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Executive Summary

· The relationship between water column mixing and the onset of cyanobacterial blooms in Loon Lake was investigated during the late summer and fall, 2015.

· Two blooms of cyanobacteria were observed on October 26 and November 6, with the first and more significant bloom taking place after strong winds and partial mixing of the lake were detected on Oct. 9-12.  

· In terms of colony counts and total cell numbers, the 2015 blooms were moderate in magnitude, especially compared to the blooms observed in the lake in September 2014 by Geneseo student researchers.

· The dominant colonial cyanobacteria species in the blooms was Anabaena circinalis, constituting 95% of the phytoplankton biovolume in surface samples. This is a problematic species worldwide known to frequently produce toxic level of anatoxins and microcystins.  

· Anatoxin concentrations in Loon Lake were detectable during the blooms, but levels ranging from 3.0-4.1 μg/L were below all but the strictest threshold levels for safe human contact. Microcystin levels were usually below threshold for detection and the highest values recorded were below the World Health Organization threshold for drinking water of 1.0 μg/L.

· The results of this study bare good news in that the fall blooms of 2015 were very mild compared to most Loon Lake blooms in the last ten years.  On the other hand, the presence of the frequently toxic Anabaena circinalis in 2015 and Microcystis aeruginosa in 2014 indicate the lake is vulnerable to blooms of potentially toxic cyanobacteria and that continued vigilance is necessary for safe recreational use of Loon lake waters. 
Abstract
Loon Lake is a private lake located in Wayland, New York, approximately 30 miles southeast of Geneseo.  Over the past few years the health of Loon Lake has been declining, as evidenced by increased water turbidity and more frequent blooms of cyanobacteria.   Cyanobacteria, otherwise known as blue-green algae, are a type of photosynthetic bacteria that occur in many bodies of water, and can sometimes produce toxins that if ingested can be harmful to humans. This study examined Loon Lake during late summer and fall 2015 to characterize the timing and species composition of cyanobacterial blooms, and to investigate factors that trigger the onset of these events. Species identification and quantitative analysis of cyanobacterial abundance were made from skim samples that were also tested for toxin production using an enzyme-linked immunoassay (ELISA) technique. Measurements of lake water quality parameters were taken using a Hydrolab profiling unit. Chlorophyll levels, phycocyanin levels, and turbidity were measured from samples at depths of 1 meter, 3 meters, and 6 meters.  The study found that two cyanobacterial blooms dominated by species of the widespread genus Anabaena occurred late in the fall. However, neither of these blooms produced toxins on a high enough level to be harmful to humans.  Evidence suggests that high wind events may have caused partial mixing of the water column and phosphorus upwelling prior to each bloom. Additional studies of cyanobacterial blooms and water column mixing are required to confirm this connection.

Introduction
Loon Lake is a 67.3 hectare lake in the town of Wayland, New York (CSLAP, 2014)(Figure 1).  It has a maximum depth of 13 meters, and an average depth of 6.1 meters (CSLAP, 2014).  The lake is used by residents for recreation, including swimming, boating, and fishing, but concerns about the state of the lake have been raised in recent years.  Loon Lake is characterized as a mesotrophic, or moderately nutrient rich lake, based on algal cell numbers, water turbidity, nutrient concentrations, and chlorophyll biomass.  Historical data on the lake is available through the New York State Department of Environmental Conservation (NYSDEC) in their annual Citizens Statewide Lake Assessment Program (CSLAP) report.  The 2015 CSLAP report shows that over the past two decades, the turbidity of the lake and the chlorophyll levels have been steadily increasing, and the total nitrogen/total phosphorous (TN/TP) ratio has been decreasing, suggesting an increase in phosphorous (CSLAP, 2015).  In recent years, the late season (August-October) chlorophyll levels have been unusually higher than the early season (June-July) chlorophyll levels (Athans et al. 2015).  This difference is possibly due to an increase in fall blooms of cyanobacteria, which may pose a threat to the health of the lake and its residents.

Cyanobacteria, or blue-green algae, are a bacterial phylum of prokaryotic primary producers that live in a multitude of environments across the earth.  The small cell size (<3 microns) and high surface area to volume ration of cyanobacteria allows them to be very efficient in converting nutrients to biomass.  Moreover, many species of cyanobacteria are uniquely able to create their own biologically usable nitrogen from molecular nitrogen (N2) dissolved in water via the process of nitrogen fixation.  

