BI/ES 593 Marine Physiology and 
Climate Change
MARINE SEMESTER – Fourth Block
Fall 2025 (November 18 - December 17) – no class Nov 24-28
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Professor Information
	Professor
	Email
	Office phone
	Cell phone
	Office Location

	Sarah Davies (she/her)
	daviessw@gmail.com
	617-383-8980
	512-609-9134
	BRB 215



Teaching Fellow:  JK Da’Anoy (he/him) email: jpdaanoy@bu.edu

Office Hours: Please email, but I am generally available from 9-4pm M-F, also very active on Slack
Course Overview
Greenhouse gas emissions are warming the planet at unprecedented rates and these rapid environmental changes represent one of the greatest global threats for marine ecosystems.  Ocean temperatures are predicted to rise by at least 1º C over the coming century and the consequences of these increased temperatures on marine communities depend upon the organism's physiological response, its genetic background, and its interactions with other individuals in their community. This course will explore the range of physiological responses marine organisms exhibit in response to climate change. We will be exploring the phenotypic plasticity exhibited across different organisms and investigating how this plasticity can influence an organism's resilience to its changing environment. This research-based course will be taught over the course of November-December as part of the Marine Semester and will be based on lectures, literature review and student-led common garden laboratory experiments. The marine invertebrates that will serve as our research subjects will include previously collected invertebrates native to the east coast of the US and coral populations from Florida, Belize and Panama. This course is intended for upper-level undergraduate and graduate students interested in the physiological responses of marine organisms to climate change with the end goal being to design and implement physiological experiments to better predict how marine organisms will respond to the challenges posed by global change. Students will work in small groups to pursue their own independent research projects.
Through this course, you can expect to gain:
· An understanding of how increased CO2 emissions are affecting the world's oceans
· An understanding of how marine populations can respond to their changing environments
· Experience designing statistically robust common garden experiments
· Experience carrying out temperature controlled experiments in the laboratory
· Experience in measuring a myriad of physiological responses in marine invertebrates
· Experience carrying out statistical analyses of physiological data using R software
· Experience generating scientific figures using R software
· Improved comprehension of scientific literature in field of Marine Physiology and Climate Change
· Improved oral and writing communications
Upon completion of four courses in the Marine Semester, you will gain one Hub unit in each of the following areas: 
-      	Scientific Inquiry II
-       	Oral & Signed Communication
-       	Creativity and Innovation
-       	Teamwork and Collaboration
· Individual Hub units are not attached to each course, but are instead assigned to a zero-credit course that all Marine Semester undergraduates will be registered for (see Appendix for details)
Prerequisites
· BI108 (Cell and molecular biology, Mendelian & molecular genetics, physiology, and neurobiology) or permission of the instructor
· Admission to the Marine Semester
· Acceptance to partake in the marine semester requires the following:
· Undergraduates: Completion of at least one intermediate-level course in one of the following areas: are i) ES144 Intro to Oceanography, ii) BI260 Intro to Marine Biology, iii) MA115 Statistics, and iv) one Marine Breadth course from list on advising worksheet. 
· Graduate, junior or senior standing (although sophomores may be considered if they have completed the required marine breadth course).




 Course elements
The course includes a combination of lectures, primary literature reading assignments and discussions, laboratory work (analyses and experiments), data analysis, programming and statistics using the R language, oral presentations, and scientific writing. 
Lectures   
A number of lectures will be given during the first week of the course and sporadically throughout the rest of the course by the professor and other guest lecturers in order to familiarize students with the fundamentals of climate change and its effects on marine physiology. Short lectures will also be given on how to effectively design ecological experiments, how to analyze and visualize data using R, how to give strong oral presentations and tips for efficient scientific writing.  

