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Abstract 

The numerous species of Paramecia can vary morphologically, functionally, and genetically. 

Previous biogeographical studies of Paramecium suggest that the cells follow the ‘everything is 

everywhere’ hypothesis and that local ecology determines the particular strains found in any 

given location. However, there has not been much research done on strain and species changes 

from season to season over short geographical distances as well as if or how Paramecia 

overwinter under ice. Over seven consecutive seasons, we have sampled five local ponds for 

Paramecium cells. We isolated single cells, created lines of culture and allowed them to grow to 

high density from each collected sample. We then extracted DNA, amplified specific genes by 

polymerase chain reaction (PCR), and sequenced them by Sanger sequencing. To determine the 

species, we compared the new sequences to sequences of known Paramecium species. Overall, it 

was found that there is species and haplotype diversity within and between ponds. For 

Paramecium caudatum there is a more dominant haplotype for all of the sampled ponds. 

However, for Paramecium aurelia there is more diversity and there are species that are only 

pond in certain ponds. Additionally, we were able to retrieve samples, albeit a small number, 

containing Paramecium cells from under the ice in a completely frozen lake suggesting that 

Paramecia may overwinter in this region. 

Keywords: cellular and molecular biology, Paramecium, biogeography, biodiversity 
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Introduction 

The numerous species of Paramecia can, but do not always, vary morphologically, 

functionally, and genetically. Since Müller’s work in 1786, more than forty species descriptions 

of the Paramecium genus have been published (Lanzoni, 2016). In the Paramecium aurelia 

complex alone, there are 15 morphologically indistinguishable species that are a result of two 

rounds of whole-genome duplications (WGDs) (Johri, 2017). Research has indicated that neutral 

genetic variability of P. aurelia may be comparable or higher than the average diversity reported 

for other unicellular eukaryotes (Catania, 2008). In another study, the aurelia complex was used 

to understand duplicate gene evolution. It was found that factors influencing retention, primarily 

GC content, expression level, and to a lesser extent, functional category remain similar between 

duplicates that underwent WGDs. Additionally, the correlation between all three of these gene 

features and retention is lower for the intermediate WGD than for the recent WGD. This suggests 

that when more duplicates are lost, biases in which genes are retained become weaker (McGrath, 

2014).  

Below the species level, between strains, genetic diversity has been further investigated 

analyzing the number of haplotypes, or genotypes, with several different genes, or markers. 

Within the cytochrome oxidase I (COI) gene in five Paramecium species, 90 different haplotypes 

were identified. Substitutions that do not lead to an amino acid change, or synonymous 

substitutions, are the most common haplotype differences, especially in Paramecium caudatum 

(Zhao, 2013). Analyzing the internally transcribed spacer, or ITS1-5.8S region of rDNA 

(approximately 500-bp), 44 different haplotypes have been found within the aurelia complex. 

Seventeen Paramecium multinucleatum haplotypes have been identified (Lu, 2019). 
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 Of specific interest in this study, four P. primaurelia, one P. biaurelia, four P. triaurelia, 

three P. tetraurelia, and three P. pentaurelia haplotypes have been identified worldwide (Tarcz, 

2013).  

 Although there is great genetic diversity amongst Paramecium cells, little is known about 

how this genetic diversity is dispersed. One common belief is that protist species tend to be 

endemic and isolated (Foissner, 2006). The opposite of this is the belief that protist species are 

“few, cosmopolitan, and ubiquitous” (Fenchel, 1997). For example, there have been no endemic 

species of Paramecium multimicronucleatum noted (Lu, 2019). Recent studies suggest that 

generally, microbial cells are distributed widely with little known population structure by 

geographic location (O’Malley, 2008). Additionally, dominant haplotypes seemed to be passed 

on to following generations (Lu, 2019). Many, but not all of these distributions can be explained 

on the basis of different sensitivities to temperature differences (Hairston, 1958). For example, 

Paramecium caudatum strains have been found to suffer when encountering intense and frequent 

summer heat waves (Krenek, 2012). However, this explanation is not sufficient. A popular 

theory on Paramecium distribution is as the ‘everything is everywhere hypothesis of microbial 

biology.’ This hypothesis suggests that environmental conditions, specifically ecology, 

determine distribution of cells rather than geography. For example, microbes will not survive in 

an environment where there is no source of food (O’Malley, 2008). 

