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Abstract Data Analysis Discussion
* Tusedaone-way ANOVA to ask if average species richness differed between samples with zebra Zebra Mussels alter habitats by providing macroinvertebrates with extra spaces to hide
ebra Mussels a s by g ma Xtra s

from predators, and by adding many nutrients from their feces and pseudofeces (T.W. Stewart
et. al, 1998; Beekey ef al., 2004). Our data support this (Fig. 1), by showing there are more
species in samples where zebra mussels are present. Our rarefaction graph showed that

Zebra mussels (Dreissena polymorpha) have become an invasive species in Lake

. : DI N mussels and without zebra mussels.
Champlain, and have altered macroinvertebrate habitat significantly. They negatively

. g . s ¢ I performed two regression analyses of 1. native mussels abundance and 2. species richness
affect native mussel species by attaching to the mussels and eventually killing them. . © .
y € ’ responses to Dreissena polymorpha density.
¢ I performed a rarefaction analysis between samples that contained Dreissena polymorpha and that did
not, using Ecosim software.
¢ I performed a #test, and calculated Cohen’s D for each of the native mussel species and their
response to the presence of zebra mussels, and graphed results (IBM SPSS Statistics, 2013).

Missisquoi Bay has more recently been colonized by zebra mussels and represents an
opportunity to study the effects of a new invasion. I hypothesized that when the samples with zebra mussels had a smaller expected abundance and species richness than those
abundance and species richness of the native mussels E/iptio complanata, Lampsilis radiata,

Lampsilis ovata, Pyganodon cataracta, Pyganodon grandis, and Pisidiidae increased, the number of

zebra mussels would increase as well. My results showed that there was a significant

without zebra mussels. The difference between these two sample types was not significant
over most of the range of the rarefaction graph (Fig 2). The differing results between these

two graph types can be explained by recognizing that by gathering more individuals in

increase in the number of zebra mussels with higher native mussel richness. There was samples, there will most likely be an increase in species richness. Thus higher density
also an increase in the number of zebra mussels when native mussel abundance was 9 . communities will tend to have more species because more individuals are available to be
higher but this effect was not statistically significant. There were more native mussels in P n e ¢ NoZebraMussels - sampled. This model is called ‘passive sampling’” and often explains richness increase
samples with zebra mussels than in samples lacking zebra mussels, for all native mussels, E s L. S oo ® associated with an increased abundance (Yaacobi ez a/, 2007).
except Elliptio complanata. 'This could be because Elliptio complanata populations overwinter g s g . ’ Upper CI Zebra mussels have had negative effects on the native mussels (Ward & Ricciardi, 2007).
under sediment and may shed zebra mussels when embedded. These results support my g B & e Our results show that zebra mussels positively correlated with native mussel abundance (Fig.
hypothesis, and show that the abundance and richness of native mussels are affecting the & o ,"5 Lower CI 3) and species richness (Fig. 4). This correlation could be due to zebra mussels attaching
number of zebra mussels present. This is important because zebra mussels are becoming é., '6 2 themselves to the live n’(.]tive mussels. It could also be d\{e to them both relying on the same
more invasive and altering the environment that many organisms live in. It is important 5 o ¢ Zebra Musscls sth of resources to survive, an.d so they \X’Ou](?] be found in the same places. There were
to see how they are changing the environment, and what effects they will cause in the - 5 differences between every native mussel species’ presence when zebra mussels were present as
future. s No Zebra Mussels Zebra Mussels o 000 2000 3000 400 3000 6000 opposed to when they weren’t, except with E/iptio complanata (Fig. 5). The majority of the
Sample Types Abundance native mussels had medium to large effect sizes, showing there were more mussels present
Introduction  Figure 1. A comparison of the average species Figure 2. Specics richness rarefaction curve comparing 334 “thc‘“ %Cl’fﬂ m‘l“d‘s Wf“‘ ‘" thF- sample. A -fC““"“‘“‘ for £ 1//47’{” complanata ""f ‘h‘a"i“fg a
richness between 334 samples, taken from Missisquoi samples from Missisquoi Bay. Graph shows predicted difference could be because this mussel was the second most common mussel we found and
*  Zebra mussels (Dreissena polymorpha) have become an invasive species in both North Bay, that contained Dreissena polymotpha and that abundance and species richness for samples with zebra is probably present all around the Missisquoi Bay. E/iptio complanata is relatively tolerant of
America and Europe, causing major changes in both macroinvertebrate abundance and did not contain Bml:ffa;{;_ﬂl‘vmmi’m (ANOVA; mussels and without zebra mussels. zebra mussels, and this mussel suffers much less from zebra mussel attachment than does
diversity (Ward & Ricciardi, 2007). Lampsilis radiata (Hallac & Marsden, 2000).
*  They invaded Lake Champlain in 1993, and have been causing both positive and negative 0 An interesting future study would be to see how zebra mussel shells are affecting the
effects on the native species there (Beckey ef al, 2004). 9% ° R iyt bottom of Lake Champlain. A study was done in Switzerland that showed zebra mussel shells

last longer than native mussel shells after being abandoned, and turn the sandy substrate into
partially hard substrate (Schmidlin & Schmera, 2012). Another interesting future study would
be to see how zebra mussels are affecting the algae blooms in Lake Champlain, because they
increase the number of bacteria in the sediment and increase water clarity (Schmidlin &
Schmera 2012; Atalah & Kelly-Quinn, 2010).

*  They have positively affected macroinvertebrates by offering them more space between
colonized mussel shells, which helps them to avoid predators. They also create a larger
surface area for macroinvertebrate colonization (T.W. Stewart ez a/, 1998).

