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INTRODUCTION AND WELCOME

The Biology Department extends a warm and sincere welcome to all students who are
interested in the biological sciences.

The Department of Biology is one of the largest departments at Swarthmore College both
in the number of faculty and staff and in the number of students. It is also a department that is
dedicated to excellence in all aspects of teaching and research. Just as variation and
resourcefulness are hallmarks of the living organisms we study in Biology, our department
values diversity in our members and how it enriches our curriculum. It is our hope that you will
find biology exciting and informative and that you will establish a close relationship with your
fellow students and with us.

The Biology Majors Handbook is meant to help you as you confront the numerous
options available in the department and to make clear the rules by which we operate. If your
questions and concerns are not answered here, feel free to call upon any one of us in the

Department of Biology.

Welcome!

Sara Hiebert Burch
Professor and Chair

August 2011



I. BIOLOGY STAFF
A. Faculty

Scott F. Gilbert!, Professor
B.A. Wesleyan University, M.A. and Ph.D. The Johns Hopkins University

John B. Jenkins2, Professor
B.S. and M.S. Utah State University, Ph.D. U. of California, Los Angeles

Rachel A. Merz, Professor
B.A. Western New Mexico University, M.S. University of Florida, Ph.D.
University of Chicago

Kathleen K. Siwicki, Professor
B.S. Brown University, M. Phil. Cambridge University, Ph.D. Harvard University

Amy Cheng Vollmer, Professor
B.A. Rice University, Ph.D. University of Illinois

Sara M. Hiebert Burch, Professor and Chair
B.Sc. University of St. Andrews, Ph.D. University of Washington

Elizabeth A. Vallen, Associate Professor
B.A. Case Western Reserve University, Ph.D. Princeton University

Colin Purrington3, Associate Professor
B.A. Reed College, Ph.D. Brown University

José-Luis Machado, Associate Professor
B.S. Universidad de Los Andes, Bogota, M.S. University of Vermont, Ph.D.
University of Minnesota

Nick Kaplinsky, Associate Professor
B.A. Reed College, Ph.D. University of California at Berkeley

Jason Downs, Visiting Assistant Professor

B.A. University of Pennsylvania, Ph.D. Yale University

Jason Rauscher, Visiting Assistant Professor
B.A. Carleton College, Ph.D. Washington University

IFall semester 2011 only
2 On leave Fall semester 2011
3 On leave 2011-2012



B.

Instructional staff

Stacey Dougherty, Laboratory Instructor
B.S. University of Rhode Island, M. A. Saint Joseph’s University

William Gresh, Laboratory Instructor
B.A. Allegheny College, M.S. University of Pennsylvania

Heather Hassel-Finnegan, Laboratory Instructor
B.S. Juanita College, M.A. SUNY Stony Brook

Philip Kudish, Academic & Science Associates Coordinator/Laboratory Instructor
B.A., M.S. and Ph.D. University of Delaware

Jocelyne Noveral, Bio 2 Coordinator/Laboratory Instructor
B.S. Orsay University, Paris

Erin Schlag, Bio 1 Coordinator/Laboratory Instructor
B.S. Colgate University, M.S. University of Maryland

C. Administrative and technical staff

Diane Fritz, Administrative Coordinator

Tami Gura, Animal Facilities Manager
B.A. Western Maryland College

Gwendolyn Kannapel, Laboratory Manager
B.S. Denison University; M.Ed. Widener University

John Kelly, Instrumentation Specialist.
B.S. University of Pennsylvania

Bill Pinder, Greenhouse Manager
B.A. Swarthmore College

Matt Powell, Business and Technology Manager
B.S. Central Michigan University



II. CRITERIA FOR CREDIT IN INTRODUCTORY BIOLOGY
A. Advanced Placement examinations

Students who score a 5 on the Biology Advanced Placement Examination will receive one
AP credit after completion of one additional course with a laboratory in the Department of
Biology. While it is usually advisable for students to take either Biology 001 or 002 as their first
course in this department, it is possible for students with AP scores of 5 to place directly into
certain sophomore-level courses (numbered 010-050) with the instructor’s permission. If both
Biology 001 and 002 are taken, however, the AP credit is dropped from the transcript.

Students with a 4 or 3 on the Advanced Placement Examination receive neither credit nor
advanced placement in biology.

B. International Baccalaureate and Advanced Level examinations

Students who receive a 6 or 7 on the Higher Level of Biology or the German Arbitur exams
receive one credit in Biology after completion of one additional course with a laboratory in the
Department of Biology. Students are advised to take either Bio 001 or 002, but may place
directly into certain sophomore-level courses with the consent of the instructor. If both Biology
001 and 002 are taken, the IB credit is dropped from the transcript. Students with a 5 or lower on
the same exam do not receive advanced placement or credit in Biology 001 and 002. There is no
credit or placement for the Standard Level IB examination.

The French Baccalaureate Examination is equivalent to the first year of college. Students
receive one credit in Biology after one additional Biology course with a laboratory is taken as
described above, and advanced placement in some courses with the consent of the instructor.

Students who receive an A on the Advanced Level Examinations receive one credit in
Biology after one additional Swarthmore Biology course with a laboratory is taken and may
obtain advanced placement in certain courses with the instructor’s permission as above. Students
with a B on the same exam do not receive credit or advanced placement.

C. College courses taken during high school

Students occasionally take courses during their senior year in high school at local
universities or colleges. If the college credit was recorded on the high school transcript and used
for graduation from high school, it may not be used for credit at Swarthmore College.
Otherwise, the Biology Department may award credit or placement in biology, depending on the
content of the course and the nature of the laboratory. See the Academic Coordinator for
information.



ITII. THE BIOLOGY MAJOR

Students are introduced to the study of biology at Swarthmore by taking Biology 001,
Cellular and Molecular Biology, and Biology 002, Organismal and Population Biology. Either
course may be taken first. A diversity of advanced courses, some offered in alternate years,
affords the student the opportunity of building a broad biological background while
concentrating, if he or she chooses, in some specialized areas such as cellular and developmental
biology, animal or plant physiology, microbiology, neurobiology, genetics and evolution,
ecology, or ethology.

Special majors in biochemistry, and psychobiology are offered in cooperation with the
Departments of Chemistry & Biochemistry and Psychology, respectively. In addition, a student
may choose either a special major in Environmental Science or the interdisciplinary minor in
Environmental Studies, taking courses in the Departments of Biology, Chemistry &
Biochemistry, Engineering, Political Science, Religion, Sociology & Anthropology, Physics &
Astronomy, History, Philosophy, and Mathematics & Statistics.

A. Applying to be a course major in Biology
1. Course entry requirements

a. Three courses in Biology (may include one CR [credit] from an Advanced
Placement Examination). If the student does not have AP or transfer credit, both Bio
001 and Bio 002 are required.

b. Two courses in Chemistry (not Chem 001), including introductory Chem 010 and at
least one semester of Organic Chemistry. (CR from AP or placement in Chem 010
is also acceptable).

c. Two courses in Mathematics or Statistics (not Stat 001 or Math 003) or the
completion of calculus II (Math 23 or 25). The Biology Department strongly
recommends a course in statistics for majors. (CR from AP or placement in math is
also acceptable).

2. Grades

Applicants must have an average grade of C (2.00) or better in Biology 001 and
Biology 002 (or if AP credit is given, in the first 2 Biology courses taken at
Swarthmore); in addition, the applicant must have an average grade of C (2.00) or better
in all courses taken in the Division of Natural Sciences and Engineering at Swarthmore
College (Biology, Physics and Astronomy, Chemistry & Biochemistry, Mathematics &
Statistics, Engineering, and Computer Science). Unpublished grades in biology for the
first semester of the freshman year will be considered in the C average requirement;
passing grades of CR in other courses in the Division of Natural Sciences and
Engineering are acceptable.



3. Application - The Sophomore Plan of Study

Students must submit a Sophomore Plan of Study during the second semester of
their sophomore year to the Registrar. This application includes a list of the biology
courses the student plans to take during the next two years as well as a short essay
explaining the rationale for the sequence and selection of courses and seminars. The
department chair and the academic coordinator provide information about the major at a
presentation scheduled by the Dean’s Office early in the spring semester before the
sophomore applications are due.

4. Acceptance

Applicants who have completed all requirements including obtaining appropriate
grades are accepted as a course major in Biology. Applicants who are in the process of
completing all these requirements are accepted contingent upon successful completion
of the missing courses. Others who will not complete these requirements by the end of
the current semester are deferred until the requirements are met. A student who has
been deferred should re-apply for the major when most or all of the requirements
have been met. If the faculty in the Department of Biology feel that the student will
have difficulty completing the requirements for application for the major, the student is
neither accepted nor deferred at this time and may apply later when most of the
requirements have been met. All students who have applied for the Major in Biology
and who have been accepted or deferred are assigned an advisor in the Department of
Biology.

5. Required biology courses for graduation and the distribution requirement

The student majoring in Biology must have completed by the end of the senior year
a minimum of eight biology credits, two of which come from a seminar (numbered 110-
139). At least five of these eight credits are to be taken at Swarthmore. Proposed
courses and seminars in Biology for the next two years are listed at the front of this
handbook. Descriptions of the courses can be found in Section V of this handbook.

Students may take a course or seminar in Biology as CR/NC but are not encouraged
to do so. This option is available only if formally requested within the first two weeks
of the semester. The minimum equivalent grade for CR (credit) is a C for juniors and
seniors, a D for freshmen and sophomores. Students are reminded, however, that
medical schools and many graduate schools require grades in science courses.

A student must have permission of the faculty instructor to take a seminar without
the laboratory component. A seminar without the laboratory component becomes Bio
093 and does not meet the seminar requirement.

To meet the Biology Department’s distribution requirement, students majoring in
biology (but not those who are special majors) must pass at least one course in each of
the following three groups: I. Cellular and Molecular Biology, II. Organismal Biology,



and III. Population Biology. Courses corresponding to these groups are listed below. A
complete description of these courses is given in Section V. To encourage breadth in
student programs, courses are not listed in more than one group, even though some
courses could arguably fit into more than one group. When and only when curricular
offerings in one of the groups is severely limited during an academic year, a student may
petition the Department to use such a course to fulfill the distribution requirement for the
other group in which it might reasonably be listed.

Students majoring in Biology may count only one course numbered 003 — 009
toward the eight required credits. Courses numbered 003 — 009 cannot be used to meet
the Group distribution requirement within Biology. Bio 093 (Directed Reading) and Bio
094 (Independent Research) count as credits toward the Biology Degree but cannot be
used as Group distribution requirements. No more than two credits in Biology 093
and/or Bio 094 may be used to satisfy the eight-credit requirement for a Biology major.
Courses in each group are shown below, with two-credit seminars in italics

Group I - Cellular and Molecular Biology

BIOL 010 Genetics

BIOL 014 Cell Biology

BIOL 016 Microbiology

BIOL 017  Microbial Pathogenesis and the Immune Response
CHEM 38  Biochemistry

BIOL 110 Human Genetics

BIOL 111 Developmental Genetics

BIOL 114 Symbiotic Interactions

BIOL 115 PlantMolecular Genetics

BIOL 116 Microbial Processes and Biotechnology
BIOL 119 Genomics & Systems Biology

Group II - Organismal Biology

BIOL 020 Animal Physiology
BIOL 022 Neurobiology

BIOL 024  Developmental Biology
BIOL 025  Plant Biology

BIOL 026 Invertebrate Zoology
BIOL 123 Learning and Memory
BIOL 124 Hormones & Behavior
BIOL 126 Biomechanics

Group III - Population Biology

BIOL 030 Animal Behavior
BIOL 034 Evolution
BIOL 036  Ecology



BIOL 038 Paleobiology

BIOL 039 Marine Biology

BIOL 130 Behavioral Ecology

BIOL 132 Evolutionary Genetics

BIOL 134  Analysis of Adaptation (formerly Plant Defense)
BIOL 137 Biodiversity & Ecosystem Functioning

6. The seminar requirement

All Biology majors are required to complete at least one two-credit seminar (with a
number greater than 100). A seminar in biology is defined as an advanced offering that
uses primary rather than secondary source materials and encourages active student
participation in presentation and discussion of materials; all two-credit seminars include
a laboratory component. Note that all two-credit seminars have as a pre-requisite a
course from the intermediate level (numbered 10-39); the specific courses that may
serve as pre-requisites for each seminar are listed in section V of this manual.

7. The comprehensive examination in Biology — Bio 097: Themes in Biology

Senior Biology majors must satisfy the general College requirement of passing a
comprehensive examination given by the major department (for honors students, the
comprehensive exam is given by external examiners, see pages 9-11). In Biology, this
comprehensive examination is the lecture series, Themes in Biology (Bio 097). Bio 097
features a series of visiting speakers, each of whom gives a presentation related to an
overarching theme that can be addressed from all areas of biology — for example: timing,
communication, extreme environments, aging, sex, foreign invaders of biological
systems, etc... This lecture series enables faculty and students to interact on an
intellectually challenging project that allows students to think about a topic at a variety
of levels of biological organization and to have the opportunity to meet and interact with
a variety of distinguished biologists.

Themes in Biology meets each week of the fall semester. Students who are
completing their comprehensive exam must reserve the appropriate afternoon time
period for the entire semester so that changes in scheduling, guest speakers or field trips
can be easily accommodated. If a senior is given permission by the College to be away
during the fall semester of the senior year, the Biology faculty may give permission to
the student to write a senior paper and enroll in Biology 095, a Senior Project (see
Section V.G. of this Handbook), to satisfy the College requirement for a comprehensive
examination. Alternatively, the student may be given permission by the Biology faculty
to enroll in Themes in Biology during the junior year if the student has planned in
advance to be away during the fall semester of the senior year.



a. Procedures

1)

2)

3)

Prior to the first week of the semester, seniors will be divided into 3-to-4 person
host teams. During the first week of class, the teams will meet to discuss and
define the assigned topic.

For the remainder of the semester, the weekly schedule will include a lecture by
a visiting speaker followed by a general question session, a short break for
refreshments and then a second meeting that includes the seniors, the speaker
and the faculty host for a more in-depth question session based both on the
lecture and the assigned papers. After this final session, a subgroup of students
(the host team for that week), and the faculty host will take the speaker to dinner.
There will also be an opportunity for students who are particularly interested in a
specific guest or topic to meet with the speaker earlier in the day.

a) For each of the lectures in the fall, each team of seniors will meet in person
to discuss the papers and write ten questions for the speaker. Each team will
turn in two copies of the ten questions before the lecture for which they were
prepared. One copy of these questions will go to the speaker, and one will go
to the host faculty member. Each member of the group should also have a
copy of the questions to bring to the discussion. Questions could be about
techniques, experimental design, hypothesis formation, data analysis,
conclusions about the data, connections to other areas of biology, etc., but
they should demonstrate that students have read the assigned papers.

b) Each senior is required to attend each of the lectures and participate in the
follow-up question sessions afterwards.

¢) One time during the semester, each student will be part of the host team,
which is responsible for opening and facilitating the post-seminar discussion.
Following the discussion, the host team members will take the speaker to
dinner with the host faculty member.

d) Ifa student has an unavoidable scheduling conflict with an invited lecture,
that student is still required to meet with teammates to discuss the papers and
to participate in writing ten questions for the invited speaker. Students unable
to attend the speaker’s lecture must also write a five-page paper discussing
the assigned papers, the work of the speaker and how it relates to the
overarching theme. This paper is due within two weeks after the missed
lecture and should be turned in to the course coordinator.

At the end of the semester, senior Biology majors and the Biology faculty will
participate in a cumulative exercise. Each team of seniors will be responsible for
identifying a biologist whose work could have appropriately been part of the



lecture series but who had not been invited to speak. Each team will give a 25
minute presentation that will introduce the work of the person they would have
liked to have heard and will explain why this person’s work would have been a
valuable addition to the lecture series.

4) Evaluation of a student’s performance for this comprehensive examination will
be pass or fail and will be based on the questions that each team prepares for
each lecture and on an evaluation of team performance as question leaders, hosts
and presenters of their final proposal.

5) Students who fail Themes in Biology fail the comprehensive exam and, thus,
may not graduate. The Department will evaluate all such failures and decide on
the appropriate action. Students will be notified of failure by the first day of
classes in the spring semester of their senior year.

b. Credit
Students may register for Biology 097, Themes in Biology, and receive one
credit towards graduation. Students may also not register, but otherwise complete the
requirements of the course and their comprehensive exam. While the lecture series is
required of all Biology majors, enrollment in Biology 097 is not. Biology 097 does
not count as one of the eight credits required for a major in Biology.

