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Goals For Student Learning
This module was created to help students:
• Discuss the sensitivity of organisms’ reproductive phenology to climate change
• Consider how a species’ mating system might influence its response to climate change

Phenology and Reproduction
To date, there are few studies documenting reproductive changes in animals that have
been caused by climate‐mediated phenological shifts. This area of research has been the
subject of increasing interest in recent years because the onset and duration of many species’
breeding seasons is known to depend on local climatic conditions. Many of the studies designed
to detect how phenological shifts may alter the process or outcome of sexual selection in
organisms with different mating systems have focused on birds.
Birds exhibit a variety of mating behaviors, which are often coordinated with the timing
of migration. In many migratory bird species, males and females segregate to different
locations during the winter and/or use different cues to time their migration, subsequently
arriving at breeding grounds at different times of the year. Researchers studying migratory
birds have been concerned that phenological changes in protandry may cause certain
individuals to have fewer mating opportunities or to experience increased competition for
access to mates. Rainio et al. (2007) recently conducted a study in which they found that,
despite strong phenological shifts in the timing of migration of four bird species, the degree of
protandry has remained stable over a 33‐year period.

Prior to the Seminar
Seminar participants should:
1. Read the following paper:
Rainio, K., A. P. Tottrup, E. Lehikoinen, and T. Coppack. 2007. Effects of climate
change on the degree of protandry in migratory songbirds. Climate Research
35:107‐114.
2. Search for and select papers using Web of Science and/or Google Scholar on this
topic. Students may choose to begin their searches with combinations of the following
keywords: mating system, protandry, climate change, and phenology. They may also
want to search for recent articles citing Rainio et al. (2007).
3. Prepare to provide brief verbal summaries of their selected articles in class.

Suggested Discussion Questions
1. What is the NAO index? How does it provide an estimate of spring climate conditions?
(Rainio et al. 2007)
2. What is the relationship between the NAO index and the migration times of the four
focal bird species? (Rainio et al. 2007)
3. What phenological data did the researchers collect? Briefly describe the researchers’
study design. (Rainio et al. 2007)
4. What did the study authors suggest might explain the parallel shifts in the timing of
male and female migration? (Rainio et al. 2007)
5. What are some potential consequences of increased protandry in monogamous bird
species? In polygamous species? (Rainio et al. 2007 and student papers)
6. What are some potential consequences of decreased protandry in monogamous bird
species? In polygamous bird species? (Rainio et al. 2007 and student papers)
7. Did anyone find any studies that reported phenological reproductive shifts in other taxa
(e.g., plants, fish, or mammals)?

Glossary
•

Mating system: the pattern of union of egg and sperm among individuals (in species
with separate sexes) and/or within individuals (in species such as plants and some
invertebrates that may include hermaphroditic individuals) in a population. For
example, some birds are monogamous, whereas others are highly promiscuous.
Other mating systems include sequential monogamy, polygamy, polyandry, and
protandry.

•

Protandry: In birds, this refers to the temporal difference between male and female
arrival to a breeding grounds, where male arrival precedes female arrival.

•

Sexual selection: a type of natural selection that acts on traits influencing an
individual’s ability to obtain or to choose a mate.

