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Abstract 

 

Our area of focus was on the Iron Springs Bog, which is unique because it is 

made up of two types of wetlands: fens and bogs.  Therefore, the questions we 

investigated for this study concentrates on the water composition, vegetation and 

invertebrate differences between fens and bogs. We hypothesized that there would 

be a higher diversity of vegetation, invertebrates and higher levels of nutrients 

near the spring than a further distance away from the spring.  Our reasoning is that 

if the spring within the Iron Spring Bog were to have similar characteristics like 

fens; then the soil should contain more nutrients and the water would be less 

acidic. To analyze the vegetation differences, plot sampling and transects lines 

were used.  To examine the invertebrate differences, water samples were collected 

and analyzed in lab. Water compositions were investigated by using portable pH 

meters, portable conductivity probes, and nitrate and phosphate test kits. Based on 

our results, vegetation diversity was greater in the bog compared to the spring and 

the invertebrates were found to be more prevalent around the spring than the bog. 

Our hypothesis was not supported by these results, but we were able to learn more 

about the functions of Iron Springs Bog. 

 

Introduction 

 

Biodiversity plays an important role in any ecosystem as it ensures sustainability for 

various natural life forms.  Its existence is important for ensuring that an environment can put up 

with and recover from a range of disasters (Vitousek 1997). The relation of diversity and 

productivity has been an area of study and proved that diversity is a significant controller of 

productivity.  This says that the richer the species, the more productive the biomass will be 

(Vitousek 1997).  An ecosystem type that is known for its biological diversity is wetlands.  

Wetlands are lowlands that contain shallow waters, which can either be permanent or seasonal.  

Types of wetlands include swamps, marshes, fens or bogs and are often rich in biological 



diversity.  However, an accurate definition of a wetland type is still unclear as their individual 

conditions can be quite similar to one another.   

For our experimental study, we decided to study the complex environment of a bog.  A 

bog is a distinctive kind of wetland that is known for having an accumulation of peat, acidic 

waters and a ground layer of sphagnum moss.  The location chosen for our study was the Iron 

Springs Bog in Itasca State Park, Minnesota.  It is an unusual type of bog that might be the only 

kind of its type in the mid-west (Biesboer 2002).  The uniqueness of this bog comes from being 

constantly fed by cold nitrogen poor spring water and tends to store a lot of iron and calcium 

carbonate which eventually gets released into Sucker Creek stream (Biesboer 2002).  This makes 

Iron Springs Bog an interesting hybrid wetland whereby its spring area could be said to appear 

more fen-like than just a typical bog.  A fen is a type of wetland that receives drainage from 

surrounding mineral soils and is alkaline, unlike an acidic bog.  One study by R. Aerts et al; 

focused on the control of nutrient cycling between fens and bogs. It was found that the spring 

area acquires its nutrients from precipitation and ground water; and the bog area gets its nutrients 

only by precipitation (Aerts et al; 1999).   

If the spring within the Iron Spring Bog were to have similar characteristics like fens; 

then the soil should contain more nutrients and the water would be less acidic. Therefore, we 

hypothesized that there would be a higher diversity of vegetation, invertebrates and higher levels 

of nutrients near the spring than a further distance away from the spring.  

The objectives of the study were to answer the following questions: (i) would vegetation 

around the spring be the same as the vegetation further down the bog?, (ii) does aquatic 

invertebrate density differ from a spring location verses a bog type location?, (iii) what will the 

difference be between the compositions of the spring and the distance away from the spring?  



Methods: 

Study site:  

Iron springs bog is located one mile west from the entrance of Itasca State Park, Minnesota.  

There are multiple springs located within the 215 acre bog, however only one spring was chosen 

for this study.  Our initial plan was to study one of the largest springs, except it was located in an 

area where power lines were built and deforestation was noticeable. Therefore, because our study 

focuses on vegetation density, we decided to study a natural spring located within a forest habitat 

to avoid human interference. 

 

Estimation of vegetation 

Vegetation was assessed in two ways: plot sampling and transect lines.  Plot sampling was used 

to assess herbaceous plants within the spring.  A 7x7 m (49m!) perimeter around the spring was 

obtained, and within this parameter, six random plots were chosen to identify the various plant 

species in 1x1 m! plots.   

 

Transect lines were used to record and count the number of species in the bog at four random 

plots within 30 meters.  The distances of the plots were randomly selected prior to the study.  

