
The Effects of Eutrophication on the Green Frog Populations in Wisconsin


By

Whitney Zenk



An Undergraduate Thesis
Submitted in Partial Fulfillment for the Requirements of
Bachelor of Arts
In
Geography and Earth Science
And 
Environmental Science





Carthage College


Kenosha, WI


 May 2017










Abstract

	Green frogs serve a big purpose in the ecosystem they inhabit because they can help determine how healthy an ecosystem is. More and more lakes are becoming eutrophied, which can affect the aquatic life. By estimating frog call frequencies, a higher frequency is shown at lakes that are not eutrophied based solely off the collected data in the experiment. Although data acquired from the Wisconsin DNR showed otherwise, there was a remarkable trend in frog call frequencies and water temperature. It concludes, from required data by the DNR, Green frogs in Wisconsin are more sensitive to water temperature than trophic levels. 
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Wisconsin Frogs Literature Review
 
Introduction
 
        	Eutrophication negatively affects the population of Greens frogs due to the preference of selecting ecosystems that are not affected by eutrophication over ecosystems that are affected by eutrophication. Amphibians worldwide have decreased in population, and amphibians in particular that have hit major declines are frogs. One of the many suspicions of the decline may be due to water pollution from agricultural runoff and other sources. Detecting a problem early enough may help solve issues and hopefully improve the environment of where frogs live in the future. Not all of the frogs in Wisconsin have hit a decline in population, but the few that are declining are important to study not only to help those species but other possible species that could be affected. The reason for studying frogs is how susceptible they are to chemicals and other pollutants due to their permeable skin and are great species for analyzing how healthy or unhealthy the environment is. What real question is, are frogs selective of their habitats when it comes to eutrophication? Will they search for habitats not affected by the excessive addition of nutrients?  The experiment will be set up in order to answer these questions. 
 
Amphibian Characteristics
        	All animal vertebrates are characterized into animal groups and these animal groups are mammals, reptiles, fish, birds, and last but not least amphibians. Amphibian class represents all frogs, toads, salamanders, caecilians, and newts. These animals are categorized as amphibians because they all have thin permeable skin that allows them to breathe. Permeable skin, where gasses and liquids can easily pass through, is not the only similar characteristic all amphibians have, amphibians also live a “double-life” and go through a process called metamorphosis. Metamorphosis is different for each amphibian, but normally amphibians have a big transition from their larval stage to their adult stage. One other characteristic shared among amphibians is that they are ectothermic, meaning they are not able to generate their own heat so they have to find other sources of heat, for example, the sun (Saint Louis Zoo Animals Always). The last characteristic is amphibians do not have scales.
        	The world benefits from amphibians in multiple ways. Frogs have compounds in them that are important in pharmaceuticals. These compounds are used in analgesics, antibiotics, and stimulates for heart attacks. Amphibians are nice biological indicators due to their permeable skin. Amphibians are more susceptible environmental contaminants, so they are good resources to use for testing an area for harmful chemicals. Knowing the harmful effects it causes on amphibians can lead to preventative measures to harming humans. Not only are amphibians important for human health, but also beneficial in their ecosystem because not only are they a prey animal they are also a predator. Insects and other invertebrates make up most of an amphibian’s diet, and without amphibians, insects would overpopulate the Earth. Since the decrease of amphibians, insect populations have increased and have caused problems in crops (Austrailian, T., Resources N., & Council, D 2015).
        	Amphibians have hit a decline in population and has been said to be the “greatest species conservation challenge in history of humanity” according to Amphibian Ark. Many species are dependent on staying captive in zoos for their survival or until conservative measures are taken place in the wild. According to the International Union for Conservation of Nature (ICUN), there are about 427 species of amphibians that are considered endangered. Not only are there hundreds of amphibian species endangered, approximately 120 species are already extinct from just the past couple of years (Austrailian, T., Resources N., & Council, D 2015). There are many factors that affect amphibians and the table below, Table 1, shows the different factors and how it affects amphibians (Young 2001). A few of the factors listed in the table include: climate change, habitat change, chemical contaminants, diseases, invasive species, and also the pet trade industry. The results of these factors can detrimental to amphibian life. Changes in water quality can inhibit frog growth and other body disruptions, and any change in habitat, either it be habitat destruction or modification, it can make it hard for amphibians to find a place to breed or live. Introduced species can be harmful because it competes with native species and can also introduce dangerous diseases (Young 2001). 








