
TROPHIC ROLES AND ECOLOGICAL SERVICES PROVIDED BY A  
MULTI-SPECIES ASSEMBLAGE OF FRESHWATER MUSSELS 

 
Goals of Research 

 
Clean, freshwater is a necessity to sustain human life. Maintenance of freshwater 

biodiversity is critical to sustain vital ecological functions, such as biofiltration, that promote 
clean water.  In addition to clean water, functionally intact and biologically complex freshwater 
ecosystems also provide many other economically valuable services and long-term benefits to 
human societies such as food supply, flood control, habitat for animal and plant life and the 
adaptive capacity to respond to future environmental alterations such as climate change (Baron et 
al. 2002, Loreau et al. 2002).  Our understanding of the influence of biodiversity on ecosystem 
goods and services is incomplete (Naidoo et al. 2008), but it has been proposed that greater 
biodiversity in the form of greater functional diversity can “insure” that ecosystem functions and 
processes continue in the wake of environmental fluctuations (Naeem and Li 1997, Yachi and 
Loreau 1999, Naeem and Wright 2003, Balvanera et al. 2006).  The implications of species 
losses for sustaining water quality are poorly understood.  Thus, we need a stronger 
understanding of the linkages between biodiversity and ecosystem services in freshwaters.        
 

Maintenance of ecosystem services provided by diverse communities of biota in aquatic 
ecosystems is essential.  High levels of biodiversity found within natural environments provide 
multiple pathways of resource utilization such as energy transformation and nutrient interception 
and storage (Walker 1995).  Water quality is generally enhanced by breakdown of organic matter 
and biofitration during ecological processes such as consumption of detritus and filter feeding 
among numerous species of invertebrates and microbes (Loreau et al. 2002). Unfortunately, 
despite their importance in sustaining ecosystem function, the loss of freshwater species 
continues at a higher rate than in any other type of ecosystem (Dudgeon et al. 2005, Sala and 
Jackson 2006). Many freshwater species are imperiled: 48.5% of North American freshwater 
mussels (Turgeon et al. 1988, Bogan 1996), 32.7% of crayfishes (Taylor et al. 1996), 22.8% of 
freshwater gastropods (Neves et al. 1997), and 21.3% of freshwater fishes (Williams et al. 1989).  
Results from biodiversity–ecosystem function research indicate that ecosystem processes 
performed by biota are higher for more diverse biological communities (Cardinale et al. 2002, 
Balvanera et al. 2006, Cardinale et al. 2006). Continued species loss and degradation of habitats 
will likely lead to further changes in ecosystem function (Carpenter et al. 1985, Schindler 1989, 
Power 1990, Lhomme and Winkel 2002).  Such losses may result in reduced capacity for 
sustaining processes of self-purification of natural freshwater ecosystems.   

 
Freshwater mussels (Bivalvia: Unionoida) are natural “biofilters” known for their ability to 

filter large amounts of water (Strayer et al. 1994, Strayer et al. 1999). Kreeger et al. (2010) 
estimated that the collective filtration ability of bivalves in the Delaware Estuary watershed 
exceeds 100 billion liters per hour.  Additionally, Vaughn et al. (2004) found that mussels in the 
Kiamichi River could process the water overlying them 10 times before it passed through a river 
reach. The North American fauna of freshwater mussels are the most diverse in the world, with 
approximately 308 native species (Turgeon et al. 1988), but are the most threatened group of 
fauna in North America. Although they occur in most types of freshwater habitats, mussels are 
most abundant and diverse in medium to large rivers where they typically occur as dense, multi-