One transect began 8 m North-east from the spring and the second transect began 17 m East from 

the spring (see figure 1).    

 

A coin toss was used to determine whether to move left or right perpendicular from the starting 

point of the two transects.  It was also used to decide which side left or right on the plot to 

identify vegetation.  Researchers on site were assigned to give the percent coverage of species 



present within the 1x1 m! area.   

 

Invertebrate sampling 

Aquatic invertebrates were collected from two areas: the bog transects and the stream exiting the 

spring.  A 50-m distance was measured out from where the spring began along where the stream 

exited; from there, samples were collected at the beginning of the spring (0 meters), 25 meters, 

and 50 meters. Invertebrates were sampled using D-frame nets. The d-nets were placed into the 

spring and with our boots we agitated the water downstream into the net for one minute. The 

muck collected in the d-nets was placed into plastic jars for laboratory analysis.  A total of ten 

samples were collected, four samples from the bog and six samples from the stream. In the 

laboratory, the samples were immediately sorted through using seiners and forceps. If they were 

not sorted right away, some invertebrates may die and decompose in the soil.   

 

Conductivity, pH, Nitrate & Phosphate analysis 

To analyze conductivity, temperature and pH of the spring and bog water we brought two 

portable meters on site: the YSI 85 oxygen conductivity, salinity and temperature probe and the 

accumet AP62 pH meter. We also collected 25mL water samples at the same locations of the 

invertebrates for the nitrate and phosphate which was analyzed in lab. Prior to nitrate and 

phosphorous testing, we filtered the water samples to get rid of any sediment that may alter the 

test.  Next, we used the Nitrate-Nitrite and the Ortho Phosphate test kit to obtain the nitrate and 

phosphate of all water samples. 

 

 



Statistical Analysis 

With all the data collected we used various statistical methods; such as, chi-square, bar graphs, 

plot graphs and Shannon Weaver index to interpret our data. Chi-square was used to see if the 

two communities differ and the Shannon Weaver index was used to measure the species richness 

and relative evenness.  

 

Results 

Composition of water 

The composition of water in the spring contains a higher phosphate concentration of 10 mg/l 

than the locations away from the spring (boggy area) which had an average of 4.5mg/l. However, 

the concentration of nitrate between the spring and the boggy area showed no difference (Table 

1).  Furthermore the temperature of the water in the boggy area had a warmer temperature with 

an average of 21.6°C than the temperature of the spring which was 13.1°C.  However, the 

temperature of the spring’s stream showed no significant differences at 25m and 50 m away 

(Figure 2 & 3).  The bog pH was 5.3 and the spring was 7.65, which it indicates that the bog area 

was more acidic than the spring area (Fig 6 & 7).  As for the conductivity, the spring was 

464.7"S and the boggy area was 108.4"S (Fig 4 & 5).   

 

Vegetations of spring area vs. boggy area 

Around the spring, there were only three main species of plant that had a mean more than 5% 

coverage in the 1 x 1 m plot. Sedges had a mean of 11.5% coverage/m!, sphagnum had a 72.5% 

coverage/m!, and clintonia was 8.67% coverage/m! (Fig. 8).  The boggy area had 8 species of 

plant that had percent coverage over 5%, with sphagnum, sedge, rosemary, cotton grass, 



strawberry, birch, wood and labrador tea. With these plant species, the chi-square was found to 

be 64.7.  The Shannon Weaver index shows that the species richness and the diversity of the 

species of the bog area were about 2.5 times higher than the spring area.   

 

Aquatic invertebrates 

There was an average of 2.5 aquatic invertebrates located in the bog and an average of 12 aquatic 

invertebrates located in the spring.  Therefore, there are more aquatic invertebrates in the spring 

compared to the boggy area (Fig 9). 

 

Discussion 

 The two areas that we studied showed a significant difference between the vegetation 

based on the chi-square value that we calculated (chi-square test value=64.7 and a critical 

value=28.9).  We also measured the composition of the water that flowed through both places; 

the spring area showed a high concentration level of phosphate and a high pH.  Since fens are 

mostly fed with spring water and also contain greater nutrient concentrations and a higher pH 

than a bog, we can concur that the composition of the spring and fen are similar. Even though the 

spring had similar composition as a fen, our hypothesis was not supported because the diversity 

and the richness of plant species were higher in the boggy area than the spring area.  The 

Shannon Weaver Index demonstrated that the richness and diversity between the bog and spring 

was 2.5 times greater in the bog. However, one factor that was not considered was the 

concentration of iron in the spring.  Since iron concentration is high in the Iron Springs Bog it 

could be a reason for reduced plant diversity and growth.   



