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The development of theory plays an important role in advancing ecology as a
scientific field. This three-unit course is for students at the graduate or advanced
undergraduate level. The course will cover classic theoretical topics in ecology,
staring from single-species dynamics and gradually build up to multispecies
models. The course will primarily focus on population and community ecology,
but we will also briefly discuss models in epidemiology and ecosystem ecology.
Emphasis will be on theoretical concepts and corresponding mathematical
approaches.

This course is designed as a two-hour lecture followed by a one-hour
complementary hands-on practice module. In the lecture, we will analyze
dynamical models and derive general theories in ecology. In the hands-on practice
section, we will use a combination of analytical problem sets, interactive
applications, and numerical simulations to gain a general understanding of the
dynamics and behavior of different models.

AL P R

By the end of the course, students are expected to be familiar with the basic
building blocks of ecological models, and would be able to formulate and analyze
simple models of their own. The hands-on practice component should allow
students to link their ecological intuition with the underlying mathematical model,
helping them to better understand the primary literature of theoretical ecology.




Students are only expected to have basic understanding of calculus (e.g., freshman
introductory course) and Ecology. The final grade consists of: assignment problem
sets (60%), midterm exam (15%), final exam (15%), and participation (10%).

o

\\\Xr
o

We will use a combination of different textbooks of theoretical ecology. Textbook
chapters and additional reading materials (listed in the course outline) will be
provided.

1. A Primer of Ecology (4" edition). Nicholas Gotelli, 2008.

2. An lllustrative Guide to Theoretical Ecology. Ted Case, 2000.

3. A Biologist’s Guide to Mathematical Modeling in Ecology and Evolution.

Sarah Otto & Troy Day, 2011.
4. Mathematical Ecology of Populations and Ecosystems. John Pastor, 2008.

ESiACI SIS

PRARE (T 5

This course is designed as a two-hour lecture (written on black/white board) and a
one-hour complementary hands-on practice module (analytical problem sets,
interactive applications, and numerical simulations).

= H a3
= H A4
% 1ir Introduction: what is theoretical ecology?
) Exponential and geometric population growth
¥ 2
. Age-structured population models
* 3
¢4 Density-dependence and logistic population growth
Stability analysis of single population dynamics
* 5iF
Metapopulations and patch occupancy models
* 6%
© 7 Lotka-Volterra model of competition: graphical analysis
8 Lotka-Volterra model of competition: linear stability analysis
% 9% Midterm exam
% 10 & Predator-prey interactions




Mutualisms

% 11 3%

Multispecies models of competition: apparent and exploitative

competition
% 12 i

Multispecies models of predation: food cha

» predation
» 13 %

Disease dynamics and SIR models
¥ 14 %

» Ecosystem models and feedbacks
% 15 3%

% 16 ¥ Final exam

% 17 1%

ins and intraguild

General discussion 1: how to develop new theoretical models?

General discussion 2: the role of theory in modern ecology?

% 18 %
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Natural history museum exhibits organisms around the world and the
interactions with their surroundings, it archives diverse forms of animals,
plants, microbes, as well as fossils and minerals found on earth. The
documented biodiversity is the key for the biologists conducting research
across different temporal and spatial dimensions.
This course will introduce the development and history, and the planning
and management of natural history museums for the past 300 years. The
students will be introduced to the related museums in NTU, i.e. NTU
Museum of Zoology, Herbarium of NTU, NTU Insect Museum, and the
NTU Geo-specimen Cottage. The students will be guided through the
exhibition, and also the preparations of specimens, to be familiar with the
archiving process of a museum. The students will read and discuss various
papers, and will need to develop an independent project related to natural
history museums at NTU. The topics can be research on collections,
curriculum designs, and/or exhibition planning.
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1. Understand the values of natural history museum specimens
B iR A 2R e A el
2. Being familiar with the practices of specimen preparation, cataloguing,
and data collection.
ERAUE A PR RER
3. Famlllar with transforming knowledge into exhibitions
REPF BET LR T uER
4. Execute an independent project that involves specimen research,
curriculum design, or exhibition planning

%ﬁjblﬁﬂif%}%’égfﬁﬂ\ﬁﬁ’" ?{:&" 'L’E\‘Lﬁi%iﬂ,%q

BA & f

AFARATR SR Y 0 TR R BARY T B Y o
D #ﬂ%%*?°W%W;%
gu;%’ RLAAMEFELIEE TE 2T TRAFT K&
S R i

The design of this course is cross-disciplinary and all students interested in
natural history research are welcome. The students are expected to be
engaged in the class discussion, homeworks, and finish the final project.
Final projects should use the natural history museums at NTU, and the
topics can be either specimen research, curriculum design, or exhibition
planning.