Small group independent research project
Students will work in small groups (3-4 students) to independently design, implement and carry out their own research project to test the effects of stressors on a suite of physiological measurements. Students will work together to collect, analyze, and interpret their data acquired during their experiments. Each group will be required to present and discuss their results in a 20-min presentation. Each student will also be required to present and discuss their results in a short scientific manuscript using primary literature to put their research in greater scientific context. The professor and TF will provide guidance on how to effectively do an oral presentation, and organize, present and discuss results in a concise manuscript.
Laboratory work
All experimental subjects will be maintained in the BUMP research facility until independent research projects commence. Once student groups decide on their organism and physiological trait(s) of interest, laboratory work will largely be dependent on the group’s interest but could range from measuring photosynthetic efficiency, growth, calcification, fecundity, behavioral changes, or protein content. Daily tasks will involve the maintenance of experiments and data collection. 
Data analysis and statistics
Students will be introduced to R statistical environment, which is a free software environment for statistical computing and graphics (https://www.r-project.org/). Students will learn a variety of statistical tests and packages, which will be largely dependent on their data. Students will work closely with myself and the TF during data analysis and discussions on how to best present data.
Primary literature readings and discussion
Once a week, students will be required to read two published manuscripts, which will be selected by the professor. The class will get together to discuss these papers during a short 1-hour weekly meeting. Student will be expected to participate actively in the discussions, ask questions and critically analyze the research. The entire class will be required to read the manuscripts and participate in discussions. Each student will be required to speak at least once per paper discussion. A one-page report on the readings will be required. 
Final project paper and presentation
Students will be required to submit a final scientific paper on their research that follows traditional scientific manuscript style. In addition, each group will present their research projects in conference style presentations. 


Specific expectations
Attendance: Attendance throughout the block is mandatory and if you miss class/experimental time your grade will suffer. In addition, because of the unique nature of the Marine Semester where each day represents about one week in a traditional semester, students who miss three or more days of class will miss significant course content and will be encouraged to consider withdrawing from the course

Late Work: All assignments will be handed in electronically on time unless otherwise discussed with instructor.

Conduct: The Code is available online at https://www.bu.edu/academics/policies/academic-conduct-code/
Cases of suspected misconduct will be referred to the Dean of the College. If the Dean's office comes to the conclusion that cheating or plagiarism have occurred, a grade of zero will be awarded for the assignment in question.

Use of Artificial Intelligence (AI) in BI593: AI can both hinder and enhance our capacity to learn and grow as scientists. We must be mindful of when it impedes up and when it provides us with new understanding or a more effective form of communication. This helps us navigate complex interactions with AI technologies that are now part of our science ecosystem. I consider AI in this course like I would any other tool in science- it is a useful tool when used correctly. That said, we will discuss its limitations and how it might hinder our learning. 
Electronics: Cell phones should be put away during lectures/discussion/presentations. Cell phones can be used during experiments, however each of your group members will be assessing your contribution so be sure not to be using cell phone for extraneous purposes (social media/personal phone calls etc). 

Cleanliness: Cleanliness in the BUMP research area is mandatory and will be graded accordingly.
Land Acknowledgment Statement 
We acknowledge that the territory on which Boston University stands is that of The Wampanoag and The Massachusett People. Our classroom and BU’s campus are places to honor and respect the history and continued efforts of the Native and Indigenous community leaders which make up Eastern Massachusetts and the surrounding region. This statement is one small step in acknowledging the history that brought us to reside on the land, and to help us seek understanding of our place within that history. Ownership of land is itself a colonial concept; many tribes had seasonal relationships with the land we currently inhabit. Today, Boston is still home to indigenous peoples, including the Mashpee Wampanoag and Wampanoag Tribe of Gay Head (Aquinnah). 
Diversity Statement & Community Wellbeing
In this class, we are seriously committed to supporting diversity and inclusion among all classroom community members. We proactively strive to construct a safe and inclusive environment by respecting each other’s dignity and privacy. We treat one another fairly and honor each member’s experiences, beliefs, perspectives, abilities, and backgrounds. Our collective group is stronger because we strive to bring together people of all race, religion, language, immigration status, sexual orientation, gender identification, ability status, socio-economic status, and national identity. Bullying, hateful ideas, violent language, belittling, racial slurs, and other disrespectful or “othering” language or behavior will not be tolerated in the classroom or online.
*If you ever have any concerns about the classroom climate, please reach out to me.