Table 1. Shows multiple factors that affect the amphibian population and describes how exactly these factors affect them. This table is from a research done in the experiment Population Declines and Priorities for Amphibian Conservation in Latin America (Young, B. E. et al. 2001).
[image: ]
Frogs of the World
        	Out of all of the types of amphibians, this research is geared towards frog species. All frogs follow under the order Anura, but each frog is separated into a family of frogs based on different characteristics they share. A few examples of the families of frogs include: Ranidae (true frogs), Hylidae (true tree frogs), and Ascaphidae (tailed frogs) (Anuran Family Page). Currently in the world, there are approximately 4,740 frog species, which inhabit every continent besides Antarctica (Basic Facts About Frogs). One characterization all frogs share are the formation of their legs. They have two shorter legs in the front that aids in jumping and support, and long hind legs that help them jump. At the ends of frogs’ legs are webbed feet that are used for swimming. The life cycle of frogs are also very similar in the sense that they all go through three stages, egg stage, tadpole stage, and then adult stage. Due to this 3-stage life cycle, it is said that frogs live part of their life in the water and other part on land. Frogs play a major role in their environment, because not only are they prey, they are also a predator of many pests. A frog’s main diet is composed of bugs and insect larvae fly larvae, snails, and slugs, and many other insects (Loman 1979). Overwhelming population declines of frog species have been seen on most continents, and this can be a huge problem because frogs have an important role in an ecosystem. According to the study by Stuart N. Simon and other scientist, three major family species have been hit the most and those three species are Hylidae (tree frogs), Leptodactylidae (southern frogs).  They not only show certain frog species decline, but also demonstrate a wide range of amphibian species decline and their main cause for their decline, Figure 1. The Hylidae family has approximately 40% of its species are declining in population and this is due to enigmatic decline, which means the cause of the loss is unknown, but for the Bufonidae family, a little over 20% of its species is declining due to reduced habitat. Another charactistic the graph shows is the percentage of species that is in the family (Stuart 2004). The actual frog families that are on this list include: Bufonidae, Leptodactylidae, Hylidae, Ranidae, Dendrobatidae, Microhylidae, Myobatrachidae, Rhacophoridae, Limnodynastidae, Petropedetidae, Hyperoliidae, Megosphryidae, Centrolenidae, Athroleptidae, Discoglossidae, Rheobatrachus, Hemisotidae, Leiopelmatidae, Mantellidae, Pelobatidae, and Scaphiopodidae.

[image: ]
Figure 1. Shows the different amphibian family species around the world. The graph shows the number of species declined and the reason behind it (Stuart 2004).

        	As stated before, agriculture can have an effect of amphibian species, and more specifically, frog species. One study done testing the survivorship of the Red-legged frog and Northwestern salamander near agricultural sites and a laboratory sample and the result of the experiment was that the hatching sites at the agricultural areas produced less tadpoles compared to the laboratory sample (De Solla 2001).
 








Frogs of the United States
        	According to the Defenders of Wildlife organization the United States inhabits approximately 90 species of frog, and unfortunately, frogs have been hit with environmental issues. One issue frogs have been facing is loss of habitat and the presence of roads. Roads can prevent frog movement from one environment to the next and the inhibited movement can affect species richness in ponds (Knutson 1999). A suitable habitat for breeding is crucial for the survival of the next generation of frogs, and a study done, concluded that habitats with 60% forest coverage supported more species richness, which included frogs (Herrmann 2005).  Agriculture contaminant in water habitats is another environmental issue that is affecting frog populations. Chemical contaminates runoff from fields into waterways can lead to an increase of unnecessary nutrients and one of the results from the runoff is eutrophication (Deformed Frogs 2015).  This can cause abnormalities in frogs, for example, extra limbs. Frogs have permeable skin and are sensitive changes in the environment and can be used as biological indicators of environmental health (Basic Facts About Frogs).
Frogs of Wisconsin
        	Currently in Wisconsin, there are 11 species of frog, Table 2, and they are, Blanchard’s Cricket Frog (Acris blanchard), Boreal Chorus Frog (Pseudacris maculata), Spring Peeper (Pseudacris crucifer), Cope’s Gray Treefrog (Hyla chrysoscelis), Gray Treefrog (Hyla versicolor), American Bullfrog (Lithobates catesbeianus), Green Frog (Lithobates clamitans), Pickerel Frog (Lithobates palustris), Northern Leopard Frog (Lithobates pipiens), Mink Frog (Lithobates septentrionalis), and Wood Frog (Lithobates sylvaticus) (WFTS). A few of the frogs have shown a decrease in population. Many of these frogs are affected by anthropogenic stresses, such as pesticides and insecticides put on fields and washed off into water ecosystems (Boone 2001)
Table 2. List of native frogs in Wisconsin (Wisconsin Department of Natural Resources).
	Common Name
	Scientific Name

	American Toad
	Anaxyrus americanus

	Blanchard’s Cricket Frog
	Acris crepitans

	Boreal Chorus Frog
	Pseudacris maculate

	Bullfrog
	Lithobates catesbeiana

	Cope’s Gray Treefrog
	Hyla chrysoscelis

	Gray Treefrog
	Hyla versicolor

	Green Frog
	Lithobates clamitans

	Mink Frog
	Lithobates septentrionalis

	Northern Leopard Frog
	Lithobates pipiens

	Pickerel Peeper
	Lithobates palustris

	Spring Frog
	Pseudacris crucifer

	Wood Frog
	Lithobates sylvatica



	