Full 2
ppant
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e

B 2000 F REFEHFER caxE Lo

Dorfman, E. 2017. The future of natural history museums. Routledge.
(ISBN: 978-1138692633)

Grande, L. 2017. Curators: behind the scenes of natural history
museums. University of Chicago Press. (ISBN: 978-0226192758)

Subjects by week:

Week | Content

1 Introduction to the course and NTU museums

History of natural history museums

2 Forms of museum collections

Readings: Farber (2000); Lubar (2017); Miller et al. (2020)

3 Visiting NTU Museum of Zoology
Museum collection and education
Introduction to the NTU museum loan boxes

Readings: Melber & Abraham (2002); Suarez & Tsutsui (2004);
Powers et al. (2014)

5 Visiting Herbarium of NTU (TAI)

Uses and applications of collection data

Readings: Pleijel et al. (2008); Simmons & Munoz-Saba (2006); Vol

-2-




et al. (2011); Lister (2011)

7 Visiting NTU Insect Museum

Scientific illustration in natural history studies
Readings: Porter (1995); Belknap (2019)

9 Visiting NTU Geo-specimen Cottage

Science communication: how to present to the publics?

10
Readings: Alpert et al. (2004); Louw & Crowley (2013)

Curating and exhibition
11 Readings: Schwan et al. (2014); Chicone et al. (2013); Davies et al.
(2015); #HZ£(2000)

Frozen zoo and beyond: ethnic issues, human and animal rights

12 Readings: Winker et al. (2010); Hanson (2002)
13 Final project preparation

14 Final project preparation

15 Final project preparation

16 Oral presentation

17 Field trip to off-campus museum (tba)

18 No class. (Written project and assignments due)

1. Class participation and assignments: 35%

g N 2. Discussion: 15%
3. Final project: 50%
MGRAZATE | MR & BRI op B oA 7
& (17 M=
iz s (Wi - TR A e 3 4R RRAGE)
PRI EP
=

Reading list

Allmon, Warren D. (2004). Opening a New Natural History Museum in Twenty-first Century
America: A Case Study in Historic Perspective. Proceedings of the California Academy of
Sciences 55(Supplement 1):251-274.

Alpert, Carol Lynn. (2004). Bridging the gap: Interpreting current research in museum settings. In D.

Chittenden et al. (Eds.), Creating connections: Museums and the public understanding of
research (pp. 235-256). Walnut Creek, Calif.: Altamira Press.
Belknap, G. (2019). The evolution of scientific illustration. Nature 575: 25-28.

Chicone, Sarah J., & Kissel, Richard A. (2013). Dinosaurs and dioramas: Creating natural history

exhibitions. Walnut Creek, CA: Left Coast Press.
Cook et al. (2014). Natural history collections as emerging resources for innovative education.
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BioScience 64:724-35.

Davies, Sarah R., Tybjerg, Karin, Whiteley, Louise, & Soderqvist, Thomas. (2015). Co-Curation as
Hacking: Biohackers in Copenhagen's Medical Museion. Curator: The Museum Journal 58(1):
117-131.

Farber, P.L. (2000). Finding order in nature: the naturalist tradition from Linnaeus to E. O. Wilson.
Johns Hopkins University Press. 152 pp.

Groff, R. E. (2003). Are university natural science collections going extinct? BioScience 53:
550-550.

Hanson, Elizabeth. (2002). Animal Attractions: Nature on Display in American Zoos. Princeton:
Princeton University Press.

Lister, A. 2011. Natural history collections as sources of long-term data sets. Trends in Ecology and
Evolution 26:153-154.

