
 

International Program on Biological Clocks and Rhythms 
Buenos Aires & Formosa, Argentina 

 

����������	
�������	��	�����

�

����	�������	��������	
�������������	�����������

 
 

Program Dates: June 18
th

 to July 1
st
, 2011.  Departing date is fixed and all participants must travel 

as a group on June 18
th

.  Student will indicate preferred return date for airplane ticket. 

Where: Buenos Aires and Formosa Province, Argentina 

Who: The course is intended primarily for students who will be sophomores or juniors during 2011-

2012 (i.e. C’13 or C’14) and graduate students in their first years of study. 

Requisites: The student must have taken an introductory course that offers a strong foundation on 

biology (BIO-102, BBB-109, ANTH-003). More advanced courses like BIO-231 (Animal 

Behavior) and ANTH-104 (Sex and Human Nature) are recommended, but not necessary.  

The course will be taught in English, therefore knowledge of Spanish is not necessary.   

Credit: To receive credit, students will have the option to enroll in Anth-515 (Primate Methods and 

Data Analysis) during the Fall 2011. 

Enrollment (max 10): limited to 5 Penn students and 5 students from Argentinean universities. 

Program Fees: International airfare, local transportation in Argentina and lodging will be covered. 

Students will be responsible for meals and other personal expenses.   

Registration (due March 1
st
, 2011): Students must submit the attached application.    

 

Instructors:  

Eduardo Fernandez-Duque (Anthropology, Penn) 

Diego Golombek (Universidad Nacional del Quilmes, http://cronos.unq.edu.ar/) 

Horacio de la Iglesia (Biology, Univ. of Washington, http://depts.washington.edu/hacholab/) 

 

Course Rationale 

Circadian rhythms are biological oscillations with a period of approximately 24 hours that 

are present in virtually all living organisms on Earth. Circadian rhythmicity relies on the existence of 

one or more biological clocks or oscillators. These oscillators act as pacemakers driving the 

rhythmicity of biological variables that range from biochemical processes in unicellular organisms, 

through the synthesis and release of hormones, to complex behavioral states like the sleep-wake 

cycle in mammals. Therefore, the study of circadian rhythms and clocks can be approached 

throughout the phylogenetic tree, at all levels of organization, and using an array of techniques.   

This course will focus on theory and current research topics in the field of circadian rhythms, as well 

as other types of biological rhythmicity, including circannual rhythms, with periods of 

approximately 1 year, and circatidal, with periods close to the tidal cycle. We will examine the 

literature ranging from invertebrates to vertebrates, including both humans and non-human primates. 



During the first week, the course will consist of lectures, discussion sections and lab exercises to 

take place at the Universidad Nacional de Quilmes in Buenos Aires. Lectures will focus on the 

theoretical background that students will apply in discussion sections, which will include aspects that 

range from molecular and cellular basis to ecological and evolutionary aspects of biological rhythms. 

Discussions will be based on journal articles, which students will be in charge of reading and leading 

the discussion of. During the second week, we will travel to the Province of Formosa where the Penn 

Biological Anthropology Field Station is based.  We will have lectures and discussions at the Field 

Station and field exercises and training at the Guaycolec Ranch in Formosa, where owl monkeys are 

being studied. 

 

Learning Goals 

Throughout the first week of the course students will gain a general knowledge of the theory 

behind the study of biological rhythms.  During the second one, they will have the opportunity to 

review some of the theoretical issues discussed previously while doing field research with owl 

monkeys in Formosa. Owl monkeys have been a model for the study of circadian rhythms since the 

70’s.  

The first week in Buenos Aires is designed for students to accomplish the following specific goals: 

• Incorporate the concept of hypothesis and model testing by identifying specific hypotheses 

(or models) and predictions in each of the journal articles read.  

• Rehearse the generation of new hypothesis and/or predictions based on the results discussed 

from the journal articles. 

• Distinguish different approaches to address similar questions in biology. The journal articles 

are specifically chosen with this in mind, as they present an array of techniques and levels of 

organization (molecular and cellular to organismic and evolutionary). 

• Gain appreciation for different experimental models in biology, their advantages and 

disadvantages. The lectures as well as the journal articles chosen are based on a diversity of 

experimental models that range from bacteria to plants and vertebrates including humans. 

• Gain experience on results presentation. Students will lead the discussion of the papers and 

will be guided on how to present results in a timely yet effective manner.  

 

The second week in Formosa is designed for students to accomplish the following specific goals: 

• To become familiar with a vertebrate system where questions on biological clocks and 

circadian rhythms are being studied (i.e. owl monkeys). 

• To identify lines of research to be developed as possible undergraduate theses 

• To participate in data collection, summary and analyses. 