species assemblages called mussel beds (Strayer et al. 2004).  Within these beds, mussel biomass 
can exceed that of other benthic organisms by an order of magnitude and annual production (in 
terms of dry mass produced per year) can equal that of other macrobenthos (Negus 1966, Strayer 
et al. 1994).  Mussels perform important functions in rivers (Vaughn and Hakenkamp 2001).  
Living mussels and their spent shells provide habitat for other organisms (Howard and Cuffey 
2006, Spooner and Vaughn 2006, Vaughn and Spooner 2006b).  Through the process of filtering 
suspended matter, mussels link benthic and pelagic compartments by transferring energy and 
nutrients from the water column to the sediment, biodepositing organic matter, and excreting 
nutrients (Vaughn and Hakenkamp 2001, Vaughn et al. 2004, Howard and Cuffey 2006, 
Elderkin et al. 2008).  The effects of these energy and nutrient subsidies provided by mussels 
cascade up food webs and stimulate both algal and macroinvertebrate production (Howard and 
Cuffey 2006, Spooner and Vaughn 2006, Vaughn and Spooner 2006b, Vaughn et al. 2007, 
Vaughn et al. 2008). 

 
Diverse aquatic communities enhance nutrient cycling and water quality naturally by 

supporting various processes. Although we know that mussels perform important ecological 
functions, we need to expand our knowledge of the roles of individual species, and how 
environmental changes affect these roles to make quantitative predictions about mussel 
ecosystem services. This will allow us to manage mussel populations to maximize water quality 
and other services.  Thus, my dissertation research is focusing on the functions that mussels 
perform (nutrient recycling), under what environmental conditions mussels provide ecosystem 
services, and their bottom-up trophic effects on stream food webs. 
 
Proposed questions for doctoral research: 
 
Q1: Do species of co-occurring freshwater mussels occupy different trophic niche spaces 
(filtering different components)? 
 
Human alteration of freshwater habitats is changing the composition and availability of food 
resources for aquatic organisms.  While freshwater mussels have traditionally been assigned to 
the same trophic guild (primary consumers filtering algae from the water column), recent studies 
indicate that mussels may feed at multiple trophic levels (i.e. bacteria, phytoplankton, 
zooplankton), and from both the water column and sediment (reviewed inVaughn et al. 2008). A 
niche describes the relational position of a species or population in an ecosystem.  Trophic niche 
space describes the degree of overlap in species’ diets (Fig 1). Freshwater mussels typically 
occur as speciose assemblages (Strayer 2008), and partitioning food resources is one potential 
mechanism by which multiple species could co-exist.  Thus, different species may be filtering 
various components from the water column.  Furthermore, different mussel species may select 
for different types or sizes of particles, and this might vary with environmental conditions and 
food availability (Vaughn et al. 2008, Galbraith et al. 2009).  If variation in food resource 
utilization occurs this would lead to a diversity of trophic niche spaces.  Studying trophic 
partitioning is essential to understand coexistence within communities (MacArthur 1958, Werner 
1977, Levine and HilleRisLambers 2009). Abundant species may have the ability to utilize a 
wide array of food resources (generalists), allowing them to persist, while rarer species may be 
more specialized.  Finally, native freshwater mussels must compete with a widespread invasive 
species, the Asian Clam Corbicula fluminea (Strayer et al. 1999, Vaughn and Spooner 2006a).  



Fig 1: Species 1 occupies a larger isotopic 
space allowing one to predict that species is a 
generalist.  Species 2 occupies a smaller 
isotopic space that does not occupy the same 
space as species 2.  Collectively, species 3, 4, 5 
occupy the same space and the same amount of 
space as species 1. The proposed trophic niche 
space analysis will utilize stable isotopes as a 
tool.  

Recent work indicates that C. fluminea may be 
able to utilize a broader spectrum of food 
resources than native mussels, allowing them 
to persist and perhaps out-compete native 
species (Atkinson 2008, Atkinson et al. 2010). 
More research needs to investigate biofiltration 
and the trophic roles of native aquatic fauna in 
relation to invasive species to fully understand 
the implications of their introduction to native 
freshwater mussels and to the rest of the food 
web.  I plan to test the following hypotheses: 
 
H1.1 Different freshwater mussel species 
specialize on different sizes and varieties of 
particles. This partitioning allows for co-
existence and leads to higher biofiltration 
efficiency.   
H1.2 Common freshwater mussel species are 
opportunistic generalists, while rarer species 
are specialists.  Generalists, given their ability 
to utilize a greater variety of resources, may 
be more common in ecosystems than species 
that are specialists. 
 
