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Independent Investigation-Biodiversity of Phytoplankton
 In Sun vs. Shade Pond

Research Question: Will the biodiversity of phytoplankton differ in a sun and shade pond?  

Hypothesis: The 2 pond sites at Graver Arboretum will have different phytoplankton biodiversity in the sun and shade pond due to differences in abiotic factors in the ponds.  Differences in abiotic factors in the 2 ponds may include differences in light, temperature, and dissolved oxygen.
Background Info: Phytoplankton is one of the major components in aquatic ecosystems because of its ability to carry out photosynthesis.  Phytoplankton must live on pond surfaces to obtain sunlight for photosynthesis.  Phytoplankton release oxygen and convert the sun’s energy to chemical energy stored in food.  Dissolved oxygen in the water increases due to photosynthesis.  Phytoplankton is at the base of aquatic food webs, as a primary producer to feed zooplankton and other microorganisms.  When many algae are present, they give the water a distinctive odor.  Phytoplankton is necessary in aquatic ecosystems to cycle carbon and nutrients, such as sulphur, nitrates, and phosphates, throughout aquatic ecosystems.  Phytoplankton is more abundant in areas with higher light intensities and its concentration varies depending on nutrient content. (Plankton in Freshwater Communities, 2005) 

Green algae are found more in ponds and lakes than other groups of algae.  Filamentous green algae such as Mougeotia and Zygnema form dense mats of “pond scum” on the top layer of ponds. (Van Egmond, 1995)  Desmids, a type of green algae, are a common phytoplankton type.  They are found in areas with low pH and are often in lakes and bogs.  Micrasterias, divided into two semi-cells, and crescent-shaped Closterium are two common single-celled desmids.  Blue-green algae are abundant in ponds with organic matter and may be an indication of polluted water.  Tiny bubbles of oxygen may be seen when cyanobacteria are in the sunlight.  Blue-green algae may give water a stinky odor and taste.  Diatoms are yellow-green algae that have walls made of silica. (Reid, 2001)  Diatoms are brownish-green algae that inhabit open lake water and shore water. (Rainis and Russell, 1996)  
Research Method: To study the biodiversity of algae in a sun and shade pond, two samples of algae will be taken at a sunny and shady pond site.  The samples will be taken from the surfaces of each pond and gathered with the plankton net.  The samples will be taken at the Graver Arboretum during the lab periods on Wednesday from 1:30pm to 4:20pm.  The net will be tossed into the pond 3 times to fill a small, plastic container with algae.  After, the samples are obtained, the bottles will be capped.  Three bottles of algae will be sampled from each pond site.  One bottle from each sample will be heated for twenty seconds in the microwave, the second bottle will have a small amount of ethyl alcohol added to it to kill zooplankton and other microorganisms that feed on phytoplankton, and the third bottle will be left as it is, without measures taken to destroy zooplankton.  The samples will be brought back to the lab and examined underneath a microscope to determine the different species of phytoplankton living in the water.  A pipette will be used to suck the plankton samples out from the plastic containers and transfer the plankton samples to a glass slide.  Then, a cover slip will be added and the slides will be observed for phytoplankton.
Biodiversity of Phytoplankton Species in Sun Pond, Table 1
	Phytoplankton Species
	# of Individuals
	Pi
	LogPi
	Pi(LogPi)
	Phytoplankton Group

	Volvox
	2
	.125
	-.9031
	-.11289
	Green algae

	Closterium
	1
	.0625
	-1.204
	-.07525
	Desmid

	Coelosphaerium
	2
	.125
	-.9031
	-.11289
	Blue-Green Algae

	Diatoma
	5
	.3125
	-.5051
	-.15784
	Diatom

	Tabellaria
	2
	.125
	-.9031
	-.11289
	Diatom

	Docidium
	1
	.0625
	-1.204
	-.07525
	Desmid

	Zygnema
	1
	.0625
	-1.204
	-.07525
	Green algae

	Mougeotia
	1
	.0625
	-1.204
	-.07525
	Green algae

	Micrasterias
	1
	.0625
	-1.204
	-.07525
	Green algae

	Total: 9
	16
	
	
	-.87276
	


The total number of phytoplankton species, the number of individuals of each species, Pi, LogPi, Pi(LogPi), and the phytoplankton group categories found in a sun pond at the Graver Arboretum are included in this chart.