Applying to be a course minor in Biology

Students who wish to minor in Biology must complete six (6) credits, at least 4 of which
are to be taken at Swarthmore College. The grade requirement to enter the minor is the same
as for Biology course majors. Biology 001 and Biology 002 are required (or credit from an
Advanced Placement examination). There are no requirements for Chemistry, Math or
Physics. There is no distribution requirement within the Department for the minor. Only one
(1) course numbered 003 — 009 (general studies) may count toward the six credits required
for the minor. Only one (1) course in Biology 093 or Biology 094 may count toward the six
credits required for the minor. Chem 038 (Biochemistry) may be counted as one of the 6
Biology credits.

The honors program in Biology

Admission to the Honors Program in Biology as either a major or a minor is based on
academic record. Applicants to the Honors Program in Biology must have a grade point
average (GPA) of 3.00 in all courses taken in the Natural Sciences and Engineering Division
at Swarthmore College and must obtain a grade of B or better in all lecture courses and
seminars used for the Honors Program. Unpublished grades in biology for the first semester
of the freshman year will be considered in the B average requirement; passing grades of CR
in other courses in the Division of Natural Sciences and Engineering are acceptable.
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Course requirements for an honors major in Biology
The course requirements for admission to the Honors Program in biology are the same
as those required for a course major in biology. See Section III. A.1. of this handbook.

. Application — the Sophomore Plan of Study

During the second semester of their sophomore year, students must submit a
Sophomore Plan of Study to the Registrar and indicate their desire to enter the Honors
Program. The application should list the anticipated fields of study (see below) for
Honors. Students who are accepted into the program must select a research project by
the middle of the junior year. Final approval of the student’s Honors program will occur
during the fall semester of the senior year when a three-part Final Honors Program Form
is signed by the Chairs of the participating departments. Part I of the form goes to the
major department, part II to the minor department and part III to the student. The signed
forms from the major and minor departments are due to the Registrar by October 1% of
that semester.

The distribution requirement
Students in the Honors Major Program in Biology must take at least one course in each
of the following three groups (see III.A.5 of this handbook).

I. Cellular and Molecular Biology,
I1. Organismal Biology
III.  Population Biology

Biology 001 may be counted as a Group 1 course, or Biology 002 may be counted as
a Group 3 course for purposes of the distribution requirement for Honors Majors. In
addition, an Honors Major who has taken both Bio 001 and Bio 002 can use them to
satisfy any one of the group requirements. AP credit may not be used to satisfy the
distribution requirement. Honors students do not participate in the senior
comprehensive, Themes in Biology (Bio 097), for credit but they are invited to attend as
these public lectures are open to all members of the campus community.

Courses and seminars offered

a. List of courses
The Biology courses and seminars that are proposed to be offered during the next
two years are available from the Biology Department office and on the Department
website.

b. Fields of study available for honors
The fields of study available for the Honors Program are listed on page 12.

. Required preparations for honors in Biology
A total of three preparations is required for an Honors major in Biology:
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a. Seminar preparations (6 credits total)

Two preparations are advanced seminar preparations, each consisting of a lecture
course and an associated two-credit seminar course graded by faculty members who
teach the courses and seminars. The seminars must be taken from different faculty
members and all seminars used as Honors preparations must be taken at Swarthmore
College. Each seminar preparation will be graded by both a written and an oral
examination, both of which are set and evaluated by an External Examiner.

b. Research (thesis) preparation (1-2 credits)

One preparation of research (thesis) will consist of a substantial research project that may
be completed in 2 semesters of research OR in 1 summer + 1 semester of research. The
project will be taken for one or two credits and will be graded by an External Examiner. The
primary mentor for the thesis need not be a Swarthmore faculty member, but each honors
student is required to have a faculty mentor from the Biology Department at the College to
oversee the project and assist in final preparation of the thesis. The Honors thesis has a page
limit of 20 pages, not counting references, figures, figure legends or tables.

Note: A fourth preparation is taken in another department (other than Biology) chosen
by the student; it is considered the Honors minor preparation. This preparation is evaluated
by an External Examiner in accordance with the rules of that department.

c. Senior Honors Study (1 credit)

This integrative/interactive program is taken in the spring semester of the Honors
major’s senior year. It provides a forum in which each student can finalize and
present his or her thesis work in oral and written forms. Students should begin their
final semester with completed research. During the first few meetings of the
semester, faculty members are available for consultation regarding data analysis and
presentation. At mid-semester, students present posters of their projects to the
faculty and other honors students. Comments on these posters by faculty and peers
enable students to revise and polish their written theses. The Senior Honors Study
grade (Credit/No Credit) are assigned by the Biology faculty.

6. Honors preparation for honors minor in Biology
The program in Biology for an Honors Minor consists of one preparation in
biology of not less than 4 credits (e.g., Bio 001 or Bio 002, a lecture course, and an
associated two-credit seminar).

Biology minors in the Honors Program do not need to satisfy the distribution
requirements of the major; they are also not required to take chemistry or mathematics
courses unless these courses are prerequisites for a specific Honors preparation. Biology
Honors minors do not participate in the Senior Honors Study. As described in Part I11.C.
of this handbook, all applicants to the Honors Program in Biology must maintain a GPA
of 3.00 in all courses taken in the Divisions of Natural Sciences and Engineering at
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Swarthmore College and must obtain a grade of B or better in all lecture courses and
seminars used for the Honors Program.

7. Forms of honors examinations
Examiners will be given a spectrum of models of written exams or written
assignments that they may choose to use. The biology written exam will be closed-book,
last 3 hours, and be proctored. Computers may be used to write the answers to the
questions. The written exams are given during exam week early in May. Hard copies of
completed written exams are mailed to the External Examiners the day after the exams
are taken.

The oral exams will normally take place during one weekend in May using a one-on-
one-format, although there may be special circumstances in which the use of a panel
exam is desirable and will be used. Oral examinations for seminar preparations are
normally 45 minutes in length. The oral exams for thesis (research) work are 60 minutes
in length. Examiners for the four preparations (3 in the major and 1 in the minor) will
be expected to confer after all of the exams are given and agree on a grade for each
candidate's performance.

8. Grading in courses and seminars and level of honors awarded

a. Lecture courses and seminars
The academic work of Honors students enrolled in lecture courses and seminars
is graded by Swarthmore faculty. Laboratory notebooks and final laboratory reports
of Honors students may be submitted ungraded to the external examiners in order
that they may evaluate the candidates' laboratory work.

The Department of Biology will review the academic work of all candidates for
the external examination at the end of the junior year and in November of their
senior year. Progress on their thesis research is assessed at the beginning of the fall
semester of the senior year. At these times, the Department may ask a candidate not
to continue in the Honors Program. Withdrawal from the Honors program must
occur by December 1* of the student’s senior year. At that time, the student is
responsible for consulting with the department about satisfying the comprehensive
requirement for the major.

b. Levels of honors
At the end of the senior year, outside examiners administer both written and oral
examinations for each field of study (see III.C.7) and award the student an Honors
mark for each preparation they evaluate. These 4 marks are averaged using
numerical equivalents, and the student is awarded a single Honors designation and
letter grade equivalent (for details, see the Handbook of Policies and Procedures for
the Honors Program, 2003). The basic marks used in the Honors program are:

Highest Honors (HHH) A+or A
High Honors (HH) A or A-
Honors (H) A-or B+
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The Honors Research Thesis (one or two credits of Bio 180) will be given a
letter grade by the External Examiner. Until then, the grade on the transcript is IP

(“in progress’).

9. Fields of study for honors in Biology

Areas of Study

Intermediate Level Courses4

Seminars 5

1. Cell Biology

Any Group I or IT Course

BIOL 114. Symbiotic
Interactions

2. Microbiology

BIOL 016. Microbiology® OR
BIOL 017. Microbial
Pathogenesis’

BIOL 116.Microbial processes
and Biotechnology

3. Human Genetics

BIOL 010. Genetics

BIOL 110. Human Genetics

4. Developmental Genetics BIOL 024. Developmental BIOL 111. Develepmental
Biology Genetics
. . BIOL 123. Learning and
5. Learning and Memory BIOL 022. Neurobiology Memory
' . BIOL 020. Animal Physiology BIOL 124. Hormones and
6. Animal Physiology OR Behavior
BIOL 022. Neurobiology
7a. Plant Biology BIOL 025. Plant Biology BIOL 115. Plant Molecular
Genetics®
7b. Genomics and Systems Any Group I or II Course BIOL 119. Genomics and
Biology Systems Biology’
BIOL 022. Neurobiology or
8. Behavioral Ecology BIOL 030. Animal Behavior or | BIOL 130. Behavioral Ecology
BIOL 036. Ecology
9. Biomechanics Group II or III Course BIOL 126. Biomechanics
10. Evolution BIOL 034. Evolution BIOL 134. Analysis of
Adaptation
o Any course numbered 26 or BIOL 137. Biodiversity and
11. Plant Ecology/Diversity hi Ecosystem
igher S
Functioning

12. Research project (required)

Appropriate advanced seminars

BIOL 199. Senior Honors Study
BIOL 180. Honors Research

4 Intermediate level courses listed in this column may have prerequisite courses in other depts.
5 All seminars are two units and are taught as three hour seminars meeting once a week plus a lab component.
6 These courses are offered only in alternate years.
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D. Applying to be a double major
Students are permitted to double major in Biology or a special major in Biology (e.g.,
Psychobiology) and another department if they have and maintain a grade point average
(GPA) of 2.00 in all courses taken in the Division of Natural Sciences and Engineering
Division. All other requirements are the same as for the Course Major in Biology (III.A.)
including the senior comprehensive examination.

IV. SPECIAL MAJORS
A. Biochemistry

The Biology Department, in collaboration with the Department of Chemistry &
Biochemistry, offers a special major in Biochemistry. This major gives students the
opportunity to gain a strong background in chemistry with special emphasis on the
application of chemistry to biochemical and molecular biological problems. Approval and
advising for this special major are through the Department of Chemistry & Biochemistry.

1. Requirements for the course major in Biochemistry

Students pursuing a course major in Biochemistry must complete Chemistry 022,
032, 034, 038, 045A/C, 046, 050 and 108 (Topics in Biochemistry). Biochemistry
majors must also complete either:

a. One biochemically related sophomore-level Biology course (with lab) and a
biochemically related advanced Biology seminar (with lab) OR

b. Two biochemically related, sophomore-level Biology courses with labs. Note that
Biology 001, Chemistry 010, Math 015, one of Math 025, 025s or 026, one of Math
033, 034 or 035 and Physics 003 and 004 are prerequisites for some of these
offerings.

Biochemically related courses offered in the Department of Biology:

Lecture + Laboratory (1-credit) Recommended pre-requisites
BIOL 010  Genetics BIOL 001
BIOL 014  Cell Biology BIOL 001 and CHEM 022
BIOL 0167 Microbiology BIOL 001 and CHEM 022
BIOL 017" Microbial Pathogenesis BIOL 001 and CHEM 022
BIOL 020  Animal Physiology BIOL 001 and 002 (CHEM 010)
BIOL 022  Neurobiology BIOL 001 and CHEM 010
BIOL 024 Developmental Biology BIOL 001 and 002
BIOL 025 Plant Biology BIOL 001 and 002

7 These courses are not offered every year
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Seminar + Laboratory (2-credit)

BIOL 110 Human Genetics BIOL 010
BIOL 111  Developmental Genetics BIOL 024
BIOL 114 Symbiotic Interactions BIOL 014

BIOL 115 Plant Molecular Genetics BIOL 025
BIOL 116 Microbial Proc. & Biotech. BIOL 016 or 017
BIOL 119 Genomics & Systems Bio.  BIOL 001, and any Group I or II

BIOL 122" Developmental Neuro. BIOL 022 or 111

BIOL 123" Learning and Memory BIOL 022

BIOL 124 Hormones and Behavior BIOL BIOL 020 or 022
BIOL 134  Analysis of Adaptation BIOL 001, 002, and 034

2. Requirements for the honors program in Biochemistry:
The Honors program in biochemistry consists of four preparations in at least two
departments, as follows:

a) Topics in Biochemistry (Chem 108) OR Biophysical Chemistry Seminar (Chem
110). Only one is required; however, both may be taken.

b) One biochemically related preparation from the Biology Department

c) A two-credit biochemistry-oriented research thesis carried out under the supervision
of faculty from the Chemistry and/or Biology Departments

d) One additional preparation, from either the Chemistry Department or the
biochemically related preparations offered by the Biology and Psychology
Departments.

e) Biochemistry majors are expected to participate in the Senior Honors Study program
in Biology only if the thesis research is done in the Biology Department. There is no
SHS in Biochemistry if the thesis research is supervised in the Chemistry
Department.

f) Biochemistry majors must conduct thesis research with a Swarthmore faculty
member.

B. Neuroscience
The Departments of Psychology and Biology offer a course major and an honors major
in Neuroscience. Approval for this special major is done through both departments and
details about the course and honors major can be found in the Psychology section of this
handbook. Each major will be assigned a single advisor from whichever of these two
departments best reflects the focus of that student’s major plan of study.
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1. Entry requirements for the course major in Neuroscience

The study of Neuroscience involves advanced coursework with the following
prerequisites. For admission to the Neuroscience special major, students must

a. complete (or otherwise satisfy) the following required courses (up to two credits
of these taken at Swarthmore may be counted as Group B electives for the special
major), and

b. obtain a minimum GPA of 3.0 for these courses overall, as well as within all
Biology courses and within all Psychology courses.

Biology BIOL 001: Cellular and Molecular Biology
BIOL 002: Organismal and Population Biology
Chemistry CHEM 010: General Chemistry
CHEM 022: Organic Chemistry I
Math/Stat  MATH 015: Elementary Single-Variable Calculus
STAT 011: Statistical Methods
Psychology PSYC 001: Introduction to Psychology
PSYC 025: Research Design and Analysis

* The requirement for BIOL 001 and/or BIOL 002 may be satisfied by credit
from the Biology AP exam (score of 5) if at least one credit in Biology has
been completed at Swarthmore.

* The requirement for CHEM 010 will be satisfied if the student has placed out
of it and completed CHEM 022.

* The requirements for MATH 015 and STAT 011 may be satisfied by
placement out of these courses, as determined by the Department of
Mathematics and Statistics

* The requirement for PSYC 001 may be satisfied with a Psychology AP exam
score of 5.

* Provisional admission to the special major will normally be granted based on
substantial progress in satisfying these entry requirements at the time of
application.

2. Neuroscience Course Major Requirements
A Neuroscience major will include two (2) Foundation Courses and eight (8) Elective credits
from the lists below, as well as fulfilling the comprehensive requirement. Up to twelve
credits may be included in the major.

a. Neuroscience Foundation Courses: Majors will complete both courses.

PSYC 030 Physiological Psychology
BIOL 022 Neurobiology
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b. Electives

Majors will complete at least eight (8) elective credits from the following lists, to
include at least one seminar. At least four elective credits must be from Group A. The
others can be from either Group A, Group B (including up to two of the Entry
Requirement courses taken at Swarthmore), or Group C (see restrictions below). It is
possible to substitute or add electives from other universities (e.g., Systems Neuroscience
at UPenn), including abroad, but students should seek Swarthmore faculty approval for
such courses in advance.

Group A: Neuroscience Electives

BIOL 030 Animal Behavior

BIOL 123 Learning and Memory seminar (2 credits)
BIOL 124 Hormones and Behavior seminar (2 credits)
PSYC 031 Cognitive Neuroscience

PSYC 043 Developmental Cognitive Neuroscience
PSYC 091 Advanced Topics in Behavioral Neuroscience
PSYC 130 Physiological Psychology seminar (1 credit)
PSYC 131 Cognitive Neuroscience seminar (1 credit)

Group B: Course Electives in Related/Overlapping Scientific Areas

BIOL 010 Genetics

BIOL 014 Cell Biology

BIOL 020 Animal Physiology

BIOL 021 Comparative Vertebrate Anatomy

BIOL 024 Developmental Biology

BIOL 026 Invertebrate Biology

BIOL 034 Evolution

BIOL 110 Human Genetics seminar (2 credits)

BIOL 111 Developmental Genetics seminar (2 credits)
BIOL 119 Genomics and Systems Biology seminar (2 credits)
BIOL 130 Behavioral Ecology seminar (2 credits)
CHEM 038 Biological Chemistry

COGS 001 Introduction to Cognitive Science

CPSC 021 Introduction to Computer Science

MATH 056 Modeling

PSYC 032 Perception

PSYC 033 Cognitive Psychology

PSYC 034 Psychology of Language

PSYC 036 Thinking, Judgment & Decision Making
PSYC 038 Clinical Psychology

PSYC 039 Developmental Psychology

PSYC 133 Perception, Cognition, and Embodiment seminar (1 credit)
PSYC 134 Psycholinguistics seminar (1 credit)

PSYC 138 Clinical Psychology seminar (1 credit)

PSYC 139 Developmental Psychology seminar (1 credit)



Group C: Research Electives in Related/Overlapping Areas of Science
One unit of research (of up to 2 credits) in neuroscience from the following may be
counted toward the minimum required 10 credits of the major (additional research
units may be counted for optional credits up to 12). Note that research electives are
one way of fulfilling the comprehensive requirement (see below) for the
Neuroscience major.