 
 
Q2: Do freshwater mussels control nutrient dynamics in the areas they occupy? 
 
Nutrient limitation is a key process that structures biotic interactions within ecosystems.  This is 
especially apparent in stream environments in which nutrients are taken up readily and cycled 
through the system in a downstream trajectory (i.e. nutrient spiralling, Newbold et al. 1982).  
Biogeochemical cycling is driven by organisms that have specific requirements for different 
nutrients (Sterner and Elser 2002). Ecological stoichiometry predicts that biogeochemical cycles 
of different elements are interdependent because the organisms that drive these cycles require 
fixed ratios of nutrients (Sterner and Elser 2002). Stream ecologists are just beginning to 
hypothesize how the ratios of dissolved N:P may affect the ratios of N and P uptake rates (Cross 
et al. 2005). Hooper et al. (2005) suggest that combining knowledge of abiotic and biotic 
controls of ecosystem functioning is essential for understanding the influence of biodiversity on 
ecosystem services.  Freshwater mussels are model organisms to test these interactions because 
they occur as dense, speciose aggregates in many streams.   
 
Because all mussels are sedentary filter feeders, they traditionally have been assigned to the 
same guild and assumed to perform equivalent ecosystem roles.  In reality, mussel species vary 
in multiple traits, ranging from overall size and shell morphology to the spacing of cilia on the 
gills (Vaughn et al. 2008, Galbraith et al. 2009). Differences are likely to be reflected in the 
nutrient cycling processes of various species of mussels.  Mussels influence nutrient dynamics 



 of mussels.  Mussels influence nutrient dynamics through preferential assimilation and excretion
of nutrients (Spooner and Vaughn 2006, Vaughn 2010). Consumers that are at relatively high
densities have the potential to influence stream nutrient dynamics through differential excretion 
of limiting and non-limiting nutrients (Small et al. 2009). Due to their high densities in river
southeastern Oklahoma, mussels have the potential to exert large affects on aquatic ecosystems. 
A breakdown in the feedback of limiting nutrients could drastically alter the ecosystem and ca
further loss of species. For example, changes in N:P excretion could influence algal species 
composition, changes in the food web, and hypoxia in the water column due to algal blooms. 
Understanding the role of mussels on nutrient cycling dynamics is ess
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H2.1: In areas where mussels are very abundant, they cause changes in the limiting nutrients 
the benthic environment.  Through differential uptake and excretion of nutrients, freshwater 
mussels 
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Q3: How do native mussels influence stream food webs? Are materials provided by muss
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Food webs link 
ecosystems through the 
movement of nutrie
and energy (Odum 
1969, Polis et al. 1997)
The well-documented 
abundance of bivalves 
and their high filtr
rates suggest that 
bivalves can potentiall
exert large effects o
stream food webs 
(Vaughn et al. 2
The ecological 
functions performed
mussels (e.g., filte
feeding, nu
excretion, 
biodeposition, bioturb
impact both primary 
producers and consumers 
through direct and indirect 
pathways.  Recent studies 
have shown that musse
by filtering the water 
column and releasing 
nutrients and biodeposits, 

Fig 2: Conceptual diagram to depict freshwater mussels’ role in
a stream food web.  Bolded arrows denote process that will be
studied. Freshwater mussels exert bottom-up trophic effects. 
Freshwater mussels directly effect in-stream production and 
excrete biodeposits that influence benthic production. These
direct effects indirectly enhance secondary productivity of 

 
 

 

scrapers and collector gatherers, and continue up the food web. 



