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Abstract 
 
Watershed health has been an important topic among the general public and patrons involved 
in watershed planning and stabilization. Some watersheds in Minnesota have noticeably 
decreased levels of clarity and aquatic life and this suggests deterioration of the water’s 
health. Freshwater native mussels have been studied for years in Minnesota and these studies 
show a direct connectivity between mussel and watershed health. The Minnesota Department 
of Natural Resources (MN DNR) started a Statewide Mussel Program to study these species 
and monitor their populations. Geographic Information Systems (GIS) was used to organize 
and analyze spatial data from the mussel program to locate new monitoring sites for 
Minnesota. This study used two models to rank survey sites to determine the most desirable 
new monitoring locations. Analyzing data from these monitoring sites can help maintain 
mussel populations and thus assist in improving watershed health. The Minnesota Statewide 
Mussel Program currently has 16 monitoring sites, located in four major basins: the Red 
River of the North Basin, the St. Croix River Basin, the Lower Mississippi River Basin, and 
the Minnesota River Basin. Before the selection models were created, three pilot monitoring 
sites were chosen in 2008 and five in 2009. In 2012, eight more sites were chosen using these 
models. No information on specific mussel species is presented in this paper, only sampling 
strategy development information.     

 
Introduction 

 
Native freshwater mussels or clams, 
(Bivalvia; Unionoidea) play a large role in 
aquatic ecosystems. The roles mussels 
play include filtering water, expelling 
organic matter as food for other 
organisms, providing habitat with empty 
shells and being an important component 
of aquatic food webs (Spooner and 
Vaughn, 2009). The importance of 
filtering water is dynamic. Specifically, 
mussels filter phytoplankton and other 

suspended material from the water 
column; excrete usable nutrients back to 
the water and bio deposit organic material 
to the sediment that is consumed by other 
invertebrates (Beckett, Green, Thomas, 
Miller, 1996). Because mussels filter large 
volumes of water this activity makes their 
presence a good indicator of the ecological 
health of the streams and lakes they 
inhabit (Spooner and Vaughn, 2009). 
Because of their importance to river 
ecosystems, the study of mussels (known 
as Malacology) is growing rapidly across 
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the nation. 
 

Species of Greatest Conservation Need 
(SGCN) 

 
There are fifty native species of freshwater 
mussels in Minnesota (Sietman, 2003). 
Three which were recently discovered 
often dominate the animal communities of 
the substrate in lakes and streams (Strayer, 
Downing, Haag, King, Layzer, Newton, 
Nichols, 2004). Out of the fifty species, 
twenty-eight are classified as Endangered, 
Threatened or Species of Special Concern. 
In combination, these species are referred 
to as the Species of Greatest Conservation 
Need (SGCN) (Minnesota Department of 
Natural Resources, 2006). It is these 
species that play a key role in determining 
monitoring sites, which are discussed in 
this research. 

In the 1850’s mussels were 
commercially harvested for pearls and at 
the turn of the century they were harvested 
for buttons; literally tons were taken 
during that industry era (Haag, 2012). Just 
prior to the 1920’s efforts were made to 
restore the stock by propagating mussels 
but pollution foiled this effort. Pollution 
turned out to be more devastating than the 
harvest (Haag, 2012). Congress passed the 
Endangered Species Act in 1973 and a 
small list of mussels was added though 
little was known about them at the time 
(Ahlstedt, 2004).  

 
State Wildlife Grant Proposal 

 
Prior to the Endangered Species Act, there 
were survey documentations of rivers 
indicating a general understanding of 
mussel distribution. Still, very little was 
known about species statuses and where 
important populations were located. The 
Minnesota Department of Natural 
Resources (MN DNR) proposed the State 

Wildlife Grant and it was implemented in 
1979. Data collection and survey efforts 
began in 1985 (Sietman, 2013). The 
Statewide Mussel program began in 1999 
and was aimed at monitoring and 
restoration of native freshwater mussels in 
the SCGN category. The program consists 
of a 24-year period with six four-year 
funding cycles. Goals of each four-year 
period addressed: restoration of rare and 
endangered mussel populations, 
monitoring of existing SGCN mussel 
populations, determination of population 
trends and their relationship to 
environmental factors, and effective 
dissemination of accumulated information 
(Sietman, 2013). The data were compiled 
into a Microsoft Excel spreadsheet. 