With limited knowledge on population distribution, little is also know about how 

Paramecium replenish ponds. One hypothesis is that Paramecium cells overwinter. If this were 

the case, then it is reasonable to assume that the same species of Paramecium would stay in the 

ponds year-to-year, season-to-season. However, it is believed that Paramecium do not form 

resting cysts (Gill, 1972).  
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The other hypothesis is that Paramecium populations are replenished after each winter, 

after a natural disaster, or after any event that affects pond ecology. For example, one of the 

ponds sampled, Lake Minnewaska, was highly acidic between 1922 and 2008 (Charifson, 2015). 

However, about 30 years after recovery from acidic conditions, aquatic species were found and 

in 2017, we isolated Paramecium cells in the lake. It is thought that Paramecium cells are 

potentially brought into ponds on the feathers of birds. Similarly, it is thought that cells can be 

transported between ponds. This was shown to be possible when researchers put out a bucket of 

fresh water and later sampled the water finding Paramecium cells inside that were previously not 

there. If this replenishing hypothesis is correct, then the prediction is that after each winter, the 

genetic makeup of a pond would change. Hence, there wouldn’t necessarily be the same species 

and haplotypes in the same ponds every year.  

There has not been much research done on strain and species changes from season to 

season over short geographical distances as well as if or how Paramecia overwinter under ice. 

The purpose of this study was to determine the genetic variation between and within ponds in 

Ulster County and to determine whether there are seasonal differences in Paramecium species in 

local ponds. By studying genetic biogeography it can be determined whether or not Paramecium 

overwinter and how they are dispersed amongst ponds within a relatively small geographical 

area.  

Methods 

Sampling 

Each season, we sampled five ponds in Ulster County (Figure 1). We sampled from  

Summer (June) 2017 and continued through Winter 2019 (Figure 2), and data was collected for 

seven seasons. The ponds that were sampled are referred to as Lippman Park (LP), Kripplebush 
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(KB), Minnewaska (MW), Binnewater (BW), Coop Pond (CP), and Duck Pond (DP) (Figure 3). 

There are approximately 5 miles between MW and DP, 3.2 miles between DP and CP, 4.5 miles 

between CP and BW, 5.5 miles between BW and KB, 9.8 miles between KB and LP, and 6.6 

miles between LP and MW. When sampling, five locations were chosen on the circumference of 

each pond, approximately equidistant. From each sampling location, four 50ml test tubes 

containing both water and soil samples were collected. In the winter, an ice agar was used to drill 

through the ice to collect the samples.  
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A. 

 
B. 

 
Figure 1. Map of sampled ponds. (A) Map of Northeast USA with ponds marked in Ulster 
County, NY. (B) Pins represent sampled ponds and are color-coded.  
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Figure 2. Duck Pond over four seasons. From left to right: Spring, summer, fall, and winter. 
 
 

    

      
Figure 3. Photos of sampled ponds. Top row: Lippman Park, Coop Pond, and Duck Pond. 
Bottom row: Lake Minnewaska, Kripplebush, and Binnewater. 

 
The conditions of the sampling sites/ponds were recorded. The pond at Lippman Park has 

an area that contains leaf litter year round and has a many ducks and geese in the water in the 

spring, summer, and fall. The Kripplebush pond is fairly isolated and contains a substantial 

amount of leaf litter on the majority of the circumference. Lake Minnewaska is located in the 

Minnewaska State Park Preserve. The water at Lake Minnewaska is clear and the bottom of the 
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pond is rocky and sandy. In some seasons there is a small area with leaf litter, however, the 

majority of the time there is very little to no leaf litter in Lake Minnewaska. The circumference 

of Binnewater is particularly muddy. Coop Pond, like Kripplebush is on residential property and 

is fairly isolated. There are many plants on the circumference of the pond. Lastly, Duck Pond is 

on Mohonk Preserve property. It is particularly muddy, has a fair amount of leaf litter around the 

circumference of the pond, and has a stream that runs into it. 

HOBO Pendant Temperature/Light 64K Data Logger probes were placed in placed in 

Minnewaska, Binnewater, Kripplebush, Duck Pond, and Lippman Park from fall through winter 

2018. The purpose of this was to analyze the temperature of the ponds over the winter. If the 

temperature remained relatively constant, then it is likely that the pond had ground water. If there 

is ground water in the ponds, then this could potentially impact Paramecium overwintering as 

the temperature would remain more constant. 