stimulate both water column and benthic primary production (Vaughn et al. 2007, Vaughn et al
2008), which in turn is correlated with higher abundance and richness of benthic invertebrates 
(Howard and Cuffey 2006, Spooner and Vaughn 2006, Vaughn and Spooner 2006b, Vaughn et
al. 2008).  This bottom-up trophic cascade may be linked further up the food web, influencing
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Complex interactions within communities maintain the processes that insure ecosystem 

services.  Without these complex, multi-step pathways the flux of nutrients and material are l
unchecked.  Historically, filter-feeding bivalves were the dominant invertebrate, in terms 
biomass, in many eastern North American streams (Parmalee et al. 1998, Strayer 2008).  
Maintaining mussel biodiversity would ensure biofiltration and other processes were maintained 
under varying environmental conditions. Preserving natural capita may lead to economic savings
to humans by having cleaner water available. Consequently, research on freshwater musse
significant implications for the conservation of this highly endangered group that are key 
ecological players in stream ecosystems.  Topics in ecological research in recently have been (1) 
to quantify the relationship between biodiversity and ecosystem function (Loreau 2004, Hoo
et al. 2005), (2) to understand how ecosystems are linked by resource subsidies (Polis et al. 
2004), and (3) to identify the role of species traits on ecosystem processes (Vaughn et al. 2007, 
Spooner and Vaughn 2008, 2009).  This research will link these three research areas and p
information that can be used in the conservation and management of freshwater mussels 
(Unionidae). Species loss, habitat alteration, and climate change are causing dramatic change
the diversity and function of ecological communities. Although mussels are one of the most 
imperiled faunal groups, conservation efforts are hampered by a lack of knowledge abo
consequences of their decline (Strayer et al. 2004).  Consequently, understanding how 
biodiversity influences ecosystem processes, suc
n
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Overview:   
The proposed research will be conducted in southeastern Oklahoma in the Kiamichi, Litt
Mountain Fork River watersheds (Fig. 3).  Our laboratory has long-term data on mussel 
communities and landowner permission to conduct experiments in these catchments (for 
example, see Vaughn et al. 2007). The Ouachita mountain region is a center of speciation for 
both terrestrial and aquatic organisms, with a high number of endemic species (Gordon 1980
Mayden 1985).  These rivers are major tributaries of the Red River and support healthy and 
diverse mussel communities (Vaughn et al. 1996, Vaughn and Taylor 1999).  H
rivers are also under threat due to future water extractions by Oklahoma City 
(
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http://www.owrb.ok.gov/supply/ocwp/ocwp.php) and dam construction (Vaughn and Taylor 
1999).  In the streams of the Ouachita Uplands in southeastern Oklahoma, mussel beds often 



contain over 20 mussel species at 
densities over 100/m2 and biomass ca
exceed 20 kg/m2 (Vaughn and Taylor 
2000).  These streams are home to 
diverse mussel assemblages (31
species), maki

n 

-35 
ng the systems ideal for 

udying species diversity – ecosystem 

 
ls 

 
7, 

 on 
007, 

aughn and Spooner 2006a), diversity – density effects of burrowing by native mussels (Allen 

ces 

sed upon in detail are 
own by the bolded arrows in Fig. 2.  I am especially interested in nutrient cycling roles and the 

1: Do species of co-occurring freshwater mussels occupy different trophic niche spaces 

st
services hypotheses.   
 
Synergies with ongoing research 
 
Prior studies in southeastern Oklahoma 
streams have examined ecosystem
processes related to freshwater musse
(Vaughn et al. 2004, Vaughn and
Spooner 2006b, Vaughn et al. 200
Spooner and Vaughn 2009), the 
consequences of species traits
ecosystem function (Vaughn et al. 2
Spooner and Vaughn 2008), 
interactions and varying functional 
roles of native mussels and invasive 
species (Vaughn and Hakenkamp 2001, 

Fig 3: Map depicting the study area in southeastern 
Oklahoma, U.S.A.  

V
and Vaughn 2009, 2010), and status of rare and endangered mussels (Galbraith et al. 2008).  
 
My research will fill a critical gap by investigating ecological functions and ecosystem servi
provided by freshwater mussels. EPA STAR funding will help me with my dissertation research 
- investigating how freshwater mussels influence the environment through biofiltration and 
preferential uptake and excretion of nutrients, effects of different species on ecosystem services, 
and their role within stream food webs. Relationships that will be focu
sh
involvement and impact of freshwater mussels in stream food webs.  
 
Q
(filtering different components)? 
 