        	The Green Frog, also referred to as the Bronze Frog, lives throughout all of Wisconsin and shares similar habitats as the Blanchard’s Cricket Frog (WFTS). The Green frog was chosen solely on the fact it spends a majority of their life in water. Green frogs are also dispersed in Canada, Maine, to Oklahoma, Texas, and Florida. Unlike the Blanchard’s Cricket Frog, Green Frogs have a pretty distinct color ranging from green to brown to a yellowish-olive color. Green Frogs also have a tympanum on the side of their heads and ridge along their body. Their sound is compared to plucking a banjo string. Green frogs are also found in slow moving lotic systems and lentic ecosystems. Swamps, lakes, bogs, slow moving streams are the few examples of ecosystems Green frogs can be found. Green frogs have a wide range of prey. Mostly carnivorous, Green frogs feed on small snakes and frogs, slugs, snails, flies, spiders, and many other invertebrates. Green frogs mate around the same time period as the Blanchard’s Cricket frog, which is from late May to Mid-August. This species of frog has not hit a major decline in population compared to the Blanchard’s Cricket frog, and is actually quite common in Wisconsin. Although there have been several cases of frog abnormality and limb deformities, which could be from water contamination (Blanchard’s Cricket Frog (Acris crepitans blanchardi)).
 
Eutrophication
Eutrophication can be detrimental to many water ecosystems and in many cases, caused by agricultural runoff of pesticides and herbicides. Eutrophication happens when there is an excessive amount of nitrogen and phosphorus, and dissolved oxygen decreases (Peltzer 2008). Phosphorus is the main component causing eutrophication, and although it is essential to all life, too much can be harmful. It is said in the study The Role of Phosphorus in the Eutrophication of Receiving Water that phosphorus is the limiting factor, meaning it controls the growth of certain species in the water. Phosphorus is entered through the water systems by from surface waters. Nitrogen can also be from surface waters or entered into the water system from leaching into the groundwater (Correll 1998). Eutrophication can cause the water to form algae, which can alter the color of the water, and will often produce a bad odor (Hasler 1947). This can be dangerous for frogs because they use ponds to lay their eggs. Eutrophication may introduce other harmful organisms that overpopulate and can hurt terrestrial life. A study done concluded that the excess runoff, leading to eutrophication, introduced parasites in one of the agricultural ponds and affected the frog population. Both of the agricultural ponds had devastating effects on the tadpoles (Peltzer 2008). The figure below shows the biodiversity level, dissolved oxygen, production, and phosphorus input for the three types of lakes.
[image: ]
Figure 2. The changes of biodiversity levels, dissolved oxygen levels, primary production, and P-input levels for the different types of lakes (Correll 1998).

As seen in figure 2, lakes that are considered eutrophic have a low biodiversity level, along with a low level of dissolved oxygen. Lakes that are considered oligotrophic, usually meaning the lake is low in nutrients and is considered to be a clear lake, has a high biodiversity level, and dissolved oxygen levels. The other characteristic to note is the different of P-input flux. The phosphorus input is much higher in the lake that is eutrophic than the lake that is oligotrophic (Correll 1998). 
        	As told in the previous paragraphs, frogs, as well as amphibians, are important animals to study because they play important roles in the ecosystem. There are multiple suggestions to why frog species have declined and the one focused in this experiment is water pollution. Water pollution has increased due to the use of herbicides and pesticides in farm fields. The main nutrients that are focused on are phosphorus and nitrogen. Dissolved oxygen is also another key characteristic that affects the aquatic life because many organism use oxygen. The species that will be focused on in the experiment the Green frog.

Hypotheses
Null: Green frog will have a higher or equal population (based off of frog call frequencies) at eutrophic lakes. 
Alt: Green frog will have a lower population (based off of frog call frequencies) at eutrophic lakes. 





























Methods

Study Area
	The study area for the physical field collecting occurred in Kenosha County, which is located in the Eastern Ridges and Lowlands of Wisconsin. This area is known for having glacial deposits from the ice-age, and is now one of the best agricultural areas in Wisconsin, and because it is a great area for agriculture, it is susceptible to leaching of pesticides, fertilizers, and herbicides that enter in waterways (Wisconsin Geography). The study area for data collected by the Wisconsin DNR’s Frog and Toad Watch program was in Kenosha County and Racine County. 
Study Sites
	The samples were taken from three different sites, all located within southeastern area of Wisconsin. The three sample locations were Bur Oak Lake, Juniper Lake, and Cull Lake; all are of which lentic ecosystems. Bur Oak Lake has an area of 7 acres and a maximum depth of 11 feet. The lake is a drained lake and contains Pan fish. Juniper Lake is also a drained lake and has an area of 12 acres and a maximum depth of 22 feet.  Aquatic life, such as the Pan fish and Largemouth bass, Micropterus salmoides, inhabit this lake. Cull Lake has an area of 13 acres and has a mean depth of 14 feet. The lake is also considered a drained lake and is eutrophic, Figure 5. 
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Figure 5. Displays the three different sites visited in the physical collection of the experiment.






