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Mathematical Biology in the XVIII Century

• Epidemiology: Daniel Bernoulli
(Swiss Mathematician)

An SI-ODE model to calculate the life expectancy at birth if
smallpox was eliminated as a cause of death.

source: Dietz, K., Heesterbeek, J.A.P., Mathematical Biosciences, 180(2002), pp.1-21.
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Mathematical Biology in the XVIII Century

• Ecology: Robert Malthus
(English Political Economist)

dP

dt
= rP; P(t) = P0 exp(rt)

The exponential growth of the population will outpace food
production.

figure source: https://images.flatworldknowledge.com/rittenmacro/rittenmacro-fig19 005.jpg
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Mathematical Biology in the XIX Century

• Ecology: Pierre Verhulst
(Belgian Mathematician)

dP

dt
= rP

(
1− P

K

)
;

r : growth rate

K : carrying capacity

A population model where growth is bounded by limitation of
resources. figure source:

http://www.zo.utexas.edu/courses/bio301/chapters/Chapter9/Chapter9.html
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Mathematical Biology in the XIX Century

• Genetics: Gregor Mendel
(Austrian Scientist/Monk)

Hybridisation experiments with pea plants. Mendel’s
Principles of Heredity explained in terms of probability.
figure source: https://opentextbc.ca/anatomyandphysiology/chapter/28-7-patterns-of-inheritance/
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Mathematical Biology in the XX Century

• Genetics: Ronald Fisher
(British Mathematician and Genetist)

- Introduced the statistical term ”variance”, σ2, when studying
the correlation between relatives based on Mendelian
inheritance

- Fisher exact test (frequencies a, b, c and d known).
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Mathematical Biology in the XX Century

• Ecology: Ronald Fisher
(British Mathematician and Genetist)

Fisher Equation and Travelling waves:

∂u

∂t
= D

∂2u

∂x2
+ ru

(
1− u

K

)
; r : growth rate, K : carrying capacity

figure source: https://en.wikipedia.org/wiki/Fisher’s equation ;

http://www.wikiwand.com/en/Reaction-diffusion system
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Mathematical Biology in the XX Century

• Morphogenesis and Pattern Formation: Alan Turing
(English Computer Scientist and Mathematician)

Reaction-Diffusion Equation:

∂u

∂t
= Du

∂2u

∂x2
+ f1(u, v) ; u(x , t) : activator

∂v

∂t
= Dv

∂2v

∂x2
+ f2(u, v) ; u(x , t) : inhibitor

Real and simulated angel fish

https://www.uoguelph.ca/ mgarvie/turing.html
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Mathematical Biology in the XX Century

• Neural Networks: Nicolas Rashevsky
(Russian-American Physicist)

- Mathematical Biology as Mathematical Biophysics

figure source: https://en.wikipedia.org/wiki/Artificial neural network; source: Cull, P., BioSystems, 88(2007),

pp.178-184.
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Mathematical Biology

• Interdisciplinary scientific field (Mathematics and Biology).

• It includes the vast subfields of Biology (Epidemiology,
Ecology, Genetics, Physiology, Neuroscience, etc.) and the
vast subfields of Applied Mathematics (Statistics, Dynamical
Systems, Bifurcation Theory, Stability Analysis, etc).

• The description of biological processes may require the
development of mathematical models which may be used to

- quantify experimental observations
- unfold the causes of a particular biological behaviour
- predict future outcomes
- support experimental observations
- motivate the development of new experiments
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Mathematical Biology and Math Departments. Mid 1900’s

• Existence of a great interest in Mathematical
Biology among mathematicians

• Mathematical Biology was not taken so seriously
in the Math Departments

• Need for Biological Mathematics
(Biomathematics)!

• Mathematical Biology was a male dominated
field
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First Wave of Women Mathematical Biologists
in Canada (70’s to 80’s)

Pauline van den Driessche Leah Edelstein-Keshet
(UVic) (UBC)
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Pauline van den Driessche

• British-Canadian Mathematical Biologist
Works at UVic since mid 60’s.

• Fields of study:
Epidemiology, Ecology, Neural Networks

• Research Impact:
Epidemiology: Basic Reproduction number R0 for Compartmental
Models of Disease Transmission. Matrix theory.

R0 =
βS0

γ
: average number of secondary cases produced by one infected

individual introduced into a population of susceptible individuals
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Pauline van den Driessche

• British-Canadian Mathematical Biologist
Works at UVic since mid 60’s.

• Passions:
Combinatorial Matrix Analysis, Help Young Researchers,
Organize Workshops

• Impact in Education:

- Building the Mathematical Biology group at UVic

- Supporting the PIMS training Centre in Mathematical Biology

- Success of her supervised students

- Combined degree between the Department of Mathematics
and Statistics and the Biology Department at UVic
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Leah Edelstein-Keshet

• Israeli-Canadian Mathematical Biologist
Works at UBC since the late 80’s.

• Fields of study:
Cell Biology, Immunology, Ecology, Pattern Formation

• Research Impact:

- Cellular Biology: Cell Motility

The model describes how actin dynamics regulates cell protrusion and motility
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Leah Edelstein-Keshet

According to Leah, her most interesting article:
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Leah Edelstein-Keshet

• Israeli-Canadian Mathematical Biologist
Works at UBC since late 80’s.