Proposed approach to testing trophic niche space: 
Quantifying diet is essential for understanding the functional role of species in regard to ene
processing, transfer, and storage within ecosystems.  Naturally occurring stable isotopes are 
potentially a very powerful approach in determining patterns of energy flow and food web 
linkages in ecosystems (Peterson and Fry 1987, McCutchan and Lewis 2002). Stable isotopes 
have been used to assess the food items assimilated by organisms. Additionally, newly proposed 
statistical techniques allow the comparison of not only the mean isotopic signatures for distinct
groups of individuals, but also the degree of dispersion in their signatures, indicating the width of
their trophic space (Bearhop et al. 2004, Atkinson 2008, Atkinson et al. 2010).  Stable iso
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compositions (13C and 15N) of several common native freshwater mussel species (Actinona
ligamentina, Amblema plicata, Quadrula pustulosa) and an invasive species (Corbicula 
fluminea) will be measured.  The central tendency and dispersion of these signatures will be 
assessed using a multi-response permutation procedure, which allows analyses of bivariate d
Then, follow-up descriptive statistics (Van Valen’s test and bootstapping) will be used for a 
discrete dissection of the central tenden

ias 

ata. 

cy and dispersion of the data.  This will allow me to 
nderstand the overlap of trophic niche space, quantified via stable isotopes, and will allow 

 in the areas they occupy? 
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determination of niche partitioning.     
 
Q2: Do freshwater mussels control nutrient dynamics
 
Proposed assessment of mussel driven nutrient affects:  
Over the summer of 2010, nutrient diffusing substrates were placed at 18 sites (12 replicates at 
each site) across three diffe
densities and the other half h
differences in the limiting 
nutrients in areas with high
mussel densities versus areas
with low mussel densities 
(Table 1).  In addition, fi
excretion experiments w
performed to determine 
excretion rates and the 
composition of excreted 
biodeposits and soluble 
nutrients (C, N, P).  Tissue 
samples were also collected 
from 10 individuals of commo
species for determination of 
tissue stoichiometry (C:N:
Collectively, these data will 
allow me

rent watersheds, with half of the sites ining hig
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To further understand the ro
of individual species, 
mesocosm studies utilizing 
similar methods are planned. Nutrient diffusing substrates (no nutrients, +N, +P, +NP) will be 
placed in mesocosms with varying species compositions of mussels and sham mussels (con
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Table 1: Results from a nutrient-diffusing substrate 
experiment done June-July 2010.  Substrates (12 replicates of 
each treatment) were at each site for a total of 18 days.   



Q3: How are native mussels influencing stream food w
ther organisms and/or h
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Proposed stable isotope studies:  
Stable isotopes have been used in many aquatic 
ecology studies to study food webs, trophic 
structure, and to understand energetic relationsh
between organisms and their food sources (Vander 
Zanden and Rasmussen 1999, Finlay 2001, Post 
2002). Understanding how resources vary in a 
system is necessary to understand the dynamics of 
the ecosystem and the multiple sources consumers 
are utilizing.  Stable isotope enrichment (15N) has 
been used as a tool to determine nutrient cycling and 
food web relationships in multiple studies (Hughes 
et al. 2000, Galvan et al. 2008, Drake et al. 2009). 
Relationships that will be focused upon in detail are 
shown by the bolded arrows in Fig. 2. Dan Allen, a
fellow lab member, has successfully enriched adult 
mussels with heavy nitrogen (15N) in the laboratory 
(Fig. 4) and has shown the enrichment to last over 
eight weeks after feeding of enriched algae was discontinued. Juvenile mussels (>300 
individuals) will be grown for ~1 year on a 15N enriched diet in the Aquatic Research Facilit
on the University of Oklahoma campus.  After enrichment, mussels will be placed in meso
with aquatic insects, snails, and fish to measure enrichment of a stream food web by mussels 
under a controlled environment. Mussels will be introduced to the upper Little River system
during the late spring. It has been shown that mussels have greater impact on primary and 
secondary productivity during low flow conditions, so sampling of the food web will occur 
these conditions. Primary producers (benthic algae and river weed, Podostemnon), primary 
consumers (macroinvertebrates), omnivores (crayfish), an
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d predators (invertebrate predators, and 
zorback musk turtles, Sternotherus carinatus) will be sampled to quantify the bottom-up 

r mussels. Additionally, the isotope information gathered will allow us to 
describe and quantify interactions within the food web.   
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Fig 4: Results from Dan Allen’s 
isotope experiments. Benthic algae 
were more enriched in mesocosms 

sels that contained enriched mus
(Actinonaias ligamentina).   
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affects of freshwate

