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Summary 
 

 

 

 Several lakes in the Lakes Region of western Maine were sampled using chlorophyll fluorometry in 

July and August 2016. A fluorometer was used to measure relative levels of chlorophyll-a at one meter inter-

vals from the surface to the bottom of each lake to create a profile. 

 The chlorophyll-a profiles were graphed along with oxygen profile data. Four profiles did not show 

much change in chlorophyll-a fluorescence with depth. Of the remaining profiles, about half showed an in-

crease in both chlorophyll-a and oxygen near the thermocline – the boundary layer between the top and bottom 

of a stratified lake. The other half showed an increase in chlorophyll-a fluorescence, but no corresponding in-

crease in oxygen. Possible explanations for these differences are discussed within this report.  
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Introduction and Background 
 

 

 

 Chlorophyll-a is a pigment found in all plants, including algae. Because all algae contain chlorophyll-a, 

it can be used as a proxy for algae abundance. Algae use this pigment in the process of photosynthesis, which 

produces oxygen as a by-product. Monitoring is essential to understanding the water quality status of lakes, 

since high chlorophyll-a concentrations can indicate algae blooms and declining water quality conditions.  

 LEA has been measuring chlorophyll-a in waterbodies of the Lakes Region of western Maine since the 

1970s. Chlorophyll-a concentrations are determined by collecting a one-liter water sample from the epilimnion 

of a lake (as determined by a temperature profile) and filtering it. The sample is sent to the Maine Health and 

Environmental Testing Lab where it is analyzed using EPA method SM10200H. A chlorophyll-a value, in 

parts per billion (ppb), is reported back within 2-3 weeks of sending in the sample. LEA monitors chlorophyll-

a levels on 26 lake basins in the upper Sebago Lake and Saco River watersheds during eight sampling trips be-

tween May and September every year. Fourteen additional ponds are sampled once per year in August. 

 In 2014, LEA purchased an automated testing buoy for Highland Lake. One of the instruments on the 

buoy is a fluorometer, which is a device that uses specific wavelengths of light to measure the quantity of a 

particular fluorescent substance.  After seeing the quality of data produced by the buoy, LEA purchased a hand

-held fluorometer in 2015. The fluorometer is more economical, quicker, and more versatile than traditional 

chlorophyll-a sampling. The samples cost nothing to run, the results are immediate, and data can be collected 

as needed anywhere – and at any depth—across an entire lake.   

 This versatility is important because algae concentration often changes with depth in a lake. Traditional 

sampling measures chlorophyll-a from a composite sample of the top layer of the lake, so any variability with 

depth cannot be seen. When lakes stratify in the summer they have a top layer—the epilimnion—which is the 

warm, sunlit, mixed layer. The middle layer, or thermocline, is a zone of rapid temperature and density change. 

The bottom layer is known as the hypolimnion and is cold, dark, and in many lakes, prone to oxygen depletion.  

 The fluorometer, which is calibrated to measure chlorophyll-a, works by emitting blue light at a specif-

ic wavelength designed to cause the chlorophyll-a molecules to enter a high-energy (“excited”) state. When the 

molecules return to their normal state, they give off light (fluoresce) at a different wavelength. The instrument 

measures the strength of this return wavelength. The stronger it is, the more chlorophyll-a there is. However, 

fluorometer readings can be affected by water temperature and light levels. According to the fluorometer man-

ufacturer, chlorophyll fluorescence decreases by 1.4% for every 1oC rise in temperature. Algae respond to low 

light levels by pushing chlorophyll-a to the surface of their cells, which means that a reading in low light may 

actually fluoresce more than in bright light, when the algae don’t have to work as hard to photosynthesize.  

 Another issue with using a fluorometer as opposed to taking lab samples is that the fluorometer cannot 

measure chlorophyll-a in parts per billion (ppb), which is the standard unit of measure. Instead, the fluorometer 

reports results in Relative Fluorescence Units (RFUs). This measurement results in a qualitative, rather than 

quantitative, representation of chlorophyll-a concentration. The chlorophyll-a values calculated from the fluo-

rometer must therefore be treated as estimates, which are still very useful for viewing trends and comparing 

between lakes. 

 In 2015, fluorometer profiles were taken to the depth of the thermocline, whereas in 2016 the full water 

column was measured. A calibration curve was created with the 2015 season data to attempt to quantitatively 

estimated chl-a concentrations from the fluorometer RFUs. This was abandoned for 2016 and results are con-

sidered to be qualitative estimates of relative chlorophyll-a abundance. 
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Methods 

 A Turner Designs Data Bank Cyclops 7 chlorophyll-a fluorometer was used to make fluorescence 

measurements on 23 basins in the Lakes Region of western Maine (Table 1 and Figure 1, next page). The 

handheld unit is attached to the probe by a long cord, facilitating measurements up to 20 meters in depth. Be-

fore any measurements were taken, the fluorometer was blanked with distilled water. Readings were given in 

Relative Fluorescence Units Blanked (RFUB).  