• Passions:
Family (2 scientist sons), Gardening,
Audio Books, World History

• Impact in Education:
- Her highly influential textbook “Mathematical Models in Biology”

- The development of the UBC course MATH 102 (Differential
Calculus for Life Sciences) and MATH 103 (Integral Calculus for
Life Sciences); 600 to 900 students/year running since late 90’s

- Her new open access book “Life Sciences in Calculus”

- The success of her many undergraduate and graduate students
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Leah Edelstein-Keshet’s video
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First Wave of Women Mathematical Biologists in Canada

Pauline van den Driessche Leah Edelstein-Keshet
(UVic) (UBC)

• Built the credibility of the interdisciplinary field of
Mathematical Biology in Canada

• Brought back the essence of Mathematical Biology from the
strongly rooted tendency to do Biological Mathematics

• Open the field to the Second Wave of Women Mathematical
Biologists in Canada
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Second Wave of Women Mathematical
Biologists in Canada (90’s)

Gerda de Vries
(UofA)

Sue Ann Campbell
(UW)

Rebecca Tyson
(UBC-Okanagan)

Lindi Wahl
(UWO)
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Second Wave of Women Mathematical
Biologists in Canada (90’s)

Gerda de Vries
(UofA)

Sue Ann Campbell
(UW)

Rebecca Tyson
(UBC-Okanagan)

Jane Heffernan
(YU)
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Gerda de Vries

• Dutch-Canadian Mathematical Biologist
Works at UofA since late 90’s.

• Fields of study:
Physiology, Cell Biology, Ecology

• Research Impact:
Physiolgy: Bursting in Pancreatic β Cells

β cells produce insulin during bursting

in response to high glucose levels
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Gerda de Vries
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Gerda de Vries

According to Gustavo, Gerda’s most interesting article:
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Gerda de Vries

• Dutch-Canadian Mathematical Biologist
Works at UofA since late 90’s.

• Passions:
Biking, Quilting, Gardening

• Impact in Education:

- Founder of the Mathematical Biology Group at UofA

- Her influential textbook “A Course in Mathematical Biology”

- The development of the graduate Math Biology courses

- Her role in reshaping all Calculus courses at UofA as applied courses

- Her continuously changing and up to date inspiration to all her students
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Gerda de Vries: A Mathematical Quilter

Linear Transformations: Translations, Reflections, Rotations Fractals: Sierpinski Carpet
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Gerda de Vries, Ph.D.
University of British Columbia

Nuclear Architect

• Leah was the first female president of the SMB. Gerda was the second.

• Pauline and Leah have been awarded the Krieger-Nelson Prize of the CMS.

• Leah’s inspiring woman in Mathematical Biology: Gerda.

• Gerda’s inspiring woman in Mathematical Biology: Leah.

• Pauline’s words of advise to Mathematical Biologists: “Make sure that you
read the books authored by Leah and coauthored by Gerda”.

• The only Canadian women mathematicians with SMB baseball cards
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Gerda de Vries, Ph.D. 
Home: Ee, the Netherlands

Education: University of British Columbia

STATISTICS (Career to date):
Published papers: 47
Ph.D. students: 5

Awards:

Records & Fun Facts

Canadian Mathematical Society Excellence in Teaching Award (2014)
NSERC Discovery Accelerator Award (2012)
Pacific Institute for the Mathematical Sciences Education Prize (2009)
Rutherford Award for Excellence in Undergraduate teaching (2006)

Most countries visited with a bike in a suitcase
Highest FRAP average in SMB
Published multiple papers in mathematical quilting

Hobbies:quilting, bicycle touring, gardening

2017 Annual Meeting, Salt Lake City, UT

Current Team: University of Alberta

• Leah was the first female president of the SMB. Gerda was the second.

• Pauline and Leah have been awarded the Krieger-Nelson Prize of the CMS.

• Leah’s inspiring woman in Mathematical Biology: Gerda.

• Gerda’s inspiring woman in Mathematical Biology: Leah.

• Pauline’s words of advise to Mathematical Biologists: “Make sure that you
read the books authored by Leah and coauthored by Gerda”.

• The only Canadian women mathematicians with SMB baseball cards
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Rebecca Tyson Sue Ann Campbell Jane Heffernan

(UBC-Okanagan) (UW) (YU)
Ecology, Pattern Formation Neuroscience, Neural Networks Immunology, Epidemiology

• The first Faculty members doing Mathematical
Biology in their Institutions.

• Founders of the Mathematical Biology groups
in their Universities.

• Served in the SMB board.

• Passion for family .
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Rebecca Tyson’s video
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Sue Ann Campbell’s video
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Jane Heffernan’s video
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Wonderful Canadian Women Mathematical Biologists

T HANK YOU T O T HESE BRIGHT AND WISE WOMEN

WHO HAVE OPENED T HE FASCINAT ING OCEAN

OF MAT HEMAT ICAL BIOLOGY IN CANADA!
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