Cyanobacterial blooms can occur as a result of mixing in a lake, when water from the bottom of the lake is brought to the top, carrying abundant nutrients with it. Cyanobacteria are constantly present in the upper level of lakes, but are prevented from blooming by a lack of nutrients.  When the lake mixes, nutrients, especially phosphorous, are delivered to the lake surface, allowing producers such as cyanobacteria to experience short periods of abundant growth. This mixing can be caused by very strong winds, which can create enough turbulence to partially mix the lake, or by falling air temperatures, which can cool the typically warm water at the top of the lake.  Lakes typically experience a turnover at some point in the fall, when the air temperature has cooled enough to cause a mixing event.

Blooms can also be caused by other events that cause large influxes of nutrient. Conesus Lake, which is near Loon Lake, typically experiences a bloom in mid-July.  This bloom is thought to be a result of the partial mixing of the water column due to wind once phosphorous accumulates on the bottom of the lake (Bosch et al., 2015).  After the winter months, when the lake becomes stratified again, it takes a period of months before a significant amount of nutrients accumulate in the bottom layer of the lake.  Once the nutrients do accumulate, a significant wind event that causes lake mixing may be enough to trigger a bloom.

We surveyed the species of cyanobacteria present in Loon Lake, with a special interest in the presence of Microcystis spp and Anabaena spp.  Microcystis is a genus of colonial cyanobacteria.  The colonies are composed of hundreds of cells grouped together in a matrix.  Anabaena is another genus of cyanobacteria, and all the species in the group are filamentous.  Anabaena is also notable in its ability as a nitrogen fixer.  This allows Anabaena species to grow in conditions where nitrogen is lacking, as long as the other nutrients they require are present.  It is possible that a bloom of Anabaena can facilitate subsequent blooms of other species, such as Microcystis, by providing them with the nitrogen they require to grow.  

Species in the genera Microcystis and Anabaena produce two types of cyanotoxins: microcystins and anatoxins.   Microcystins are a group of hepatotoxins with a variety of forms, which can be produced by both these genera.  Microcystin-LR is the variant tested for in this study, as it is the most commonly studied and most toxic form (WHO 2003).  Ingestion of microcystins can cause symptoms including abdominal pain, vomiting, jaundice, and death (Hardy 2008).  Chronic exposure is especially damaging to the human liver.   Anabaena species produce a neurotoxin called anatoxin-a.  A large dose of this compound can cause paralysis, problems breathing, and death upon ingestion (Hardy 2008).  Additionally, external exposure to high concentrations of these toxins can cause rashes and skin irritation.  The toxins can also be damaging to other species which come in contact with the lake, including fish, birds, and other animals including livestock.  The World Health Organization (WHO) has published provisional guidelines regarding the use of water in which microcystins have been detected.  They recommend avoiding drinking water with levels of microcystins greater than 1.0 µg/L (WHO, 2003).  In regards to recreational use of contaminated water, the WHO has classified the probability of acute health effects when exposed, as shown in Table 1 (EPA, 2016), with moderate risks expected at concentrations of 10-20 µg/L.  Anatoxin-a is less thoroughly studied than microcystin, and as such, there is no consensus on a recommended level.  Several states have published individual guidelines, in which the guidance value for drinking water ranges from 3.0 µg/L to 20 µg/L, and the value for recreational use varying between 1.0 µg/L and 90 µg/L (EPA, 2016).  The state of Washington, which recommended the recreational guidance value of 1.0 µg/L, noted that since anatoxin-a is a potent neurotoxin which has not been fully studied, caution in deciding a guidance level is recommended in order to ensure safety (Hardy 2008).