BIOL 094 Research Project (1 credit)

PSYC 094 Independent Research (up to 1 credit)

PSYC 096/097  Senior Thesis (2 credits)

PSYC 102 Research Practicum in Perception and Cognition
PSYC 104 Research Practicum in Mind and Language
PSYC 110 Research Practicum in Cognitive Neuroscience

c¢. Comprehensive Requirement

The comprehensive requirement is a Neuroscience Research Thesis, a complete
scientific paper based on a research project conducted in Biology or Psychology or
some other area related to neuroscience. The Research Thesis may either (1) be a
research paper from a Group C elective completed (or substantially revised) during
the senior year or (2) be based on a separate research project, such as might occur
during a summer (whether at Swarthmore or at another institution) or as part of a
laboratory course in a Neuroscience Elective (e.g., a Biology seminar taken in the
Junior or Senior year)*.

In either case, a proposal will be submitted no later than the beginning of the
senior year that explains the student’s plan for conducting or completing the
comprehensive requirement. If option 2 is selected, the proposal must be detailed.
Upon approval of an option 2 proposal, students will register for a 0.5 credit unit of
Neuroscience Thesis during either (but not both) semester of the senior year. The
thesis will be evaluated by two faculty members, typically from two different
departments.

*Students in Biology seminars, for example, often work on group projects and
sometimes produce multi-authored research papers. Such projects may serve as
the basis of a Neuroscience Research Thesis, but the paper must be a unique
product of the student who submits it as his/her Thesis.

Sample Neuroscience Course Majors

The Neuroscience Major is demanding, but can be very flexible. It is important to receive
advising from a faculty member in planning your program. Here we show several very
different versions of what the major might look like within the rules above. These are
intended to be illustrative, rather than representative, and they should not take the place of
advising.

19
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ENTRY REQUIREMENTS (including up to 2 credits toward major)

AP in BIOL 001 plus BIOL 002 (1 credit counted toward major credits)

AP in PSYC (no credit) plus PSYC 025 (1 credit counted toward major credits)
AP in Calculus

STAT 011

CHEM 010

CHEM 022

MAJOR REQUIREMENTS

“Minimalist” Neuroscience Major (fewest credits, minimum in Group A). This
example is not a recommended path, but is shown only to clarify what is possible.
(2 Foundation + 4 credits from Group A + 2 credits from Entry Requirements + 2
credits from Groups B/C = 10):

PSYC 030 (Foundation)

BIOL 022 (Foundation)

BIOL 124 (2-credit Group A elective)

PSYC 043 (Group A elective)

PSYC 130 (Group A elective)

CPSC 001 (Group B Elective)

PSYC 110 (Elective/Comprehensive)

“Core Emphasis” Neuroscience Major
(2 Foundation + 8 credits from Group A + 1 or 2 Research credits = 11-12 credits):
BIOL 022 (Foundation)
PSYC 030/130 (Foundation + Group A elective)
BIOL 123 (2-credit Group A elective)
BIOL 124 (2-credit Group A elective)
PSYC 031/131 (2-credit Group A electives)
PSYC 043 (Group A elective)
PSYC 110 or PSYC 096/097 (1- or 2-credit Research Elective/Comprehensive)

“Cognitive Neuroscience Emphasis” Neuroscience Major
(2 Foundation + 6 credits from Group A + 2 credits from Group B + 1 or 2 Research
credits = 11-12):
BIOL 022 (Foundation)
PSYC 030/130 (Foundation + Group A elective)
BIOL 123 (2-credit Group A elective)
PSYC 031/131 (2-credit Group A electives)
PSYC 043 or PSYC 091 (Group A elective)
PSYC 032/133,033/133, or 034/134 (Group B elective seminar sequence)
PSYC 110 or PSYC 096/097 (1- or 2-credit Research Elective/Comprehensive)
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* “Biology Emphasis’ Neuroscience Major
(2 Foundation + 5 credits from Group A + 1 credit from Group B + 1 credit from
Entry Requirements + 1 Research credit = 10)
PSYC 030 (Foundation)
BIOL 022 (Foundation)
BIOL 030 (Group A elective)
BIOL 123 (2-credit Group A elective)
BIOL 124 (2-credit Group A elective)
BIOL 010 (Group B elective)
BIOL 094 (1-credit Research Elective/Comprehensive)

2. Honors Neuroscience Major
a. Entry Requirements

Requirements for admission to the Neuroscience Honors major are the same as those for
admission to the Course major (see above).

b. Honors Neuroscience Major Requirements

The Neuroscience Honors major comprises the two (2) Foundation Courses and four (4)
Honors preparations: three seminar preparations and an Honors Research Thesis.

Neuroscience Foundation Courses: Majors will complete both courses.

PSYC 030 Physiological Psychology
BIOL 022 Neurobiology

Honors Seminar Preparations
Majors will complete three (3) seminar preparations from the following groups,
with at least two from Group A and no more than two in one department.

Group A: Neuroscience Honors Preparations (Seminars)
BIOL 123 Learning and Memory seminar (2 credits)
BIOL 124 Hormones and Behavior seminar (2 credits)
PSYC 030/130  Physiological Psychology course and seminar (1 credit each)
PSYC031/131  Cognitive Neuroscience course and seminar (1 credit each)
PSYC 032/133  Perception course and Embodiment seminar (1 credit each)

Group B: Honors Preparations (Seminars) in Related Scientific Areas

BIOL 110 Human Genetics seminar (2 credits)

BIOL 111 Developmental Genetics seminar (2 credits)

BIOL 119 Genomics and Systems Biology seminar (2 credits)
BIOL 130 Behavioral Ecology seminar (2 credits)

PSYC 033/133  Cognitive Psychology course and Embodiment seminar (1 credit each)
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PSYC 034/134  Psycholinguistics course and seminar (1 credit each)
PSYC 038/138  Clinical Psychology course and seminar (1 credit each)
PSYC 039/139  Developmental Psychology course and seminar (1 credit each)

Honors Research Thesis (2 credits)

The Honors Thesis preparation (normally PSYC 180 or BIOL 180) will
consist of a substantial research project that, according to the practices of the host
department, may be completed in two semesters of research OR in one summer plus
one semester of research (please consult with your Swarthmore thesis advisor). The
project will be taken for one or two credits and will be graded by an External
Examiner. The primary mentor for the thesis need not be a Swarthmore faculty
member, but each Honors student is required to have a faculty mentor at the College
to oversee the project and advise in final preparation of the thesis. The Honors thesis
normally has a page limit of 20 pages, not counting references, figures, figure legends
or tables.

Psychobiology (available to students graduating in 2014 or before)

The Departments of Psychology and Biology offer a special major that combines work
in the two departments, focusing on the biological basis of behavior. The major is based on
the introductory courses in both departments (Biol 001 and 002 and Psyc 001),
Physiological Psychology, and three groups of elective courses. Majors are required to take
Psyc 030 and at least two courses from each of the three groups of elective courses. In
addition, majors will satisfy a comprehensive requirement, normally by completing a senior
thesis (taken for 2 credits, one during each semester of the senior year) or by successful
completion of a special written comprehensive examination. Approval and advising for this
major are through both the departments of Psychology and Biology. Additional information
can be found at http://www.swarthmore.edu/x15715.xml.

1. Entry Requirements
For admission to the major, students must have completed at least two courses in
each department, and must have maintained a B average (3.00) in biology and
psychology, respectively. In addition, they must have completed Chem 010 (General
Chemistry) and Chem 022 (Organic Chemistry I).

Students who have not completed the entry requirements may apply if they will
qualify by the end of the semester following application. They will be deferred from
acceptance to the major pending successful completion of the courses. Students who
would be deferred longer than 1 1/2 semesters should apply instead for either a biology
or a psychology major and plan to change to psychobiology when they qualify for it.

2. Course requirements
Students are required to take Stat 011 (Statistical Methods), preferably before
entering the junior year, or as soon thereafter as possible. Statistics does not count in the
credits toward the special major, but is a requirement for it.
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The special major comprises a minimum of 10 and a maximum of 12 courses in the
categories below. All students will complete the courses in the core category; they may
choose to count Biol 001, 002 and Psychology 001 either as part of the major or as
prerequisites for it, depending on the structure of the rest of their program. Students will
include a list of the courses comprising their major with the application and will confirm
a final list at the beginning of their final semester. Applicants should use the Psychology
Special Major application form available from either department, listing the courses they
have completed, those they are currently taking, and those they intend to take in the
major, copies of which, with signatures from a representative of each department, should
be submitted to both departments and to the Registrar.

Note: Qualified students may study psychobiology in the Honors Program. Details
about the Honors Special Major in Psychobiology are available on an additional sheet

from either department.

a. Core courses

BIOL 001 Cellular and Molecular Biology
BIOL 002 Organismal and Population Biology
PSYC 001 Introduction to Psychology

PSYC 030 Physiological Psychology

BIOL 022 Neurobiology

The requirement for either BIOL 001 or BIOL 002 (but not both) may be satisfied by
credit from the Biology Advanced Placement examination (score of 5).

b. Elective courses (2 are required from each group) [See department information
packets for schedule]

Group 1: Biological Foundations

BIOL 010 Genetics

BIOL 014 Cell Biology

BIOL 020 Animal Physiology
BIOL 021 Comparative

BIOL 024 Developmental Biology
BIOL 110 Human Genetics

BIOL 111 Developmental Genetics
CHEM 038 Biological Chemistry

Group 2: Bio-behavioral Foundations

BIOL 030. Animal Behavior
BIOL 034 Evolution
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BIOL 036. Ecology

BIOL 123. Learning and Memory

BIOL 124 Hormones and Behavior

BIOL 130. Behavioral Ecology

PSYC 031 Cognitive Neuroscience

PSYC 032. Perception

PSYC 042. Human Intelligence

PSYC 043 Developmental Cognitive Neuroscience
PSYC 091. Advanced Topics in Behavioral Neuroscience
PSYC 130. Physiological Psychology seminar (1 credit)

Group 3: Psychological Processes

COGS 001 Introduction to Cognitive Science

(counts for major when taught by psychologist)
PSYC 033. Cognitive Psychology
PSYC 133. Cognitive Psychology Seminar (1 credit)
PSYC/LING 034.  Psychology of Language

PSYC/LING 134.

Psycholinguistics Seminar (1 credit)

PSYC 036 Thinking, Judgment & Decision Making

PSYC 136 Thinking, Judgment & Decision Making seminar
PSYC 038. Abnormal Psychology

PSYC 138. Abnormal Psychology Seminar (1 credit

PSYC 039. Developmental Psychology

PSYC 139. Developmental Psychology Seminar (1 credit)
PSYC 041 Children at Risk

Note: Students may request, by consulting with both departments, to have
other suitable courses added to these groupings.

c¢. Comprehensive Requirement
Special 96, 97 (2 credits) Thesis: Psychobiology
or
PSYCH 110 (1 credit)Research Practicum in Cognitive Neuroscience

3. Honors program in Psychobiology

a. Entry requirements.
The honors program in Psychobiology is open to all students who have an
overall average of B+ (3.33) in all courses taken in the Psychology and Biology
Departments.

b. Core and distribution requirements
Honors students majoring in Psychobiology are required to complete Psychology
001 and work in three core areas of Psychology, one of which must be Physiological
Psychology. In the Biology Department, students must complete Biol 001, Biol 002
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and Biol 022: Neurobiology. Students who have placed out of Biol 002 must
complete one course in Group III - Population Biology (see section V.E.).

c. Preparations for external examination
The honors program in Psychobiology consists of two preparations in the

Psychology Department and two in the Biology Department, from the lists below.
One of the four preparations must be either Psyc 180 or Biol 180, Honors Thesis
Research. In both departments, each honors preparation consists of an intermediate
level course and an upper level seminar, except for Honors Thesis Research, which
can be taken for either 1 or 2 credits if the thesis is done in the Biology Department,
or for 2 credits if the thesis is done in the Psychology Department.

Psychology Department preparations

PSYC 030 & 130  Physiological Psychology
PSYC 032 & 132 Perception

PSYC 033 & 133  Cognitive Psychology
PSYC 038 & 138  Abnormal Psychology
PSYC 039 & 139  Developmental Psychology
PSYC 180 Honors Thesis Research

Biology Department preparations (seminars are listed here; see the list of
intermediate-level prerequisites in section
11.C.9):
BIOL 110 Human Genetics
BIOL 111 Developmental Genetics
BIOL 114 Symbiotic Interactions
BIOL 124 Hormones and Behavior
BIOL 126 Biomechanics
BIOL 130 Behavioral Ecology
BIOL 180 Honors Thesis Research
The thesis can be undertaken in either the Psychology or the
Biology Departments, and is expected to be an original piece of
laboratory or field research.

d. Senior Honors Study.

Students will elect to participate in the Senior Honors Study for either
Psychology or Biology, depending on the department in which they are conducting
their senior research thesis. In addition, they will be required to attend occasional
discussion groups for Psychobiology honors students.

e. Additional requirements
Psychobiology Honors majors must complete Chem 010: General Chemistry
and Chem 022: Organic Chemistry before admission to the major. In addition,
students must complete STAT 011: Statistical Methods before entering the junior
year, or as soon thereafter as possible
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f. Honors examinations

Portfolios. The contents of the portfolio will include syllabi for the three seminar
preparations, an abstract of the thesis, and (if relevant) a list of readings for Senior
Honors Study.

Modes of Examination. There will be a three-hour written exam as well as an oral
examination for each of the three preparations other than the thesis. The evaluation
of the thesis will include an oral examination.

Environmental Science

The Departments of Biology, Engineering, and Mathematics & Statistics, in
collaboration with other departments, offer a special major in Environmental Science. The
Environmental Science major consists of a series of prerequisite courses, core courses,
several elective courses for the major, and a thesis. Each Environmental Science major will
take at least six credits in a primary department, which can be Biology, Engineering or
Mathematics & Statistics. Students in this major are advised by the chair of the
Environmental Science committee and a faculty member from the primary department.

Note: An interdisciplinary minor in Environmental Studies is described in the Course
Catalog (available online at http://www.swarthmore.edu/coursecatalog.xml and in section
IV.F.) By definition, a minor consists of at least five courses in the area of concentration
and a culminating exercise such as a comprehensive examination, senior thesis or capstone
seminar.

All students majoring in Environmental Science must complete the following
prerequisites and core program:

1. Prerequisite courses
CHEM 010  Introductory Chemistry
CHEM 022  Organic Chemistry (Chemistry 32: Organic Chemistry II
recommended)
Two Mathematics or Statistics courses (not including MATH 001 or 003); STAT 011
recommended.
BIOL 001 Cellular and Molecular Biology
BIOL 002 Organismal and Population Biology

2. Core courses
BIOL 036 Ecology
ENGR 004A Introduction to Environmental Protection (or ENGR. 057 & 066)
POLS 043 Environmental Policy and Politics
ECON 076 Environmental Economics
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3. Elective courses

Students whose primary department is Biology must take three credits in Biology
from the courses listed below. Students whose primary department is Engineering must
take Engineering 032, 057 & 066 and two more of the Engineering courses listed below
(an independent project in Engineering may substitute for one of these), and at least one
Math course listed below (Math 027 & 33 are recommended). Students whose primary
department is Mathematics and Statistics must take four of the Math courses listed
below, including Math 027 & 033. In addition, majors in Environmental Science must
take at least two courses (in addition to those from the primary department) from the
following list:

ASTR 009 Meteorology

BIOL 010: Genetics

BIOL 016 Microbiology

BIOL 026 Invertebrate Zoology

BIOL 039 Marine Biology

BIOL 037 Systematic Botany

BIOL 137 Biodiversity and Ecosystem Functioning
CHEM 032  Organic Chemistry II

CHEM 038  Biochemistry

CHEM 108 Biochemistry Seminar

EDUC 065 Environmental Education

ENGR 006 Mechanics

ENGR 014 Experimentation for Engineering design
ENGR 035 Solar Energy Systems

ENGR 057 Operations Research

ENGR 061 Geotechnical Engineering

ENGR 063 Water Quality and Pollution Control
ENGR 064 Swarthmore and the Biosphere (not currently offered)
ENGR 066 Environmental Systems

HIST 068 Food and Famine (not currently offered)
MATH 029  Discrete Mathematics

MATH 027  Linear Algebra

MATH 033 Several Variable Calculus

MATH 031  Multivariate Statistical Methods

MATH 043  Differential Equations

MATH 041  Probability

MATH 053  Mathematical Statistics |

MATH 056  Modeling

MATH 111 Mathematical Statistics 11

POLS 047 Global Policy and International Institutions
POLS 065 Politics of Population (not currently offered)
PSYC 057 The Psychology of Environmental Problems (not currently offered)
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4. Senior paper or thesis
All Environmental Science special majors write a thesis (1 or 2 credits) to be read by
two faculty who are participating in the program, at least one of whom is in the student's
primary department.

a. Goals
The thesis (SP 096) satisfies the senior comprehensive requirement for the
special major in Environmental Science. The objectives of the thesis are to
demonstrate the student's ability to:

1) Conduct a careful, independent literature search on a current topic using
primary sources;

2) Write a critical review of current publications, addressed to readers who
are ecologists and/or environmental scientists and written at the technical
level of sophistication of a Special Feature article appearing in the journal
Ecology

3) Demonstrate an integrated understanding of ecological issues in light of
current social, political and economic contexts;

4) Identify a problem of current environmental concern and present a
management strategy that takes into account both biological and socio-
political/economic realities.

b. Selection of a topic
The topic should be selected early in the first semester of the senior year.

