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Executive Summary
This scoping project is a literature review designed to examine the variety of
sponge predatory defenses and their potential effects on mussel settlement.
Additionally, a small scale field study was designed to visually examine if
sponges exclude mussel settlement. This study is based on field observations
indicating that invasive quagga mussels (Dreissena bugensis) were not settled on
or near freshwater sponges. Sponges may produce mechanical or chemical
defenses that prevent mussel settlement. It is possible that these natural defenses
may be used to develop settlement prevention treatments that could be used to
prevent bio-fouling in Reclamation facilities. This scoping study will help
determine if there is potential for freshwater sponges to prevent mussel
settlement. The next step would be to determine what the specific defense
mechanism is and if it can be utilized, or artificially created for use as a settlement
prevention technique. Reclamation facilities may benefit from this research as it
may provide a low maintenance and passive protection from mussel settlement.
Zebra (Dreissena polymorpha) and quagga mussels are some of the most
aggressive freshwater invasive species in recent history (Karatayv et al. 2006).
Quagga mussels are established and have spread throughout the Lower Colorado
River system, including Lake Mead, Lake Mohave, Lake Havasu, and Lake
Powell (Wong et al. 2012). Quagga mussels impact Reclamation facilities by
clogging water pipelines, dam gates, trash racks, and other water conveyance
structures (Wong et al. 2012). Nelson and Nibling (2013) observed the presence
of freshwater sponges may have altered the abundance of mussel settlement in the
Central Arizona Project (CAP), as mussels settlement was less frequently
observed around sponges.
Little is known about freshwater sponges and their natural defenses against
competing organisms like mussels. Only 32 species of freshwater sponges in 12
genera exist in North America (Pennak 1991). The majority of the research
reviewed for this literature review was based on the behavior of marine sponges.
However, the research conducted by Ricciardi et al. (1995) suggests that
freshwater sponges possess a chemical defense that inhibits mussels from settling.
When Ricciardi et al. introduced mussels to already established sponge colonies,
in a lab setting, the mussels failed to attach and settle. Additionally, young,
mobile mussels preferentially attached to sponge free substrates.
Sponges are sessile organisms that defend themselves by chemical or mechanical/
structural means. Marine sponges have been found to produce chemical
compounds to protect themselves from predator attacks and overgrowth from
competing organisms (McClintock and Baker 2001). Chemical defense is
typically thought to be a sponge’s most important anti-predator strategy (Pawlik
et al. 1995). The sponge structure itself is also a good defense against predators.
Nearly 75% of a freshwater sponge’s skeletal structure is made up of inorganic
compounds called spicules (Rutzler and Macintyre 1978). Researchers have

found that these spicules are usually arranged with their sharp end pointed out
towards the surface which is used to protect against predators (Uriz et al. 2003).
Researchers have found evidence of abrasions on animals that feed on sponges, as
a result of spicule contact (Meylan 1988). Since both sponges and mussels are
sessile filter feeders, it is not likely that spicules alone will prevent mussels from
settling. Studies have shown that both, chemical and mechanical defensed may
work in corporation to establish predatory defense (Paul and Puglisi 2004).
Table 1 is a summary of the types of defenses observed among multiple sponge
species. Most of the articles indicate that chemical defenses against predators are
the most common type of protection. However Ricciardi et al. (1995) found that
sponges were also able to grow over the top of mussels preventing the mussels
from functioning and eventually leading to death (Ricciardi 1995). The results of
this literature review indicate that there is potential for sponges to exclude mussel
settlement as a result of overgrowth and physical or chemical defense. Sponge
chemical defense compounds will likely be of most interest for development of
mussel settlement prevention techniques.
Table 1. Summary of literature review on sponge defense mechanisms.
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Field Study
The goal of this field study was to observe mussel exclusion by freshwater
sponges. This field experiment was conducted on the lower Colorado River at
Imperial Dam, CA, because both quagga mussels and freshwater sponges have
been identified at the site. Three stringers of plates were deployed at Imperial
Dam, CA on 2/11/2015. Each stringer contained six, black PVC plates, situated
between 3-7 meters below the surface. The goal was to submerge the plates until
they were colonized by sponges. The plates were monitored monthly for sponge
growth. Once the plates were colonized, they would be transported a few miles
upstream to Senators Wash, where mussel settlement is more intense. Three
additional stringers of settlement plates without sponge colonization would be
deployed at Senators Wash and mussel settlement would be compared on plates
with and without sponge presence.
Field Study Results
The plates at Imperial Dam were observed monthly and only a small number of
sponges were observed colonizing by July. There was not enough sponge
colonization to continue the project in the allotted time frame. It is likely that the
plates were not deployed at the right time of year for best sponge colonization.
This field study was limited because field work was conducted along-side another
study to save on travel costs.
Mussel settlement has been found to be significantly less at Imperial Dam in
comparison to sites, such as Parker and Davis Dams, upstream in the Colorado
River. Another Reclamation project is being conducted to determine the causes of
this reduced settlement. Sponge settlement has been observed on settlement plates
associated with this other project, but it has not been determined if the sponge
presence is causal of reduced settlement. More sponge was noticed on Imperial
Dam settlement plates in 2014 compared to 2013, but there were more mussels
collected from plates in 2014 (40 adults) than in 2013 (25 adults). Fewer sponges
were observed on plates in the first two meters of water, while thicker sponge

