, the highest recorded in Conesus Lake.  

Another interesting trend in the 2024 data is revealed by comparing the seasonality of TP 

buildup to previous years (Fig. 12).   This comparison shows that the maximum concentration of 

TP occurred later in the season in 2024.  Internal loading in the South Basin may have continued 

well into the second week of October, which is our best estimate (based on winds) of when 

mixing finally occurred.  Ultimately, the timing of when stratification breaks down and the 

accumulated P in the hypolimnion reaches the surface waters to support algal growth is a key 

consideration for overall water quality and future lake management alternatives.  

More pronounced stratification and delayed mixing are predicted in future warmer lake 

scenarios.  The 2024 data for Conesus Lake are inconclusive with respect to this pattern. The 

Schmidt Stability Index in August is very similar to that of previous years, a sign that the 

stability of the water column as summer ends is little changed. Therefore, we cannot account for 

the later peaks in internal TP loading. The greatest change in the Schmidt stability at least for 

2024 was in June, which suggests that the spring onset of stratification may have occurred earlier 

than normal.  In that case, earlier onset of oxygen depletion, reducing conditions, and TP 

accumulation might be expected, but we see very little evidence of that in our data (Fig. 12, 

personal observations).  

Makarewicz and colleagues (2004) were first to calculate the total mass of hypolimnetic 

P buildup in Conesus Lake.  In this and later studies, a whole lake bathymetric chart was used to 

produce a hypsographic curve of surface area with depth, which in turn is used to calculate the 

volume of the lake at different depth intervals.  Measurements of P concentrations at 
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corresponding depths are then multiplied times the volume of each stratum to estimate the total 

amount of P in the whole lake.  We used this same approach to calculate the internal loading of P 

for Conesus Lake, and compared this to estimates for other years that we have recalculated using 

the same procedure (Table 3).  The estimate for Kg of TP added to the hypolimnion in 2024 was 

8,640 Kg at a rate of 87 Kg of TP per day.  The average for all years is 5,331 Kg at 58 Kg P/day.  

The only other year that had comparably high values to 2024 was 2009.  The summer 2024 was 

especially warm, but a cursory look at the 2009 report by Makarewicz and Lewis (2009) 

indicated that temperatures for the summer season were moderate.  

In addition to the whole lake calculations, in 2024 hypsographic curves for each of the 

three basins were created and used in a comparison of basin P loading. The between-basin 

comparison provides robust estimates of the relative contributions of each basin to P loading 

(Table 4).  These results show that the South Basin contributes an estimated 92% of the P to the 

hypolimnion, while the North and Center Basins have negligible contributions at approximately 

5% and 3%.  A fair conclusion of this analysis is that any future interventions to reduce anoxic P 

internal loading in Conesus Lake should prioritize the South Basin. 

We calculated a whole-lake estimate of internal P loading from the 3-basin volume 

analysis. The internal loading total was 6,864 Kg., 21% lower than the 2024 estimate based on 

the Makarewicz whole-lake volumes.  The difference is likely explained by the fact that the 

Makarewicz et al. (2004) hypsographic curve has slightly higher volume estimates for the 

deepest sections of the lake, which would disproportionately increase the total Kg estimate. 

 

Conclusions 

The results of the 2024 June 12- Sept. 27 monitoring study show that internal loading of 

P from the sediments into the hypolimnion continues to be the major contributor to the trophic 

state of Conesus Lake.  An estimated mass of 8,640 Kg was released into the hypolimnion in 

2024. While this is the highest mass of internal P release reported for Conesus Lake, it is 

consistent with previous estimates and with the 10,641 Kg/yr calculation of anoxic P internal 

loading (representing 50% of total P loading) reported by DEC scientists in a TMDL report 

(USEPA and NYSDEC 2019). 

A second important finding of the 2024 study was that approximately 92% of all the 

hypolimnetic P internal loading took place in the deep and voluminous South Basin, whereas the 

contributions of the shallower North and Center Basins was negligible at 4% and 3%, 
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respectively.  Any future management efforts to reduce internal P loading should focus on the 

South Basin.  However, the great depth and volume of the water column and the broad area of 

anoxic sediments in this basin will certainly pose a practical challenge to any management 

approach and require a much higher investment on the intervention.   