 

Students interested in receiving credit will be graded based on the following: 

 

Grading 

1. Participation in discussions   50 pts (10pts per day) 

2. Leading discussion   25 pts 

3. Beginning Quizzes   50 pts (10 pts each) 

4. Final exam     75 pts (to be taken last day of the course) 

Total     200 pts 

 

Graded assignments:  



Every afternoon of the first week, we will meet as a group to discuss specific contents of jounal 

articles. You will answer a “Beginning Quiz” at the beginning of the class, for which you will need 

to read the article in advance (BEFORE YOU TRAVEL TO ARGENTINA).  

You will be in charge of leading the discussion once during the week. You will be given clear 

instructions on how to do this and will be evaluated based on your presentation of the paper and 

leading of the discussion.  The last day of the course there will be a Final Exam. 

 

Calendar 

Date Topics 

18-Jun Departure from the USA 

19-Jun Arrival in Buenos Aires, Argentina 

20-Jun Biological rhythms. Introduction. History of circadian rhythms. 

Fundamental properties of circadian rhythms. 

21-Jun Ecology and evolution of circadian rhythms. Entrainment of 

circadian rhythms. 

22-Jun Entrainment of circadian rhythms. Functional organization of 

circadian systems. 

23-Jun Functional organization of circadian systems. Cell physiology 

of circadian pacemakers 

24-Jun Molecular and cellular basis of circadian pacemaker systems. 

24-Jun Travel to Formosa Province 

25-Jun Arrival in Formosa and shuttle to Owl Monkey Camp 

26-Jun Field Work 

27-Jun Field Work 

28-Jun Field Work 

29-Jun Final Exam and Travel to Buenos Aires 

30-Jun Departure from Buenos Aires, Argentina 

1-Jul 
Arrival in the USA 

 

 

Text book: 

Chronobiology: Biological Timekeeping (2003) Jay C. Dunlap, Jennifer J. Loros, Patricia J. 

Decoursey eds. Sinauer Associates. There will be several copies of the textbook for students during 

the course. 

 

Literature for discussion sections (all articles will provided in digital form):  

Balsalobre A, Damiola F, Schibler U (1998) A serum shock induces circadian gene expression in 

mammalian tissue culture cells. Cell 93:929-937. 

Best JD, Maywood ES, Smith KL, Hastings MH (1999) Rapid resetting of the mammalian circadian 

clock. J Neurosci 19:828-835. 



Decoursey PJ (1972) LD Ratios and Entrainment of Circadian Activity in a Nocturnal and a Diurnal 

Rodent. Journal of Comparative Physiology 78:221-&. 

DeCoursey PJ, Krulas JR (1998) Behavior of SCN-lesioned chipmunks in natural habitat: a pilot 

study. J Biol Rhythms 13:229-244. 

Hattar S, Liao HW, Takao M, Berson DM, Yau KW (2002) Melanopsin-containing retinal ganglion 

cells: architecture, projections, and intrinsic photosensitivity. Science 295:1065-1070. 

Johnson MS (1939) Effect of continuous light on periodic spontaneous activity of white-footed mice 

(Peromiscus). Journal of Experimental Zoology 82:315-328. 

Konopka RJ, Benzer S (1971) Clock mutants of Drosophila melanogaster. Proc Natl Acad Sci U S A 

68:2112-2116. 

Ouyang Y, Andersson CR, Kondo T, Golden SS, Johnson CH (1998) Resonating circadian clocks 

enhance fitness in cyanobacteria. Proc Natl Acad Sci U S A 95:8660-8664. 

Ralph MR, Foster RG, Davis FC, Menaker M (1990) Transplanted suprachiasmatic nucleus 

determines circadian period. Science 247:975-978. 

Tomita J, Nakajima M, Kondo T, Iwasaki H (2005) No transcription-translation feedback in 

circadian rhythm of KaiC phosphorylation. Science 307:251-254. 

Vitaterna MH, King DP, Chang AM, Kornhauser JM, Lowrey PL, McDonald JD, Dove WF, Pinto 

LH, Turek FW, Takahashi JS (1994) Mutagenesis and mapping of a mouse gene, Clock, essential for 

circadian behavior. Science 264:719-725. 

Welsh DK, Logothetis DE, Meister M, Reppert SM (1995) Individual neurons dissociated from rat 

suprachiasmatic nucleus express independently phased circadian firing rhythms. Neuron 14:697-706. 

 

Literature on Biological Clocks and Rhythms in Owl Monkeys and other primates (this will 

represent support literature during the second week of the course) 

 

Erkert H. 2008. Diurnality and nocturnality in nonhuman primates: comparative chronobiological 

studies in laboratory and nature. Biological Rhythm Research 39(3):229-267. 