Field Methods
	The experiment took place at 3 different locations evaluating the Green frog calls. Samples were first taken on Monday, June 6, 2016 and on every other Monday and ended on Monday, August 29, 2016. The experiment took place during the evening starting at 6:00 pm and frog calls and responses were sampled within a 30-minute time slot. The calls were evaluated based off of the Frog Watch observation datasheet. Wind speed, also based off of the Beaufort Wind Scale from the Frog Watch observation datasheet, was recorded along with temperature and precipitation, figure 3.  After collecting frog calls, air temperature, precipitation, and wind speed at each location; air temperature, and wind speed were averaged together to produce a final number. 
[image: ] [image: ]
Figure 3. Frog call index and wind scale from the FrogWatch USA.

	 





Data Acquisition

	Data was also collected from the Wisconsin DNR to add more supplement data to the experiment. The data was collected similarly to how it was collected in the field. The data used in the experiment were all in Kenosha and Racine County in Wisconsin.
	The whole state of Wisconsin has multiple route ID numbers and within the route ID numbers, are sites ID where frog calls were evaluated. The route ID’s refer to different areas within Wisconsin and the site ID’s are the different locations where frogs were evaluated at. The route ID’s used in the experiment was Route ID 301, Route ID 302, Route ID 303, Route 521, Route ID 411, Route ID 651 and Route ID 654. Within each of these route ID’s, are 10 different sites that are evaluated for frog calls. These locations were chosen due to the fact they were at similar locations to the lakes that were physically visited in the experiment, Figure 6.
	Since the data acquired from the Wisconsin DNR did not state the trophic levels of any of the pond or lakes, the Wisconsin Find A Lake website was used to locate the information. 







[image: ]
Figure 6. Displays the data acquired from the Wisconsin DNR.



Geographic Information System (GIS)
	The geographical location from where the samples collected were then put into ArcGIS to display the locations of each lake. The latitude and longitude were recorded into an excel sheet, and then the excel sheet was saved as a CSV file. The CSV file was then transferred into a shape file in ArcGis. The light grey canvas was used as the base map and zoomed into the sampled lakes. The lakes were then labeled as 1, 2, and 3. One is Cull Lake, two is Bur Oak Lake, and three is Juniper Lake. The labeled numbers each have different colors and selecting the labels tab under properties and using the SQL Query to change the color of each number completed this. A legend, a north arrow, and a scale was also inserting onto the map. 
	The process for the Wisconsin’s data was fairly similar to the collected data. The data excel sheet received from the Wisconsin DNR was saved into a CSV file to be able to be turned into a shape file in ArcGis. In ArcGis, the light grey canvas was used as a base map. A zoom tool, pinpointed the locations that each route and site was visited. Each route ID was given a different color, and selecting the labels tab under properties and using the SQL query to color coordinate each route ID number accomplished this task. A legend, north arrow, and a scale was then inserted onto the map. 






Statistical Analysis
Descriptive statistics will be used to analyze the data recorded and to find patterns. The mean and standard deviation will be used on the data collected in the field and also on the data from the Wisconsin DNR. The mean was used to find the average in frog call frequencies, water and air temperature, and a few other characteristics; and standard deviation will show the variation among the data set. Regressions, or the R 2 value was used to find a correlation among two variables, and for this experiment, it was to find a correlation among average frog call frequency and average water temperature from 1984 to 2014, and another regression value was used to compare average frog call frequency at each lake type (eutrophic and noneutrophic) over the course of 20 years. A student’s t-test was calculated to find a statistical value in order to reject or fail to reject the null hypothesis.  Regression lines were also added to a few graphs in order to show correlation among different variables. 















Results

Field Sampling Results

	There are two sets of results for the experiment, the results from the physical data taken from the field and data extracted from a data base from the Wisconsin DNR, and from these two data sets, comparisons can be made.  
	Cull Lake, eutrophic, had an overall lower call frequency compared to Bur Oak Lake and Juniper Lake, both are noneutrophic, based off of the average frog call frequency standard deviation (Table 3). The average air temperature starts out cool in the beginning of summer, increases in middle of summer when it is much warmer outside, and then decreases again as fall is coming. The frog call frequencies follow a similar pattern along with the air temperature by starting off low, increase, and then fall.   
Table 3. Call frequency of Wisconsin green frogs from field collected at each three lakes.
	Date
	Bur Oak Lake
	Juniper Lake
	Cull Lake
	Average Temperature °F
	Average Wind Scale
	Precipitation