Conesus Lake has undoubtedly warmed in the last 14 years.  Surface waters from June to 

August have increased by approximately 2-4 °C since 2010 while bottom waters are about 2°C 

colder.  The increasing difference in temperature between the upper and bottom lake has 

increased the stability of the water column and its resistance to mixing according to model 

calculations.  How these changes might affect the onset of stratification in spring, the isolation of 

the hypolimnion in summer, and the resistance to fall mixing remains to be seen.    

Historical analysis of trends in physical and chemical conditions in the lake pertaining to 

internal P loading are difficult because of differences in the start, duration, and frequency of 

sampling in earlier studies.  Studies of P loading in the future should follow a more consistent 

research plan.  While it might be tempting to focus future studies on the South Basin because of 

its importance as a site of internal loading, the shallow North and Central Basins are more likely 

to be affected by a changing climate and should continue to draw attention.  
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Tables  

 

Table 1.  Timing of TP buildup and water column mixing dating back to 2000.  The date when 

the maximum TP was measured in 2024 was the latest on record for the South and Center 

Basins.  The record for the North Basin has only 3 years and they are all recent.  
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Table 2.   Total Phosphorus concentration data for multiple depths in all three basins of Conesus 

Lake sampled between 12 June and 27 September 2024.  
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Table 3.  Estimates of internal loading magnitude for Conesus Lake based on previous studies 

and in 2024.   The calculated value for 2024 is the highest on record.   

 

 

 

 

 
 

 

 

 

 

Table 4.  Calculated estimates of internal loading for the three basins of Conesus Lake.  
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Figures 

 

 

 
 

Figure 1. Google Earth map of Conesus Lake with the designated boundaries for each basin in 

red.  The placemarks show the georeferenced locations of the three sampling sites for this study 

and the position of deployed temperature arrays. GPS coordinates are provided in the methods 

section of this report. 
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Figure 2.  Comparison of temperatures from in situ temperature arrays in the North, Center and 

South Basins and Hydrolab sonde profiles at the same time and date.  We used the Hydrolab to 

pinpoint the exact depth at which the array sensors were positioned in the water column. The 

temperatures correspond very closely. 
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Figure 3.  Temperature record for the three basins obtained from the in situ arrays.  From these 

data we can estimate the times when major mixing events took place.   
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Figure 4.   Seasonal temperatures in the epilimnion (0-6 m), midwater (7-9, 8-10) and near 

bottom shown for the three basins from Hydrolab profiles. Please note the surge in temperature 

in mid-late June.  The average temperature of the epilimnion was a very warm 24 °C for most of 

July and into early August.  By Oct. 10 the South Basin had not mixed and the average 

temperature within 2 m above the bottom was still below 12°C, reflecting its stable stratification.   
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Figure 5.  Temperature profiles from the arrays showing changes in water column stratification 

late in the season.   The North Basin (top left) mixed to all but the deepest meter by late August, 

and completely by late September.  The Center Basin (top right) mixed gradually and by early 

October had mixed to a depth of 12 m.  Complete mixing was seen by October 21.  The South 

Basin (bottom) had not mixed completely as of October 10.  
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Figure 6.  Comparison of the Schmidt Stability Index for the South Basin.  The calculated values 

(mean + standard deviation) are based on temperature profiles collected in years before 2010, 

between 2011-2023 and in 2024.  The index is a theoretical measure of how much surface wind 

energy (in J/m2) would be necessary to break the temperature-mediated density stratification of a 

water column and cause mixing from surface to bottom.  According to the Schmidt Index the 

water column was more stable in 2024 than in 2012-2023, which was considerably higher than 

Pre-2010 values.   
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Figure 7.  Seasonal trends in dissolved oxygen concentrations (top) and Oxidation Reduction 