Once the samples were collected, the tubes were inverted to mix and about 75% of each 

sample was poured into a labeled petri dish. Three to four rice grains were placed in every dish 

to attract Paramecium cells. Between two days and two weeks of sampling, the petri dishes were 

observed using electron microscopy to see if there were any Paramecium cells in the sample. If 

there were Paramecium cells, then three single cells were extracted from the dish and washed 

and placed into individual wells of three-well-dishes. A few days were given for the single cell to 

divide. Once there was an abundant amount of cells in a single well (about 20 or more cells), the 

entire culture was placed in an 18ml test tube with wheat grass media. All of the cells in each test 

tube are genetically identical because they came from one single cell that then divided. 

Cell Growth and Maintenance 

The cells were maintained in 18ml test tubes of ‘0.25% Cerophyl medium (modified 
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according to Sonneborn 1970; Krenek et al. 2011) and inoculated with Enterobacter aerogenes’ 

(Johri, 2017). The lines were kept in room temperature for about a week until they became stable 

and contained several hundred to 1000 cells. When kept at room temperature, the cells were fed 

once a week. To feed the cells, the tube was flicked a few times and most of the media was 

removed, except about 3ml. Fresh wheat grass medium was added to replenish the tube. About a 

month after creating the new lines/when they were visibly stable, they were placed in an 18°C 

incubator. When they were in the incubator, they were fed once every two weeks. 

Genotyping 

Paramecium genomic DNA extraction was done using Chelex 100 Resin from BioRad. 

Approximately 800 microliters (µl) of cell solution was spun down. The supernatant was 

removed and 200µl of 5% Chelex solution was added. The solution was mixed until pellet 

disappeared and was incubated for 20 minutes at 95°C.  Using the supernatant from these 

samples, a PCR was done to amplify the Internally Transcribed Sequence (ITS 5.8S). 

Amplification conditions were as follows: 2 min at 94 °C, followed by 34 cycles at 50 seconds at 

94 °C, 30 seconds at 51 °C, 1 min at 68 °C, and extension at 68 °C for 5 min, with a final 

extension at 4 °C until removed. 

This specific part of the genome was used because preliminary trials this sequence 

yielded the most abundant number of nucleotide differences (Catania et al, 2008 and Parul Johri, 

personal communication), which was beneficial for the purpose of the study. Once the ITS 

marker was amplified in all of the samples, they were sent to MC Labs to be sequenced. The 

sequences were then imported to the Geneious program (https://www.geneious.com/) where they 

could be aligned and manipulated. The Basic Local Alignment Search Tool (BLAST) in the 

National Center for Biotchnology Information (NCBI) database of sequences 
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(https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to determine the species of the returned 

sequenced results.  

Imaging 

If the BLAST results weren’t specific enough, a fluorescent DNA dye, DAPI (4’,6-

diamidino-2-phenylindole), was used to image the macro and micronuclei of the Paramecium 

cells of interest (Figure 4). Different species of Paramecium have differences in size, structure, 

and function between the nuclei (Wichterman, 1986). For example, P. caudatum has one 

micronucleus, P. aurelia has two micronuclei, and P. multimicronucleatum has multiple nuceli 

(Powers, 1910). Using this method, the species could be more precisely determined. 

     
Figure 4. Images of stained Paramecium cells. From left to right: Paramecium 
multimicronucleatum, Paramecium aurelia, and Paramecium caudatum. 
 
Sequence Analysis 

Once the BLAST results were received and the species were determined, the sequences 

of the same species were aligned. Haplotypes were assigned for different sequences that had 

specific nucleotide differences. For example, if in position 172 in one P. caudatum species there 

was an A and in another sequence in the same position there was a T, then the two sequences 

were considered different haplotypes. The first letter of the species name and a number labeled 

the haplotypes. The numbers were determined in the order that the haplotypes were found. For 

example the haplotype “C1” was the first P. caudatum haplotype found.  
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To analyze the abundance of each haplotype in every pond each season and the 

relationship of the different haplotypes, haplotype networks were constructed using the Median 

Joining method (Bandelt, 1999) using PopART (Leigh and Bryant 2015; Tarcz, 2018). 