 
Monitoring and the MN Statewide 
Mussel Survey (MN SWS) 

 
Since mussels are long-lived and relatively 
sedentary aquatic organisms, they are well 
suited to monitor long-term watershed, 
stream and lake health (Sietman, 2013). 
The State Wildlife Grant Program helped 
fund the development of Tomorrow’s 
Habitat for the Wild and Rare: An Action 
Plan for Minnesota Wildlife which the 
Division of Ecological and Water 
Resources was used as protocol to develop 
the mussel program (Minnesota 
Department of Natural Resources, 2006). 
Once data analysis from the entire MN 
SWS was completed, locations were 
identified where the greatest diversity of 
mussels occurred, and monitoring sites 
were chosen accordingly. 
 
Monitoring Models in GIS 

 
The models to be used to assist in 
determining new monitoring sites required 
four sets of survey data as input. These 
included: Catch per unit effort (CPUE) per 
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site, Total number of SGCN species per 
site, Total number of SGCN individuals 
per site, and Total number of all live 
mussels per site. All of the sites were 
“ranked” to determine the most desirable 
new monitoring locations. The first model 
calculated a score of the sites within the 
four chosen basins based on normalizing 
the four sets of survey data and adding the 
normalized numbers to get a score. The 
numbers were normalized by multiplying 
each data field by 4 to get a score based 
out of 100, so the final scores were ranked 
out of a 400 total. The second model 
sorted the scores from highest to lowest 
and chose the top ten sites out of each 
basin. Therefore, both models assisted in 
creating ranked sites to analyze for new 
monitoring locations.  

 
Watershed Health Assessment 
Framework 

 
Evaluating watersheds plays an important 
role in determining the quality and 
quantity of the water resources in the state.  
There is a ‘domino effect’ with water 
systems that is always changing with 
causes and effects (Minnesota Department 
of Natural Resources, 2012). The 
watershed health assessment framework 
(WHAF) was created to evaluate 
watershed health by examining five major 
components that affect waterways: 
hydrology, geomorphology, biology, 
connectivity, and water quality. For this 
study, focus is placed on the biology 
component. There are four areas that make 
up the biology component: terrestrial 
habitat quality, stream species quality, 
species richness, and at risk species 
richness. The WHAF tool considers all 
components of a watershed and creates a 
Health index score. Data from the 
Minnesota Statewide Mussel Survey 
(2013) is incorporated into these scores. 

Knowing the quality and quantity of a 
water resource can improve ecological 
decision-making for all larger habitat 
networks. 
 
Methods 

  
Choosing Early Monitoring Sites 

 
In the early 1970’s, the United States 
Geological Survey (USGS) and the 
Natural Resources Conservation Service 
(NRCS) together developed the 
Hydrologic Unit (HU) to divide and 
subdivide the United States into 
successively smaller watersheds; the 
Minnesota DNR adopted this system in 
1979 and defined 8 major basins and 81 
watersheds (Minnesota Department of 
Natural Resources, 2012). General mussel 
surveying began in 1985 by the MN DNR 
but it was not until 2008 that a proposal 
was made to establish mussel monitoring 
sites in the State of Minnesota. Employees 
of the Ecological branch of the MN DNR 
chose four drainages to host monitoring 
sites based on the criteria of areas 
containing 1) the most SGCN species, 2) 
species diversity, and 3) the total number 
of live mussels. The drainages chosen 
included the Red River of the North Basin, 
the St. Croix River Basin, the Lower 
Mississippi River Basin, and the 
Minnesota River Basin. The end goal was 
to obtain four long term monitoring sites 
in each of the four drainages for a total of 
sixteen sites. Figure 1 shows the location 
of three pilot sites chosen to test sampling 
methods in 2008. Five more sites were 
added in 2009 for a total of eight sites.  
 