Although they hold the potential to be extremely toxic, cyanobacteria do not constantly produce toxins.  Toxin production is expensive in terms of energy, and may limit the growth of a colony, so it is only beneficial to produce toxins when they are contributing to the survival of the colony.  Studies have found that there is a significant increase in toxin production when cyanobacteria, including Microcystis and Anabaena species are exposed to herbivorous zooplankton (Jang et al. 2003).  A previous study of Loon Lake by Geneseo students found that the lake contained an abundance of relatively large herbivorous zooplankton, including a variety of Daphnia and copepod species (Athans et al. 2015).  Due to this abundance of zooplankton, we believe that Loon Lake is experiencing conditions that may be conducive to the production of cyanobacterial toxins.  As toxin production could negatively affect the health of all the organisms which use the lake, we are evaluating the lake in order to determine the levels of toxins present in the event of a bloom, and what factors may contribute to the occurrence of blooms.

Methods
Sampling
Sampling was done at Loon Lake approximately once a week between the end of August and the beginning of November, 2015.  Data collected before August were obtained from the 2015 CSLAP report, which reports values from June through September.  A boat owned by a resident of the lake was used to travel to the deepest part of the lake, where a profile was taken using a Hydrolab 4A profiling unit.  The Hydrolab was set up to record the depth, temperature, pH, oxidation reduction potential (ORP), conductivity, photosynthetically active radiation (PAR), level of dissolved oxygen (LDO) in both % saturation and mg/L, and chlorophyll in vivo.  Weather data and wind speeds for the collection dates was obtained from the site wunderground.com, which reports data recorded at the nearby Dansville airport.

A Van Dorn bottle was used to collect water from depths of 1, 3, and 6 meters for later analyses.  At the same location, offshore skim and grab samples were collected by hand at the surface and 0.3 meters deep, respectively.  Nearshore skim and grab samples were collected near the residence of Alice Publow at 80 Lindenwood Drive.  Skim and grab samples were both taken by hand, using a small jar to enclose a sample of water at the appropriate depth.  Approximate sampling locations are shown in Figure 1.  All samples were stored in a cooler for transportation from the lake to the lab.

Upon returning to the lab, the turbidity of the 1, 3, and 6 meter samples was immediately measured using a Hach turbidimeter.  The samples were then filtered onto a GFF filter, and each filter was frozen for later chlorophyll analyses.  Approximately 15 mL of water from each skim and grab sample was also filtered, and the filtered water was frozen to use in later ELISA tests to determine dissolved concentrations of cyanotoxins.  Phycocyanin was measured in the skim and grab samples using a Turner desktop fluorometer model # 7200-000.  A tube of filtered water was used to obtain a background reading, which was then subtracted from the readings of each sample in order to obtain the final phycocyanin concentrations.  The skim and grab samples were then stored in the refrigerator until colony and single cell counts were done.
Chlorophyll analyses
The amount of chlorophyll was measured in the 1, 3, and 6 meter samples for each date of sampling following EPA guidelines (method 445.0).  A solution of 90% acetone was made with distilled water, and a drop of 1% KOH was added.  The filters that were previously frozen were put in test tubes with 15 mL of solution and allowed to sit for 1-2 hours in a dark location.  At the end of this time the filters were broken apart using a drill with a tissue grinder attached, then allowed to sit until they had spent a total of 5 hours in the solution.  The test tubes were then centrifuged at 500 rpm for 1 minute in order to pellet out the filters.  The liquid in the tubes was analyzed in a Turner fluorometer using a stored calibration.  The fluorescence was measured before and after acidification, and the amount of chlorophyll was determined based on the original sample volume (the volume of the filtered water).
Cell counts and identification
The number of colonies per mL was counted in the skim and grab samples from both the offshore and nearshore sites.  The results of these counts are shown in Table 1.  Colonies were also identified with the assistance of a taxonomic guide.  Counts of single celled cyanobacteria were done using an Olympus fluorescence microscope model BX41TF with a FITC filter set and a hemocytometer.  Samples were loaded into the hemocytometer and the cells that fluoresced gold, indicating the presence of phycocyanin, were counted per square.  Each square of the hemocytometer represented 0.0001 mL, so the counts were adjusted to obtain the number of single cells/mL.  