	6-Jun
	1
	1
	1
	70
	1
	None

	20-Jun
	2
	2
	1
	71
	1
	None

	27-Jun
	2
	1
	1
	75
	0
	None

	4-Jul
	2
	1
	1
	76
	2
	None

	18-Jul
	2
	1
	1
	78
	1
	None

	1-Aug
	2
	1
	1
	76
	1
	None

	15-Aug
	1
	1
	1
	76
	1
	None

	29-Aug
	1
	1
	1
	74
	0
	None

	Average 
	1.75
	1.25
	1
	
	
	

	Standard Deviation
	0.46
	0.46
	0.00
	
	
	




DNR Data Results
	The results of the experiment show the frequency of the frog calls, their locations, and shows an overall representation if frog populations prefer lake ecosystems that are eutrophic versus non-eutrophic.  Table 4 demonstrates the results of separating each of the route ID’s and the averages of frog calls at each run at each of the different sites. The runs are separated into three different timeframes, the first run occurred in late April to May, the second run occurred from June, and then the third run occurred during July and into August. For many of the sites, the average frog calls increased from the first run to the third run, usually the first run having either no or low call frequency to the third run having a higher call frequency. The sites highlighted in green are known as eutrophic and the sites highlighted in orange are the lakes or ponds are not eutrophic. Comparing the two outcomes, it is clear to see that there is no clear difference between frog call frequencies at lakes that were eutrophic versus lakes that are not. 









Table 4. Average call frequency for Wisconsin green frog from DNR data (run 1 = beginning of summer, run 2 = mid-summer, and run 3= end of summer). Sites highlighted green = eutrophic lakes, sites highlighted blue = noneutrophic, and no highlight = no information on eutrophic status.

	Frog Call Frequency
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 301
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	0.00
	0.00
	0.00
	0.00
	0.03
	0.00
	0.00
	0.03
	0.00
	0.00
	0.01
	0.01

	Run 2
	0.25
	0.28
	0.44
	0.31
	0.31
	0.84
	0.28
	0.91
	0.50
	0.66
	0.48
	0.24

	Run 3
	0.19
	0.58
	0.81
	0.74
	0.50
	1.39
	0.58
	1.84
	1.50
	1.29
	0.94
	0.53

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 302
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average
	

	Run 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Run 2
	0.43
	0.29
	0.71
	0.79
	0.07
	0.71
	0.36
	0.71
	0.43
	1.00
	0.55
	0.28

	Run 3
	0.94
	0.39
	0.94
	1.28
	0.56
	1.17
	1.21
	1.00
	0.39
	1.44
	0.93
	0.37

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 303
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Run 2
	0.44
	0.67
	0.89
	0.11
	0.22
	1.00
	0.67
	0.22
	0.67
	0.44
	0.53
	0.30

	Run 3
	0.13
	0.67
	1.33
	0.33
	1.00
	1.22
	1.33
	0.22
	1.25
	1.00
	0.85
	0.48

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 521
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Run 2
	0.67
	0.25
	0.75
	0.25
	0.00
	0.00
	0.00
	0.00
	1.25
	1.50
	0.47
	0.55

	Run 3
	1.00
	1.00
	1.00
	1.00
	0.00
	1.00
	0.00
	0.33
	1.50
	1.00
	0.78
	0.50

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 411
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7 
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Run 2
	0.13
	1.13
	0.25
	0.25
	0.25
	0.38
	0.00
	0.00
	0.50
	1.14
	0.40
	0.42

	Run 3
	0.22
	1.22
	0.56
	0.13
	0.75
	1.00
	0.00
	0.00
	1.25
	2.13
	0.73
	0.69

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 651
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7 
	Site 8
	Site 9
	Site 10
	Average
	Standard Deviation 

	Run 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.11
	0.00
	0.00
	0.00
	0.00
	0.01
	0.04

	Run 2
	0.38
	0.50
	0.25
	1.50
	0.38
	0.88
	0.75
	0.38
	0.25
	0.63
	0.59
	0.38

	Run 3
	1.14
	0.50
	0.71
	0.86
	0.43
	1.13
	0.75
	0.63
	0.29
	0.57
	0.70
	0.28

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 654
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7 
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	0.00
	0.00
	0.00
	0.12
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.04

	Run 2
	0.38
	1.23
	0.92
	1.29
	0.62
	0.93
	1.47
	1.27
	1.33
	0.40
	0.98
	0.40

	Run 3
	0.46
	1.15
	0.92
	1.14
	0.77
	1.29
	1.13
	1.53
	1.00
	0.47
	0.99
	0.34






	Table 5 also shows a trend similar to Table 4. The average water temperature shows an increase from run 1 to run 3, which was similar to Table 4, because the average frog call frequency increased also from run one to run 3. 








 


Table 5. Average water temperature in oF from DNR data (run 1 = beginning of summer, run 2 = mid-summer, and run 3= end of summer). Sites highlighted green = eutrophic lakes, sites highlighted blue = noneutrophic, and no highlight = no information on eutrophic status.