Results 

Abundance Analysis 

The numbers in Table 1 represent the number of samples (50ml test tubes) per pond per 

season that yielded Paramecium cells out of the 20 samples that were collected from each pond.  

 

Pond 

Samples that Yielded Paramecium out of the 20 Samples Collected 

Summer 

2017 

Fall 

2017 

Winter 

2018 

Spring 

2018 

Summer 

2018 

Fall 

2018 

Winter 

2019 

LP 2 2 0 3 4 2 0 

BW 1 2 0 7 3 5 1 

MW 2 3 0 0 0 0 0 

CP 2 13 0 N/A N/A N/A N/A 

DP N/A 8 4 5 6 6 1 

KB N/A N/A N/A 7 0 1 0 

Table 1. Samples yielding Paramecium. Twenty samples were taken from each pond in 50ml 
tubes. The numbers correlate with the number of test tubes that yielded Paramecia per pond per 
season. 
 

Coop Pond in Fall 2017 had the greatest number of samples that yielded Paramecium. A 

Chi-squared test of independence was performed to examine the relation between seasons and 

number of samples yielding Paramecium. Fall and spring seasons yielded on average a greater 

number of cells. However, between fall and spring seasons, the difference in the number of 

samples yielding Paramecium was not significant (X2=0.023). 
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Species Analysis 

 Over all samples, the species that were found were P. caudatum, P. triaurelia, P. 

biaurelia, P. Multimicronucleatum, and either P. pentaurelia or P. primaurelia. The most 

common species that was found was P. caudatum (74.7%) (Figure 5). 24.1% of the strains 

recovered are in the P. aurelia species complex. Of the samples collected, 14.5% were P. 

triaurelia, 7.8% were P. biaurelia, and 1.8% were either P. pentaurelia or P. primaurelia. The 

species identification was uncertain for these strains and more genetic analysis needs to be done 

to identify them. For the species and haplotypes analysis, all of the aurelia species were simply 

pooled together as P. aurelia.  Of all of the samples analyzed, 1.2% were P. 

multimicronucleatum. 

A Chi-squared test of independence was performed to determine the relation between 

Paramecium species and their abundances. P. caudatum were significantly more likely to be 

found in the ponds sampled than by chance. 
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Figure 5. Species diversity. Percentages of each species identified in all ponds over seven 
seasons. 
 
Haplotype Analysis 

 Three P. caudatum haplotypes were found (C1-3). Figure 6 represents the nucleotide 

differences between the different haplotypes for P. caudatum. There are two nucleotide 

differences (substitutions) between the C1 and C3 haplotype. For the ITS genetic marker, 

therefore, the two haplotypes are 99.4% similar. Between the C1 and C2 haplotypes there are 

three differences. In C3 there was an insertion of two nucleotides, giving a similarity between C1 

and C3 of 98.7%. All nucleotide differences are additive. 

 

Figure 6. Paramecium caudatum haplotypes. Three P. caudatum haplotypes were found (C1, 
C2, C3). The numbers of lines between the haplotype circles represent the number of nucleotide 
differences. The percentages represent the percent similarities between the haplotypes.  

P. caudatum (74.7%) 

P. triaurelia (14.5%) 

P. biaurelia (7.8%) 

P. penta/primaurelia (1.8%) 

P. multimicronucleatum (1.2%) 
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Based on a chi-square test of independence, the C1 haplotype is the most likely P. 

caudatum haplotype to appear in the ponds sampled.  

Two strains of cells were P. multimicronucleatum and they were the same haplotype. 

Within the aurelia species complex, four different species were found and only one 

haplotype per species (Figure 7).  

 

Figure 7. Paramecium aurelia species/haplotypes. Three Paramecium aurelia species were 
found and only one haplotype per species was found. The numbers of lines between the 
haplotype circles represent the number of nucleotide differences. The percentages represent the 
percent similarities between the haplotypes.  
  

