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Student Applicant: Haley O’Brien Mentor PI: Robert Podolsky
MAY S/SURF Student Statement of Intent (One page per student)

Directions to the student applicant: Provide a statement (12 pt font, 1 inch margins, single spaced) explaining why
you want to work on this project and what you hope to learn or accomplish from the experience. You should work
with your faculty mentor while preparing the statement. For MAYS applicants, if you will work on the project
while taking courses, provide your planned curriculum and a self-assessment of how your work on the project will
fit into your academic schedule and any nonacademic activities you have planned. (SURF applicants are not to be
enrolled in courses when working on the SURF project.) For all applicants, if the work will be (or become) part of a
bachelor’s essay, tutorial course, or somehow related to other earned academic credit, be sure to indicate that. Use
only the space provided on the front of this page.

My project will investigate the effect of high levels of carbon dioxide on the formation of
gastropod shells and on the defense this provides to larvae against predation. The species I will
use, llyanassa obsoleta, is an intertidal snail common in local intertidal areas. By using this
local species, I hope to address a global environmental issue concerning the impact of rising
levels of atmospheric CO, on the health of marine organisms. By carrying out this project I also
hope to pursue my interest in marine invertebrates and gain valuable research experience for
applying to graduate schools and making a decision about my career path.

My curiousity about this topic came both from my interest in issues of environmental
importance and from my interest in marine invertebrates and their ecology. Having taken the
Invertebrate Zoology course from my research advisor, I want to take advantage of this
opportunity to learn in depth more than could be covered in the class, which was a broad survey
of animal groups. While reading the primary literature in preparation for this proposal, I have
already greatly expanded my understanding of invertebrate physiology, environmental influences
on physiology, predator/prey relationships, the consequences of increased atmospheric carbon
levels, and the design of experiments. Involvement in this project would allow me to gain deeper
understanding of how these topics relate to one another in carrying out scientific research on a
local organism. I also hope to learn in detail how to carry out a well-designed scientific
experiment to answer an important question.

Because I enjoyed and was successful with learning material in the Invertebrate Zoology
course, I am considering research in this field as a potential career option. I recognize, however,
the importance of having skills in both laboratory work and experimental design before making
any future career decisions. I feel that working with Dr. Podolsky will be a great opportunity to
achieve these goals while working on a problem that is of personal interest, and that I helped to
define.

Next semester, when the experiments would be performed, I plan on designating a block
of time each day to attend to the project. This time would be scheduled to fit in with my plans to
take courses in oceanography, organic chemistry II, statistics, and an undefined elective.
Currently I work 20 hours per week at the county library; however, MAYS funding would allow
me to cut back my hours as necessary for the sake of carrying out the research, which is very
important for my future plans to apply to graduate school. I have no other outside activities
planned for the spring, and fully intend on dedicating myself to seeing the successful outcome of
this project.
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Student Applicant: Haley O’Brien Mentor PI: Robert Podolsky

MAY S/SURF Project Description

(No longer than five pages 12 pt font, linch margins, single-spaced. Appendices are not allowed)

Effects of elevated CO, levels on shell development and predator vulnerability
in larvae of a shallow-water marine snail

(a) Project Abstract:

Rising levels of carbon dioxide in the atmosphere are a global threat for their effects not only on
climate, but also on elevated levels of dissolved CO; (hypercapnia) in the world’s oceans.
Hypercapnia lowers seawater pH, leading to acidosis of tissues as well as the reduced ability of
corals, molluscs, and other calcifiers to produce calcium carbonate shells and skeletons. We
propose to study CO,-related changes in shell production and vulnerability to predation in larval
stages of the intertidal snail llyanassa obsoleta. Egg capsules will be held in seawater under
conditions that recreate predicted levels of future atmospheric CO,. Shells of larvae hatched
from these capsules will be measured for size and mass, and larvae will be exposed to a common
planktonic predator to measure changes in their vulnerability to predation. Understanding the
diverse effects of future atmospheric change is important for predicting impacts on marine
organisms and their communities.