BU Wellbeing resources: https://www.bu.edu/studentwellbeing/
EEO incident form: https://cm.maxient.com/reportingform.php?BostonUniv&layout_id=2.
Sexual Assault Response and Prevention center: https://www.bu.edu/shs/sarp/
Anonymous feedback to the Department of Biology: https://www.bu.edu/biology/anonymous-feedback-form/
Student name change resource: https://www.bu.edu/reg/students/name-changes/
Disability & Access Services
Students with documented disabilities, including learning disabilities, may be entitled to accommodations intended to ensure that they have integrated and equal access to the academic, social, cultural, and recreational programs the university offers. Accommodations may include, but are not limited to, additional time on tests, staggered homework assignments, note-taking assistance. If you believe you should receive accommodations, please contact the Office of Disability & Access Services to discuss your situation. This office can give you a letter that you can share with instructors of your classes outlining the accommodations you should receive. The letter will not contain any information about the reason for the accommodations. If you already have a letter of accommodation, you are encouraged to share it with your instructor as soon as possible.

Disability & Access Services
25 Buick Street, Suite 300
617-353-3658
access@bu.edu
bu.edu/disability/
Student Protocols for illness 
For everyone’s health and safety, please stay home if you have a fever or are exhibiting respiratory virus symptoms. Communicate with the instructor immediately and Dr. Davies and the TF will do their best to accommodate your absence. You will also need to communicate with your group regarding missed lab work. 

Grading
	Percentage
	Letter
	GPA

	93-100
	A
	4.0

	90-93
	A-
	3.7

	87-90
	B+
	3.3

	83-87
	B
	3.0

	80-83
	B-
	2.7

	77-80
	C+
	2.3

	73-77
	C
	2.0

	70-73
	C-
	1.7

	60-70
	D
	1

	<60
	F
	0


Students will be evaluated based on their performance in the saltwater laboratory and during lectures/discussions, on the quality of the data produced, and on the content and quality of their manuscript and oral presentation. No late work will be accepted. Attendance throughout the block is required.
Summary
· Laboratory work performance: 25%
· 10% TF/Instructor grade
· 10% group grade
· 5% Seawater lab cleanliness
· Literature discussions: 30%
· 10% Participation
· 10% Leadership in Discussion Topic
· 10% 1pg summaries (2.5% each)
· Final research project: 45%
· 5%   Experimental Plan
· 5%   Intro Experiment Presentation
· 25% Research manuscript
· 10% Oral presentation
Reading Material
Two published manuscripts each session will be presented and discussed in class by students. Students are highly encourages to seek out literature from diverse scientists. 



Reading materials for discussion:
Discussion 1: Experimental Work on Ocean Warming (Led by Sarah and JK)
Kenkel et al., 2013
Castillo et al 2013
Discussion 2: Experimental Work on Ocean Acidification (Led by Sarah and JK and Group 1)
Kriefall et al., 2017 
TBD led by Group 1
***announce papers to the class by 10am November 1
Discussion 3: Experimental work on Local Stressors (Led by Groups 2 and 3)
TBD led by Group 2
TBD led by Group 3
***announce papers to the class by 10am November 4
Discussion 4: Experimental Work on Multi Stressor Responses (Led by Groups 4 and 5)
TBD led by Group 4
TBD led by Group 5
*** announce papers to the class by 10am November 
Course Schedule
The first few days will aim to familiarize students with some fundamentals of climate change and its effects on marine organisms. The first few days will also be used to identify important scientific questions and objectives and to design the independent research projects for the coming weeks. Students will be introduced to the saltwater lab and the APEX control system and animal husbandry will be emphasized. The middle three weeks will focus on data collection and analysis of independent research projects. Weekly reading discussions will take place and students will be expected to use their spare time to research background information on their projects. During the last week, students will spend time working on their research presentations and manuscript and will be take the final exam.  
General Schedule
****Students should plan to be on campus working on course material from 10am-4pm daily. Like all science, situations come up and the times of lectures/workshops/discussions can change. Students should not book anything during class time without first checking with the instructor and TF. 
	Week
	Topic

	Week 1
	Introduction to climate change and marine physiology
Overview of saltwater lab and husbandry expectations
Define project objectives and design research projects
Start independent research projects
Read and discuss primary literature

	Week 2-3
	Independent research projects
Data compilation and analysis
Read and discuss primary literature

	Week 4
	Complete independent research projects
Project wrap-up and presentations







Appendix: HUB Units 

SCIENTIFIC INQUIRY II
General Goal: Scientific Inquiry II
While all courses in scientific inquiry involve the application of major concepts, learning experiences in Scientific Inquiry II require more advanced application of concepts and methods, including the analysis of data, to frame and address complex problems.