The haplotypes were then analyzed by each season in all of the ponds (Figure 8). The size 

of the circles represents the abundance of samples that yielded that particular haplotype that 

season. For example, the Fall 2017 C1 circle is larger than the C1 circle for Summer 2017. This 

is because there were more samples that were the C1 haplotype in the fall compared to the 

summer. The wedges between the haplotypes represent the number of nucleotide difference. The 

different ponds are represented by the different colors.   
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Figure 8. Representations of haplotypes. C represents P. caudatum, A represents P. aurelia, 
and M represents P. multimicronucleatum. The numbers represent the different haplotypes. The 
colors represent the different ponds. The circle size is proportional to the number of samples 
collected. 
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 To determine the overall most common haplotype, the haplotypes abundances from all of 

the ponds were combined and compared between seasons (Figure 9). The most common 

Paramecium caudatum haplotype was C1. The only season that it was not found in was Winter 

2018.  

 
Figure 9. Paramecium caudatum haplotypes by season. The colors represent the different 
Paramecium caudatum haplotypes (C1-C3). 
 

The Paramecium aurelia species/haplotypes from all of the ponds were also combined 

and compared between seasons (Figure 10). The P. penta/primaurelia species/haplotype 

reappeared the most.  
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Figure 10. Paramecium aurelia species by season. The colors represent the different 
Paramecium aurelia species/haplotypes (A1-A3). 
 

All of the seasons were combined to see if certain species/haplotypes were dominant in 

particular ponds (Table 2). C1 was found in large abundance in all of the ponds. Interestingly, 

A2 was found in relatively large abundance only in BW and LP. A3 was found in relatively large 

abundance in DP and then one strain was cultured from KB.  

 BW LP CP MW DP KB 
C1 15 17 29 6 33 10 
C2 0 5 0 6 0 2 
C3 0 0 0 0 1 0 
A1 3 0 0 0 0 0 
A2 13 11 0 0 0 0 
A3 0 0 0 0 12 1 
M1 1 0 0 0 4 0 

Table 2. Haplotypes in ponds. The rows are the different haplotypes and the columns are the 
different ponds. The numbers represent the number of strains that were cultured of the particular 
haplotype in the pond from all of the seasons combined. 

  
Winter Temperature and Light 

Temperature probes were placed in Minnewaska, Binnewater, Kripplebush, Duck Pond, 

and Lippman Park in November 2018. The only probes that could be retrieved were the ones 

from Minnewaska, Binnewater, and Kripplebush. The probes recorded water temperature and 
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light readings every hour between November 29, 2018 and February 14, 2019 (Figure 11). 

Minnewaska and Binnewater’s water temperature fluctuated over the winter whereas the water in 

Kripplebush remained more constant.  

 
Figure 11. Temperature in Lake Minnewaska, Binnewater, and Kripplebush over Winter 
2018-2019. Temperature probes were placed in three of the lakes from November 29, 2018 to 
February 14, 2019. 
 
Discussion 

 In the ponds sampled in Ulster County, NY there are significantly more P. caudatum than 

any other Paramecium species. Specifically, the C1 haplotype is the most prominent and can be 

found in any season and in any pond. The C2 haplotype has only been found in Lake 

Minnewaska and the C3 haplotype has only been found in Duck Pond.  

 The Paramecium aurelia complex is more diverse and evenly represented. There isn’t a 

single species that is more likely to be found than the other two. P. triaurelia was found only in 

Binnewater. P. biaurelia was found only in Binnewater and Lippman Park. P. penta/primaurelia 

was found in Duck Pond and Kripplebush.  

 Out of the 166 samples analyzed, only two were P. multimicronucleatum. These samples 

were isolated from Minnewaska in Summer 2017 and Duck Pond in Winter 2018. It is interesting 
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that even with such a small number of samples represented, P. multimicronucleatum was found 

in two different ponds, indicating a cosmopolitan distribution, consistent with its lack of endemic 

species. 

 Overall, it was found that there is species and haplotype diversity within and between 

ponds. For Paramecium caudatum there is a more dominant haplotype (C1) for all of the ponds. 

However, for Paramecium aurelia there is more diversity and there are species that are only 

pond in certain ponds. These results support the overwintering hypothesis. From season to 

season, certain species/haplotypes remain in the same ponds. Additionally, the fact that we were 

able to retrieve samples, albeit a small number, containing Paramecium cells from under the ice 

in a completely frozen lake indicates that they survive under the ice through the winter, whether 

as cysts or simply cells. 

In the future, a clustering analysis should be done to determine whether there is a 

correlation between geographical distances between ponds and the common species and 

haplotypes. 
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