Louw, M., & Crowley, K. (2013). New Ways of Looking and Learning in Natural History Museums:
The Use of Gigapixel Imaging to Bring Science and Publics Together. Curator: The Museum
Journal 56(1): 87-104.

Lubar, S. (2017). Inside the lost museum: curating, past and present. Harvard Univ. Press. 416 pp.

Melber, L.M., and Abraham, L.M. (2002). Science education in US natural history museums: A
historical perspective. Science & Education 11: 45-54.

Miller, S.E. et al. (2020). Building natural history collections for the twenty-first century and
beyond. BioScience 70:674-687.

Pleijel F, et al. 2008. Phylogenies without roots? A plea for the use of vouchers in molecular
phylogenetic studies. Molecular Phylogenetics and Evolution. 48:369-71.

Porter, C.M. (1995). Essay Review: The history of scientific illustration. Journal of the History of
Biology 28: 545-550.

Powers, K.E. et al. (2014). Revolutionizing the use of natural history collections in education.
Science Education Review 13:24-33.

Rader, K. A., & Cain, V. (2014). Life on Display: Revolutionizing Museums of Natural History and
Science in America, 1910-90. Chicago: University of Chicago Press.

Reich, C. (2012). Changing practices: Inclusion of people with disabilities in science museums.

Schwan, Stephan, Grajal, Alejandro, & Lewalter, Doris. (2014). Understanding and Engagement in
Places of Science Experience: Science Museums, Science Centers, Zoos, and Aquariums.
Educational Psychologist 49(2): 70-85.

Silverman, Fern, & Bartley, Bradford. (2013). Who is educating whom? Two-way learning in
museum/university partnerships. Journal of Museum Education, 38(2), 154-163.

Suarez, A.V., and Tsutsui, N.D. (2004). The value of museum collections for research and society.
Bioscience 54: 66-74

Winker et al. (2010). The importance, effects and ethics of bird collecting. Auk 127:690-5.

Vo et al. (2011). Temporal increase in organic mercury in an endangered pelagic seabird assessed by
century-old museum specimens. PNAS 108: 7466-71.
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The emergence of cognitive neuroscience highlights an interdisciplinary synthesis
of approaches to understanding human cognition and behavior. This course will
introduce such synthesis, how it happened, how it develops, and where it will go. Its
building blocks consist of different cognitive functions, from perception, attention,
learning and memory, language, motor control, to social cognition and decision
making. A central focus is to introduce how these cognitive functions are studied at
the behavioral level, how they are represented by neural activity, and how insights
about cognition and behavior can be obtained through neuroscience research.
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1. Decision Making
a. Ballesta S, ShiW, Conen KE, Padoa-Schioppa P (2020) Values
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encoded in orbitofrontal cortex are causally related to economic
choices. Nature, 588, 450-453.

b. Bongioanni A, Folloni D, Verhagen L, Sallet J, Klein-Flugge MC,
Rushworth MFW (2020) Activation and disruption of a neural
mechanism for novel choice in monkeys. Nature, 591, 270-274.

c. Kable JW, Glimcher PW (2009) The neurobiology of decision:
consensus and controversy (2009) Neuron, 63, 733-745.

d. Kahneman D, Tversky A (1979) Prospect theory: an analysis of
decision under risk. Econometrica 47, 263-292.

2. Predictive Coding

a. Goh,J.O.S.* Hung, H. Y., Su, Y. S. (2018). A conceptual
consideration of the free energy principle in cognitive maps: How
cognitive maps reduce surprise. In Kara Federmeier (Ed.),
Psychology of Learning, and Motivation, 69, 205-240.

b. Friston, K. (2010). The free energy principle: a unified brain theory?
Nat. Rev. Neurosci., 11, 127.

c. Schrodinger, E. (1944). What is Life? Cambridge University Press.
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Classroom lectures by faculty.
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o Cognitive neuroscience courses are taught in other NTU departments with
e ,
similar topics, but this present course has the following unique aspects:
1. This course is fully conducted in English.
2. This course is open to TIGP doctoral program students.
3. This course focuses on doctoral level discussions.
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