Erkert HG. 1974. Der einflub des mondlichtes auf die aktivitatsperiodik nachtaktiver saugetiere. 

Oecologia 14:269-287. 

Erkert HG. 1976. Light-induced activity optimum in night monkeys (Aotus trivirgatus). . Folia 

Primatologica 25(2-3):186-192. 

Erkert HG. 1989. Lighting requirements of nocturnal primates in captivity: a chronobiological 

approach. Zoo Biology 8:179-191. 

Erkert HG. 1991. Influence of ambient temperature on circadian rhythms in Colombian owl 

monkeys, Aotus lemurinus griseimembra. In: Ehara A, Kimura T, Takenaka O, and Iwamoto M, 

editors. Primatology Today. Amsterdam: Elsevier Science Publishers B.V. (Biomedical Division). p 

435-438. 

Erkert HG. Circadian rhythms in the marmoset: their significance for fundamental and applied 

research. In: Pryce C, Scott L, and Schnell C, editors; 1997; United Kingdom. DSSD Imagery. p 

128-144. 

Erkert HG. 2004. Chronobiological background to cathemerality. Folia Primatologica 75:65-66. 

Erkert HG, and Cramer B. 2006. Chronobiological background to cathemerality: circadian rhythms 

in Eulemur fulvus albifrons (Prosimii) and Aotus azarai boliviensis (Anthropoidea). Folia 

primatologica 77(1-2):87-103. 

Erkert HG, and Grober J. 1986. Direct modulation of activity and body temperature of owl monkeys 

(Aotus lemurinus griseimembra) by low light intensities. Folia Primatologica 47:171-188. 



Erkert HG, and Kappeler PM. 2004. Arrived in the light: Diel and seasonal activity patterns in wild 

Verreaux's sifakas (Propithecus v. verreauxi; Primates: Indriidae). Behavioral Ecology and 

Sociobiology 57:174-186. 

Erkert HG, and Thiemann-Jager A. 1983. Dark switch in the entrainment of circadian activity 

rhythms in night monkeys, Aotus trivirgatus Humboldt. Comparative Biochemistry and Physiology 

74A(2):307-310. 

Fernandez-Duque E, de la Iglesia H, and Erkert HG. 2010. Moonstruck primates: owl monkeys 

(Aotus) need moonlight for nocturnal activity in their natural environment. PLoS ONE 5(9):e12572. 

Fernandez-Duque E, and Erkert HG. 2006. Cathemerality and lunar periodicity of activity rhythms 

in owl monkeys of the Argentinian Chaco. Folia Primatologica 77(1-2):123-138. 

Fernandez-Duque E. 2003. Influences of moonlight, ambient temperature and food availability on 

the diurnal and nocturnal activity of owl monkeys (Aotus azarai). Behavioral Ecology and 

Sociobiology 54(5):431-440. 

Harter L, and Erkert HG. 1993. Alteration of circadian period length does not influence the ovarian 

cycle length in common marmosets, Callithrix j. jacchus (Primates). Chronobiology International 

10(3):165-175. 

Kappeler PM, and Erkert HG. 2003. On the move around the clock: correlates and determinants of 

cathemeral activity in wild redfronted lemurs (Eulemur fulvus rufus). Behavioral Ecology and 

Sociobiology 54:359-369. 

Palkova M, Sigmund L, and Erkert HG. 1999. Effect of ambient temperature on the circadian 

activity rhythm in common marmoset, Callithrix J. Jacchus (Primates). Chronobiology International 

16(2):149-161. 

Rappold I, and Erkert HG. 1994. Re-entrainment, phase-response and range of entrainment of 

circadian rhythms in owl monkeys (Aotus lemurinus g.) of different age. Biological Rhythm 

Research 25(2):133-152. 

Rauth-Widmann B, Fuchs E, and Erkert HG. 1996. Infradian alteration of circadian rhythms in owl 

monkeys (Aotus lemurinus griseimembra): an effect of estrus? Physiology & Behavior 59(1):11-18. 

Rauth-Widmann B, Thiemann-Jager A, and Erkert HG. 1991. Significance of nonparametric light 

effects in entrainment of circadian rhythms in owl monkeys (Aotus lemurinus griseimembra) by 

light-dark cycles. Chronobiology International 8(4):251-266. 

Wechselbergr E, and Erkert HG. 1994. Characteristics of the light-induced phase response of 

circadian activity rhythms in common marmosets, Callithrix j. jacchus (Primates-Cebidae). 

Chronobiology International 11(5):275-284. 

 

 

  

 

 