The only samples which were not analyzed using this protocol were those from October 26th, when a bloom was observed.  These samples were sent out to a taxonomic expert (Phycotech Inc.) for analysis in order to obtain more accurate colony counts and species identification.
ELISA tests for toxins
The levels of microcystins and anatoxin-a in the skim and grab samples were analyzed using enzyme-linked immunosorbent assays (ELISAs).  The assays were performed on the water from each sample previously filtered and frozen.  The tests for dissolved cyanotoxin concentrations were done using anatoxin-a and microcystins/nodularins ELISA kits from Abraxis, Inc..  ELISAs were performed on one sample each from August and September in order to determine if any toxins are typically present in the lake.  Following this, ELISAs were only performed on samples collected when blooms were observed in the lake.

Results
Three cyanobacteria blooms were detected over the course of the summer.  One bloom occurred on June 12th, and was recorded in the CSLAP report (2015).  Limited data are available regarding this bloom, as it was before the start of our sampling period and we were unable to obtain water samples or profiles.  The two blooms that were detected during our sampling occurred on October 22nd and November 5th.  Each of these blooms persisted for a period of a few days before dissipating.   Weather data indicate that each bloom was preceded by days with relatively high (≥10 miles per hour) maximum sustained wind speeds, and winds blowing predominantly from the south (Figure 2), which reportedly create the greatest turbulence in the Loon Lake (A. Publow, personal communication).  Very little data were collected for the bloom on November 5th, as the boat used for sampling had been taken out of the water for the season.  The only samples collected were near shore skim and grab samples, which were used for toxin analyses.  For this reason, the majority of our analyses are based on the October 26th bloom.


Hydrolab profiles taken on each day of sampling allow us to follow changes in the stratification of the lake.  Figure 3 shows the observed temperature and level of dissolved oxygen relative to lake depth over the sampling period.  For the majority of the summer and fall, a strong thermocline was present at depths of 6-8 m, separating warm surface waters of 20-25 oC from cold bottom waters that were near 10 oC.  Profiles taken on October 5 still showed a stratified water column.  The first evidence of complete mixing was October 12th (Figure 3) when lake water temperature was about 15 C from surface to a depth of 13 m. This was ten days before the first observed bloom. 


The bloom on October 22nd was observed mainly in slicks that formed close to the shore in many of the sheltered shoreline areas around the lake.  A spike in cell colony counts was observed in the samples collected on the 26th of October, with the colony numbers reaching a density of 54,732 colonies/mL in the nearshore skim samples (Table 2).  The greatest density prior to this date was 36 colonies/mL on October 5th (Table 2). Combined with the offshore skim samples, a total of 54,770 colonies/mL were counted (Figure 4). A spike in the amount of phycocyanin present to 207.3 RFU in the nearshore skim sample accompanied the rise in colony numbers (Figure 5).  The chlorophyll-a and turbidity were measured in the discrete depth samples, which were collected at the offshore sampling site, so there was less of an increase detected compared to the nearshore samples, although a slight increase was observed in both parameters (Figures 6, 7).  There was no increase in the single cell cyanobacteria observed on the same date (Figure 8).  There were, however, two separate peaks in the single cell counts observed on September 2nd and September 26th, which were measured at approximately 73,000 cells/mL and 90,000 cells/mL respectively (Figure 8).  Both these peaks were observed in the grab samples, while the skim samples showed similar, but less intense peaks.  These may be indicative of smaller, single cell cyanobacteria blooms that occurred earlier in the season and did not coincide with the onset of colonial cyanobacterial blooms.


Two samples from the October 26 cyanobacteria-dominated bloom analyzed by Phycotech Inc. were found to have 9 species from 7 genera of phytoplankton.  This included Anabaena circinalis, which accounted for 50.24% of the bloom by relative cell count, and 94.42% by biovolume (Table 3).  Other species, including Anabaena planctonica were present, but none of these species accounted for more than 4.75% of the total biovolume (Table 3).  A sample from the November 5th bloom was not sent out for analysis.


The ELISAs showed an increase in the amount of anatoxin-a present during both the October and November blooms.  The samples analyzed for August and September were found to contain <0.15 μg/L and 0.664 μg/L of anatoxin-a respectively, while the maximum toxin level in the four samples analyzed from the October and November blooms were found to contain 4.128 μg/L and 3.207 μg/L (Figure 9A, Table 4).  These maximum toxin levels were detected in the offshore grab sample for the October bloom, and the nearshore grab sample for the November bloom.  There was a less extreme increase in the amount of microcystin-LR present, and it peaked at a level 0.322 μg/L in the October bloom (Figure 9B).  However, on all other sampling dates the concentrations of microcystin-LR were considerably lower.