(b) Project Objectives.

Consensus exists in the scientific community that atmospheric carbon dioxide (CO;)
levels are on the rise. Long-term records from the Mauna Loa observatory, for example, show
increases in CO, of more than 55 ppm (18%) over the last 45 years (Patra et al. 2005). Less well
understood, and more controversial, are the long-term climatic and biological consequences of
increases in atmospheric CO, (Soon et al. 2001). While much public attention has focused on
the effects of CO, on climate change, the potential effects of changes in the concentration of
gases dissolved in the world’s oceans has been less publicized. Al Gore’s recent film An
Inconvenient Truth, for example, did not touch on changes in oceanic CO, concentrations or their
potentially harmful effects on marine life. Recent decades, however, have seen a significant rise
in dissolved CO; concentrations in the ocean’s upper layers, resulting from changes in changes
in atmospheric conditions (Sabine et al. 2004).

An increase in dissolved CO,, known as “hypercapnia,” can pose a number of problems for
marine organisms (Burnett, 1997). Even if organisms can survive the direct effects of high CO,,
consequences of exposure can include reductions in metabolism, protein synthesis, growth rate,
and reproduction (Portner et al. 2004). More importantly, hypercapnia also reduces the pH of
seawater, leading to the acidosis of tissues of marine organisms as well as a reduction in the
availability of carbonate ions. Because the rate of calcification—the precipitation of a calcium
carbonate (CaCOs3) to form a hard structure—depends on the availability of carbonate ions,
organisms that rely on the production of a CaCOjs shells for protection may be especially
vulnerable. In fact, hypercapnia causes adult mussels to dissolve CaCOjs in their shells to
counter the reduction in pH (Michaelidis et al. 2005). In general, marine calcifiers, including
molluscs and corals, are expected to be most strongly affected by future CO, changes (Kleypas et
al. 2006), just as evidence suggests that past atmospheric changes have had devastating effects
on these organisms (Portner et al. 2004)

Early developmental stages such as embryos and larvae are often the most vulnerable
stages in the life history of marine organisms, due to their small size and increased risk of

MAY S/SURF Unified Proposal Forms 08/17/2006 Page 2 of 16



Student Applicant: Haley O’Brien Mentor PI: Robert Podolsky

predation, desiccation, and loss from favorable habitats. Given these risks, many marine
molluscs brood their embryos inside protective structures, such as gelatinous masses and
capsules (Pechenik 1979). Embryos develop shells while inside of these structures and then
hatch to feed during a planktonic period. Because the plankton is thought to present a high risk
of predation (Rumrill 1990), larvae rely on their shells in part to survive this period.
Furthermore, veliger larvae of snails have been shown to adaptively change shell size and
strength in response to the presence of planktonic predators, suggesting that shell construction
influences their risk of predation (Vaughn, in press). Thus, negative changes in shell
characteristics resulting from hypercapnia could be critically important at early stages.

Because shallow waters are predicted to absorb more CO, than deeper waters (Caldeira
and Wilckett 2003), and because biological diversity is richest in shallow environments, it is
especially important to understand the potential consequences of hypercapnia for fauna of these
habitats. In this study we propose to examine the influence of hypercapnia on an early life-
history stage of an intertidal snail llyanassa obsoleta. Our first objective is to measure
differences in the size and mass of shells produced by hatchlings under different concentrations
of dissolved CO,, representing current CO; levels as well as increasing levels predicted in the
future. Our second objective is to test the vulnerability of larvae, given variation in the shell
characteristics produced under these conditions, to a common planktonic predator. These data
will allow us to address the following two predictions:

e Embryos reared under conditions of increasing atmospheric CO,, which will lead to
decreasing pH in the seawater in which they develop, will experience slower
development and growth and will produce shells that are smaller and less massive

e Larvae that hatch from treatments involving elevated levels of dissolved CO, will be
more vulnerable to a predation by a common planktonic predator

(c) Project Significance.