1) The student must select a topic that is amenable to comprehensive
treatment. The chosen topic must be examined from both biological and
management perspectives.

2) The topic should be selected from areas of student interest and developed
in consultation with faculty.

3) The topic may be a literature review and synthesis, a field research
project, or a combination of the two, as agreed on in discussions with
faculty.

¢. Format
Noncompliance with the following standards will adversely affect the evaluation
of the paper. Books on scientific writing, e.g. Pechenik (2010)3 or Day and Gastel
(2006)° (available in Cornell Library), should be consulted frequently.

8 Pechenik, J.A. 2010. A Short Guide to Writing abouti@ogy, 7th ed. New York: Addison Wesley Longman,



1)

2)

3)

4)

Title. The paper must have a brief, informative title that clearly identifies
the subject matter.

Format. The paper must be typed, double-spaced, with one-inch (2.5¢m)
margins (top, bottom, right, and left). Use Palatino or Times-Roman 12
point type.

Length. Ifelected for 1 credit, the paper should be no longer than 30
pages including literature cited, figures and tables. If elected for 2
credits, the paper should be no longer than 50 pages including literature
cited, figures and tables. Complete papers will not be faulted for brevity.
Your paper will be evaluated primarily on content, presentation and
writing style; keep in mind that clear writing and presentation will focus
the reader's attention on content. Avoid jargon and the passive voice.

Style.

a) If the paper is a literature review and synthesis, it should be written in
the style of a Special Feature article appearing in the journal Ecology
In such articles, section headings should be informative and concise,
but are not strictly defined.

b) Projects with a substantial field research component should be written
in the style of a research article appearing in the journal Ecology In
such articles, the following sections must appear: Abstract,
Introduction, Materials and Methods, Results, Discussion,
Literature Cited, and Acknowledgements. Review Pechenik (2010)
or Day and Gastel (2006) for details about what is appropriate to
include in each section. You are encouraged to include original
drawings, tables or graphs created especially for the clarification and
synthesis of the results. For examples of effective graphics, see Tufte
(2001)10.

d. Due date

The paper is due in the office of the Department of Biology no later than

noon on the last day before spring break, which is usually in early March.

E. Bioeducation

The special major in Bioeducation consists of 6 courses in Biology. There must be at
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least one course in each group (I, II, and III) and one course in Evolution. In addition to the

9 Day, R.A. and B. Gastel. 2006. How to Wite andPublish a Scientific Papeéth ed. Westport, CT: Greenwood

Press.

10 Tufte, E.R. 2001. The Visual Display of Quantitativeformation 2nd ed. Graphics Press, Cheshire,

CT
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six Biology courses, students will take Chemistry 010 and 022, one year of Math (not Math
001 or 003), and will write a thesis to be supervised by faculty in the Biology and
Educational Studies departments.

The special major in Bioeducation will include six education courses to be approved by
the Educational Studies Department. Students should consult with the Chair of the
Educational Studies Department about further requirements for the Bioeducation special
major. Approval and advising for this special major are through both departments of
Biology and Educational Studies.

Other special majors

Other special majors may be constructed after consultation with the Chair and approval
of the departments concerned. The special major is expected to be integrative in the sense
that it specifies a field of learning that crosses departmental boundaries and can be treated as
a sub-field within the normal departmental major. Special majors consist of at least 10
credits, but usually not more than 12. A more detailed explanation of the special major is
found in the Course Catalogue under "Educational Program," which can be found online at
http://www.swarthmore.edu/coursecatalog.xml.

Environmental Studies — an interdisciplinary minor

A minor in Environmental Studies consists of an integrated program of five courses plus
a capstone seminar (ENVS 091) that a student takes in addition to a regular major (see
http://www.swarthmore.edu/cc_environmentalstudies.xml). The student is required to take 5
courses from the list below, including at least one course in environmental
science/technology, at least one course in environmental social science/humanities and at
least one more from either of these two groups for a minimum of three courses from the list
designated Environmental Courses in Specific Disciplines. Up to two courses may be taken
from the list designated Adjunct and Interdisciplinary Courses. At least 3 of the 5 selected
courses must be outside of the major. The capstone seminar is offered in the spring of the
student’s senior year. Advising for this concentration is by the chair of the Environmental
Studies committee.

Environmental courses in specific disciplines

Courses in environmental science/technology (at least 1 course required)
BIOL 036 Ecology
BIOL 039 Marine Biology
BIOL 115 Plant Molecular Genetics
BIOL 116 Microbial Processes and Biotechnology
BIOL 137 Biodiversity and Ecosystem Function
CHEM 001  Chemistry in the Human Environment
CHEM 103  Topics in Environmental Chemistry
ENGR 004A Introduction to Environmental Protection
ENGR 063  Water Quality and Pollution Control




ENGR 066
GEOL 103
PHY'S 024.
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Environmental Systems
(Bryn Mawr) Environmental Geology
The Earth’s Climate and Global Warming

Courses in environmental social sciences/humanities (at least 1 course required)

ECON 076
EDUC 065
ENGL 070G
HIST 089
POLS 043
RELG 022
SOAN 023C

Environmental Economics

Environmental Education

Writing Nature

Environmental History of Africa
Environmental Policy and Politics

Religion and Ecology

Anthropological Perspectives on Conservation

Adjunct and interdisciplinary courses (not more than 2 of these courses)

BIOL 016
BIOL 017
BIOL 020
BIOL 025
BIOL 026
BIOL 034
BIOL 116
CHEM 043
ENGR 003
ENGR 035
ENGR 057
ENVS 002
ENVS 090
ENVS 092
LING 120
LITR 022G
MATH 056
PHYS 002E
PHYS 020
POLS 048
SOAN 006C

Microbiology

Microbial Pathogenesis and the Immune Response
Animal Physiology

Plant Biology

Invertebrate Biology

Evolution

Microbial Processes and Biotechnology
Analytical Chemistry

Problems in Technology

Solar Energy Systems

Operations Research

Human Nature, Technology and the Environment
Directed Reading in Environmental Studies
Research project

Anthropological Linguistics: Endangered Languages
Food Revolutions: History, Politics, Culture
Modeling

First-Year Seminar: Energy

Principles of the Earth Sciences

The Politics of Population

First-Year Seminar: Forest of symbols
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V. COURSES IN BIOLOGY

A. First-year seminars

TBA
Introductory biology courses

Biol 001. Cellular and Molecular Biology.

An introduction to the study of living systems illustrated by examples drawn from cell
biology, biochemistry, genetics, microbiology, neurobiology, plant biology and
developmental biology.

One laboratory period per week

NSEPWcourse

1 credit

Fall semester Staff

Biol 002. Organismal and Population Biology.

Introduction to the study of organisms emphasizing the adaptive aspects of morphology,
physiology, behavior, ecology, and evolution of whole organisms and populations.

One laboratory period per week

NSEPWcourse

1 credit

Spring semesteRtaff

Courses without laboratories

Students may count a maximum of 1 course in this category toward their honors or course
major in Biology. These courses do not satisfy any of the biology distribution requirements
(Group I, II, III).

Biol 004. Biology of Food.

An exploration of the biology and history of the food we eat. How, where and why were
food species domesticated, and by whom? What are the wild species from which these
foods were derived, and what are the morphological, and genetic changes that occurred
during domestication? This course also explores modern methods for improving food
species, including high-tech traditional breeding and the creation of genetically modified
foods.

Prerequisies: Biology 00Dr permission of the instructor.

1 credit

Fall 2011 only. Rauscher

Stat 021. Quantitative Paleobiology

This course will explore current areas of research in paleobiology and macroevolution. For
instance, does evolutionary change generally occur gradually or in short bursts? How
reliably does the fossil record preserve information about ecosystems? What factors make
species more likely to go extinct? To answer these and other questions, paleobiologists use
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a range of statistical and mathematical techniques. We will emphasize conceptual
understanding and application of such quantitative methods, rather than their underlying
theory or proofs. Class meetings will include a combination of lectures, discussion of
journal articles, and conversations with leading paleontologists via Skype.
Prerequisites: Biology 002, or STAT 11 or equivalent.

1 credit

Fall 2011 only. Wang

Math 056. Modeling

An introduction to the methods and attitudes of mathematical modeling. Because modeling
in physical science and engineering is already taught in courses in those disciplines,
applications in this course will be primarily to social and biological sciences. Various
standard methods used in modeling will be introduced: differential equations, Markov
chains, game theory, graph theory, and computer simulation. The emphasis, however, will
be on how to apply these subjects to specific modeling problems, not on their systematic
theory. The format of the course will include projects as well as lectures and problem sets.
Prerequisites: Linear algebra and severariable calculus or permission of the instructor.
1 credit

Alternate years

Fall 2011. Laverty

Group I : Cellular and molecular biology (010-019)

Biol 010. Genetics.

An introduction to genetic analysis and molecular genetics. The course explores basic
principles of genetics, the chromosome theory of inheritance, classical and molecular
strategies for gene mapping, strategies for identifying and isolating genes, the genetics of
bacteria and viruses, replication, gene expression, and the regulation of gene activity. Major
concepts will be illustrated using human and non-human examples.

One laboratory period per week

NSEP course

Prerequisite: Biology 001.

1 credit

Fall 2010.Jenkins

Biol 014. Cell Biology.

A study of the ultrastructure, molecular interactions and function of cell components,

focusing primarily on eukaryotic cells. Topics include protein and membrane structure,
organelle function and maintenance, and the role of the cytoskeleton.

One laboratory period per week

NSEP course

Prerequisites: Biology 001 and 002, and previous or concurrent enroliment in Chemistry
022 or permission of the instructor

1 credit

Next offered Spring 201IVallen
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Biol 016. Microbiology.

Biology of microorganisms with an emphasis on aspects unique to prokaryotes. Topics
include microbial cell structure, metabolism, physiology, genetics, and ecology. Laboratory
exercises include techniques for detecting, isolating, cultivating, quantifying, and
identifying bacteria.

Students may not take both Biology 016 and 017 for credit.

One laboratory period per week.

NSEP course

Prerequisites: Chemistry 022; Biology 001 and 002 or permissitimedfstructor.

1 credit

Spring 2011Vollmer

Biol 017. Microbial Pathogenesis and the Immune Response.

A study of infectious agents and of the humoral and cellular mechanisms by which
vertebrates respond to these agents.

Students may not take both Biology 016 and 017 for credit.

One laboratory period per week.

NSEP ourse

Prerequisites: Chemistr22; Biology 001 and 002 germission otheinstructor.
1 credit

Next offered Spring 201¥.ollmer

Group II : Organismal biology (020-029)

Biol 020. Animal Physiology.

An examination of the principles and mechanisms of animal physiology ranging from the
subcellular to the integrated whole animal in its environment. Possible topics include
metabolism, thermoregulation, endocrine regulation, digestion, cardiovascular physiology,
respiration, osmoregulation and muscle function.

One laboratory period per week.

NSEP course

Prerequisites: Bitogy 001 and)02; Chem 010 recommended.

1 credit

Next offered Fall 2011Hiebert Burch

Biol 021. Comparative Vertebrate Anatomy.

A system-by-system examination of vertebrate morphology with an appreciation for the
variation offered by the diversity of vertebrate forms. While morphology or physical form
is the focus, each anatomical system is presented within a context of function and evolution.
Weekly laboratory exercises will involve dissection.

NSEPcourse

Prerequisites: BIOL 001 and 002.

1 credit

Fall 2010.Downs
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Biol 022. Neurobiology.

A study of the basic principles of neuroscience, with emphasis on the electrical and
chemical signaling properties of neurons and their underlying cellular and molecular
mechanisms, as well as the functional organization of selected neural systems.

One laboratory period per week.

NSEP course

Prerequisite: Biology 001 an@henistry 010

1 credit

Spring 2011.Siwicki

Biol 024. Developmental Biology.

This analysis of animal development will combine descriptive, experimental, and
evolutionary approaches. Laboratories will involve dissection and manipulation of
invertebrate and vertebrate embryos.

One laboratory period per week.

NSEPcourse

Prerequisites: Biology 001 and 002.

1 credit

Fall 201Q Gilbert.

Biol 025. Plant Biology.

This course is an exploration of the diverse field of plant biology. Topics will include
growth and development, reproduction, genetics and genome biology, evolution and
diversity, physiology, responses to pathogens and environmental stimuli, domestication,
agriculture and applications of plant genetic modification. Laboratories will introduce
organismal, cellular, molecular and genetic approaches to understanding plant biology.
One laboratory period per week.

NSEP course

Prerequsites: Biology 001 an002

1 credit

Spring 2011Kaplinsky

Biol 026. Invertebrate Biology.

Evolution, morphology, ecology, and physiology of invertebrate animals.
One laboratory period per week; some all-day field trips

NSEP course

Prerequisites: Biology 001 and 002.

1 credit.

Fall 2010.Merz.
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Group III: Population biology (030-039)

Biol 030. Animal Behavior.

An introduction to the biological study of animal behavior under natural conditions.
Observation of the behavior and natural history of animals, including insects, birds and
primates, leads to an understanding of ethology, behavioral ecology, sexual orientation and
migration.

Three to six hours of fieldwork per week.

NSEP course

Prerequisites: Biology 002; Stat 002 or equivalent is recommended.

1 credit

Not offered 2012011.Hagelin

Biol 034. Evolution.

This course focuses on how the genetic structure of a population changes in response to
mutation, natural selection, and genetic drift. Other topics, such as evolutionary rates,
speciation, and extinction provide a broader view of evolutionary processes.

One laboratory period or field trip per week.

NSEP course

Prerequisites: Biology 001 and 002.

1 credit

Fall 2010.Purrington

Biol 035. History of Life.

An exploration of the evolutionary history responsible for the incredible diversity of
organisms of Earth today. An understanding of this history will be developed through study
of geological processes, reconstruction of evolutionary relationships, and a familiarity with
the fossil record. Readings and discussion of primary literature will supplement the course
material.

One laboratory per week.

NSEP course

Prerequisites: BIOL 001 and 002.

1 credit.

Spring 2011Downs



37

Biol 036. Ecology.

The goal of ecology is to explain the distribution and abundance of organisms in nature
through an understanding of how they interact with their abiotic and biotic environments.
Students will gain ecological literacy and practice by studying processes that operate within
and between hierarchical levels of organization such as individuals, populations,
communities, and ecosystems. This knowledge will be applied to understand the current
global changes occurring in nature as a result of human activities.

One laboratory period or field trip per week.

NSEP course

Prerequisites: Biology 001 and 002.

1 credit

Fall 2010.Machado

Biol 039. Marine Biology.

Ecology of oceans and estuaries, including discussions of physiological, structural and
behavioral adaptations of marine organisms.

One laboratory per week; several all-day field trips.

NSEP course

Prerequisites: Biology 001 and 002.

1 credit

Next offered Fall 2011Merz.

Independent studies

Biol 093. Directed Reading.

A program of literature study in a designated area of biology not usually covered by regular
courses or seminars, and overseen by a biology faculty member.

lorl credit

Fall or spring semesteStaff.

Biol 094. Research Project.

With the permission of the Department, qualified students may pursue a research program
for course credit. The student will present a written report to the biology faculty member
supervising the work. If taken for more than 1 credit, the student will present a written and
oral report on the project to the Department.

1 to 2 credits

Fall or Spring semesteftaft.

Biol 180. Honors research.

Independent research in preparation for an honors research thesis. Graded by external
examiners with an honors evaluation mark (e.g.HH) and also a corresponding letter grade.
The letter grade will appear on the student’s transcript.

Fall or Spring semeste8taff
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H. Comprehensive examination
Note: Biol 095, 097 and 199 do not contribute to the 8 credit minimum for the Biology
major.

Biol 095. Senior Project.