	Water Temperature
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 301
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	56.5
	55.7
	51.7
	53.8
	57.7
	55.9
	57.9
	55.5
	54.7
	55.8
	55.5
	1.81

	Run 2
	63.0
	63.7
	61.1
	63.3
	66.7
	64.5
	66.5
	66.5
	63.0
	65.2
	64.3
	1.87

	Run 3
	72.9
	72.0
	70.1
	70.1
	76.9
	73.6
	75.4
	76.9
	73.0
	73.4
	73.4
	2.42

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 302
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	57.0
	56.9
	57.6
	55.8
	
	57.4
	57.1
	55.6
	57.0
	56.2
	56.7
	0.69

	Run 2
	65.9
	64.9
	68.5
	67.8
	
	67.4
	68.0
	68.0
	67.9
	68.4
	67.4
	1.23

	Run 3
	71.6
	70.9
	76.8
	76.1
	
	74.4
	74.5
	75.5
	75.7
	76.2
	74.6
	2.08

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 303
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	57.0
	58.8
	58.0
	58.3
	60.5
	59.4
	58.0
	59.4
	59.3
	60.6
	58.9
	1.14

	Run 2
	66.4
	67.1
	68.7
	68.0
	69.8
	69.2
	68.9
	69.1
	69.0
	68.9
	68.5
	1.02

	Run 3
	73.6
	72.7
	74.9
	71.7
	73.4
	72.1
	73.8
	73.3
	73.6
	72.0
	73.1
	0.97

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 521
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	50.0
	49.0
	52.0
	
	
	52.0
	
	
	
	50.0
	50.6
	1.34

	Run 2
	60.0
	
	60.0
	
	
	66.0
	
	
	
	56.0
	60.5
	4.12

	Run 3
	67.0
	70.0
	
	
	
	72.0
	
	
	
	59.0
	67.0
	5.72

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route ID 411
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	52.9
	53.9
	52.6
	49.2
	51.1
	52.1
	51.3
	50.7
	48.9
	52.2
	51.5
	1.59

	Run 2
	58.2
	65.1
	60.7
	58.3
	59.0
	59.0
	57.4
	57.7
	57.9
	62.7
	59.6
	2.53

	Run 3
	69.9
	75.6
	73.7
	67.3
	71.0
	67.5
	68.0
	65.0
	68.8
	73.0
	70.0
	3.33

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route 651
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	56.7
	56.0
	53.9
	58.2
	57.0
	55.4
	57.5
	54.3
	52.3
	58.6
	56.0
	2.02

	Run 2
	65.3
	60.0
	65.5
	67.4
	64.3
	66.0
	60.8
	63.8
	63.8
	67.0
	64.4
	2.44

	Run 3
	65.4
	63.0
	66.0
	65.2
	64.0
	69.4
	68.0
	62.3
	65.0
	76.0
	66.4
	3.98

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Route 654
	
	
	
	
	
	
	
	
	
	
	

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average 
	Standard Deviation 

	Run 1
	56.5
	54.9
	52.8
	49.9
	56.1
	51.8
	51.5
	50.3
	56.3
	52.9
	53.3
	2.50

	Run 2
	63.8
	64.8
	63.1
	63.4
	68.3
	61.4
	65.3
	54.8
	67.9
	62.7
	63.5
	3.77

	Run 3
	70.6
	70.4
	67.4
	69.6
	73.9
	69.1
	66.0
	64.8
	72.3
	69.3
	69.3
	2.74





	Table 6 is a combination of the known noneutrophic and eutrophic lakes from Table 4 and Table 5.  One comparison to be made from the averages of frog call frequencies and water temperature is that as the frog call frequencies increase as the water temperature increases. Although the average water temperature stays consistent among the eutrophic and noneutrophic lakes, the average frog call frequencies appear to be slightly higher among the noneutrophic lakes. A student t-test was then used to find a significant difference between noneutrophic lakes and eutrophic lakes and the outcome came to a p-value of .35. According to a high p-value, I had to fail to reject the null hypothesis that states that the Green frog will have a higher or equal population (based off of frog call frequencies) at eutrophic lakes.
Table 6. Combination of Table 4 and Table 5 of the known lakes and their trophic level (run 1 = beginning of summer, run 2 = mid-summer, and run 3= end of summer). Blue represents noneutrophic lakes and green represents eutrophic lakes. 
	Frog Call Frequency 
	
	
	
	
	
	
	
	
	
	
	
	
	

	Run
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Average
	Standard Deviation 

	1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	2
	0.31
	0.79
	0.71
	0.43
	0.40
	1.00
	0.25
	1.50
	0.25
	0.63
	1.47
	1.27
	0.75
	0.46

	3
	0.74
	1.28
	1.00
	0.39
	0.47
	1.44
	0.71
	0.86
	0.29
	0.57
	1.13
	1.53
	0.87
	0.41