This study will address a critical relationship between physiology and a key morphological
trait in a common, local intertidal snail. Formation of the shells of molluscs is sensitive to
several environmental factors, but in particular dissolved CO, (hypercapnia), which alters the
rate of shell calcification by changing pH. Animals that deposit less shell material may have
thinner and potentially weaker shells, making them more vulnerable to predation, or they may be
limited in their growth. We have proposed to study intertidal snails because their habitats could
make them especially vulnerable to future environmental changes, including changes in levels of
dissolved CO,. Furthermore, we plan to study the more vulnerable early developmental stages of
this species, because a smaller or thinner shell or slower growth could make these smaller stages
especially susceptible to predation. For intertidal snails, a change in environmental conditions
that impacts growth or survival of individuals could have negative consequences for snail
population sizes and for interactions with other members of the intertidal community.
Furthermore, because many invertebrate organisms—including crustaceans, echinoderms,
sponges, and cnidarians—depend on protective or skeletal structures produced from calcium
carbonate, our results will have implications for diverse shallow-water marine organisms and
their communities.

Studies of past fauna and climates suggest that changes in environmental conditions have
been responsible for major changes in biodiversity. For example, Portner et al. (2004) predicted
the potential effect of increases in dissolved CO; on populations in the future, based on effects of
past changes in CO, during the Permian-Triassic transition. A mass extinction event occurred in
that era approximately 251 million years ago, which led to especially severe declines in forms of
marine life that depended on calcium carbonate shells. A major contributor in that case appears
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to have been an increase in atmospheric and oceanic CO,, at levels that are similar to the low-end
projections of models of contemporary change. A mass extinction event is clearly an extreme
prediction of the effects of hypercapnia. Nevertheless, measuring the effects of rising dissolved
CO; for local species will be important for understanding potential consequences for shell-
dependent marine life more globally.

(d) Methods of Work (It is recommended that in addition to a narrative statement
describing the methods of work, applicants include a table similar to that shown below
with a minimum of three columns, as appropriate to the time frame of the project.)

Study animals. Adult mud snails, Ilyanassa (=Nassarius) obsoleta, will be collected from
shallow-water habitats near the Grice Marine Lab (GML) at Fort Johnson. Adults will be
maintained in aquaria containing seawater from Charleston Harbor, which is piped into GML
and held in settling tanks until use. Adults will be fed chopped clams daily and maintained on a
12:12 h light-dark cycle in the GML wet lab.

Because Ilyanassa is used for the study of reproduction and development, conditions for
maintaining adults in reproductive condition are simple and well-established (Costello and
Henley 1971). To reproduce, llyanassa females mate and produce small leathery egg capsules
that they attach in clusters to hard surfaces, such as aquarium glass. Individuals collected from
December through late spring typically begin to produce capsules abundantly within two weeks
in captivity.

Collection of subjects. Subjects will be defined as individual egg capsules, containing from 30
to 300 embryos. During experiments capsules will be held individually in seawater in shallow
20 ml glass vials. On the day before collecting capsules for experiments, existing capsules will
be removed from aquaria. Deposition of capsules on aquarium walls will then be checked twice
daily in order to introduce newly laid clusters of capsules into experiments as soon as possible
after oviposition. Capsules from a single cluster, representing the reproduction of one female,
will be distributed across treatments to provide a common genetic background. The application
of treatments will be replicated across multiple females, as described below.

Manipulation of ambient CO2 levels. Glass vials containing single capsules will be held inside
plastic bins (storage containers with lids, modified with ports for gas input). The containers will
be closed though not airtight, and a slight positive pressure from the inflow of gas will be used to
maintain treatment conditions inside containers. The mixture of gases and the rate of pumping
into each container will be regulated by flow through a Pegas 4000 Gas Mixer (Columbus
Instruments, Columbus OH), a microprocessor-controlled instrument that regulates both the total
flow and the concentrations of gases. Gas for each mixer will be provided from two attached
cylinders (one CO,, one compressed air), mixed to appropriate percentages. At least seven of
these mixer units are available for our use at GML; four will be used in our experiments.
Seawater in vials will be changed daily. Concentrations of CO, dissolved in the seawater in
which capsules are held will equilibrate quickly with the overlying gas; a nearly identical setup
has been used to study the effects of hypercapnia on crab physiology (L. Burnett, pers. comm.).