With the permission of the department, a student may write a senior paper in Biology for
satisfaction of the requirement of a comprehensive examination for graduation. The topic of
the paper is to be the same as that for Themes in Biology (Bio 097) for that year. The
student will develop the context of the topic to be discussed in the paper. The topic must be
discussed with respect to Group I (cellular and molecular), Group II (physiological and/or
organismal) and Group III (population) areas of biology. The paper will have a maximum of
30 pages (12 point font and double-spaced) and is due the first Monday after spring break.
The student can be advised by a faculty mentor.

Biol 097. Themes in Biology.

This lecture series constitutes the comprehensive examination in Biology. Each year an
overarching theme will be selected and visiting speakers will give a series of related lectures
in the fall semester. Seniors are given readings to prepare for each lecture and at least once
during the semester, each senior will help to host a speaker. There will be a cumulative
exercise at the end of the semester. Participation in the lecture series is required of all
Biology course majors to satisfy the college’s comprehensive examination requirement.
Students are not, however, required to enroll in Biology 097 while participating in the
comprehensive. Graded Credit/No Credit. The course does not count as a credit for the
major.

Fall semesterStaff

I. Honors Study

Biol 199. Senior Honors Study.
An interactive, integrative program to allow honors students to finalize their research theses.
Spring semesteStaff

J. Seminars (two-credit)

Biol 110. Human Genetics.

A seminar exploring the genetic analysis of the human genome. Nonhuman model systems
will be examined along with human systems.

Laboratory Project.

Prerequisites: Biology 010 grermissiorof theinstructor.

2 credits

Spring2011.Jenkins

Biol 111. Developmental Genetics.
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This seminar will focus on evolutionary developmental genetics. The survival of the fittest
is predicated on inherited changes in development. This means that the expression of
developmental regulatory genes is changed. We will be discussing such phenomena as the
fin-to-limb transition, the evolution of the eyes and heart, and the nature of co-option and
homology. The laboratory will use molecular techniques to find genes involved in the
production of evolutionary novelties such as the turtle shell.

NSEP

Prerequisites: Biology 024 guermissiorof the instructor.

2 credits

Not offered 2012011 Gilbert

Biol 114. Symbiotic Interactions.

This seminar will focus on the molecular basis of plant-microbe, animal-microbe, and
possibly microbe-microbe symbioses. In addition to studying specific systems, common
themes and pathways will be analyzed and discussed (nutrient exchange, suppression of the
immune response, specificity of host-symbiont recognition, etc). Readings will be primarily
from the research literature. Laboratory projects will use molecular techniques and likely
focus on the sea anemone Aiptasiaand its symbiotic, photosynthetic dinoflagellate,
Symbiodinium

One laboratory per week.

Prerequisites: CHEM 022 and any Group | or Group Il biology course.

NSEP

2 credits

Next offered Fall 2011Vallen

Biol 115. Plant Molecular Genetics.

This course will investigate the technological approaches that plan scientists are using to
address environmental, agricultural, and health issues. Topics will include biofuels,
nutritional engineering, engineering disease and stress resistance, bioremediation, and the
production of pharmaceuticals in plants. This course consists of one discussion and one
laboratory per week. Laboratory projects will include independent and ongoing research.
Prerequisites: Biology 001, 002, and 025 or permission of the instructor.

NSEP

2 credits

Fall 2010.Kaplinsky

Biol 116. Microbial Processes and Biotechnology.

A study of microbial mechanisms regulating metabolism and gene expression in response to
natural and experimental stressors; technical and ethical applications of these concepts in
biotechnology.

Independent laboratory projects.

Prerequisites: Biology 016 or Biology 017.

NSEPW

2 credits

Fall 2010. Vollmer.
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Biology 119. Genomics and Systems Biology

Fundamental questions in biology are being answered using revolutionary new technologies
including genomics, proteomics, metabolomics, systems biology, modeling, and large scale
protein and genetic interaction screens. These approaches have fundamentally changed how
scientists investigate biological problems and allow us to ask questions about cells,
organisms and evolution that were impossible to address even five years ago. Readings will
include animal, plant, fungal, and bacterial literature. Laboratory projects will incorporate
genomic and molecular approaches.

One laboratory per week.

Prerequisites: BIOL 001 and 002 or the equivalent and one Group I or Group II biology
course.

NSEP

2 credits

Next offered Fall 201XKaplinsky.

Biol 123. Learning and Memory.

Seminars focusing on the anatomy, physiology and molecular biology of neural systems
underlying learning and memory.

Independent laboratory projects.

Prerequisites: Biology 022 or permission of the instructor.

2 credits

Fall 2010.Siwicki.

Biol 124. Hormones and Behavior.

This course focuses on endocrine regulation of animal behaviors related to reproduction,
aggression, stress, sickness, learning, social affiliation, seasonality and others, with an
emphasis on critical reading of the primary literature.

Independent laboratory projects.

NSEP

Prerequisites: Biology 0QBiology 002 andeitherBiol 020 or Biol 022 or permission of
the instructoy

2 credits

Fall 2010.Hiebert Burch

Biol 126. Biomechanics.

Basic principles of solid and fluid mechanics will be explored as they apply to the
morphology, ecology, and evolution of plants and animals.

NSEP

Prerequisites: Biology 001, 002, and one other Group Il or Group Il Biology course.
2 credits

Spring2011. Merz.
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Biol 130. Behavioral Ecology.

The study of the evolution of behavior as an adaption to an environment. Topics include
parental care, mating systems, cooperation and communication.

NSEP

Prerequisites: Biology 030 or 032 or 034 or 03Btudents with preparation outside
biology should seek permission of the instructor.

2 credits.

Not offered 2012011.Hagelin

Biol 134. Analysis of Adaptation.

This course focuses on adaptations, those traits of organisms that tend to increase
reproductive success and/or survival. The seminar will emphasize the strategies used by
evolutionary biologists to ascertain whether morphological, physiological and behavioral
traits in a given species are truly adaptive and how they might have evolved.

One seminar meeting each week and continuing independent laboratory projects.

NSEP

Prerequisites: Biology 002 and Biology 034, or with permissibiine instructor

2 credits.

Spring 2011Purrington.

Biol 137. Biodiversity and Ecosystem Functioning.

Can the current decline in global biodiversity alter the functioning and stability of
ecosystems? The answer to this question can be reached by evaluating the ecological
consequences of changing patterns in biodiversity, through either extinction or addition of
species. We will review the relative or specific role of extrinsic factors (climate,
disturbance, soils, etc), genetic, taxonomic, or functional diversity in ecosystem processes
using both experimental and natural evidence.

NSEP

Prerequisites: Anyiology course numbered Bio 026 or higher. Students with preparation
outside Biology should seek permission of the instructor.

2 credits

Spring 2011.Machado

K. Further information on special courses in Biology

I. Directed Reading (Biol 093)

A program of literature study in a designated area of biology not usually covered by
regular courses or seminars, and overseen by a biology faculty member. Directed
reading is a marvelous opportunity for students to work individually with an instructor
on a specific topic of mutual interest. The format varies according to the topic, the time
schedule, the number of students involved, and the instructor. In general, the student
selects a topic that may represent only a small part of a regular course and then, in
collaboration with the instructor, develops that topic in depth over the semester. The
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faculty member determines the extent of the work and any written reports. The student
will not give an oral presentation to the faculty as in Bio 094, Research Project.

No more than two credits in Biology 093 may be used to satisfy the eight-credit
requirement for a Biology major (and in combination, no more than two credits can
come from Biol 093 and 094).

. Research Project (Biology 094)

With the permission of the Department, qualified biology majors may elect to pursue
an independent laboratory investigation on or off campus for one or two credits. Bio
94A is required for those students completing more than 1 credit of research. Bio 94A is
optional (to be decided upon by the student and the faculty mentor) for those students
doing 1 credit of research. Students must have a basis for the project in prior course
work in the area of the research and may work during the academic year or summer
under the supervision of a member of the Biology Department or a host scientist at an
academically qualified institution.

For both on-campus and off-campus research, normally two summers or two
semesters of research are recommended for one course credit: one summer or semester
to learn techniques and one summer or semester to carry out an independent
investigation. Additional work may enable a student to earn two credits.

No more than two credits in Biology 094 may be used to satisfy the eight-credit
requirement for a Biology major (and in combination, no more than two credits can
come from Biol 093 and 094)

Applications for Biology 094, Research Project, should be submitted to the Biology
Department during the semester before the research will be done. The proposal is
reviewed by the department and generally the student is expected to show evidence of
experience in the proposed work and to be in good academic standing.

a. Research proposal
The proposal should state:

1) Where the research will be done

2) The name of the mentor

3) A hypothesis for the research and what is to be accomplished

4) Courses the student has taken at Swarthmore which relate to the research
5) How many weeks the student will be working on the research

6) The number of credits requested

Students enrolled in off campus programs such as SEA or School for Field
Studies may not submit their proposal until they have data in hand and can
demonstrate that they were responsible for the planning as well as the collection of
data in a group project. Off-campus projects must be pre-approved and have an on-
campus advisor who will read and evaluate the report as well as make suggestions
for the analysis of data. A letter evaluating the project and student researcher is
required from the off-campus advisor. In addition to requesting approval for a
research project prior to beginning the research, the student should be aware that a
written report, and an oral presentation if >1 credit is requested, of the work are
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required before credit can be given. Students are strongly urged to complete their
written report (and oral presentation) no later than six months after all laboratory
work is finished.

. On-campus research: Biology faculty and their research areas

Faculty members available in the Department for individual research projects are
listed below along with their area of research. Students usually take a course with
the professor before launching on a research project.

1) Scott F. Gilbert - Developmental biology and immunology.
Genes involved in producing evolutionarily novel structures: the development of
the turtle shell. Other interests include the history and critique of developmental
biology and biotechnology.

2) Sara Hiebert Burch - Vertebrate physiology and physiological ecology.
Endocrine regulation of hibernation-like states; relations between environment,
dietary fat choice and other behaviors, cell membrane fluidity, and body
temperature.

3) John B. Jenkins — Genetics.
Evolutionary changes in life history traits in natural populations of Drosophila
under conditions of intense predation.

4) Nick Kaplinsky — Plant biology.
Studies of pattern formation during plant development using organismal, genetic,
molecular and cellular methods. Relationships between evolutionary and
developmental changes in plant morphology.

5) José-Luis Machado — Ecology.
Global climate change; function of tropical, temperate and boreal ecosystems;
ecological processes and nutrient cycling; spatial heterogeneity of resources;
plant physiological and morphological adaptations; forest restoration and
management.

6) Rachel Ann Merz - Invertebrate zoology, marine biology; biomechanics.
Biomechanical examination of the morphology and ecology of invertebrate
animals.

7) Colin Purrington - Evolutionary biology.
Evolution and ecophysiology of parasitic plants, plant-insect interactions, pollen
competition and ecological safety of transgenic crops.

8) Kathleen Siwicki — Neurobiology of love and memory.
Using genetic manipulations in the fruit fly, Drosophila melanogasteto
identify the pheromones and neural structures involved in experience-dependent
changes in courtship behavior.
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9) Elizabeth A. Vallen — Cell biology.
Molecular basis of symbiotic relationships, especially between the sea anemone
Aiptasiaand its symbiotic, photosynthetic dinoflagellate, Symbiodinium

10) Amy C. Vollmer — Microbiology.
Biochemical and molecular genetic studies of the regulation of gene expression
in response to environmental stressors and in bacterial development and
differentiation.

11) TBA — Animal Behavior

c¢. Off-campus research
For off-campus research credit in Bio 094, the student must submit a one-page

proposal to the department indicating 1) prior course work in the area of research, 2)
previous technical experience in a laboratory, 3) the name and address of the director
of the laboratory and the name of the person under whom the student will work
directly, and 4) a short description of the proposed project and the methods to be
used in the investigation. This proposal must be presented to the Chair of the
Department, no later than one week before registration for the semester in which
credit will be received.

d. Instructions for written and oral reports
Students accepted for Biology 094 are required to write a formal paper on the

research if the course is taken for one credit. An oral presentation is optional, to be
agreed upon by the student and faculty mentor. If the student takes Bio 094 for more
than one credit, an oral presentation to the faculty and students before the end of the
semester and subsequent evaluation by the faculty is mandatory. Examples of
student research topics presented during the last few years include: Possible neural
crest origin of turtle shell bones in Trachemys scripteDevelopment and use of
bioluminescent biosensors in Escherichia colifor the quantitative detection of
phosphate and ammonia in coastal and suburban watersheds; Mechanistic
manifestations of DNA delivery from Arabidopsisto Agrobacteriuma yeast 2-
hybrid assay. Specific instructions for both the written and oral reports required for
Biology 94 follow.

1) Written Report
A 10-15-page paper should be written in the style and format of a scientific
paper. Use Pechenik (2010)!! as a guide. The paper should include the
following:

a) Title page including
1) Title of paper,

I1 pechenik, J.A. 2010. A Short Guide to Writing abouti@ogy, 7th ed. New York: Addison Wesley Longman,
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2) Your name and date of oral presentation (if applicable), and
3) Name and institution of host scientist or adviser.

b) Abstract - a one-paragraph summary of the study, summarizing the main
points from each section of the paper.

¢) Introduction - a 1-2 page explanation of the question and the purpose of the
investigation.

d) Materials and Methods - a description of the equipment and materials used in
the experiment.

e) Results - verbal and graphical presentation of results. Data should be shown
in graph or table form when possible; captions and labels should provide
sufficient detail for readers not familiar with the field.

f) Discussion - A discussion of the main conclusion of the paper as evidenced
by the data. Relate the conclusions to work done by other investigators in the
same area.

g) Acknowledgments

h) Literature cited - Use an accepted form found in scientific journals.

1) Figures should be included in the body of the paper.

Due date

For those students giving an oral presentation, three copies of this paper are
due five days before the oral presentation. These papers will be read by three or
four selected faculty members. All faculty members are invited to attend the oral
presentation of the paper. Students not giving an oral presentation must submit a
written report to the faculty research mentor by a date decided by the research
mentor.

Oral Report

The oral presentation is an important part of a student research project and its
evaluation. It is a public presentation given before the Biology faculty, staff and
students and is limited to 20 minutes for the presentation and an additional 10
minutes for a question and answer period. It is necessary, therefore, for the
student to devote time and study to the planning and preparation of the oral
presentation.

The talk should begin with an introduction that is broad enough to give the
audience the background necessary for understanding the investigation. It
should be assumed that the audience has only an introductory level of biological
knowledge. The problem, the hypothesis, and the purpose of the investigation
should be explained. Materials and methods should be described only briefly
unless a new apparatus was designed especially for this experiment. Questions
may be asked later about specific procedures or equipment.

Students should present the results of the study in a manner that will enable
the audience to grasp the meaning as clearly and easily as possible. Talks should
be illustrated with slides of tables and graphs so that data can be interpreted



46

quickly. Statistical analyses should be included if possible. Detailed or trivial
data not necessary to the conclusion of the investigation should be omitted.

The final discussion should concentrate on a conclusion and generalization
about the experimental results. Findings and interpretations should be compared
with the work of previous investigators, making certain to indicate any
differences in the conditions of the experiments. If possible, make predictions
and suggest further experiments.

One of the most important aspects of the talk is its length. It is absolutely
necessary to practice ahead of time so that the talk can be given within a 20
minute time limit. The careful selection of topics to be included and the
consequent elimination of other data and ideas is one of the most difficult but
important tasks in preparing an oral presentation.

3) Grade
The grade is determined by the faculty of the Biology Department and is
based on:
a) The oral presentation.
b) An evaluation of the work from the host scientist or faculty mentor.
¢) The written paper.

3. Honors research project (Biol 180)

Students in the honors program enroll in Biol 180, Research Project, as part of their
research thesis preparation. The Biology Department must approve the project, and to
obtain this approval the student must formulate a hypothesis or question centering on a
biological system. It must be an original piece of research that may be conducted in the
field or the laboratory. The research may be carried out on campus or off campus.
Honors students will prepare the final written report of their work during Senior Honors
Study. The grade for this honors research project will be determined entirely by the
external examiner.

4. Course attachments
Students may elect to add a '2- 1 credit attachment to a course in order to pursue the
subject beyond the normal scope of the course. This is a great opportunity to extend
knowledge in a subject of particular interest, and at the same time get course credit for
your effort. The student should work out this attachment with the professor, and this
may be done after the course is under way.

L. Course enrollment at Penn, Bryn Mawr, or Haverford

1. Procedure for registering at the University of Pennsylvania (Penn)

Swarthmore students who wish to take a course at the University of Pennsylvania
should first obtain the approval of their faculty advisor(s) for the inclusion of the course
as part of their programs. Procedures for enrolling in a course at Penn can be found on
the Swarthmore College Registrar’s web page,
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Swarthmore students who take courses at the University of Pennsylvania do so under
the rules concerning papers, examinations, grading, deadlines for completed work, and
so on, that pertain there. Exceptions based on differences between their regulations and
calendars and ours will not be granted. If you have questions about this, please see the
Swarthmore College Registrar.