Gathering Data 
 
Monitoring Protocol 
 
The monitoring sites are ‘long term’  
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Figure 1. Four (4) drainage basins where 16 long-
term monitoring sites will be established. Also 
shown are the three pilot monitoring sites chosen in 
2008. 
 
meaning they are visited three years in a 
row and then left to rest for five years. 
Quantitative methodology was used at the 
monitoring sites and a randomly 
positioned grid of geo-referenced sample  
points were overlaid on the selected area 
(Sietman, 2013). Each point was navigated 
to with a GPS receiver and a 0.25 m2 
quadrat was placed on the bottom. A scuba 
diver excavated the substrate within the 
quadrat into an attached mesh bag which 
was brought to the surface and sorted. All 
live mussels were identified, measured, 
and aged. Dead mussels were also 
recorded along with their condition 
(Minnesota Statewide Mussel Survey, 
2013) (Figure 2). Data were recorded in an 
Excel file and prepared as a shapefile in 
ArcMap 10.1.  

 
Surveying Protocol 
 
Survey sites rarely use quantitative 
methods and depend mostly on qualitative 
methods. According to the Minnesota 

Statewide Mussel Survey (2013) data are 
obtained by conducting qualitative 
surveying at selected sites via wading, 
snorkeling, and scuba diving. Timed 
searches are also used to provide 
quantitative data on mussel abundance to 
calculate CPUE. All mussels are returned 
to the river unless they are kept as voucher 
specimens to provide a permanent record 
of mussel collections. Live vouchers are 
preserved in 95% ETOH for future 
analysis of soft anatomy and shells from 
dead specimens are also kept. Federally 
listed species are photographed and 
returned to the river, but shells of dead 
specimens are retained as vouchers.  

As with monitoring protocol data 
preparation, data were recorded in an 
Excel file and prepared as a shapefile in 
ArcMap 10.1. 

 

Figure 2. Mussel monitoring on the Chippewa 
River, Chippewa County, WI using the quadrat 
method.  
 
Data Alterations 

 
Neither the survey nor the monitoring data 
had geocoordinates. Universal Transverse 
Mercator (UTM) coordinates were 
generated with a Global Positioning 
Device (GPS) and these were used to 
georeference collection locations.  

Some of the survey sites fell 
outside Minnesota boundaries or were part 
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of a project not funded by the State Mussel 
Program and were removed from the 
analysis. All tools referenced in the 
following methods section were ArcMap 
10.1 tools unless otherwise noted.  

Since 1985, over 2,800 survey sites 
have been marked by a GPS and given a 
location specific name. Over the years, 
some points unknowingly overlapped 
(roughly 130 points). This was not known 
until the data were analyzed in 2012 when 
construction of the model of this paper 
was being created. Buffers were created 
around all survey points since a 
monitoring site could be up to a half mile 
long and search areas around a survey 
point could go as far as a few hundred feet 
up or downstream. The St. Croix River 
and the Mississippi River have the most 
abundant and dense mussel populations in 
the state and were given a 50 foot buffer 
around survey points. Most of the other 
points were buffered 100 feet apart (Figure 
3). All of the overlapping points with the 
same UTMs were combined into the first 
assigned name and identified by search 
number instead. Some points had more 
than five samples and were even searched 
over multiple years. 

 
Calculate CPUE 
 
One of the research objectives was to 
calculate the CPUE for each survey site to 
get an average CPUE for the 81 
watersheds. Data required to complete this 
included the MN SWS and Watershed 
layer which were both obtained from the 
MN DNR data deli.  

There were several obstacles that 
needed to be addressed. None of the 
survey sites were assigned to a watershed.   
Each mussel represented a row in the 
attribute table and each site could have 

     
Figure 3. Overlapping survey points found through 
data analysis, approximately 130 points.  
 
multiple entries. This resulted in over 
19,000 lines of mussel data that needed 
watershed linkage. Some sites were on the 
Wisconsin side of river and those sites 
contained 2,600 rows of data that needed 
to be assigned to a watershed. 