Four treatment conditions will be created: current CO; levels (approx. 372 ppm), as well
as concentrations predicted 50 years (500 ppm), 100 years (750 ppm), and 200 years (1050 ppm)
into the future (Caldeira and Wickett, 2003). Two replicate bins will be established for each
treatment, using a gas line split from each mixer. The experiment will be replicated for ten
females per trial, and two trials will be performed sequentially, for a total of 10 females x 8
containers x 2 trials = 160 capsules in the experiment. For each trial containers will be arranged
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randomly on the benchtop to minimize the potential for any positional bias. The gas mixer and
cylinders used for a particular treatment will be interchanged between trials. The pH levels in a
subset of vials will be checked daily with a small handheld PH110 portable pH meter (Global
Water Instrumentation, Gold River, CA).

Student Applicant: Haley O’Brien

Measurements. Individual vials will be checked twice daily for hatching. Under well-aerated
conditions, development to hatching at room temperature (22°C in the GML wet lab) should take
5-7 days. Hypercapnic conditions may extend development by several days to a week. Because
chemicals released by developing embryos initiate breakdown of the capsule wall, we expect
hatching to be synchronous, so that all hatched veliger larvae can be collected from a given vial
simultaneously. In addition to recording the time to hatching, digital images will be recorded to
count the total number of hatchlings and to measure the shell size of hatchlings (Podolsky,
2003). The shells of veliger larvae are hydrophobic, such that larvae become trapped in a
monolayer in the surface tension of seawater if first exposed to briefly to air, facilitating the
recording of digital images of the entire cohort. Images will later be analyzed using digitizing
software (Image-J) to record maximum shell length and perpendicular maximum width.
Hatchlings will then be collected in aluminum boats, washed briefly in ammonium formate to
remove inorganic salts, dried to constant mass at 70°C, and then ashed in a box furnace to
constant mass at 300°C. Ashed mass provides an estimate of the inorganic (i.e., shell material)
fraction of investment, whereas the difference between dry mass and ashed mass is an estimate
of the organic fraction.

Tests of vulnerability to predators. In a second set of experiments, new hatchlings reared as
described above will be exposed to a common planktonic predator, crab zoea larvae, under
normal CO; conditions. The crab zoea will be collected at the GML boat slip by submersing a
“nightlight” just below the water’s surface at dusk. Zoea swarm to these lights and are easy to
collect and later sort by genus. These experiments are planned to coincide with the spring
appearance of larvae of the crabs Cancer and Callinectes in the water column. Crab zoea
consume veliger larvae but are of a size where shell characteristics of veligers have an effect on
predation rates (Vaughn, in press). For experiments, twenty veligers from a given treatment will
be placed into a 20 ml glass vial with four zoeas. Preliminary trials will be used to measure the
approximate rate of consumption in order to determine the endpoint at which trials will be
stopped, to record the number of veligers consumed.

Statistical analysis. Development experiments will be analyzed using mixed effects models
(SPSS, ver. 12.0), involving random effects (female, bin, trial), a fixed effect (CO2
concentration), and dependent variables (development time, hatchling number, shell size, and
inorganic ashed mass). Predation experiments will be analyzed using similar independent
variables but with the proportion of embryos consumed as the dependent variable.

The following table reflects an appropriate timeline for this experiment:

Dec Break Jan 2006 Feb-Mar 2006 Mar-Apr 2006 May 2006
2006
Order Build Experiment [: Experiment II: Complete
equipment and | apparatus, measure larval measure analysis and
plan apparatus establish shell variation predation on write up
animals in under differing larvae; present
aquaria CO, conditions poster
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(e) Current and Pending Support. (Departmental support for all projects in which the student
earns or will earn academic credit for MAYS or SURF supported efforts is required.)
No current support is available specifically for this project. I have NSF funding to carry out
summer research on the west coast on a different though related project.