*  Zebra Mussels increase the organic matter available to the macroinvertebrates by
depositing both faeces and pseudofaeces onto the benthos (Beekey ez al, 2004).

*  They have been negatively affecting native unionids by causing competition for food and
space by attaching themselves using thin fibers called byssal threads. This attachment ACknOWledgementS
eventually leads to mussel death (Ward & Ricciardi, 2007). I would like to thank VT EPSCoR, for giving me the opportunity to participate in their

*  Zebra mussel presence can also cause disease and parasitism in native species, which can Native Mussel Abundance Native Mussel Richness program, and providing resources for me to complete this project. I would also like to thank
lead to community alteration (Schmidlin & Schmera, 2012). Professor Declan McCabe (St. Michael’s College) for all of his assistance in helping us to

Number of Zebra Mussels
Number of Zebra Mussels

- . o . Figure 3. The effect of the abundance of the native Figure 4. The effect of the species richness of the identify th . b ! helni d hroush my broi 1d
*  We tested the hypothesis that when species richness and abundance of native mussels mussels Elliptio complanata, Lampsilis radiata, native musscls Elliptio complanata, Lampsilis identi fy the macroinverte AratCS, and helping to guide me t rough my project and data
Elliptio complanata, Lampsilis radiata, Lampsilis ovata, Pyganodon cataracta, Pyganodon grandis, and Pyganodon cataracta, Pyganodon grandis, Lampsilis radiata, Pyganodon cataracta, Pyganodon grandis, analysis. Thank you to Middlebury College for letting us use their boat to collect samples in
Pisidiidae increases, the number of zebra mussels will also increase. ovata, and Pisiididae on the number of Dreissena Lampsilis ovata, and Pisiididae, on the number of Missisquoi Bay. Lastly, thank you to the other members of my internship, Devan Piniewski,
P in the Missis 7 Bay (linear reg zebra mussels in the Missisquoi Bay (linear Robert Ryan, and Carla Lépez Lloreda for their help in data collecting and macroinvertebrate
L regression; p<.001). picking and identifying. Funding provided by NSF Grant EPS-1101317.
Methods
Field Elliptio complanata H—— W .
A grid d (SedTrend, 2013) that had 370 le sites, in Missi i Bay, laid 500 ! i Oka Clted
. rid was created (SedTren 3) that ha sample sites, in Missisquoi Bay, laid out 5 " o
g ¢ > ) P > q 28 Lampsilis radiata —— Atalah, J,, Kelly-Quinn, M., Crowe, T., & Irvine, K. 2010. Impacts of invasion by Dreissena polymorpha
meters apart. _ ) . (Pallas, 1771) on the performance of macroinvertebrate assessment tools for eutrophication
*  We used boats to collect 334 samples (some sampling points were not boat accessible) from Pyganodon cataracta —— pressure in lakes. Hydrobiolagia. 654(1): 237-251.
Missisquoi Bay’s floor by using a petite ponar sampler. . Beekey, M. A., McCabe, D. ., & Marsden, J. E. 2004. Zebra mussel colonisation of soft sediments
*  We ran each sample through a 0.5mm sieve, and then rinsed the sample twice with water. Poganodsn grandis " 1 facilitates invertebrate communities. Freshwater Biolngy. 49(5): 535-545.
* We scooped the sample from the sieve and placed it into a whirl-pack bag filled with 100% b Hallac, D, & Marsden, J. 2000. Differences in tolerance to and recovery from zebra mussel
FtOH, and a tag with the date, latitude, longitude, and sample number isidiidat A (Dreissena polymorpha) fouling by Elliptio complanata and Lampsilis radiata. Canadian Journal Of Zoolgy.
> ‘ i 4 4 > : . 78(2): 161-166.
Lab Lanpsils ovata = Schmidlin, S., Schmera, D, & Baur, B. 2012. Alien molluses affect the composition and diversity of
P 3
*  We ran each sample through a 0.6mm sieve and rinsed the sample with water. native macroinvertebrates in a sandy flat of Lake Neuchatel, Switzerland. Hydrobiolygia. 679(1): 233-249.
*  We picked out the bugs and full mollusc shells from each sample and placed them in glass vials 1 0 1 Stewart, T W, Minet, J. G., & Lowe, RL 1998. Quantifying mechanisms for Zc‘bravmusscl effects on
with 70% EtOH, 1% glycerin, and then recorded the number of macroinvertebrates, empty Standardized Effet Size (Cohen's D) benthic macroinvertebrates: Organic matter production and shell-generated habitat. Journal Of The
. " ’ North American Benthological Society. 17(1): 81-94.
S?aﬂ shells, and empty mussel shells present. ) Figure 5. Standardized effect size with 95% confidence intervals showing differences based on the presence or absence of Ward, J. M., & Ricciardi, A. 2007. Impacts of Dreissena invasions on benthic macroinvertcbrate
*  We placed the mussels into whirl packs with 70% EtOH, 1% glycerin. zebra mussels in our 334 samples taken from Missisquoi Bay. Dark gray area shows the range for large effect size (0.8), communities: a meta-analysis. Diversity ¢ Distributions. 13(2): 155-165.

o We went [hrough and identified macroinvertebrates down to the lowest practical taxonomic unit light gray shows medium effect size (0.5), white area shows small effect size (0.2). When the confidence limit crosses the Yaacobi, G., Ziv, Y., & Rosenzweig, M. L. 2007. Effects of interactive scale-dependent variables on beetle

S " (02, white ared " o ;
dotted line, it cor to the tatistical interpretation of 70 between the number native diversity patterns in a semi-arid agricultural landscape. Landscape Ecology. 22(5): 687-703.
mussels contained in samples with and without zebra mussels.

using a dissecting microscope and taxonomic keys.