Determining site CPUE versus 
watershed average CPUE required two 
different calculations. Each site had a 
search time and a number of total live 
species. Some sites had multiple search 
times. To find the CPUE of each site the 
average CPUE was not used because they 
were not all equally ‘weighted’ since they 
all had different search times.  

The average CPUE for the 
watersheds was calculated by adding all of 
the individual site CPUE’s and dividing by 
the number of sites in the specified 
watershed.  

To calculate the CPUE in ArcMap,  
both the Major watershed layer and the 
MN SWS data were added. The x,y, points 
were displayed and the Select By 
Attributes tool was used to remove all  
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Search Times = 0 minutes. A field was  
added called CPUE and a definition query 
was used on the SWS layer to extract 
points not falling in a watershed. All 
points were assigned to their designated 
watershed. Spatial data was dissolved to 
then extract 1) the total live number of 
mussels, 2) the MEAN search time of the 
site, and 3) the major watershed. When the 
MEAN search time and the total live 
number of mussels were determined, the 
watershed average CPUE was created. 
Figure 4 shows the CPUEs for individual 
mussel sites with several sites showing 
rank. The rank portrays how desirable the 
site is. The higher the CPUE, the more 
desirable the site is as a monitoring site. 
The same process was repeated to obtain 
individual site CPUEs.  
 
 
 
 
 
 
 
 
 

 
Monitoring Models 

 
Based on the aforementioned four input 
data, a rank model was used to score each 
survey site from high to low using the 
normalized scores. The scores were added 
to the MN SWS data. The CPUE field had 
a range from 0 to 25 so the field was 
multiplied by four to normalize it so all 
criteria could be assessed as a score out of 
100. The CPUE field also had a weighting 
factor of (*2) added to the parameter in the 
model. The protocol from Tomorrow’s 
Habitat for the Wild and Rare: An Action 
Plan for Minnesota Wildlife incorporates 
the CPUE and was used when developing 
the mussel program (Minnesota 

Department of Natural Resources, 2006). 
Because the CPUE is created from the 
calculations of the MEAN search time and 
the total live number of mussels, it is 
valued higher than the other three criteria. 
It also is valued higher since it 
incorporates the number of live SGCN 
species.   

The other three fields (Total SGCN 
species, Total SGCN individuals, and 
Total Live) also were normalized and 
given a weighting factor of (*1) to the 
parameter of the model. Figure 5 displays 
the Rank Flowchart. The second model 
(called the Sort Model) produced was 
designed to choose the top ten sites for 
each basin after the score column was 
sorted in descending order. This produced 
a list of ten survey sites ranked from most 
desirable to least desirable for each of the 
four basins, totaling 40 sites. A Sort 
Flowchart derived from the Sort Model is 
displayed in Figure 6. Sites that were not 

  

 
 Figure 4. The CPUEs for individual mussel sites  
 in Minnesota. Several sites show rank with block   
 numbers in three basins and possible new sites that  
 were looked at for monitoring locations prior to  
 the model.  

 TLM 
CPUE =      ------------- 

 TST 
Where: 

 
TLM = Total Live Mussels per survey site   
TST  = Total Search Time (in minutes) per 
             survey site 
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Figure 5. Rank Flowchart derived from the Rank Model. The model calculated the added field (CPUE in this 
case) by giving parameters to the four criteria needed to calculate ranked scores of mussel sites. CPUE has a 
parameter of ‘2’, where the Total SGCN species, Total SGCN individuals and Total Live have parameters of 
‘1’. These four fields were normalized and added together to produce a score which could then be ranked. 
 
in the four basins were not included in the 
analysis and each basin’s data were 
independent of determining the other 
basins top sites. Mussel Program advisors 
including Mike Davis (Project Manager of 
the MN SWS) and Bernard Sietman 
(Team Lead and Malacologist for the MN 
SWS) used this information as input to 
assist in developing processes, participate 
in research and identify eight new 
monitoring sites (Figure 7).  
 