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	Average
	Standard Deviation
	

	1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.11
	0.00
	0.01
	0.03
	

	2
	0.50
	0.71
	0.71
	0.36
	0.92
	0.00
	0.50
	1.14
	0.38
	0.88
	0.38
	0.59
	0.32
	

	3
	1.50
	0.94
	1.17
	1.21
	0.92
	1.00
	1.25
	2.13
	0.43
	1.13
	0.63
	1.12
	0.45
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Water Temperature 
	
	
	
	
	
	
	
	
	
	
	
	
	

	Run
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Average
	Standard Deviation

	1
	53.8
	55.8
	55.6
	57.0
	56.2
	53.9
	58.2
	52.3
	58.6
	51.5
	50.3
	52.9
	54.7
	2.64

	2
	63.3
	67.8
	68.0
	67.9
	68.4
	65.5
	67.4
	63.8
	67.0
	65.3
	54.8
	62.7
	65.1
	3.81

	3
	70.1
	76.1
	75.5
	75.7
	76.2
	66.0
	65.2
	65.0
	76.0
	66.0
	64.8
	69.3
	70.5
	5.02

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	Average
	Standard Deviation
	

	1
	54.7
	57.6
	57.4
	57.1
	52.0
	48.9
	52.2
	56.7
	57.0
	55.4
	54.3
	54.8
	2.80
	

	2
	63.0
	68.5
	67.4
	68.0
	66.0
	57.9
	62.7
	65.3
	64.3
	66.0
	63.8
	64.8
	3.02
	

	3
	73.0
	76.8
	74.4
	74.5
	72.0
	68.8
	73.0
	65.4
	64.0
	69.4
	62.3
	70.3
	4.74
	






 





	Although there is not a significant difference in noneutrophic lakes having higher frog call frequency, another aspect to be looked at is a time-lapse from frog call frequencies from past frog surveys to the present and see if there is an increase or decrease of frog call frequencies throughout the years. Figure 7 displays the lakes that are either considered eutrophic or noneutrophic over a course of 20 years for run 3, or late summer. As shown, eutrophic lakes appear to have higher frog call frequency but according to the R2 there is not a significant change. The R2 value for noneutrophic lakes show an increase of frog call frequencies across the 20 years. Another time-lapse graph was created to compare all of the noneutrophic lakes and the eutrophic lakes acquired from the Wisconsin DNR by the average frog call frequency from 1884 to 2014, Figure 8. The R2 value for frog call frequencies is not significant because the value is low, although for water temperature, it increases slightly. 


Figure 7. The average frog call frequency for the 11 eutrophic lakes and the 12 noneutrophic lakes for run 3 over the course of 12 years.

[bookmark: _GoBack]
Figure 8. The average frog call frequency and the average water temperature from 1884 to 2014.

