BI 521: Quantitative Fisheries Analysis
Marine Semester, Fall 2024
Instructor: Ethan Deyle
Teaching Fellow: E Schlatter
Contact Information: edeyle@bu.edu (Instructor); eschlatt@bu.edu (Teaching Fellow)

Lecture: 		M,T,W,Th,F 10:00 a.m. – 12:00 p.m.
Computer Lab: 	M, T, W, Th, F 2:00 p.m. – 5:00 p.m.

Room: 			Mo – STO 465
Tu –  STO 465
We – CAS 141C
Th – CAS 141C
Fr – STO 465


Prerequisites
Marine semester prerequisites; MA123 or equivalent.
Course Description
This course is centered on the mathematics and computational methods that underly and support fisheries science and management. The course content (labs, projects, and discussions) is designed to provide abundant hands-on experience in R; revisit key mathematics and statistics for ecology and marine science; and hone critical thinking & problem solving. The core philosophy for coding exercises is “basic tools to do not-so-basic science”. Lectures will introduce concepts for hands-on exercises and provide context on the past, present, and future of managing exploited marine populations and the natural world around them.
Lab exercises will lead to final projects related to emerging approaches incorporating changing physical environments into ecosystem-based (fisheries) management and ocean planning. These projects have several possible dimensions, but work towards bridging inductive, data-driven analyses and deductive, model-driven analyses that underly EB(F)M. 
Learning Outcomes
Quantitative and programming skills continue to be highly valued across STEM industries and graduate programs. Fisheries management is a critical topic as food-systems across the globe are stressed by global change; at the same time, it also provides a great context for studying broadly relevant topics in data and analytical science. This course seeks to build a resume-ready toolbox while challenging students big-picture thinking to enable synthesis and high understanding beyond technical proficiency. Course participants will gain the following domain-specific knowledge, technical abilities, and analytical & communication skills:
· Thorough command of the foundations of coding in R.
· Experience with fitting and analyzing ecological models.
· Critical-thinking skills to identify, evaluate, and balance assumptions in models and statistical analysis.
· An understanding of how data and mathematics are translated into management of real-world systems.
· Experience with simulation-based experimental design.
· Experience with environmental data-science to address basic and applied marine ecological questions.
· Best practices in code writing for collaboration and scientific publication.
· Experience reading, interpreting, and critiquing scientific manuscripts with quantitative focus.
· Improved oral and written science communication skills.
Hub Learning Outcomes
· Scientific Inquiry II
· Oral and/or Signed Communication
· Research and Information Literacy
· Teamwork / Collaboration
<> Scientific Inquiry II
This course tackles the intersection of marine science and computational analysis, with additional connections to environmental management, policy, and law. A core goal and focus of nearly every exercise of class will be building understanding for robust, incisive, and responsible in silica science in the context of fish, fishing, and management. The individual projects of the class, through synthesis with the results of others and with the concepts of lectures and lab exercises, are intended to create peer-review quality science relevant to the future management of real-world fisheries.
<> Oral and/or Signed Communication
In addition to daily discussion participation, students will all be asked to orally present to the rest of class twice. First, they will be presenting an assigned paper from the scientific literature relative to course topics. Second, they will be presenting the outcome of their individual In Silica Science project as we transition from the 
<> Research and Information Literacy
Many of the lab exercises will be based on reproducing key pieces of published papers to explore through experience the use (and misuse!) of quantitative analysis to answer basic science questions and interface science with management. Students will be asked to think critically, drawing on examples in lecture and across different labs to synthesis a gestalt of responsible modeling and quantitative analysis for marine science through case studies related to fisheries.
<> Teamwork / Collaboration
The core “in silica science” project will have intermediate steps for each student to carry out individual. However, the initial project organization and final synthesis will all be conducted as a class-wide team. Through collaboration, the conclusions and insights the students can generate from the meta-project will be much greater than the sum of individual parts.