Geospatial Modeling Environment 

 
Once the new monitoring sites were 
chosen, they needed to be given quadrat 
coordinates to locate. The Geospatial 
Modeling Environment program was used 
to assign coordinate values. 

The program allows a shapefile to 
be selected for which the points are 
generated within. Inputs needed to 
generate the sampling grid were the angle 
of the grid and the location of the starting 
point.  

The file was created in ArcCatalog 
and added to ArcMap and saved as a layer 
file. Figure 8 presents an example of a 
monitoring area with quadrat points added 
produced from the Geospatial Modeling 
Environment Program.  
 
Applying Mussel Data to WHAF 

 
The WHAF was created to give an 
overview of the ecological health of  
watersheds. The MN Statewide Mussel  
Survey program applies this data to help 

calculate a biology health index. 
Under the biology component, 

there are three score indices that require 
mussel data: Stream Species Quality, 
Animal Species Richness, and At Risk 
Animal Species Richness. The fourth 
component is Terrestrial Habitat Quality 
which did not require mussel data. Stream 
Species Quality needed three metrics to 
calculate the index score. The first and 
second metrics are the 
“observed/expected” approach to the 
macroinvertebrate and fish species. The 
third metric calculated for each site is 
called the “percent live mussel species.” It 
is calculated by dividing number of live 
species by the number of live species and 
dead shell species. The average value for 
all survey sites in each watershed was 
calculated. Then, the percent of scores 
meeting conditions for fish and aquatic 
macroinvertebrates were averaged with the 
percent live mussel species. This 
combined value is known as the Stream 
Quality Index score (Minnesota 
Department of Natural Resources, 2014).  

The overall Animal Species 
Richness index required Species Richness 
Index (SRI) information from four 
taxonomic groups across watersheds: 
mussel, aquatic macroinvertebrate, fish, 
and bird. For the mussel portion, the SRI 
was calculated from surveyed mussel  
counts and a mean watershed value was 
created. The mussel species was given a 
score and combined with the other three 
groups to provide the Animal Species 
Richness Index (Minnesota Department of  

Tool: 
Calculate Field 

(CPUE) 

Tool: 
Add Field 

(CPUE) 

Input: 
Data File 

(Mussel Data) 
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Figure 6. Sort Flowchart derived from the Sort Model. This allowed the four basin shapefile to create a layer 
and sorted sites by basin layer and select the top 10 ranked sites from each basin.
 
Natural Resources, 2014).  

For the At Risk Species Richness  
Index, three scores were used to calculate 
this. They included counts of SGCN 
species from mussel, fish, and bird 
surveys. The At Risk Mussel score was 
derived from the mean of species count for 
SGCN (Minnesota Department of Natural 
Resources, 2014). 
 WHAF scores ranges from 0 to 
100 and they were categorized into 5 
ranges. Areas with scores of 80 to100 
were the least impacted with good habitat 
cover. These sites are within 1 Standard 
deviation of the expected number of 
species present and have high species 
diversity and a high number of SGCN 
species. Scores range from 0 to 20, 20 to 
40, 40 to 60, and 60 to 80. The score of 0 
to 20 represented the most heavily 
impacted areas. The mean of all four 
components created the Biology Health 
Index. Figure 9 displays examples of how 
the Statewide Mussel data were utilized in 
the WHAF to produce Mussel Scores 
across the state in two categories; the At 
Risk Mussels and Mussel Species 
Richness.   

Since the beginning of the 
Minnesota Statewide Mussel Survey, 
noted declines in populations with new  
mussels becoming Threatened, 
Endangered, or Special concern were 
observed . As an example, in the United 
States up until 2003, 17 mussels were 
extinct and an additional 20 were not 
found alive in recent surveys, and 73 
species were named critically imperiled  

 
(Sietman, 2003).    

The continued goal of the 
Minnesota project is to stabilize 
populations of mussels, improve 
knowledge of mussels and develop 
dissemination of technical information and 
to make revisions to the mussel field guide 
(Sietman, 2013).  