Total # of Species: 9

Total # of Individuals: 16

Shannon-Weaver Diversity Index:

S=9
N=16

H’=-sum[(Pi)(logPi)]= .87276
Hmax=logs=log9=.9542
J=H’/Hmax=.87276/.9542=.9146

Percentage of Phytoplankton Groups:

4 Green Algae-44.4%
2 Desmids-22.2%
1 Blue-Green Algae-11.1%
2 Diatoms-22.2%
Percent Dominance (Top three families): 9/16*100=56.25%

Analysis: The taxa richness of the sun pond at Graver Arboretum is 9 because there are 9 algae species.  The taxa found in the water samples included Volvox, Closterium, Diatoma, Tabellaria, Docidium, Zygnema, Mougeotia, and Micrasterias.  Species abundance is 16 because there are 16 individual algae found in the water samples.  The Shannon-Weaver biodiversity index is .87276, which indicates that there is a high biodiversity of algae in the sun pond.  Taxa evenness is .9146 which indicates that the pond has close to the same amount of individuals present from each species.  The dominant taxon of phytoplankton is Diatoma, which had 5 algae that were found in the water sample.  Percent dominance is 56.25%, which indicates that the top three families comprise over half of the families sampled.  The most dominant plankton group was green algae, which comprised 44.4% of the algae species.  Pi is the proportion of the sample represented by each species.  Pi is the total number of individuals of a particular species divided by N, the total number of species.  The taxa richness is the Shannon-Weaver biodiversity index divided by the maximum possible diversity in an ecosystem.  Hmax is the maximum possible diversity of species. 
Biodiversity of Phytoplankton Species in Shade Pond, Table 2
	Phytoplankton Species
	# of individuals
	Pi
	LogPi
	Pi(LogPi)
	Phytoplankton Group

	Coelosphaerium
	37
	.9024
	-.0446
	-.04025
	Blue-Green Algae

	Mougeotia
	1
	.02439
	-1.61279
	-.03934
	Green Algae

	Docidium
	1
	.02439
	-1.61279
	-.03934
	Desmid

	Diatoma
	1
	.02439
	-1.61279
	-.03934
	Diatom

	Micrasterias
	1
	.02439
	-1.61279
	-.03934
	Green Algae

	Total: 5
	41
	
	
	-.19759
	4


The total number of phytoplankton species, the number of individuals of each species, Pi, LogPi, Pi(LogPi), and the phytoplankton group categories found in a shade pond at the Graver Arboretum are included in this chart.
Total # of Species: 5
Total # of Individuals: 41

Shannon-Weaver Diversity Index

S=5

N=41

H’=-sum[(Pi)(logPi)]=.19759

Hmax=logS=log5=.6990

J=H’/Hmax=.19759/.6990=.28268

Percentage of Phytoplankton Groups:

2 Green Algae=40%

1 Blue-Green Algae=20%

1 Desmid=20%

1 Diatom=20%
Percent Dominance (Top Three Families)=39/41=95.12%

Analysis: The taxa richness of the shade pond is 5 because there are 5 species of algae found in the water sample that were in the pond.  These species include Coelosphaerium, Mougeotia, Docidium, Diatoma, and Micrasterias.  The species abundance is 41 because there were 41 individual algae found when examined underneath the microscope.  The Shannon-Weaver biodiversity index of .19759 indicates that there is a low biodiversity of algae.  The taxa evenness of the shade pond is .28268, which also a relatively low number that indicates that the number of species in the shade pond is unequally distributed among algae taxa.  The percent dominance is 95.12%, which indicates that nearly all of the algae sampled in the shade pond belong to the dominant groups.  Coelosphaerium has 37 individual algae found in the samples and is the dominant taxa of algae.  The most dominant group of phytoplankton was green algae, which made up 40% of the algae groups in the shade pond sample. 
Conclusions: The biodiversity of phytoplankton found in the sun pond at Graver Arboretum is greater than the biodiversity in the shade pond.  The sun pond has greater species richness.  The species richness is 9 in the sun pond and the 5 in the shade pond.  This means that in the sun pond, 9 different species of phytoplankton were present in the water samples, and in the shade pond, five species were found.  The species abundance, or the number of individuals found in the water samples, is higher in the shade pond.  The species abundance is 41 in the shade pond and the 16 in the sun pond.  The Shannon-Weaver Biodiversity index is .87276 in the sun pond, which indicates that there is a high level of biodiversity in the sun pond.  The taxa evenness is .9146 in the sun pond, which is very high and indicates that the individual algae are spread out almost equally across taxa in the pond water that was sampled.  In the shade pond, the Shannon-Weaver index is .19759, indicating low biodiversity, and the taxa evenness is .28268, which means that phytoplankton are not equally distributed across taxa.
In sun and shade ponds, the same phytoplankton groups, green algae, diatoma, desmids, and blue-green algae are represented.  Green algae have the greatest representation across the different taxa and are the dominant phytoplankton group in the sun and shade ponds.  Coelosphaerium, Mougeotia, Docidium, and Diatoma are found in both sun and shade ponds.  Coelosphaerium, a blue-green algae, has 37 individuals in the shade pond and is the most dominant phytoplankton taxa in the shade pond.  The large abundance of Coelosphaerium in the shade pond may be one of the factors contributing to the strong odor at the shade pond, and this indicates that there is more organic matter present in the shade pond.  The taxa Diatoma has 5 individuals in the sun pond and is therefore the dominant taxa of phytoplankton in the sun pond.  

Discussion: In this study, the strengths included taking multiple water samples from each of the pond sites.  Numerous samples give a more accurate representation of the different phytoplankton species in the sun and shade ponds.  Also, adding ethyl alcohol to one of the samples, microwaving one of the samples, and leaving one of the samples as it is provided numerous ways to study the phytoplankton samples.  By microwaving the samples and adding ethyl alcohol, the zooplankton and other predators that may have eaten the plankton were eliminated, and by not touching one of the samples, the phytoplankton could be studied in its natural state. 


Random errors may come from sampling the pond water in the sun and shade ponds in the fall season.  In the fall, there are numerous leaves that cover the surfaces of both of the two ponds and these leaves may cause both ponds to receive less sunlight.    Since phytoplankton need sunlight for photosynthesis, it will make it difficult for the algae to survive in the pond and to carry out photosynthesis.  Receiving less sunlight may also impact the temperature, dissolved oxygen, and other abiotic factors in the two ponds.  Both ponds had a dissolved oxygen content of 2ppm and had a temperature of 39 degrees Fahrenheit recorded.  Since both ponds have the same dissolved oxygen and temperature, this may cause algae content and biodiversity to be more similar in the ponds.  To improve research and get a more accurate comparison of a sun and shade pond, phytoplankton may be studied in the summer time.
Abstract: The biodiversity of phytoplankton in a sun and shade pond are compared at the Graver Arboretum.  Three water samples are collected from two ponds with a phytoplankton net and then two of the three samples are treated to kill other microorganisms so that the phytoplankton will not be eaten by other microorganisms by microwaving and adding ethanol to two of the samples.  Then, slides of the water samples from both ponds are examined under the microscope for phytoplankton species.  The biodiversity of phytoplankton in the sun pond is greater than the shade pond.  The species richness, Shannon-Weaver biodiversity index, and taxa evenness is greater in the sun pond.  The percent dominance of the top three families and the percent taxa of phytoplankton belonging to certain algae groups, green algae, desmids, diatoms, and blue-green algae, assess which phytoplankton taxa and algae groups are the most common.  Coelosphaerium, Mougetaria, Docidium, and Diatoma phytoplankton are in both ponds and green algae are the dominant group of algae in both ponds at the Graver Arboretum.  Biodiversity is compared in the two ponds by measuring species abundance, species richness, taxa evenness, and the Shannon-Weaver biodiversity index.
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