 Profiles were taken at 1 meter intervals from the surface to the bottom at the deepest part of each basin. 

Three readings were logged at each depth to check for and mitigate variability in the data. These readings were 

averaged and graphed, along with oxygen profile data from the same sampling trip. All profiles were collected 

between July 26 and August 26, 2017. Five basins were sampled twice during the summer, with approximately 

two weeks elapsing between profiles. 

  

  

 

Lake Midas Number 

Back Pond 3199 

Bear Pond 3420 

Brandy Pond * 9685 

Beaver Pond (Bridgton) 5582 

Crystal Lake 3452 

Granger Pond 3126 

Hancock Pond 3132 

Island Pond 3448 

Keoka Lake 3416 

Keyes Pond 3232 

Little Moose Pond 3424 

Long Lake (North) * 5780 

Long Lake (Middle) 5780 

Long Lake (South) 5780 

McWain Pond 3418 

Middle Pond 3201 

Moose Pond (North) 3134 

Moose Pond (Main) 3134 

Moose Pond (South) 3134 

Peabody Pond * 3374 

Sand Pond 3130 

Trickey Pond * 3382 

Woods Pond * 3456 

Table 1. Lakes where fluorometer pro-

files were taken in 2016. Those with an 

asterisk (*) were sampled on two differ-

ent occasions. 
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Methods 

Figure 1. Map showing the area of study, located in Cumberland and Oxford Counties in Maine. 
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Results 
 

 

 

 Most basins showed higher relative levels of chlorophyll-a around the depth of the thermocline. About 

half of these basins showed increases in oxygen near areas with higher chlorophyll-a levels, while the other 

half showed an increase in chlorophyll-a but no increase in oxygen (Table 2). The three basins of Long Lake 

and Woods Pond were the only sites which did not show significant increases in chlorophyll-a or oxygen. Each 

of the five basins that were sampled twice in 2016 showed similar patterns in both profiles. 

 The typical oxygen profile changes with depth when a 

lake is stratified. The upper layer is generally well mixed, lead-

ing to a constant oxygen level for the top several meters. The 

oxygen level decreases sharply at the location of the thermo-

cline. Then, in the bottom layer of the lake, oxygen levels typi-

cally drop off gradually with depth (Figure 2). However, in 

some lakes, oxygen levels spike near the thermocline before de-

creasing. This spike in oxygen is associated with algae growth 

and is known as a “metalimnetic oxygen maximum”. These 

spikes often occurred slightly higher in the water column than 

where the fluorometer showed algae to be (Figure 3). Some 

lakes also saw increases in fluorescence in the bottom 1-2 me-

ters of their profiles. 

 Crystal Lake was the only lake sampled which showed a 

decrease in the oxygen level correlated with the area of in-

creased chlorophyll-a fluorescence (Figure 4).  

 Overall, an average of RFUB values from the top layer 

of the lake corresponded well to lab-derived chlorophyll-a con-

centrations derived from composite samples taken from the same depth range. However, RFUB values should 

only be considered qualitative and are not directly related to lab-derived chlorophyll-a. 

Figure 3. Keoka Lake fluorometer and oxy-

gen profiles showing an increase in oxygen 

(DO) that correlates to an increase in relative 

chlorophyll-a (Chl-a). 

Figure 2. Island Pond fluorometer pro-

files showing no increase in oxygen 

levels (DO) despite and increase in chlo-

rophyll-a (Chl-a). 

Increase in Oxygen No Increase in Oxygen 

Back Pond Brandy Pond 

Bear Pond Beaver Pond (Bridgton) 

Hancock Pond Crystal Lake 

Little Moose Pond Granger Pond 

Keyes Pond Island Pond 

Keoka Lake McWain Pond 

Middle Pond Moose Pond (North) 

Moose Pond (Main) Moose Pond (South) 

Peabody Pond Sand Pond 

Trickey Pond  

Table 2. Lakes where an increase in chlorophyll-a 

was accompanied by an increase in oxygen (left hand 

column) or no increase (right hand column). Four 

basins did not have any increase in oxygen or chloro-

phyll-a (3 basins of Long Lake and Woods Pond).  