 
Results 

 
Eight sites were chosen in the four basins 
in 2012 with the assistance of two models 
discussed here along with analysis of 
mussel data collected through previous 
work for the MN DNR.  

The model required calculations 
and alterations to the Statewide Mussel 
Survey Data. Overlapping points were 
condensed (approximately 130 points) 
(Figure 3). CPUEs were calculated for 
both individual survey sites (Figure 4) and 
the average CPUE for watersheds was 
calculated for WHAF data use.  

The range of CPUEs for individual 
survey sites was 0 to 24.8 with the highest 
CPUE found in the Lower Mississippi 
River Basin. The models processes 
displayed in flowcharts (Figures 5 and 6) 
generated the most desired locations for 
monitoring sites (Figure 7) and were 
examined by MN DNR employees.  

In the four basins, two sites were 
chosen in each basin, totaling eight new 
monitoring sites. The two sites chosen in 
the Red River of the North basin were on 
the Ottertail and Red Lake rivers. In the 
Minnesota River basin, the sites were on 

Input: 
Data 

shapefile 
 

(Basin) 

Tool: 
Make 

Feature 
Layer 

    (Basin      
  shapefile) 

Tool: 
Select 

Layer By 
Attribute  

 
 (4 Basins) 

Tool: 
 Sort  

 
(Sort by the 
4 Basins) 

Tool:  
Select  

(Select top 
10 ranked 

Sites in each 
Basin) 
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Figure 7. The top 40 ranked sites chosen by efforts 
from the Rank Model and Sort Model. The  
additional eight monitoring sites are also shown.  
 

 
Figure 8. The St. Croix River Monitoring Site. The 
site was chosen in 2008 and monitored in 2008 and 
2011. The Geospatial Modeling Environment 
Program generated 226 quadrat points. The points 
are posted 25 meters apart and the site ranges from 
a half mile wide to a mile long. 
 

the Pomme de Terre and Chippewa rivers. 
For the Lower Mississippi River basin, the 
two new sites were on the Mississippi 
River (West Newton Chute) and Straight 
River. In the St. Croix River basin, one 
new site was on the Sunrise River and one 
was on the St. Croix River, the area known 
as Franconia. The ranks, scores, CPUEs of 
the chosen sites and the highest CPUE in 
each basin are displayed in Table 1. Since 
the four criteria were normalized to be 
compared to a scale of 100, the score 
reflects a number out of 400. In general, 
the scores are relatively low, scoring lower 
than 200 for each chosen site.  

Once the sites were chosen, 
quadrat sampling points were generated 
for each site by the Geospatial Modeling 
Environment program. An example of the 
Snake River monitoring site can be seen in 
Figure 8 where 226 quadrat points were 
generated. The WHAF project analyzed 
the Statewide Mussel Data and used it to 
calculate the Biology Health Index for At-
Risk Mussels and Mussel Specie Richness 
scores (Figure 9).  
 
Discussion 
 
The purpose of this study was to create a 
model to assist in identifying monitoring 
sites for the Minnesota Statewide Mussel 
Program.  

When viewing the results from 
Figure 7 and Table 1, it is important to 
note the models generated a list of 
desirable sites based on the four criteria 
included in the analysis but not all of the 
top eight sites were chosen as monitoring 
locations from this analysis alone.  
Additional input included decisions 
weighted by known mussel habitat facts 
location (private versus public land), 
accessibility of the site, mussel richness, 
trends and history and diversity, richness 
and abundance of non-SGCN species.  
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 Figure 9. Left: At-Risk Mussel Scores as determined by WHAF score indices. The index number is based on   
 the number of mussels on the MN SGCN list found in each watershed. Right: Mussel Species Richness Scores  
 derived from WHAF Animal Species Richness score indices. The highest numbers of mussels were found in     
 watersheds along the St. Croix and Mississippi basins.