Potential (bottom) are shown at different depths in the North Basin.  Water near bottom (10-11 

m) and below the thermocline (7-9 m) become hypoxic in July and August.  The ORP, however, 

remains above 250 mV.  Generally, ORP values below 200 mV are considered low enough to 

promote chemical reactions that release phosphorus and other nutrients from the lake bottom.  
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Figure 8.   Dissolved oxygen concentrations (top) and oxidation-reduction potential (bottom) 

shown for the Center Basin.  This basin is 1-2 m deeper than the North basin.  The trends in 

dissolved oxygen and ORP are like that of the North Basin except for slightly lower ORP values 

that are below 250 mV for late July and August.  
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Figure 9.  Dissolved oxygen concentrations (top) and oxidation-reduction potential (bottom) 

shown for the much deeper South Basin. Dissolved oxygen values remain below 1 mg/L from 

mid-June well into October and from mid-July to mid-August in the 8-11 m zone.  In 

conjunction with these low oxygen levels, the ORP drops below 150 mV in mid-July and those 

conditions persist well into October and create a chemical environment in which phosphorus is 

released from the lake sediments. 
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Figure 10. Seasonal trends in near bottom TP concentrations for samples taken within one meter 

off the bottom in each of the three basins.  The South Basin has by far the highest concentrations 

of TP peaking at 635 μg/L, compared to 239 μg/L and 152 μg/L for the Center and North Basins.  

 

 
 

Figure 11. This figure shows seasonal TP concentrations in the hypolimnion (10-18 m) of the 

South Basin. Measurements were made at depths of 3,6,10,14,16 m and within 1 m of the bottom 

on each sampling date.  The four profiles in July and August show very little change along the 

depth gradient.  Accumulation of TP begins in August, and the process continues to the last date 

sampled on 27 September.  Surface TP concentrations remained below 25 μg/L for the summer 

season.  
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Figure 12.   Historical comparison of TP buildup near-bottom in all 3 basins shown on the same 

concentration scale for comparison. The peak concentration measured in 2024 for the South 

Basin (bottom panel) is the highest on record.   
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Appendix I:  

 

A. Temperatures from the three temperature arrays at noon for selected days that illustrate 

seasonal trends.  See graphs of these data in Figure 3. 
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Appendix I:  

 

B.  Tables with data from Hydrolab sonde profiles from June 12-Oct 10, 2024 for the North, 

Center and South Basins of Conesus Lake.  Original excel files for these data are provided 

with accompanying material as one M/S Excel file with multiple worksheets for each basin.  
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Appendix I:  

 

C.  Secchi depths and turbidity measurements for the three basins from  June 12 to 27 

September 27.   
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 North Basin Center Basin South Basin 

Date 
Secchi 

Depth (m) 

Turbidit
y (NTU) 
0-3 m 

Secchi 
Depth 

(m) 

Turbidit
y (NTU) 
0-3 m 

Secchi 
Depth 

(m) 

Turbidit
y (NTU) 
0-3 m 

12-Jun 3.1 - 2.8 - 2.5 1.75 

21-Jun 3.2 0.95 2.8 1.08 2.8 1.26 

26-Jun 3.0 1.30 3.9 1.33 3.1 1.63 

4-Jul 2.8 2.86 - - 2.8 2.40 

9-Jul 1.2 4.49 1.7 4.35 1.5 4.26 

13-Jul 1.2 4.86 - - 1.2 5.20 

19-Jul 2.1 2.99 2.2 - 1.9 2.60 

22-Jul 1.7 3.68 1.6 - 1.6 3.77 

24-Jul 1.8 3.51 1.5 - 1.4 4.07 

8-Aug 2.3 2.15 2.3 2.57 2.1 2.49 

30-
Aug 3.0 1.45 3.2 1.87 2.8 1.77 

6-Sep 2.7 - 2.8 - 2.8 - 

11-Sep 2.9 - 3.1 - 3.7 - 

19-Sep 3.1 - 3.7 - 4.1 - 

27-Sep 2.5 - 2.9 - 2.3 - 