2. Procedure for registering at Bryn Mawr or Haverford Colleges
Swarthmore students who wish to take a course at Haverford or Bryn Mawr should
obtain approval of their faculty advisers and of the Registrar. Specific instructions for
enrolling in courses at Bryn Mawr and Haverford can be found on the Swarthmore
College Registrar’s website.

Our students who take courses at Haverford and Bryn Mawr do so under the rules
concerning papers, examinations, grading, deadlines for completed work, and so on, that
pertain at those colleges. Students should plan ahead so as to manage their work
successfully on this basis. Exceptions based on differences between their regulations or
calendar and ours will not be granted. Copies of the honor code of Bryn Mawr and
Haverford Colleges are available in the Registrar's Office at Swarthmore.

Note: Seniors taking spring semester courses need to be aware that graduation dates
of BMC and Haverford are earlier than that of Swarthmore. Therefore, final exams and
deadlines for papers will be earlier, too. Plan accordingly.

M. Requirements for premedical, predental or preveterinary students

Medical schools seek students with a broad education that includes a strong foundation
in the natural sciences, i.e. biology, chemistry, physics and math. Most medical, dental and
veterinary schools require one year of college biology with lab, two years of college
chemistry (including one year of organic chemistry) with lab, one year of college physics
with lab, one year of mathematics (statistics may be used) and one year of English. Some
veterinary schools also require genetics and microbiology.

Advanced placement credit may be used to satisfy the mathematics requirement, but
medical schools want students to have college laboratory courses in the sciences. If you
received Advanced Placement credit in biology or physics, you may relinquish your AP
credit and take the introductory level courses, or you may take upper level courses with labs.
However, AP credit cannot be used to satisfy the chemistry requirement for medical school.
Students with AP credit should take Chem 010H with lab. Premedical students who plan to
attend medical school right after graduation from college should complete the science
requirements before the end of the junior year when the Medical College Admission Test
(MCAT) is administered.

The following science courses are commonly used to satisfy minimum medical, dental
or veterinary school admissions requirements in addition to two courses in English
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literature, but you should check with the Health Sciences Office and/or the medical schools
to which you plan to apply.

Biology
BIOL 001 Cellular and Molecular Biology
BIOL 002 Organismal and Population Biology

Chemistry
CHEM 010  General Chemistry

CHEM 022  Organic Chemistry |
CHEM 032  Organic Chemistry II
CHEM 038  Biological Chemistry

Physics
PHYS 003 General Physics I

PHYS 004  General Physics II
OR
PHYS 007  Introductory Mechanics
PHYS 008  Electricity, Magnetism and Waves

Mathematics
MATH 015 Calculus I
MATH 025 or 026 Calculus II
As an alternative, most medical schools will accept Math 015 and Stat 011
(Statistical Methods).

The Health Sciences Office is located in Parrish 125. Jennifer Lenway is the
Administrative Assistant in the office and Dr. Gigi Simeone is the Health Sciences Advisor.
A Guide to Premedical (Predental and Preveterinary) Studies at Swarthmore College may be
obtained from this office or on their website.

Teacher certification in biology

The state of Pennsylvania considers the education of its children to be among the highest
priorities of state government and has dedicated many resources toward that end. Teachers
in Pennsylvania are required to complete a state-approved teacher education program which
includes a student teaching or intern program, Praxis assessments and documentation
ensuring that all requirements are met. Please refer to the state teachers’ certification
website for the most up to date statement of requirements (http://www.teaching.state.pa.us).

Students interested in obtaining teacher certification in Biology should consult an
advisor in both the departments of Biology and Educational Studies. In general, the Biology
Department’s requirements are similar to those for the regular biology major except that one
of the eight credits must be Biol 034, Evolution. Below is a list of the state’s requirements
and a table of courses that meet those requirements.
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1. Courses
Students planning to seek secondary certification should take Educ 014, Introduction
to Education, by the end of their sophomore year and enroll for Educ 016, Practice
Teaching (a double credit course), and Educ 017, Curriculum and Methods Seminar, no
earlier than the spring semester of their junior year. Virtually all students practice teach
in their senior year or in a 9" semester. In addition, they must complete the following
sequence of courses:

Required courses
EDUC 021  Educational Psychology
EDUC 023 Adolescence

Elective courses (one course is required):

EDUC 025  Counseling: Principles and Practices

EDUC 026  Special Education: Issues and Practice

EDUC 042  Educating the Young Learner

EDUC 045  Literacies and Social Identities

EDUC 061  Gender and Education

EDUC 063  School and Society

EDUC 065  Environmental Education

EDUC 068  Urban Education

EDUC 091A or B.  Special Topics*
Note: EDUC 091A may be used for field placement (Lab Work) assisting
a local teacher; Cr/NC only.

Students preparing for certification must attain at least a grade point average of C in
courses in their major field of certification and a grade of C+ or better in Introduction to
Education. Placement of students in schools for practice teaching is contingent on
successful interviews with members of the Educational Studies staff and appropriate
secondary school personnel.

All students certified in biology must complete the requirements of a Biology major.
This includes a minimum of eight biology courses, introductory chemistry, at least one
semester of organic chemistry, and two semesters of college mathematics (not Math 001
or 003). One semester of statistics is strongly recommended. Students certified in
biology must take at least one course or seminar selected from each of the following
groups: I. Cell and Molecular Biology; II. Organismal Biology; and III. Population
Biology. Biol 034, Evolution, is required. The student must also take at least one
advanced course or seminar in Biology and satisfy the general College requirement of a
comprehensive examination; in Biology, this is Biol 097, Themes in Biology.

A special major in Bioeducation exists in addition to the Biology major with
secondary education certification (see section IV.D. in this handbook).
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2. General standards

a. Knowing the content
The professional education program provides evidence that Biology certification
candidates have completed a program of studies in biology that is the same as the
academic content area courses and required electives for a major in a bachelor's
degree. The program shall require the candidates to demonstrate their knowledge of
and competence in teaching inquiry-based laboratory experiences and the
fundamental concepts of the biological sciences to 7-12 grade students including:

1) Basic principles of science:
* inorganic and organic chemistry
* physics and mathematics
+ earth and space science

2) Molecular and cellular biology and the chemical basis of life:
e atoms, molecules and chemical bonds
+ biologically important molecules
» cellular bioenergetics, photosynthesis, and respiration

3) Classical and molecular genetics and the evolution and diversity of life:

* Mendelian and non-Mendelian inheritance, probability, and environmental
influences

* structure and function of nucleic acids, protein synthesis, recombinant DNA,
gene regulation, microbial genetics, and mutation

+ evidence for evolution, mechanisms, speciation, phylogeny, and the origin of
life

 diversity of life, the five-kingdom system, classification schemes,
representatives of kingdoms

4) Structure, function and development of organisms:

« life functions, digestion, circulation, respiration, excretion, nervous control,
movement, and chemical control

» systems that support digestive, circulatory, respiratory, excretory, nervous and
muscular functions

» reproduction and development, gametogenesis, fertilization, growth and
differentiation, metamorphosis and aging

 instincts, learned behaviors, and communication

5) Ecological relationships among populations, communities and ecosystems:
» populations, density factors, population growth, dispersion patterns, life
history patterns and social behavior
* communities, niche, interspecific relationships, species diversity and
succession
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» disturbances, human impact and interrelationships among systems

6) Technological and commercial issues and applications of biological systems:
* human population growth
* energy production and use
+ production and use of consumer products
* biological magnification
* biotic and abiotic resource management

7) Implications of scientific and technological developments on ethical
questions relating to biology:
+ gene cloning and splicing
» prolonging life
* prenatal testing
» radiation and ozone depletion
* environment
* agriculture

b. Performance
The professional education program provides evidence of the candidate’s

participation in sequential and developmental field experiences and student teaching,
under the supervision of college personnel and cooperating teachers with
interpersonal skills and demonstrated competence in teaching. The program also
provides evidence that the criteria and competencies for exit from the Biology
certification program are assessed in coursework, field experiences and student
teaching and require the candidates to demonstrate their knowledge and competence
in fostering learning through:

1) Managing the instructional environment:
+ create a climate that promotes fairness
* establish and maintain mutual respect and rapport with and among students
 establish and communicate challenging learning expectations to each student
+ establish and maintain consistent standards of classroom behavior
* make the physical environment safe and conducive to learning

2) Planning of instruction:
* subject matter
 students and the community
* school district standards
* Pennsylvania Academic Standards
 other standards that promote problem analysis, creativity and decision-making
skills

3) Implementing, adapting and assimilating effective instructional strategies,
curriculum resources and technologies
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4) Designing, conducting and evaluating laboratory activities, using
techniques, equipment and facilities that meet current technological
standards including:

» computer applications to science teaching,
* hands-on laboratory experiences and equipment.

5) Selecting, analyzing and modifying materials to meet the instructional needs
and levels of diverse learners

6) Monitoring students' understanding of content through a variety of
assessment strategies, providing feedback to students to assist learning, and
adjusting instruction

c. Professionalism
The professional education program provides evidence that biology certification
candidates demonstrate knowledge and competencies that foster professionalism in
school and community settings including:

1) Professional organizations, publications, resources, professional development
and life-long learning

2) Integrity and ethical behavior, professional conduct as stated in Pennsylvania's
Code of Professional Practice and Conduct for Educators; and local, state, and
federal laws and regulations

3) Cultivating professional relationships and collaborating with school colleagues,
organizations and other community agencies to improve student learning

4) Communicating effectively with parents/guardians, business and industry, and
other agencies, and the community-at-large to support learning by all students

VI. POLICY STATEMENTS
Over-enrollment in courses and seminars

In recent years, the Biology Department sometimes has experienced problems with
classes that are too large to handle effectively. Students and faculty who come to
Swarthmore to learn and teach in small classes often find themselves in courses so large that
it is not possible the educational objectives are not possible to achieve. To help alleviate
this problem, the Biology Department faculty evaluated all courses and decided to set limits
on each of them according to the specific objectives involved. Advanced courses or
seminars are generally limited to 10 — 12 students; intermediate level courses generally can
accept from 24 to 32 students.
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B. Lotteries

1. Lotteries are based on preregistration figures. Each faculty member decides whether or
not there needs to be a lottery for the courses or seminars for which they are responsible.
Guides for maximum course enrollment limits are established before pre-enrollment and
are known to students at the time they pre-register. If they are unable to pre-register
electronically during the normal preregistration period, students who are away from
campus must notify the person teaching the course in which they want to enroll so that
their name may be included in a lottery if it is needed.

2. A questionnaire is sent to all students preregistered in over-enrolled offerings shortly
after the close of preregistration. Students must return questionnaires by a specified date
and time in order to be included in lotteries.

3. Faculty associated with over-subscribed courses work through the various lotteries
together to prevent a student from being lotteried out of more than one course per
semester and to maximize the number of students who are able to take their preferred
courses.

4. Different courses and seminars give priorities to different student groups. In general,
Swarthmore students have preference over Bryn Mawr and Haverford students.

a. Biology 001 and 002 give first priority to first-year students; second priority goes to
students who require the course to meet other requirements (pre-med, teaching
certification, primary distribution). Students are pre-registered by laboratory section
and any lottery will be held on the basis of laboratory section enrollments. If
students sign up for a morning laboratory, they are guaranteed a seat in the class.

b. Intermediate level courses (those with numbers from 003 to 050): In general
sophomores and juniors have priority for these classes, but, because in some special
circumstances (e.g. rarity of a course or reasons for its addition to the offerings),
first-year and/or seniors may have the same or greater priority for a particular course.
To learn about the class priorities for a specific course please consult the faculty
member who teaches it. To gain entry into an intermediate level course a student
must have completed the appropriate prerequisites or obtained permission from the
instructor, as listed in the course catalog. Priority beyond this level is based on the
student's curricular need for the course, based on information provided by the
student in the questionnaire (e.g. as part of an honors program, as a requirement for
internal distribution, in preparation for a particular seminar, as part of the sophomore
plan of study). Students who have previously been lotteried out of a course have
high priority when it is next offered. For open spaces beyond this level of priority,
students are chosen at random.
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c. Seminars (those with numbers above 100): In general, senior biology majors have
priority for these classes, but again because of special circumstances juniors or rarely
sophomores may have equal priority. To gain entry into a seminar a student must
have completed the prerequisites or obtained permission of the instructor as listed in
the course catalog. Priority is given based on the student's curricular need for the
seminar (e.g., as part of an honors preparation, as a requirement by the department
for a seminar or internal distribution, or as designated in the sophomore plan of
study). A student previously lotteried out of a seminar has high priority when the
course is next offered. For open spaces beyond this level of priority, students are
chosen at random.

5. Students who are accepted as special majors (e.g., Biochemistry, Psychobiology, and
Environmental Science) have priority for Biology offerings as would Biology majors.
Students who are not going to be on campus during registration should preregister online
during the normal preregistration period. If this is not possible, students should notify
the instructor of their preferences so that they can participate in any lottery.

6. Students returning from study abroad or other absence from campus: Students
who are away for a semester or more can ensure a place in the lottery for a particular
course by 1) pre-registering the course online or 2) contacting the faculty member who
will be teaching the course by telephone, email or postal mail. Because places are not
routinely held for students returning from an absence from campus, this is the only way
to ensure participation in a lottery. Students entering a lottery from off-campus should
be sure to be in contact with the faculty member shortly after pre-registration, when the
lottery forms (see below) are distributed; these lottery forms must be returned before the
deadline to ensure participation in the lottery.
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A sample class lottery form:

Name major class year

Please indicate which Biology Courses you will have taken by the end of this semester:

____Advanced Placement, score of ___BIOL 039 Marine Biology
___BIOL 001 Cell and Molecular Biology __ BIOL 093 Independent Study
___BIOL 002 Organismal and Pop Bio ___BIOL 094 Research Project
__BIOL 006 History and Critique of Biol ___ BIOL 095 Senior Research
__BIOL 010 Genetics ___BIOL 097 Themes in Biology
___BIOL 014 Cell Biology ___BIOL 110 Human Genetics
___BIOL 016 Microbiology ___BIOL 111 Developmental Genetics
___ BIOL 017 Pathogenesis ___BIOL 114 Symbiotic Interactions
___BIOL 020 Animal Physiology ___BIOL 115 Plant Molecular Genetics
___ BIOL 022 Neurobiology __ BIOL 116 Micro. Processes and Biotech
____BIOL 024 Embryology ___BIOL 123 Learning and Memory
___ BIOL 025 Plant Biology __ BIOL 124 Hormones & Behavior
____BIOL 026 Invertebrate Zoology ___BIOL 126 Biomechanics

__ BIOL 030 Animal Behavior __BIOL 130 Behavioral Ecology
___BIOL 034 Evolution ___BIOL 134 Analysis of Adaptation
__ BIOL 036 Ecology ___ BIOL 137 Biodiversity & Ecosystem
___BIOL 038 Paleobiology Functioning

Please list here any off campus Biology credits you have

Please indicate which Chemistry Courses you will have taken by the end of this semester with an
"X", please indicate which Chemistry Courses you will be taking next semester with an"0".

___Chem 010 General Chemistry ___Chem 032 Organic Chemistry 11
_ Chem 022 Organic Chemistry | _ Chem 038 Biochemistry

Please list all the Biology Courses (including laboratory day) for which you pre-enrolled in the
order of your preference® (1= the course you most want to take, etc.) Please indicate which of
them were listed in your Sophomore Plan of Study.
course name lab day soph plan?
(1) -
2)
3)

Please describe any curricular or scheduling reasons that should be considered for your
circumstance.
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Credit for courses taken at other domestic institutions

Students who wish to receive credit in biology for courses taken during the summer or
during a semester's leave at domestic institutions other than the University of Pennsylvania
(Penn), Bryn Mawr or Haverford must fill out an "Transfer Credit Pre-Approval
Application" from the Registrar and obtain the signature of the Chair of the department
before registering for the course (the form is available on the Registrar’s website). This
application does not guarantee credit for the course. In order to receive a full credit for a
course a student should spend the equivalent of 36 academic hours in the course and 36
hours in the laboratory. Courses without a laboratory receive a maximum of 1/2 credit.

After the course is completed the student has a transcript sent to the Swarthmore College
Registrar and fills out the appropriate form obtaied from the Academic Coordinator of
Biology. In addition, the student provides a complete set of course materials, including
textbook and/or readings, lecture outline, the laboratory outline, all notes, submitted papers,
and exams to the Academic Coordinator. Faculty whose expertise is closest to the area of
biology in which the course was taken will determine the suitability and amount of credit for
the course. Credit will not usually be given for courses of a vocational nature (e.g., sports
medicine, electron microscopy techniques) unless there is a substantive attention to
academic biology as evidenced by class notes, exams or papers; in such cases, partial credit
may be given. Credit is usually given for a course taught at another institution unless it is
essentially equivalent to a course already taken at Swarthmore. These decisions are
normally made by the faculty in the relevant area of the Department.