Title, Dollar Amount, Period of Award:
Title: Effects of elevated CO, levels on shell development and predator vulnerability in larvae of
a shallow-water marine snail
Amount requested = $2197
Period: January 15 —May 1 (period involving laboratory research)

Impact of Current and Pending Support on Work Described in this Application:
None.

(f) Student Development.

Completion of this project will be critical for Haley’s desire to gain the research experience and
practical skills needed to make decisions about graduate school and to fortify her application. As
a member of the admissions committee for our Marine Biology Graduate Program, I can attest to
the importance of research experience in graduate school admissions. I am especially excited
about the prospects for this project to achieve these goals, and to support her interest in graduate
school, because the questions grew directly out of a combination of Haley’s interests and my
expertise in larval biology—thus, I think she is already gaining a true feeling for the spirit of
collaboration.

(9) Project Dissemination.

HDO will plan to present a portion of her work (from the first set of experiments) at the spring
SSM Scientific Research Poster Session. We also anticipate that she will present a poster at one
professional meeting (for example, the national SICB meetings or the regional SEEPAGE
meetings). In addition, I judge this work to have excellent potential for a co-authored
publication, which we would aim to submit by fall 2007.

(h) Student Involvement in Application Process.

HDO brought the initial interest in working on effects of CO, on marine organisms, given her
interest in global environmental issues. RDP suggested looking at the effects of these conditions
on the larvae of gastropods, as he has extensive experience working with larval forms of marine
molluscs and has measured effects of temperature on larval growth and shell formation. HDO
wrote the first drafts of the Abstract, Objectives, Significance, and Methods sections of the
proposal after conducting her own searches of the relevant literature. RDP then edited each of
these sections, added additional references from the literature on larval biology, and drafted the
remainder of the proposal, on which HDO provided feedback.
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MAYS Proposed Budget (Submit this page for MAYS applications ONLY)

Faculty PI: PI Department:
[ 1 i 1\%
MAYS Funding Dept/School External Total
Request* Other Internal ~ Support Cost of
Support for for MAYS
Project Project Project
(Add 1111
for each row)
A. Student Salary (taxable 1350 1350
amount)
B. Student Travel 0 0
C. Faculty Travel 0 0
D. Supplies & Materials 847 847
E. Other 0 0
F. Total Costs Per Column (Add 2197 2197
values from cells A — F for each column):

* All of the MAYS funds must be expended in the fiscal year in which the award is made. The
fiscal year turns over on the last day of June. If an award is made, funds will be deposited into
the research account of the Faculty PI’s Academic Department.

Budget Justification (Continue on one additional page if necessary. Identify sources of additional support as
appropriate.):

A. Student Salary. Provide a justification and explanation for any student salary request. It is normally
expected that a full time student will spend no more than 10 hrs per week working on a MAY'S project.

Ms. O’Brien will work 10 hours per week on this project during the 15 weeks of spring
semester 2006, for a total of 150 hours during the semester. The pay rate requested is $9/hour,
which is comparable to the rate at which other students carrying out independent research are
paid in the biology department. As explained in her Statement of Intent, Ms. O’Brien will forgo
other employment to focus on this research effort.

B. Student Travel. Excluding travel for presentation of results, supported by separate RPG awards. Use ORGA
per diem and mileage rates as needed.

None requested.

C. Faculty Travel. Must be justified in relationship to the students’ work and effort and the project goals or
objectives.
None requested.

D. Supplies and Materials: List items over $50 separately. Items under $50, such as photocopying, may be
listed collectively. The relevance to the project of each request listed must be described here. Additional support
for the project must also be described, in which case be sure to specify specific items, or parts of specific items, to
be funded with MAYS support. All items purchased with MAY'S funds are considered to be the property of the
College of Charleston, and must remain in the custody and possession of the College of Charleston at the conclusion
of the award period.
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