Course Elements:
Lectures will cover context (past and future), review important mathematics for understanding lab exercises. Computational laboratory exercises will provide the backbone of the course. Key readings from the primary literature (“papers of interest”) will provide a point-of-departure for discussion and lab exercises set in the higher concepts of scientific debate and discovery.
Three textbooks will be referred to throughout the course lectures. However, students do not need to have their own copy.
Bolker, Benjamin M. Ecological Models and Data in R.
Singh, Kuldeep. Linear Algebra Step by Step.
Quinn, Terrance J. and Deriso, Richard B. Quantitative Fish Dynamics.
Course Schedule:
Week 0: Oct 25
Week 1: (Oct 28 – Nov 1)
· [Topic] Historical trajectory of mathematics in fisheries management: single species models, age and size structure, harvest policies I (basics).
· [Tools] Matrix math, least squares regression, model fitting beyond least-squares.
· [Interlude] R-markdown and the Coder’s Lab Notebook.
· Papers of interest will focus on the historical foundations of population dynamics in exploited marine populations.
Week 2: (Nov 4 – Nov 8)
· [Topic] When the data don’t fit: error, prediction, and model misspecification.
· [Tools] Error structure, measurement error, process error.
· [Topic] Harvest Policies II: what’s the objective (function)?
· [Tools] Optimization.
· [Guest Topic] Modeling ecosystems and ecosystem service flows.
· Papers of interest will focus on the connection (and disconnection) between empirical observations and the models.
· Preliminary work on projects can begin (Topic exploration, data curating).
Week 3: (Nov 11 – Nov 15)
· [Topic] Quantitative fisheries oceanography: parametric and non-parametric attempts to model physical-biological coupling
· [Tools] Causal inference.
· [Topic] Quantitative analysis beyond population dynamics.
· [Guest Topic] Hotspot analysis, population connectivity
· Papers of interest will focus on the challenges of ecosystem-based fisheries management.
· Work on Project begins.
Week 4: (Nov 18 – Nov 19)
· Lab time will fully transition to Project II work.
· Course will conclude with individual project presentations, group reflection on collected results.
Labs:
Lab 0: First things first.
Lab 1: Counting fish. 
Lab 2: Fishy matrices.
Lab 3: Dynamics over fishing.
Lab 4: Likelihood tools for tool likelihood.
Lab 5: Occam’s fishhook.
Lab 6: Empirical dynamics.
Assessment:
Computational Lab (Notebooks and Reports) [40%]:
· Code [10%]
· Figures [10%]
· Written explanation and interpretation [20%]
In this course, the instructor will teach the use of R-markdown notebooks as a unifying framework for computational research that contain code, figures, and written details on method, logic, and interpretation of results. R-markdown report will be graded “Check +”, “Check”, “Check – ”, or “0” in each of the three categories. If you receive all “Checks”, you will get all of the points. “Check +” will be awarded for doing thoughtful addition in the coding/plotting/written interpretation of the problem.
Participation [15%]:
· Lead a paper discussion [5%]
· In discussions lead by others [10%]
Mid-course assessment [10%]:
Exam based on short-answer responses to questions based on the concepts from the first two weeks of lecture and lab essential to project execution in the later phase of the course. Thus, emphasis will be on lab implementation. Students will be given an opportunity to submit revisions to incorrect or incomplete answers for partial points. The purpose and design of the assessment is to identify problem topics (individual or shared across the class) so that the instructor can revisit.
Projects [35%]:
· Data-science [15%]	
· Written report [15%]
· Oral Presentation [5%]
The focus of the class project isdescribed above in the “Course Description”. The main project report will use R-markdown similar to the lab reports, but in the case of the projects there will be pieces of the modeling code and analysis will be contained in supporting scripts. Each student will give a brief oral presentation in the final days of the class.
Class & University Policies:
· Attendance is required throughout the course; exceptional circumstances can be discussed with the instructor. In some cases, it will be permitted to finish computer lab work outside of normal class hours. 
· Students are expected to adhere to the Boston University Code of Conduct.
· In written and oral presentations, all information and data not directly collected by the student must be cited appropriately. 