Credit for academic summer courses will be considered on a case-by-case basis, using
the same criteria and procedures as for courses taken at other institutions.

Study abroad

Swarthmore College strongly encourages its students to spend a semester or a year
studying abroad as an important part of their degree programs. Regardless of the disciplines
and departments with which you elect to work, your college education is likely to be greatly
enhanced by studying abroad. Your post-graduate lives will, increasingly, require of you an
understanding of the international world for constructive citizenship and success in your
chosen endeavors.

In recent years, Swarthmore students have successfully completed foreign study
programs in a wide variety of countries, including Japan, China, Taiwan, Thailand, India,
Nepal, Sri Lanka, Egypt, Kenya, Ghana, Cameroon, Nigeria, Greece, Italy, France,
Germany, Russia, Spain, England, Scotland, Ireland, Hungary, Sweden, Mexico, Chile,
Columbia, Brazil, Ecuador, and Australia. We urge you to explore the many opportunities
available to you. The College now has a system in place to advise and assist studets at all
stages of the process—planning and preparing, while you are abroad, and after your return.
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Getting squared away for a successful semester or year abroad is going to take more leg
work on your part than getting prepared for the next semester at Swarthmore, but the effort
will be well worth your while. It is important for you to begin your preparation early. Most
students undertaking foreign study go abroad during their junior years or the second
semester of their sophomore years. However, the freshman year is a good time to start
thinking about foreign study. You will need to meet with the Off-Campus Study Advisor
(Dr. Sharon Friedler) in order to make arrangements for your particular study abroad.

1. Where and how to start

For all students, the Off-Campus Study Office (online and in Cunningham House) is
a good place to start. It is important to select a foreign study program that makes good
sense for you, and access to information, discussion, and the experiences of your fellow
students who have studied abroad is likely to help you with your selection. The Off-
Campus Study Advisor will be glad to brainstorm your situation with you, whether you
are already focused on one or a small number of programs for clear program-of-study
reasons, or whether you simply sense that you might like to study abroad, but do not
have a specific clue as to where or why. An early visit to the Off-Campus Study
Advisor should insure that all of the logistical issues are addressed--e.g., costs, credit,
fulfillment of requirements for major and degree, course or external examination
program, and financial aid. Normally any such issues can be handled satisfactorily with
sensible advance planning.

The Off-Campus Study Office has many resources that should be helpful to you.
There is a file of evaluations, by returning students, of the foreign study programs in
which they just participated, as well as health and safety information for foreign
countries. In addition, there are two groups of locally available people with whom
conversations about foreign study should be particularly useful and interesting to you.
A) students who have returned from programs in which you are interested; and, B)
faculty members whose professional specializations include those countries or parts of
the world in which you think you would like to study.

Finally, it will be important to integrate your study abroad plans with your plans for
completing your major and the remaining requirements for graduation. For students
contemplating study abroad during their last two years, preparation of the sophomore
paper should expressly incorporate the proposed foreign study, which means that your
foreign study planning should, by the spring semester of your sophomore year, be far
enough along so that you can do this with the help of your sophomore paper advisor. In
any event, whenever you are planning to be abroad, it is imperative that you review your
foreign study plans with the Academic Coordinator in the Biology Department. The
Academic Coordinator normally will help insure that your foreign study plans are
compatible with completion of your major and your degree on schedule.
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2. Types of programs

There are many foreign study programs. Fortunately, this number includes good
programs in nearly all parts of the world. Some of these programs require language
preparation; many do not. Some programs are focused strictly on the classroom; others
emphasize cultural immersion through internships, field projects or service learning. In
some programs you will live and dine in dormitories; in others you will live with
families or in apartments or make your own arrangements. Many foreign study
programs are run by colleges, consortia or other organizations from the United States
(e.g., Swarthmore's own Grenoble Program in France; the International Sri Lanka
Exchange; the Associated China Program at Nankai University; the Experiment in
International Living, which has programs all over the world; and Arcadia College and
Butler University, which between them sponsor programs throughout the English-
speaking world). Other programs are run directly by foreign universities that welcome
international students. Just about all of the programs will provide you with opportunities
and challenges that are not available to you in your native culture, and in just about any
of the programs, you are likely to be called upon to assume more adult responsibility for
the management of your life than you are at Swarthmore.

A few of you will know at the outset what foreign study program, or at least what
type of program, you want to enter. For example, an Asian Studies major may want to
spend a semester or a year at a Chinese University, or a Modern Languages major might
want to study at a university in a country that speaks the language in which she is
majoring. And those reasons are fine. Most of you, though, who want to do foreign
study will not begin with this kind of focus--maybe you will not have any focus at all.
That's OK, too. But don't wait! Start tapping into the foreign study network--the Off-
Campus Study Office, returning study-abroad students, faculty members with cross-
cultural or cross-national experiences and specializations, campus visits by
representatives of foreign study programs--as early as possible in your years at
Swarthmore, and that focus will come.

3. Preparing to return to campus

Students who are away for a semester or more should make sure to contact the
Academic Coordinator of the Department and any faculty member who is due to teach a
course they want to take in the semester in which they return; doing so will ensure that
their names are on the pre-enrollment lists that are the basis of any class lottery. The
following are recommended procedures for pre-registering while you are away from
campus:

a. If you do not have computer access: Contact your professors individually by mail
or phone to let them know you plan to register for their course when you return. The
professor should receive your communication beforethe end of the pre-registration
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period so that you can be included in the lottery along with other pre-enrolled
students.

b. If you have computer access:
E-mail only: E-mail your professors individually before the end of pre-
registration to let them know you would like to register for their course.
Web browser : Pre-register for courses as you would on campus. If
available, this is the best option.

If you have some flexibility about classes and are not worried about lotteries, you are
welcome to just show up at the beginning of the semester and add classes during the
drop/add period. Once you have returned to campus, you are also free to contact
professors whose courses have already been lotteried. Although individual professors
may treat your case in any way they choose, they are not obligated to do anything more
than place you at the end of the waiting list. Bear in mind that it is relatively common
for students on a waiting list to get into the course if they are willing to wait a few days
after the beginning of classes; often a few students will drop the course and room will
be made for students on the waiting list.

. Financial aid

With proper advance planning, financial aid is normally applicable to foreign study.
Normally, a student on financial aid who is studying abroad will be no more cash-out-of
pocket for the semester (or year) abroad than she would be for the same semester (or
year) at Swarthmore. Financial aid students contemplating foreign study (and we hope
that all of you will do so) should see both the Director of Financial Aid (Laura Talbot)
and the Off-capus Study Advisor (Sharon Friedler) early in the planning period.
Approval is automatic for programs on the College's approved list.

. Academic credit for study abroad

By College regulation, we cannot guarantee a specific amount of credit in advance
toward the Swarthmore degree for successful completion of academic work done any
place else in the world, with the exception of regular-semester work done at Bryn Mawr,
Haverford, and the University of Pennsylvania under the four-college arrangement.
Notwithstanding this restriction, our experience has shown that, with proper advance
planning, study abroad is nearly always compatible with completion of the degree in
eight semesters, including the semester(s) spent abroad. Just how this is going to work
out in your case is one of the important reasons for seeing the Off-campus Study
Advisor early in the planning process.

Most academic work done abroad by students will be credited upon return to campus
by the Swarthmore departments that correspond to the courses taken abroad. In
Biology, the student should bring back a transcript, syllabus of the course (including the
name(s) of the textbook(s), and number of hours in lecture and laboratory), notes,
laboratory directions, exams, lab reports and any papers to the Academic Coordinator.
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The Academic Coordinator will then determine the appropriate faculty member to
evaluate credit for the course. Courses without a laboratory will be awarded a maximum
of 1/2 credit.

For work done abroad for which there is no clearly corresponding Swarthmore
department (e.g., interdisciplinary courses, internships, courses in academic fields for
which Swarthmore does not have a department), there are other applicable credit rubrics,
including 'intercultural credit'. If we believe that any of these rubrics apply to you, we
will go over them with you and explain them to you at the planning stage. Proper
advance planning will insure that you do not run afoul of Biology Department policies,
and will also insure that you know how to present you completed work when you return
to campus.

5. Course or honors?

In recent years, the College has established procedures designed to make foreign
study during the last two years compatible with graduation in the Honors Program. The
Office of the Foreign Study Advisor encourages all interested students to explore this
possibility, and will be glad to help you in doing so, and so also will the academic
departments of the College. The intention is that foreign study should not conflict with
participation in the Honors Program, but given the sequencing of intermediate courses
and advanced seminars and the expectation for research, advanced and careful planning
by the student is strongly recommended.

E. Avoiding plagiarism

At colleges and universities without Honor Codes, the percentage of students admitting
to plagiarizing at least once is approximately 58%.12

Plagiarism is presenting someone else's ideas, wording, or paragraph structure as one's
own. Plagiarism, like cheating on an exam, is a form of academic dishonesty. The teaching
staff in the Department of Biology is fully committed to identifying all instances of
plagiarism, even assignments that contain only a single plagiarized clause. These cases will
be sent to the College Judiciary Committee, which can recommend failure in the course,
expulsion from the College, or both.

There are many flavors of plagiarism beyond the outright fraud of copying somebody
else’s entire writing assignment and replacing the author’s name with your own. One type,
“patchwork plagiarism,” involves the theft of ideas or wording from multiple sources,
followed by minor modifications to weave the passages into a coherent paragraph.
“Paraphrase plagiarism” is when an author has replaced most of the words from a source’s
sentence with cognates but has replicated both the style and the order of ideas of the original
passage. Perhaps the most common is “lazy plagiarism,” where the author (usually rushed

12 McCabe, D.L, L.K. Tevino, and K.D. Butterfield. 2001. Cheating in academic institutions: a decade of research.
Ethics and Behaviol1:219-232.
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for time) lifts large stretches of wording without the use of quotations but doessupply a
citation at the end of one or more of the plagiarized sentences; this is plagiarism because
quotations were not used to identifythe wording as somebody else’s.

Perhaps the easiest way to avoid plagiarism is neverto “cut and paste” passages from
electronic reading materials (internet sites, journal article PDFs, etc) directly into your
writing assignment document. Instead, take notes on your sources, and always indicate to
yourself what portions of your notes are direct quotes or too-close paraphrases. Also, do not
ask other students for written work, statistical analyses, tables, drawings, or graphs that you
know youare expected to generate on your own (you are, however, encouraged to diScuss
your results with others as much as you like).

Scientific writing and formal citation style are different from that of other disciplines
and most likely different from how you were taught to write in high school. If you would
like more information on plagiarism, please feel free to ask any Biology Department
personnel, or consult the very useful “What is plagiarism” discussion at www.turnitin.coma
company that sells software to automatically detect copying, both from other students and
from outside sources (Swarthmore subscribes to this service).

The above should not discourage you at all from the selective use of other people’s ideas
and results. Generousicknowledgement of ideas and facts highlight to the reader what
information is yours and what is from other people. In scientific literature there are three
places where this debt is highlighted. The first is in the form of in-text citations, where you
attribute ideas and facts by placing the source in a parenthetical clause at the end of the
sentence. These in-text citations are always coupled to entries in the Literature citedsection
that give details on each of the published works (journal articles, book chapters, etc) to
which you referred. Finally, in the Acknowledgementsction you can graciously
acknowledge any contribution from specific, named individuals that helped congeal your
logic, focused your writing, or improved the sophistication of your statistical analyses and
graphs. Consult Pechenik (2010)!3 for specific information on how to cite materials and
sources in your written work.

F. Incompletes

The Department of Biology adheres to the official College policy regarding Incompletes.
The opportunity to complete course work at a date later than the end of the examination
period or later than any specific course deadline before the end of exams is reserved for
cases in which the failure to finish is due to circumstances beyond the student's control.
Unfortunately, just "having too much work to do" is not considered an unavoidable
circumstance.

The student should obtain a permission form from the Registrar (available in the
Registrar’s office and on the Registrar’s website under “Policies”), have the faculty sign it,
and return the form to the Registrar. The usual expectation is that "Incompletes" will be

3pechenik, J.A. 2010. A Short Guide to Writing abouti@ogy, 7th ed. New York: Addison Wesley Longman,
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completed by the fifth week of the following semester, but the request may stipulate an
earlier date. If it should become necessary for the student to request a further extension,
special permission must be obtained from both the instructor and the Committee on
Academic Requirements. An Incomplete may not be extended beyond one calendar year
from the date on which it was approved.

Credit/No Credit grading

The faculty regulation on credit/no credit grading provides that the only grades recorded
for freshmen in their first semester will be CR (credit) or NC (no credit). In the next three
and one-half years, students may select as many as four additional courses on a credit/no
credit basis. However, this option is available only if formally requested from the Registrar
during the first nine weeks of the semester. For complete information and a copy of the
form, consult the Registrar’s website.

The minimum equivalent grade for CR (credit) for a freshman or sophomore is a D.
Juniors and seniors must receive a minimum equivalent grade of C (not C-) for CR (credit).

Department van use by students

The Biology Department maintains two 10-passenger vans, which are treated as
scientific equipment in support of our programs in field biology. They are also used for
trips related to other Biology courses and for errands in direct support of the program. In
order to prolong their dependable life expectancy, we do not make our vans available to
groups outside this department.

1. Van driver certification

All drivers of College vehicles must be on a list of approved drivers maintained by
the Office of Public Safety. To be listed, students must fill out a Van Driver Application
form, which they can obtain from the Biology Department Office, John Kelly or from
the Public Safety Office in the Benjamin West House. The form must be submitted to
John Kelly with copies of a valid drivers license and College ID. After the application
has been approved, a driving test, administered by John Kelly, must be passed before
anyone can be certified.

Information on the applications is cleared by the College’s insurer and the
Commonwealth of Pennsylvania. Approval of an application typically takes 4 to 6
weeks, so advance planning for class outings, field trips or student field research is

ncecessary.

2. Van use

If Biology students wish to use the vans for an activity related to Biology, they may
use them without restriction (assuming availability) if they have an approved driver and
a faculty member is included in the trip; if no faculty person is included, they may be
used for trips within one hour of the campus.
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To reserve a van, sign up on the calendar hanging on the back of the door to John

Kelly’s office, Martin room 5. Please include the expected departure and return times on
the calendar. Keys to the vans are kept in john Kelly’s office. Return van keys to John
Kelly’s office, room 5, immediately after every trip in case others need to use the
van.

Safety rules for the use of department vans

a.

1.

Do not drive a 10-passenger van unless you feel comfortable with its size and with
the responsibility you assume for the safety of the passengers.

Do not drive if you become sleepy; stop to rest or to change drivers if another
authorized driver is available.

Obey all traffic laws and posted speed limits. Other traffic exceeding the speed limit
does not sanction our van doing likewise.

Do not change lanes unnecessarily.

Keep your eyes on the road and on the traffic surrounding you. Be aware of your
blind spots and avoid driving in another vehicle's blind spot.

If the windshield wipers are on, the headlights should be, too.
Allow ample room between cars--a van requires more braking distance than a car.

BECAUSE A MAJOR NUMBER OF ACCIDENTS REPORTED FOR COLLEGE
VANS HAVE OCCURRED WHILE BACKING UP, WE WISH TO STRESS THE
FOLLOWING -- Always BACK UP VERY SLOWLY. Visibility of the area behind
the van is very restricted; so assistance is needed while backing up. If passengers are
not available to help, the driver should put the van in Park and check behind it before
backing up. In either case, BACK UP VERY SLOWLY!

Vans are permitted to hold only 10 people, including the driver.

. Keeping the vans clean

On return to campus, please ask passengers to remove litter and beverage containers

and sweep out the van if dirt or debris has accumulated during the trip. Please close all
van windows and lock the doors. Before you return the van, fill the gas tank if the gauge
reads below 1/2 full as a courtesy for the next person.. Each van has a Mobil/Exxon
credit card.
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5. Cell phones

A cell phone is available for use with each van. It is a good idea to take one with
you whenever you use a van in case of emergency. A battery charger, which can be
plugged into the cigarette lighter, is also available for use with each phone. Instructions
for using the phones are inside each van in the map holder between the front seats. The
cell phones are kept in John Kelly’s office.

VII. BIOLOGY STUDENT ORGANIZATIONS AND HONORARY SOCIETIES
Bios Club

All biology majors and prospective biology majors are encouraged to be active
participants in the Bios Club. This is an informal association of students who share a
common interest in biology and who work together to provide interesting and stimulating
extra-curricular activities related to biology. These activities include lectures, field trips,
student presentations, student research presentations and social events.

In the spring, the Bios Club sponsors a party to celebrate Charles Darwin’s birthday.
And there is a Bios Club picnic just before finals begin at the end of the spring semester.
Some funds are available from the Department to help with these activities.