Discussion:
	The core topic of the experiment was to prove that Green frogs preferred water systems that are not eutrophic versus water systems that are eutrophic based off of frog call frequencies. The data recorded from the field indicates that frog call frequencies were higher in Bur Oak Lake, not eutrophic, than in Cull Lake, eutrophic. Although the data sways in favor of the hypothesis, the data collected from the Wisconsin DNR indicates there is no strong relationship. The data collected from the DNR shows little difference between average frog call from non-eutrophic sites compared to sites that are considered eutrophic, and due to the low p-value I had to fail to reject the null hypothesis. An explanation to this outcome could be that the trophic levels are relatively close to one another; because in order for a lake to be considered eutrophic, it’s trophic state index (TSI) has to be over 50 TSI and a total phosphorus level above 24 ug/L.  
	Although the data collected out in field indicates a relationship between noneutrophic lakes and frog call frequencies, other observations were made at the lakes used in the experiment, along with the lakes visited not used in the experiment. One observation is that water systems that were highly active in recreational either had very low or no frog call to be heard, and many of these sites were eutrophic lakes. Data collection in the field was not simple, because some lakes were extremely difficult to get to, as well as, no frog call or sittings of Green frogs. The reason Bur Oak Lake, Juniper Lake, and Cull Lake were selected is because frog calls could be heard from those lakes.
	Overall, the current results speculate that the green frog population is not affected by eutrophication. The data collected is only from Wisconsin, but with more time and available information, the initial hypothesis could be proven correct. The data collected physically, as well as, from the DNR, are from a volunteer basis. This means that scientist are not actually collecting the data, so the trust is in the hand of volunteers who may not be well educated in frog calls or may have had difficulties getting to the site to collect proper data.
	On the other hand, if assumed the DNR data is correct, there may be an ecological reason to explain Green frog population, based off of call frequencies, did not show a relationship to neither eutrophic lakes nor non-eutrophic lakes. One ecologic reason would be that the Green frog is highly common within Wisconsin, for if a frog species that were more threatened within Wisconsin, it may have shown a greater difference. Another possible explanation could be that the Green frog is not as susceptible to the changes in trophic levels, or they could have a higher tolerance to eutrophication. 
	Although there is not a trend in frog call frequency and water tropic levels, there is a trend in frog call frequencies and water temperature for both eutrophied lakes and noneutrophied lakes, according to Table 2. Displayed in the results from the DNR, frog call frequencies increased as the temperature of the water increased from the first run, which was taken place in late spring, to the last run, taken in late summer. The increase of frog call frequency is due to warmer temperatures because green frogs are more active during the evening especially warm evening. Currently, the results show that the frogs are more sensitive to the changes in water temperature than to water trophic levels. A possible explanation could be the eutrophication levels, specifically phosphorus, is not as a high enough level to affect the frogs. 
	A time lapse over a time period of 20 years was also looked at to see if a decline was shown and according to Figure 8, there is not a significant increase or decrease in populations based off of frog call frequencies. 
	Since there was minimal data for the experiment, difference tactics could be done in the future. One difference for future advancement would be the increase of lakes because there was minimal amount of lakes. Along with the expansion of lakes, another good idea would be to focus on a location that may be affected with huge declines of frog populations because most frog populations within Wisconsin are relatively stable, except for a certain few species; or if location is not feasible, then collecting information from a frog species that has hit a decline throughout the state of Wisconsin. If the experiment was done over, I would not only focus on the trophic levels of the lakes, I would also pay more attention to the water temperature of the lakes because as discussed in the results section, as frog call frequencies increased water temperature appeared to increase as well. The frog species used in the experiment may be more affected by water temperature over trophic levels, and now that climate change is really coming into affect, it would be interesting to see if climate change has an affect. How it could be tested would be to see the change of climate and compare it to water temperature and frog call frequency. 
	Limited data was not the only weakness of the experiment, another weakness was the data collected out in the field. Since it was my first time collecting frog calls, I was not exactly sure of what to do. The FrogWatch Program gave guidance of how to collect frog calls but I was not formally taught and those who volunteer for the program are showed properly. Volunteers of the program also collected water temperature, which lacked in the collected field data as well. Although there are a few weaknesses, there are some strengths of the experiment. Overall, the information did not show huge declines in the frog species, which is a positive for the water ecosystems in Wisconsin. Frogs, due to their permeable skin, are biological indicators and can be used to determine if an ecosystem is healthy. Another strength of the experiment was that the data was easily accessible from the DNR, so it was easy to gather the data. For some experiments, it can take weeks or month in order to attain the data. 
	Overall, I had to fail to reject the null hypothesis, which states that the Green frog will have a higher or equal population (based off of frog call frequencies) at eutrophic lakes and is due to a high p-value. The information did show a similar trend among frog call frequencies and water temperature; and lastly, frog populations have stayed stable due to frog call frequencies, whereas, water temperature has increased slightly over the years






Conclusion
	Green frogs, and other amphibians, do play a crucial role in our world; and because they are sensitive to their environment they act as good research tools in determining the healthiness of lentic ecosystems. The frog call frequency method was the best fit for the experiment because counting frogs can be a difficult task to accomplish.  Although the results from the DNR strays away from the hypothesis, it does not mean the eutrophication is not a problem, because it can be detrimental to aquatic life. The water systems are all connected one way or another, and protecting natural resources not only benefits the natural environment, but benefits human life as well. 
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Table 1. _Probable and confirmed factors causing declines of amphibian populations worldwide.
Factor. Process(es) Selected references
Climate change Temperature and precipitation patterns arc Heyer ctal. 1988; Stewart 1995; Laurance et al

Habitat modification
Habitat fragmentation
Introduced species

UV-B radiation

Chemical contaminants

Acid precipitation and soil

Synergisms

altered 50 a3 t0 cause disruptions in micro-
or macroclimate conditions.

Forests are cleared for settlement and
agriculture; wetlands are drained and filled.

Roads, introduced species, and low pH dissect
‘hahitats, creating harriers to dispersal

Introduced predators prey on or compete With
native amphibians.

UV-B damages and/or kills cells, causing ega
mortality, etinal damage, lesions, and in-
creased susceptibilty to disease and low pH

Toxcity can cause dircct mortality of cggs aod
adults, mimic endocrine hormones, and
reduce the prey base.

Toxins create barriers to dispersal and cause
high cgg and larval mortality.

Discase often causes death in amphibians; what
made amphibians susceptible to diseasc is
ofien unknown,

Amphibians are removed from the wild and.
traded intemationally for the culinary. pet,
medicinal, and biological supply markets.

Muliple factors can act together to cause
mortality ard sublethal cffects.
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etal. 1990; Sparling 1995

Harte & Hoffman 1989; Beebee etal. 1990;
Sparling 1995
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1985: Salas 1995; Gorzula 1996
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"The respanse to these factors varies among species and populations of ampbibians.