In Table 1, ranks do not reflect the 
CPUE or relation to the Highest CPUE in 
the basin. Rather, it correlates with the 
score of the site which contains the 
normalization of the four criteria. Some 
sites had data in the four criteria that had 
extreme outliers. This analysis reflects 
mussels exhibit a distinct gradient of 
abundance and richness within and among 
watersheds. There are a wide range of 
divergences in data in the same rivers or 
rivers in the same watershed. Some rivers 
have high diversity and abundance while a 
river in close proximity may have little to 
no diversity or abundance. There are 
multiple factors attributing to this 
including: fish populations, man-made 
disturbances of the banks and rivers to 
make bridges, re-directing entire river 
systems, agriculture, farming, field tiling 
(pollution and bank corrosion) and other 

factors like natural disasters that change 
habitat.  

Trends of Mussel Species Richness 
from Figure 9 shows the St. Croix River 
Basin and the Lower Mississippi Basin 
have the greatest richness which correlates 
with the higher scores in Table 1. It also 
shows that the Red River Basin and the 
Minnesota River Basin have lower Mussel 
Species Richness and this correlates with 
the lower scores in Table 1. 

Similar correlations were seen with 
the At-Risk Mussels from Figure 9 and the 
scores from Table 1. A major factori to the 
decline in mussel diversity and abundance 
in the Minnesota River Basin is due to 
agriculture and farming practices. 
However, the sites chosen in the 
Minnesota River Basin were clustered in 
an area of comparatively high richness and 
abundance in the Montevideo area   
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Table 1. Chosen Monitoring Sites in 2012 with statistics on each site. Scores are based out of 400.

Basin Site 
Rank in 

Basin 
Score CPUE 

Highest CPUE in 
Basin 

Red River 
Basin 

Red Lake River 6th 84.26 14.8 
14.8 

Ottertail River 9th 76.35 11.2 

Minnesota River 
Basin 

Chippewa River 1st 89.17 2.3 
14.8 

Pomme de Terre River 3rd 70.00 1.4 

Lower 
Mississippi Basin 

West Newton Chute 3rd 91.60 3.2 
19.2 

Straight River 5th 82.88 0.7 

St. Croix River 
Basin 

Sunrise River 1st 184.57 5.8 
18.4 

St. Croix River  8th 114.46 0.1 

 
(because SGCN are rarely found elsewhere).  

The sites chosen in the Lower 
Mississippi River areas also exuded 
clustered areas of high richness and 
abundance but still had the highest species 
richness in the state in 2011(Sietman, 2013). 

 From Figure 9, the highest richness  
of species shifted to the St. Croix River 
Basin. Also, this basin has the richest 
assemblage of endangered species remaining 
in the state and the monitoring sites chosen 
reflect that diversity. 

For future work, models could be 
simplified to incorporate all steps in one 
model. Also, the model could be  
enhanced to include additional elements  
such as buffers around private land and 
eliminate areas for sites that fall on marsh 
lands.  

 
Sources of Error 
 
Errors in this process were human error in 
entering data. Mussels may have been 
identified incorrectly or recorded incorrectly 
into the Excel file database. Location errors 
did occur too where some survey sites were 
given multiple names. Additionally, spatial 

accuracy errors occurred while determining 
sites due to inconsistent water currents and 
anchor placements of the boats containing 
the handheld GPS devices. 

 
Connectivity in Nature 
 
Aspects of daily living and human practices 
depend heavily upon this cycle of 
Connectivity in Nature. Water quality 
affects everything in some shape or form. Its 
study is revealing lasting effects previously 
unknown to people. Multiple cycles and 
factors are linked together to maintain 
watershed health. In this case, the small 
bottom-dwelling freshwater native mussel 
that was overlooked for years has been 
found to have a large role in monitoring and 
maintaining watershed health. 
 
Conclusions 

 
A geographic information system was used 
to organize, analyze and display mussel data 
from the Minnesota Mussel Survey 
Program. Catch per unit effort, locations and 
quantities of SGCN species should be 
heavily considered when depicting 
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monitoring sites for future work in the 
Minnesota Statewide Mussel Program. The 
models presented could be used in the future 
not only for monitoring sites, but other 
aspects of mussel monitoring like 
determining reconnaissance areas.  
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