Discussion

Our study coupled with the CSLAP 2015 report shows that significant blooms of cyanobacteria occurred in Loon Lake in June, October and Nov, 2015.  The October bloom which we studied more thoroughly was dominated by Anabaena circinalis and was in full density by October 26 approximately two weeks after the mixing of the water column between the 5th and the 12th of October.   The November bloom was not as thoroughly sampled and only lasted two days, but still was dominated by A. circinalis.  Both sampled blooms contained detectable but moderate levels of anatoxin-a.  The June bloom was only recorded in the CSLAP report as it occurred before our sampling period, so we have no data on the species composition of the bloom.


While prolonged windy periods occurred before October 5-12, no blooms were observed. This is possibly due to the wind direction, as it was not from the south or southwest, which seems to cause the most turbulence in the lake. It could also be because warmer surface temperatures resulted in a more stable stratification, as can be seen by the temperature profiles in July, August and even September. Once the stratification of the lake destabilized in early October with cooling autumn temperatures, the strong southern winds recorded before October 11th, as shown in Figure 2, likely caused the lake to mix.  Mixing of the lake around October 12th likely caused the cyanobacterial bloom that we sampled on October 26, but the causes of the November 5th bloom are more ambiguous.   One possible cause of the Nov. 5 bloom is partial mixing of the lake.  If one or two meters of water in the deepest portion of the lake remained stratified after the rest of the lake mixed, then the prolonged period of winds from the south between November 2nd and 5th may have caused the lake to mix completely (Figure 2).  If this occurred, this final mixing of the lake likely triggered the bloom.  The other possible cause is an influx of nutrients from a runoff event.  Rainfall data collected (which are not shown in this report) show a major rain event in the area on October 28th, with total rainfall of over an inch.  The rain which fell on the farms surrounding the lake may have carried nutrients from fertilizer and manure on the farms into creeks, bringing nutrients into lake.  Without nutrient analysis, it is impossible to know which of these situations occurred.


It is unlikely that the June 12th bloom observed by the NYSDEC was triggered by mixing.  The hypoxia that triggers release of P from the sediments (i.e. internal loading) was certainly developed at this point but it was too early in the season to have much phosphorus released from the sediments. Therefore, even if a windy day caused some upwelling early in the season the supply of nutrients should not have been enough to trigger a bloom.  For this reason, the June 12th bloom was likely caused by nutrients supplied through runoff.  There are a number of farms surrounding Loon Lake, including some which encompass a major creek that feeds directly the lake.  It is possible that fertilizer or animal waste from these farms contaminated the water, providing a sudden burst of nutrients to the Lake.  There were no single large rain events prior to June 12th, however there were four less intense rain events in the week leading up to the 12th that had a total precipitation accumulation of 1.48 inches.


The increase in cyanobacterial colonies by October 22nd was accompanied by an extreme increase in phycocyanin, and a lesser increase in chlorophyll-a and turbidity levels.  This is most likely due to the fact that phycocyanin was measured in the nearshore samples where cell numbers could have been very high as well as in offshore samples whereas chlorophyll-a and turbidity were only measured in the offshore discrete depth samples.  The maximum values for both chlorophyll-a and turbidity were detected on October 26th while the bloom was ongoing at a depth of 3 meters (Figures 6, 7).  This may indicate that winds offshore caused cyanobacteria to mix slightly in the water column whereas calm conditions nearshore would have allowed the colonies to float to the surface and form a slick.  This would also explain why fewer colonies and comparatively low phycocyanin values were found in the offshore skim and grab samples when the bloom was sampled.


The October 22nd bloom consisted almost entirely of Anabaena circinalis, which is well known to produce high amounts of toxins.  The bloom caused anatoxin-a levels in the lake to spike to a maximum of 4.128 μg/L (Figure 9A).  This exceeds the recommended safe drinking water guidance level proposed by some states, and the conservative recreational use guidance level proposed by the state of Washington.  The spike in toxin levels was seen in both offshore and nearshore samples (Table 3).