Student committees for faculty searches

Each year the Department of Biology typically conducts several searches for
replacement faculty to teach courses when the regular members of the department are on a
leave of absence. In some years there is a search for a permanent or tenure-track position.
Students are invited to serve on a Student Search Committee to help select a candidate.

The department has designated specific guidelines as to the structure of the student
committee and rules concerning procedures.

1. Structure of the student committee

a. Chair
The members of the student committee will select an individual to act as Chair of the
committee. The chair's duties include:

1) Co-ordination of student committee

2) Delivering a summary of the committee's opinion at a faculty meeting

3) Acting as "host" for the candidate at the student dinner and being responsible for
taking the candidate back to Ashton house or to her/his next engagement.
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b. Members
Members are selected by the faculty to represent students who are potential
consumers of courses in the relevant area. The members' duties include:

1) Aiding the chair in constructing the summary of the student view of the
candidate's potential as a teacher and researcher at Swarthmore College

2) Acting as a representative Swarthmore student to give the candidate an
impression of what it would be like to be a faculty member here

3) Acting as a source of information about the successful candidate to other
students (particularly important for leave replacements).

2. Rules for committee members
a. Discussions concerning candidates are confidential and must remain so.

b. All committee members must attend all the candidates' seminars, and, if at all
possible, committee members should also attend all the dinners with candidates. The
candidates' CVs and cover letters are available to members of the student committee.

c. The committee should meet before any candidates arrive and decide on a core of
questions that they will ask each candidate. It is inappropriate, and in many cases
illegal, to ask any questions of a personal nature or questions that could be seen as a
basis for a charge of prejudice or bias, e.g. questions about religion, sexual
orientation, financial status, marital status, reproductive history or future plans, race,
ethnic background, etc. It is not inappropriate for the candidate to discuss any of
these things, i.e. the candidate may refer to her/his family, religion or sexual
orientation. It would not be inappropriate for committee members to engage in a
discussion with the candidate about these things, but committee members should not
initiate such a discussion by asking questions that could be seen as personal and/or
irrelevant to the position. It is important and appropriate to ask questions about the
individual's approach to teaching and science, e.g. how her/his courses are
structured, what types of labs, approaches to research, grading, etc. Committee
members should try to represent the interests of other students as well as their own.

d. Students should form an opinion about the suitability of each candidate based on the
candidate's seminar and interview. Because the search may extend over several
weeks, students should take notes on each candidate. The faculty would like all
student committee members to attend the initial stages of the faculty meeting at
which the decision will be made. If a committee member cannot attend this meeting,
she/he should submit a written statement. At this meeting the chair of the student
committee will relate a well organized summary of the committee's experiences and
suggestions. Committee members may also be asked for their individual opinions or
for other information. If possible, the committee should indicate whether each
candidate is suitable or unacceptable and the rank order of the suitable candidates.
The student committee is not required to come to a consensus, although if that
happened the faculty would very much like to know.
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C. Sigma Xi

Sigma Xi, the Scientific Research Society, is an honor society, and candidates for

membership must be engaged in or headed toward a career involving scientific research.
There are two categories of membership:

1.

Full Membership

According to national Sigma Xi standard, a full member is expected to have shown
noteworthy achievement as an original scientific investigator. Normally a candidate for
full membership must either have earned a Ph.D. degree in a scientific (broadly
construed) area or have published at least two refereed scientific papers, one as principal
author. In the Swarthmore Chapter an individual who has been appointed to the College
faculty is normally considered qualified for full membership. Other individuals not on
the faculty are considered for full membership using comparable criteria.

Associate Membership

Swarthmore students may be eligible for associate membership if they have shown
aptitude for research by initial research achievement and can be expected to continue in
research and fulfill the requirements for full membership. The phrase "initial research
achievement" normally refers to a written or equivalent formal oral presentation of the
candidate's research findings. In practice several conditions must be met for a
Swarthmore student to be eligible for associate membership: the student must have
contributed significantly to a research project; the student must have presented a
substantial, analytical written report (or in exceptional cases an oral report equivalent to
a written report); and in the reasonable judgment of the nominator, the student must be
likely to undertake a career in research. (If a career in research seems unlikely, the
nominator may wish to consider whether the encouragement of nomination to Sigma Xi
might make such a career more likely. If it would, the student shall be considered
eligible for membership.) Research projects conducted as a normal part of a regularly
scheduled course (other than Biol 094) are normally not considered as sufficient grounds
for associate membership.

The Executive Committee of the Swarthmore Chapter wishes to be as encouraging
as possible in the nomination of new members and as lenient as possible in interpreting
the criteria, but the Committee insists on three things for student candidates (from the
Sigma Xi Executive Committee, May 1989):

a) Previous research participation

b) Submission of the research report the student has written

c) A statement that the nominator can reasonably expect the candidate to fulfill the
condition for full membership in the future.

Student Nominations
In the past, students were usually nominated for membership at the end of the first or
second semester of their senior year; with the growing numbers of opportunities for
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students to conducted meaningful independent research before this time, the number of
nominations from sophomores and juniors has grown. The faculty in the Department of
Biology know the names of students who have done research with them, but they often
do not know if students have published papers on research done in the summer at
another institution. If you have written either field or laboratory research papers
apart from those associated with Swarthmore, please give the Chair a copy of your
report.

Phi Beta Kappa

Students are elected to Phi Beta Kappa at the end of their senior year by the Phi Beta
Kappa Selection Committee. In order to be selected for Phi Beta Kappa, students must have
a grade point average that places them in the top of their graduating class.

VIII. JOBS IN THE BIOLOGY DEPARTMENT
Technical assistants

Several technical and lab preparatory jobs are available in the Department. Students who
are interested in positions in the Department should contact Diane Fritz, the Department’s
Administrative Coordinator, for more information.

Academic assistants

Each semester, approximately 8 students are selected by faculty and instructional staff
members to serve as Biology 001 or 002 Science Associates (SAs). Selection criteria
include compassion, comprehension and communication skills. Science Associates conduct
evening study group meetings that focus on collaborative problem solving using lecture-
based material. They attend lectures, weekly content meetings led by faculty and weekly
pedagogical meetings led by the Science Associates Coordinator.

Laboratory Teaching Assistant (Lab TA) positions are available for Biology 001 and
002 and certain intermediate level courses (Genetics, Marine Biology, and Animal
Physiology, for example). Selection criteria include prior experience in the course,
laboratory expertise and communication skills. Each semester, approximately 5 students are
selected by faculty and instructional staff members to assist in Biology 001 and Biology 002
as Lab TAs. Each Lab TA attends one preparatory meeting per week and assists in one
laboratory section per week. Biology 001 and 002 Lab TAs also conduct evening laboratory
help sessions several times per semester.

Students may apply for these part-time positions during the semester preceding
employment at posted times. Applications may be obtained from the Biology Department
office in Martin Biological Laboratory.
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IX. SUMMER FELLOWSHIPS AND JOBS IN BIOLOGY
A. Biology Department funds

Each spring the Biology Department announces awards available from college funds for
undergraduate research. A single application is used to apply for summer funding and is
available both on the Biology Department’s website and from the Department office. To
complete the application, students are asked to write a short proposal of their research,
provide a budget listing how funds will be spent, and attach supporting papers or reports.
Funding is typically available from the following sources:

1. Robert Enders Field Research Fund

In honor of professor emeritus Robert K. Enders, Clothier Professor, the Field
Research Award is given annually to a junior or senior showing great promise in
biological field research. The award is to enable him or her to pursue a field research
project proposed to the Department of Biology. The project may either be in
collaboration with a member of the Biology Department or an independent project
pursued under the supervision of a member of the Department. Results of the project are
presented to the Department by the student and support is acknowledged in publications
resulting from the research. The award may be used to meet the essential costs of the
project to the student, including equipment, transportation, and living expenses.

2. Norman A. Meinkoth Field Biology Fund
Former students and friends of Norman A. Meinkoth have established this award to
support both observational and experimental biological studies in a natural environment.
The intent of this fund is to facilitate the joint participation of Swarthmore students and
faculty in field biology projects, with priority given to marine biology. It will also
support student independent research projects under field conditions.

For the two field research awards above, top priority for funding will be given to
joint student-faculty ventures. Student-initiated studies receive second priority and other
proposals are ranked third.

3. The Robert Savage Fund
The Robert Savage fund was established in 1995 to honor Robert Savage on the
occasion of his retirement. The Savage Fund supports student research in cell and
molecular biology. Student applications for funding will be made to the Department.

4. The Lande Research Fund
The S. Theodore Lande Research Fund was established in 1992 to provide support
for student research in field biology both on and off campus.

B. Division of Natural Sciences and Engineering and HHMI
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The College has research funding from the Howard Hughes Medical Institute, from the
Division of Natural Sciences and from the College. Support from these sources is awarded to
faculty, but students are responsible for writing the proposal in collaboration with a faculty
member. Hence, meeting with faculty well in advance of the mid-February deadlines for
application is strongly recommended. A single form, available on the Biology Department
website, is used to apply for both Division and HHMI funds.

C. Swarthmore College Sigma Xi
Usually several students are supported each year. Further information can be found on
the Sigma Xi website (http://www.swarthmore.edu/NatSci/SigmaXi/).

D. Outside institutions

Many opportunities are available for fellowships and jobs for both sophomores and
juniors from outside institutions and from other universities; a few programs also invite
applications from first-year students (rising sophomores). Opportunities are posted on the
Biology Department’s website, and on bulletin boards outside the departmental office or on
the first floor. In addition, the Career Services Office maintains a list of summer
opportunities available in specific locations. Some summer research opportunities have
deadlines as early as December; investigating these opportunities in mid- to late-fall will
give students maximum flexibility in applying to programs that are suited to their interests
and needs.

Course work is also available in the summer and may lead to a really good job the next
summer. (If you take a course in marine biology one summer you may be hired as an
instructor the next year!)

X. FELLOWSHIPS FOR GRADUATE STUDY IN BIOLOGY
A. National Science Foundation

The National Science Foundation offers support for highly talented beginning graduate
students who are US. citizens and working toward an advanced degree in science or
engineering. Swarthmore students are encouraged to apply.

The award offers support for tuition and fees for graduate study in the U.S. and abroad, a
stipend for living expenses for three years but usable over five years, and an international
travel allowance.

The awards are based on ability as determined by the strength of the proposed research,
the broader impacts of the applicants participation in science in the educational and wider
community, college grades, extra-curricular activities, career plans, Graduate Record
Examination test scores, and letters of recommendation from faculty. Early in the fall
semester of the year before the student intends to enter graduate school, the National
Science Foundation’s website should be consulted for application information
(http://www.nsfgrfp.org/).
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The deadline for applications is in mid-November and awards are announced in mid-
March.

Fellowships from Universities

Announcements for graduate fellowships are posted on bulletin boards on the first floor
of the Edward Martin Biological Laboratory. Most programs offer graduate fellowships or
teaching assistantships.

XI. GRADUATE SCHOOLS IN BIOLOGY
Selection

You apply not to a university but to a department or even a single scientist with whom
you want to work. You should consider the specialized area of study, in addition to the
reputation of the institution. There is no substitute for visiting the institution, examining the
laboratories and meeting your potential mentor and ongoing graduate students.

The procedure is as follows:

Look at websites and advertisements on the bulletin boards in Martin.

Talk to a faculty member in the Department about graduate schools and specifics.
Read current papers by scientists in areas that interest you.

Write, email or call for an appointment to talk with a professor in a specific area of
research.

5. Take time at Thanksgiving and winter break to visit schools; talk to both faculty and
graduate students and ask the following questions:

el el

a. How much is tuition? Is there financial support? Housing?
b. What is the time for completion of the MA? PhD?
c. What are the requirements of the degree?
d. How is the program organized?
e. How many years of course work before students start research?
f. Are students apprenticed in several labs before choosing their major professor?
g. What are recent graduates of the program doing now?
Application

Talk to Swarthmore faculty and consult literature of various professional societies
before making a final choice of schools; you may be omitting some good schools. Have
courage! Swarthmore students are sought after by graduate schools.

In your essay, be short, specific, to the point, and forceful. Show it to friends and faculty
for their opinion. Do not write it at the last minute. In interviews the faculty will expect to
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ask you questions but will also expect you to ask them questions. Get information on the
school, department, or faculty before an interview!

Nothing is more helpful than evidence that you can do good biology. Summer jobs,
research projects, and recommendations from people they know will count heavily to an
admissions committee. "If you have connections, use them; it's legitimate and it's done.
Admissions can be very arbitrary,” says a recent alumna, this is especially true when there is
a field of highly qualified applicants.

If you are unsure about graduate school, get some lab experience in a one- or two-year
job at a research institute, university, government laboratory or industry. It will help you to
know what you want and it will strengthen your applications.

Financial Aid

Most graduate schools do not expect your parents to support you, so ask for financial
aid. (You are not required to fill in the form on parents' income if you do not think it will
help you.)

Requesting letters of recommendation

Letters of recommendation from faculty members are very important for your
application to graduate school, for an NSF Fellowship or for a summer job. Follow these
guidelines:

1. Selection of recommenders
You should seek letters from faculty who have taught you in a small class setting
and who can describe your class performance, technical expertise (in the laboratory or
field), overall academic qualifications, motivation and personality.

2. Asking for letters of recommendation

a. Be considerate! Ask early! Give your letter writer at least three weeks to a month.
Faculty are especially busy at the time of year when most letters of recommendation
are due, so give them as much time as possible to schedule the writing of your letter.

b. Give your recommender the following items:

1) A typewritten list of programs to which you are applying. For each, indicate
whether the letter is to be submitted online or mailed. It is best for mailed letters
to be sent in Department stationery envelopes; therefore, addressed, stamped
envelopes are not required unless provided by the program to which you are
applying.

2) Deadlines for each application should be noted on your list.

3) Recommendation Forms: If there are hard copy recommendation forms, be
sure to fill out the applicant’s section beforehand, including the waiver.
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4) Waivers: Many recommendation forms permit you to sign a waiver
relinquishing your right to read the letter of recommendation written on your
behalf. For online applications, waivers can be signed online as part of the
application process. Signed waivers guarantee that the letter will be treated
confidentially and admissions committees at graduate schools tend to take
confidential letters more seriously.

5) Current resume

6) Copy of your essay for the application. If you wish to get feedback on the
essay, provide the essay in plenty of time and let your recommender know that
you would appreciate comments.

7) Any additional information that you think would be helpful to the evaluator.

8) Ifyou are concerned about your evaluator writing the letter on time, a “friendly
reminder” emailed shortly before the letter is due can be helpful.

3. Maintaining a File
Maintain a file containing copies of your applications, transcripts and lists of
recommenders.

XII. PROFESSIONAL JOBS IN BIOLOGY

A. Potential employers
Jobs in biology at the undergraduate or B.A. level are available in:

1. Government:
National Institutes of Health
Army, Navy, and Air Force Hospitals and research centers
U.S. Fish and Wildlife
Department of the Interior (National Parks)
Department of Agriculture (Research, National Forests, Farm Bureau)
Environmental Protection Agency
Environment assessment offices at almost any government level
U.S. Army Corps of Engineers
T.V.A. Power Authorities

2. Industry:
Pharmaceutical firms
Corporate law offices (Environmental regulations firms)
Consulting firms
Power companies
Bioengineering firms
Biological supply houses
Pet stores
Nurseries
Agricultural research (e.g., Shell, Cargill),
Agricultural supplies (e.g., Agway)
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Seed suppliers
Museums, environmental education centers, zoos, parks
Private research institutes and universities.

Hospitals (always need technicians).

B. How to get a job

1.

Go to the Career Services Office. They have applications for the Civil Service Exam
(PACE) and many government jobs. You may want to consider getting on the Federal
Register. Deadlines are important.

Find a place or scientist that interests you: Read papers in journals, check ads in trade

journals, find out as much as you can here at Swarthmore. Talk to faculty. Use family

and friends to locate job openings. The Alumni Office is also an excellent and willing
contact.

Visit the place in person if at all possible. Introduce yourself in advance by writing an
informed letter expressing interest in a scientist's work and requesting an appointment.
Once you have applied, follow up with a telephone call to be sure your application was
received and to let people know yours was a serious inquiry. Try to avoid the "I want a
job" letter that will go directly to the personnel office and die. If you are interested in the
place/person and they say no: Ask if they know of similar openings elsewhere.

At the possibility of an opening:

a) Leave a neat, typed resume (see Career Services on campus for help in preparing
one).

b) Ask when you should call back.

¢) Consider volunteer work there (if you can afford to work for nothing for a few
weeks at least, this expresses interest and very often turns into something with pay
for the longer term).

Get a letter of recommendation from a faculty member or someone who knows you
well. See "Asking for letters of recommendation” above.

In general: Appear serious, well informed, and interested in their work. Timing: Start at
Thanksgiving and winter break but be prepared for no affirmative answer until April or
May, when a company will better know its personnel needs.