Courses in this area must have at least one of the following outcomes.
1. Students will apply principles and methods from the natural sciences based on collecting new or analyzing existing data in order to answer questions and/or solve problems. They will understand the nature of evidence employed in the natural sciences and will demonstrate a capacity to differentiate competing claims in such fields. This includes reflecting on and critically evaluating how natural scientists formulate hypotheses, gather empirical evidence of multiple sorts, and analyze and interpret this evidence.
2. Using their knowledge of the natural and social sciences, students will engage with issues of public policy, such as climate change, inequality, and health, that involve the intersection of perspectives from different disciplines. This would entail an ability to identify the evidentiary basis for scientific claims, the challenges to it, and the connections among the economic, social, and scientific factors that shape the creation and adoption of effective public policy.
Marine Semester Goal: Original Research and the Scientific Method
In at least three of their four Marine Semester classes, students will conduct original scientific research. To answer an original question, they will formulate a hypothesis, collect data, analyze data, and place their findings in context. Students will learn the approaches that scientists use to form hypotheses about marine science. Through reading scientific articles, learning about studies in lecture, and collecting their own data, students will learn and practice the methods used by scientists for a vast range of marine science topics. Students will be asked to critically evaluate these studies including their own findings.
· As students progress through the Marine Semester, they will continue to receive feedback on their hypothesis formulation, experimental design, data collection techniques, and data analysis methods. Feedback will come primarily from instructors and Teaching Fellows.
· Students will be assessed not on the outcome of their experiments, but their ability to apply the scientific methods that they learn in class. This will be done through multiple contact points in each class. Final papers and/or presentations will provide instructors further insight into student understanding.

ORAL & SIGNED COMMUNICATION
General Goal: Oral & Signed Communication
BU students should be able to communicate information in a clear and coherent formal oral and/or signed presentation, to engage responsibly with others, and to make use of a range of disciplinary-appropriate informal oratory. As with writing, effective oral/signing communicators should prepare remarks with an awareness of their purpose and their audience. Because oral and/or signed communication is generally interactive, students should be able to attend and respond thoughtfully to others. They should also understand that public presentation serves an essentially civic function as a means of participating in collective debate and decision-making.

Courses and cocurricular activities in this area must have all outcomes.
1. Students will be able to craft and deliver responsible, considered, and well-structured oral arguments using media and modes of expression appropriate to the situation.
2. Students will demonstrate an understanding that oral/signed communication is generally interactive, and they should be able to attend and respond thoughtfully to others.
3. Students will be able to speak/sign effectively in situations ranging from the formal to the extemporaneous and interact comfortably with diverse audiences.

Marine Semester Goal: Scientific Conference Presentations 
In at least three of their four marine semester classes, students will give mock scientific conference presentations. Students will improve their ability to give these presentations, by giving at least 3 conference presentations each over the semester. Scientific conference presentations are limited in scope, but all of the skills students learn in this context are transferable to other contexts.
· Scientific conference presentations commonly reflect the content of a single scientific paper — indeed they are often given before the paper is published, so that people can get feedback on their work. Before each presentation, students will work with their instructors, TFs, and peers to prepare the presentation.
· Scientific conference presentations are commonly given using Powerpoint or in a poster format. Powerpoint presentations are commonly 12 minutes long (12-15 slides) with 3 minutes for questions (15 minutes total). Poster presentation are commonly interactive with the presenter explaining text and figures on poster to audience. How colleagues view the presentation depends on many factors, including content, organization of material, effective use of Powerpoint, presentation skills and facility with answering questions.
· After presentations, students will receive feedback from instructors, TFs, and peers so that they can continue to improve upon previously learned skills.
· To give you an example of what makes a successful presentation, you will see presentations from your instructors and visiting scholars. 