 There was also an interesting study that relates to our results, Hydraulic Conductivity of 

Peats by D.H. Boelter investigated that as the vegetation density increases the conductivity 

decreases.  Therefore, since the conductivity of the bog is lower than the spring, we did see an 

increase of vegetation diversity that could be in correlation with the density.  A more in depth 

study could be done on this concept about the Iron Spring Bog.  

 Furthermore, we found a greater amount of aquatic invertebrates in the spring area 

compared to the pools of water of the bog.  These results supported our hypothesis because the 

spring had more nutrients and a higher pH which allowed more resources for invertebrates to 

develop. 

 There were few sources of error that we came across during our study. One type of error 

was during the vegetation identification.  Our method for estimating the % coverage of plant 

species was done by visual guessing, therefore, the % coverage may not be accurate.  Also, we 

could have miss interpreted some plant species since it was our first time looking at vegetation 

grown in a bog.  Another type of error was during invertebrate sampling. During seining through 

the muck, some invertebrates could have been lost through the wash. This could have some bias 

in our result: making aquatic invertebrate favor the spring more than the bog. Finally, our data 

for water composition was collected on two different days. The weather for our first data 

collection was after a heavy rain storm and the weather for the second data collection was on a 

sunny day because of this, the composition of the bog may change.    

 There are several improvements that could be done for better precision and accuracy.  

One way to improve our results is to replicate our experiment with more plot sampling. We 

could also perform a longer term study to see how vegetation changes due to different seasons.   

Doing a comparison with different springs with streams would also give us a better 



understanding about iron springs bog.  Other than that, being more careful in the field and in our 

data analysis could have given us more accurate data. 

Bogs are considered to be the most diverse of all ecosystems. However, even with our 

study, we still could not clearly define the vegetation and the aquatic invertebrate of this hybrid 

bog. Since the Iron Springs Bog was not studied extensively, we hope that our research is able to 

add to the available data of this complex environment.   
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Figure 1. Experiment Map 

This diagram depicts where our experiment was located. It also shows the random sampling plots 

that were inside the spring and the distances where the two transects were measured.  
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Figure 2. Temperature ºC vs. Distance Away from Spring 

This scatter plot graph represents how the temperature changes in relation to the location of the 

stream of the spring. 
 

 

 
 

Figure 3. Temperature of water in Iron Springs Bog  

This bar graph shows that the average pool of water located in the bog is higher in temperature 

compared o the water located in the spring.   



 

Figure 4. Conductivity vs. Distance away from the Spring 

This scatter plot graph shows that the conductivity increases as the distance of the spring 

increases with an R! value of .92.  
 

 

 

Figure 5. Conductivity in Iron Springs Bog 

This bar graph shows the differences in conductivity between the spring and the boggy area.  The 

bog has a conductivity average of 108.4"S, whereas all three spring areas were a lot higher in 

conductivity, the values were: 464.7"S, 498.2"S, and 510.0"S. 



 
 

Figure 6. pH of the Spring 

This scatter plot shows that there is no difference in pH in the stream of the spring; hence having 

a low R! value of .25. 
 

 
Figure 7. pH of the Iron Springs Bog 

This bar graph shows that the spring pH is higher than the pH of the bog water.  



Figure 8. Mean of Percent Coverage of Vegetation in the Iron Spring Bog 

This figure shows the difference between the vegetation at two different places in the bog; one is 

around a spring and the other is away from the spring.  The sedges, sphagnum and clintonia are 

not significantly different from the two locations (psedges=0.65; psphagnum=0.11; pclintonia= 

0.52); however, the area far from the spring has a higher richness and diversity in plant species. 
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Figure 9. Mean Aquatic Invertebrates 

This bar graph shows a difference between aquatic invertebrates located in the spring and in the 

bog water. It was noticeable that the spring water (6.6) contained more aquatic invertebrates than 

the boggy water (1.25).   
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Table 1. Nitrate and Phosphate of Water in the Spring and in Boggy area 

This table shows the concentration of phosphate and nitrate in the spring and its stream and the 

mean value of bog water.  
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