Figure 4.Crystal Lake fluorometer 

and oxygen profiles showing a de-

crease in oxygen (DO) correlating to 

an increase in relative chlorophyll-a 

(Chl-a). 
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Discussion 
 

 

 

Algae abundance was measured via chlorophyll-a fluorescence at one meter intervals at the deepest 

point of several lakes and ponds in 2016. Almost all of the sites had an increase in fluorescence (and therefore 

chlorophyll-a) near the thermocline, the zone of rapidly changing temperature and density that separates a 

lake's upper and lower layers during stratification. 

The lakes that did not have any substantial increases in chlorophyll-a at the thermocline were Woods 

Pond and the three basins of Long Lake. These basins were not strongly stratified at the time of sampling. Al-

gae tend to build up at the thermocline due to the density barrier created by the cold bottom layer of water. 

Sinking algae collect in this zone and it is preferred habitat for some algae species due to nutrient and/or light 

levels. Because there was not a large temperature or density difference in these basins, this microhabitat did 

not exist and algae were not able to accumulate there. 

Of the remaining basins which did see increases in chlorophyll-a at the thermocline, about half saw a 

corresponding increase in oxygen levels and half did not. Healthy algae exposed to adequate light levels, tem-

perature, and nutrients will photosynthesize, creating oxygen as a byproduct. An increase in oxygen makes 

sense if there is a high concentration of algae in an area. High concentrations of algae, however, do not always 

correlate with high productivity (oxygen production) for a number of reasons. 

Algae photosynthesize during daylight hours and respire (use oxygen) during the nighttime. If fluorom-

eter profiles are taken early in the morning, the algae may have only started photosynthesizing and oxygen lev-

els may still be lower from respiration the previous night. This may have been the case in Crystal Lake, where 

oxygen levels were slightly lower in the area with high chlorophyll-a fluorescence. The profile was taken at 

9:30 a.m.; a profile later in the day may have shown a metalimnetic oxygen maximum. 

The fluorescence signal will vary due to a number of factors that are not easy to control or predict. Dif-

ferent algae species contain different levels of chlorophyll-a, and fluorescence also varies based on cell size 

and shape. Unhealthy cells may actually fluoresce more strongly than healthy ones. Similarly, light limitation 

often leads to a stronger fluorescence signal. Colder temperatures also increase fluorescence. If there is little 

light around the thermocline, either due to cloudy weather conditions or the properties of the water itself, algae 

will not be as productive. Dying cells will not produce much oxygen, but may still fluoresce. These factors 

may have contributed to the lack of a metalimnetic oxygen maximum on some lakes. 

An increase in fluorescence near the bottom of the profile was seen on many lakes. The source of this 

signal is unknown. It could be from benthic algae growing on the lake bottom, or algae from the water column 

that have settled to the bottom of the lake. It could also be “noise”: false positive readings caused by high tur-

bidity or suspended sediment particles. 

 Fluorescence is a good way to qualitatively measure chlorophyll-a and monitor algae populations. Flu-

orometry has several advantages over traditional chlorophyll-a sampling, such as speed, versatility, and cost 

savings. However, estimating chlorophyll-a concentration using fluorescence is fraught with difficulty. The 

RFUB measurements of fluorescence do not directly relate to parts per billion (ppb) concentrations, even 

though they may be similar sometimes. Fluorescence profiles showed variation in the peak levels of fluores-

cence at the thermocline, with some lakes showing a peak at around 5 RFUB, whereas in other lakes it was as 

high as 45 RFUB. For comparison, chlorophyll-a concentrations of 5 ppb are common and reasonable from lab 

based results, however lab readings above 10 ppb are extremely rare. 
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Future Testing 
 

 

 

 LEA will continue measuring fluorescence as part of its comprehensive water testing program. Future 

directions include taking multiple profiles on the same lakes throughout the testing season and at different 

times of day to monitor changes over time. Testing the fluorometer in a variety of conditions, such as high-

nutrient lakes or within metaphyton (algae) will help us better understand the accuracy and limitations of this 

instrument. 

 Further research into lake metabolism could be beneficial for answering questions about why certain 

lakes have metalimnetic oxygen maxima and others appear not to. More studies using fluorometry to assess 

algal pigments will be done through LEA's Maine Lake Science Center. The center recently acquired two data 

sondes that can measure both chlorophyll-a and phycocyanin, a pigment found in cyanobacteria (blue green 

algae). 

 The largest drawback to using fluorescence is the qualitative nature of the resulting data. However, 

through partnership with the University of New Hampshire's Center for Freshwater Biology, we hope to be 

able to calibrate our fluorometer to a known algae standard in 2017 or 2018. While calibration will not com-

pletely remove all of the variability in the fluorescence measurements, it will certainly make them more accu-

rate and comparable over time. 
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