In addition to producing anatoxin-a, A. circinalis has been reported as producing microcystins. However, in the Loon Lake bloom samples there was little evidence of microcystin production (WHO, 1999).  The levels of microcystin-LR in the water did slightly increase during the blooms to a maximum of 0.322 μg/L, but this is well below the cautionary guidelines recommended by the WHO (Figure 9B, Table 1).  The only other routinely toxic colony present in the blooms was Microcystis aeruginosa, which was only present in very low concentrations.  A major bloom dominated by M. aerunginosa was observed in 2014, so the species has had a significant presence in the lake.  It is currently unknown what caused this variation in Microcystis abundance in the past two years, however previous studies have found that growth of M. aeruginosa can be inhibited by allelopathic chemicals which are produced by Myriophyllum sp., a group of aquatic weeds commonly known as watermilfoil (Nakai et al. 2000; Cheng et al. 2008).  Eurasian watermilfoil is invasive and maintains a presence in Loon Lake.  Our own observations indicate that milfoil was much more abundant in late summer and fall of 2015 than in 2014 It is possible that this watermilfoil is inhibiting the growth of M. aeruginosa in Loon Lake, leading to the blooms being dominated by other species.  If this is the case, then the invasive watermilfoil may be helping delay the eutrophication of the lake by inhibiting cyanobacterial growth.    It is possible that removal of the watermilfoil by weed harvesting activities in the lake may allow these inhibited species to flourish, thereby adding another risk to lake water quality.

This study has provided useful information about cyanobacterial blooms in Loon Lake and yielded insights into what factors serve to trigger cyanobacterial blooms.  However, as this study only spans one year, it is impossible to know if the characteristics we observed are the norm for the lake, or if this year was unusual in some way.  The late season chlorophyll was higher than the early season chlorophyll, however, the late season chlorophyll was also significantly lower than it has been in recent years (Figure 10).  This suggests that the blooms that occurred in the lake this year were minor as compared to recent years.  As was previously mentioned, we also did not see a bloom of Microcystis sp.  this year.  These data appear to show that despite the blooms that occurred, this year was uncharacteristically low in regards to cyanobacteria levels in the lake.  It is possible that these data are showing the beginning of a new trend of declining cyanobacteria populations, or this year may just be an outlier in a continuing trend of increasing populations.  In order to form definite conclusions about the cyanobacteria population of the lake, and determine if the blooms are consistently composed of almost entirely A. circinalis, this study must be repeated in future years.  We were able to find strong evidence showing a link between the disturbance of the lake due to wind and the start of blooms, but in order to conclusively prove this connection, data from additional years must once again be collected.  Ideally, future studies will include nutrient data, so nutrient introduction through upwelling and runoff events can be more accurately traced.  Until we obtain this additional data, we suggests monitoring weather patterns around the lake.  The detection of any significant rain events, or periods of windy days in the late fall, may allow the NYSDEC to warn lake residents before blooms occur.
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Figures and Tables
	Relative Probability of Acute Health Effects
	Cyanobacteria (cells/mL)
	Microcystin-LR (µg/L)
	Chlorophyll-a (µg/L)

	Low
	< 20,000
	<10
	<10

	Moderate
	20,000-100,000
	10-20
	10-50

	High
	100,000-10,000,000
	20-2,000
	50-5,000

	Very High
	> 10,000,000
	>2,000
	>5,000


Table 1: WHO determined probability of acute health effects for recreational use of waters contaminated with microcystins-LR (EPA, 2016).

	
	Nearshore
	Offshore

	Collection Date
	Skim colonies / mL
	Grab colonies / mL
	Skim colonies / mL
	Grab colonies / mL

	9/2
	21
	13
	13
	23

	9/8
	7
	10
	8
	7

	9/14
	4
	8
	2
	7.5

	9/22
	6
	15
	11
	10

	9/28
	16
	20
	13
	23

	10/5
	36
	19
	33
	19

	10/26
	54732
	Unknown
	38
	Unknown


Table 2: Abundance of cyanobacterial colonies in skim and grab samples for nearshore and offshore sites.  See Table 3 for a list of dominant species.