growth started at about 3 meters. Plates closer to the trash rack had fewer sponges,
possibly because of high flow and more sediment on the plates. Sponges were
found growing on top of some adult mussels (Figure 1). In February 2015, a
significant amount of sponge gemmules (Figure 2) were found on the plates and
wire stringers deployed at Imperial Dam, indicating there was a large sponge
population that year. Gemmules are internal buds involved in asexual
reproduction, that are resistant to harsh environmental conditions and can lay
dormant until less hostile conditions appear.

Figure 1. Adult quagga mussels collected at Imperial Dam, CA with sponge
overgrowth.

Figure 2. Sponge gemmules collected from settlement plates at Imperial Dam, CA
in February 2015

In February 2015 a sponge sample along with sponge gemmules were collected
from plates at Imperial Dam and were sent to BSA Environmental Services Inc.
for taxonomic identification. The sample was identified as Trochospongilla leidii.
An additional sample was sent to the Reclamation Detection Laboratory for
Exotic Species (RDLES) for DNA barcoding analysis. DNA barcoding is a
molecular test that uses a conserved DNA sequence, such as cytochrome oxidase
1 (COI), for the identification of organisms. For this assay, DNA was isolated
from three sponge subsamples using the Qiagen DNA extraction kit (Keele et al.
2014). The PCR assay and primers (dgLCOI1490 and dgHCO2198) used by
Vargas et al. (2012) were used to amplify part of the COI gene. The resulting
PCR products were sent to a commercial laboratory for DNA sequencing.
The forward and reverse DNA sequences from each sample were aligned to each
other and to on-line databases (DNA Bold and NCBI Blast) of DNA sequences to
identify the organism (Tables 2, 3, 4, and 5). The DNA sequencing analysis of the
second sample did not yield DNA sequences that could be analyzed with any
confidence.
The databases matched the sequences with several sponge species (Table 2),
including Pachydictyum globosum and Pachydictyum incrustans, which are
sponges from Indonesia and not likely the species collected in CA. The data base
also matched the sequences to Trochospongilla pennsylvanica, which is a species
in the same genus identified by the taxonomist. Based on the alignment results, it
is possible that the sponge analyzed here is not present in either the DNA BOLD
or NCBI databases. There are only a few nucleotide differences between the
sequence of the sample DNA and the three sponge species to which it was
matched (Figures 4 and 5).

Table 2. BOLD and BLAST analysis results for the forward and reverse sequences
obtained from the sponge collected at Imperial Dam, CA.

Sample
Sequence 1 Forward
Sequence 1 Reverse

Sequence 3 Forward

Sequence 3 Reverse

BOLD Analysis
Pachydictyum incrustans
(99% similarity)
Species level match could
not be made, highest
ranked species was
Trochospongilla
pennsylvanica (99.2%
similarity)
Species level match could
not be made, highest
ranked species was
Trochospongilla
pennsylvanica (99.1%
similarity)
Species level match could
not be made, highest
ranked species was
Pachydictyum globosum
(99.29% similarity)

BLAST Analysis
Pachydictyum globosum
(94% ID, 99% coverage)
Trochospongilla
pennsylvanica (98% ID,
100% coverage)

Pachydictyum globosum
(97% ID, 100% coverage)

Pachydictyum globosum
(98% ID, 99% coverage)

Figure 3: DNA Bold output for the sequence analysis of sample 3 reverse
sequence. Note that a species level match could not be made.

Figure 4. Sequence alignment of T. pennsylvanica and four sequences obtained
from barcoding analysis of the sponge sample. There are only five nucleotides that
are different between the sponge samples and the known sequence for T.
pennsylvanica. An N in the DNA sequence indicated a nucleotide that could not be
resolved in the sequencing reaction.

Figure 5. Alignment of T. pennsylvanica, P. globosum and sponge 3 forward
sequences. Note that there are only two differences between T. pennsylvanica and
P. globosum.

Although this field study could not be completed the literature review and general
field observations indicate that there is likely some interaction between sponges
and mussels as they are in competition for similar resources. A more complete
analysis of freshwater sponge chemical defense may provide insight into new
methods for mussel settlement prevention.
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