CREATIVITY AND INNOVATION
General Goal: Creativity and Innovation
Creative activity is a source of deep human satisfaction and common good. In addition, the ability to generate and pursue new ideas is quickly becoming a prerequisite for entry into the skilled workforce, which places a premium on applicants’ creative skills and potential for contributing to creativity’s more applied offspring, innovation. BU graduates should understand how the creative process moves from need or desire to design, to draft, to redesign, to execution; they will have personal experience of taking risks, failing, and trying again; and, in this way, they will have developed the patience and persistence that enables creativity to come ultimately to fruition..

Courses and cocurricular activities in this area must have all outcomes. 
1. Students will demonstrate understanding of creativity as a learnable, iterative process of imagining new possibilities that involves risk-taking, use of multiple strategies, and reconceiving in response to feedback, and will be able to identify individual and institutional factors that promote and inhibit creativity.
2. Students will be able to exercise their own potential for engaging in creative activity by conceiving and executing original work either alone or as part of a team.

Marine Semester Goal: Creativity through Scientific Exploration
In at least three of their four marine semester classes, students will complete a month-long project in which they follow Design Thinking to solve scientific problems. Design Thinking is critical to success in Marine Science and students will follow the same general three steps in each research-based class:
· Inspiration – Students begin by learning generally about the topic of the class. They learn through readings, lectures, fieldtrips, followed by discussions. These often open-ended learning opportunities help students to come up with original questions of their own.
· Ideation – Students work together or in teams to form hypotheses and experimental designs that can answer their original question. Often, these ideas and designs need to be re-worked after trial and error, and feedback from instructors. Through the iterative process of designing and re-designing experiments, students become more comfortable with the creative process.
· Implementation – Students work together with peers and instructors to produce a tangible product that can be shared broadly. This can come in many forms, for example, a scientific presentation, scientific paper, fisheries report, or captioned photos that are available publicly.

TEAMWORK AND COLLABORATION
General Goal: Teamwork/Collaboration
Collaboration defines the 21st-century workplace. Employers rely increasingly on teams—groups of people with different backgrounds and training who tackle projects jointly—and they identify the ability to collaborate with these diverse groups as an essential skill for almost every position. Civic life in an increasingly interdependent world also calls more and more for the ability to collaborate with people from different backgrounds and with different perspectives, build consensus, and compromise for the good of a broader purpose.

Courses and cocurricular activities in this area must have all outcomes:
1. As a result of explicit training in teamwork and sustained experiences of collaborating with others, students will be able to identify the characteristics of a well-functioning team.
2. Students will demonstrate an ability to use the tools and strategies of working successfully with a diverse group, such as assigning roles and responsibilities, giving and receiving feedback, and engaging in meaningful group reflection that inspires collective ownership of results.

Marine Semester Goal: Working as a scientific team
Conducting scientific research is done as a team. Students must work together with their instructors, TFs, peers, and outside collaborators to be successful. Following the 3-S model, students will gain understanding of what makes a successful scientific team. 
· In at least three of their four Marine Semester classes, student teams will address the “Same” problem. This will be an original research question in the case of all research-based classes, but may also come in the form of working with a dive buddy, or using newly learned quantitative skills to work through a problem set. 
· Students then make “Specific” choices about the problem. This can take the form of choosing an experimental design, a specific quantitative tool, or method of communication while underwater. 
· Finally, students “Simultaneously” report their choices to the class. Throughout all Marine Semester classes, students update the larger group with progress being made and challenges they are facing. 
· Students are assessed and receive feedback – both formally and informally – over the course of each Marine Semester class. Through discussions with their instructors, students will reflect on their own roles within each team, how the team is functioning as a whole, and if any changes need to be made. 
· Students will be graded on their “performance as a field scientist” which includes working in a collaborative and collegial way with classmates, teaching fellows, instructors, and staff. 
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