	
	Genus
	Species
	Relative Count
	Relative Total Biovolume 

	Diatoms
	Asterionella
	formosa
	0
	0.01

	
	Cocconeis
	pacentula
	0.10
	0.01

	Cyanobacteria
	Chroococcaceae
	spp
	21.36
	0.00

	
	Anabaena
	circinalis
	50.24
	94.42

	
	Anabaena
	planctonica
	0.59
	4.75

	
	Synechococcus
	sp 
	7.12
	0.00

	
	Woronichinia
	naegeliana
	20.59
	0.80


Table 3: Relative counts and biovolume for all species observed in the October 22nd bloom.  Anabaena circinalis dominated the bloom.  Data were adapted from a report by a taxonomic expert.

	Date
	Sample
	Anatoxin
	Microcystin

	26-Aug
	ns skim
	out of range
	0.026

	26-Aug
	ns grab
	out of range
	0.048

	26-Aug
	os skim
	out of range
	0.288

	26-Aug
	os grab
	out of range
	out of range

	8-Sep
	ns skim
	0.664
	0.044

	8-Sep
	ns grab
	out of range
	0.077

	8-Sep
	os skim
	out of range
	0.055

	8-Sep
	os grab
	out of range
	0.166

	26-Oct
	ns skim
	3.009
	0.322

	26-Oct
	ns grab
	3.278
	0.368

	26-Oct
	os skim
	out of range
	0.492

	26-Oct
	os grab
	4.128
	0.221

	6-Nov
	ns skim AM
	2.549
	0.206

	6-Nov
	ns skim PM
	out of range
	0.211

	6-Nov
	ns grab PM
	3.207
	0.213

	
	
	
	


Table 4: Anatoxin-a and Microcystin levels in nearshore (ns) and offshore (os) skim and grab samples reported as μg/L. Out of range means levels were too low to be detectable.  Values above the guidance thresholds are in bold.
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Figure 1: Approximate location of offshore and nearshore sampling sites on Loon Lake
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Figure 2: A) Daily maximum sustained wind speeds at the Dansville airport from October 1st to November 16th.  B) Wind directions recorded at the Dansville airport from October 1st to November 16th.  Data for both figures were adapted from wunderground.com.  The three rectangles represent the four days before the lake mixing, the days before the October bloom, and the days before the November bloom respectively.
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Figure 3: A) Temperature profiles for selected dates between July and October.  The first sign of mixing is on October 12th.  B) Dissolved oxygen profiles for selected dates between July and October.  Lack of oxygen near the bottom on October 12th was surprising because the lake seemed to be fully mixed.  We believe the oxygen is not accurate for this date.

Figure 4: # of colonies/mL counted in the nearshore and offshore skim samples combined for each sampling date.  Note the log scale on the Y axis.

Figure 5: Measured phycocyanin for all sampling dates.  There is a significant increase in the amount of phycocyanin present in the nearshore skim sample on October 26th, when the bloom was ongoing.

Figure 6: Chlorophyll a levels at 1,3, and 6 meters depth for all sampling dates.  Due to an equipment malfunction, no data were obtained for the 2nd of September or the 1 meter sample on the 8th of September.

Figure 7: Turbidity at 1, 3, and 6 meters depth for all sampling dates.  Due to an error, no data were obtained for the 3 and 6 meter samples on the 8th of September.

Figure 8: Single cell counts for all sampling dates.  Offshore and nearshore skim and grab samples have been combined into total skim and grab categories.

Figure 9:  Toxin levels in Loon Lake, as measured using ELISAs.  August 26th and September 8th represent background lake toxin levels, while October 26th and November 6th represent levels during a bloom.  Offshore samples could not be collected on November 6th, so only nearshore toxin levels were measured for this date.  A) shows anatoxin-a levels, the red line represents the drinking water guidance value. B) shows microcystin-LR levels.  No measured microcystin-LR levels exceeded the guidance value, so a line is not shown.

Figure 10: Comparison of early season (June-July) and late season (August-October) chlorophyll levels in Loon Lake.  The dotted line represents a 1:1 ratio between the chlorophyll measurements.  The data point representing 2015 is circled in green.  The fact that it is low on both the Jun-July and Aug.-Oct. scales indicate that the fall blooms this year were low in severity compared to previous years, especially 2006-2014.