Expected Results 
 
The results of this experiment will increase our understanding of how interactions between 

abiotic factors and species roles and the impact of biodiversity on the functioning of the 
ecosystem. I predict that mussels will have a strong influence on nutrient cycling, and that their
bottom-up affects on the ecosystem are important to the food web. Discerning how biodiversit
influences ecosystem processes, such as biofiltration and the trophic transfer of nutrients and 
energy is a critical research need. Organisms affect the rest of the community by their f
activities and preferential ingestion and assimilation of resources. Due to the high biomass of 
freshwater mussels in this system, I predict that they exert a large effect on the ecosystem.  M
research is 



assemblages on ecosystems. This will have immediate applicability to understanding the value of 
 role of supporting higher trophic levels and providing ecosystem freshwater mussels in the

services.   
 
Scientific significance:  
My research aims at linking three major areas of ecological research: the affects of cross-
boundary subsidies, the relationship between biodiversity and ecosystem function, and the role 
species traits on ecosystem processes.Cross-boundary resource subsidies have been a major 
focus of ecological research in recent years (see Polis et al. 2004).  These subsidies are donor-
controlled; prior studies demonstrating that emerging aquatic insects subsidize terrestrial food 
webs have been approached from the perspective of the recipient system (Nakano and Mura
2001, Sabo and Power 2002, Sanzone et al. 2003). Freshwater mussels subsidize the benthic
compartment of streams through the transfer of energy and nutrients from the water column; 
transfer allows materials to be more readily available to most stream consumers. Complex 
interactions within communities maintain the processes that insure ecosystem services. The 
diverse assemblages of freshwater mussels provide ecosystem services such as biofiltration. 
Understanding the roles of highly diverse mussel communities is essential for better knowle
of biodiversity – ec
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osystem service relationships in freshwater ecosystems. This study is one of 
ate the mechanisms that control the rate of cross-boundary subsidies between the first to investig

the water column and benthic areas within the context of aquatic food webs via energy and 
nutrient transfers. 
Broader Impacts: 
The proposed research project will result in a pioneering study that integrates biogeochemisty 
and biology to understand how the biotic communities influence nutrient cycling processes and
the aquatic food web. My first year of fieldwork was successful and yielded a large amount of 
data that I am in the process of analyzing. The Ouachita region of southeastern Oklahom
and sparsely populated. In my first year of field work, I lived in the area and conversed with a 
variety of landowners and local residents on water issues and have given out freshwater m
identification keys. I plan to bring greater awareness of these aquatic organisms and the 
importance of freshwater habitats to the communities.  In April 2011, I will be assisting with an
Earth Day Event in Ada, OK. This will include a display on aquatic biodiversity and
freshwater resources of Oklahoma. I will continue working with local residents a
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ecosystem services requires knowledge biogeochemical processes, biological communities, and 

p
our water resources. Scientific research is essential to understanding our world, yet 
communicating our knowledge to the community becoming even more critical. 
 
Environmental management will be better informed through a stronger focus on how ecosystem 
services vary in response to species loss and environmental change, with consideration given 
both the magnitude and variability of important process rates. Furthermore, as species are 
streams, it is essential to understand how underlying environmental processes will be affected.  
Additionally, this research will provide information that can be used in the conservation
management of freshwater mussels (Unionidae). Understanding how different species of 
freshwater mussels respond to environmental variability, their ability to be biofilters, and n
cycling will allow us to better predict the conseque



stream ecology. I aim to assess the influence of biological processing and identify critical 
ommunities that influence nutrient water quality. c
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