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Progression of immunology

Lipopolysaccharide | == LR4

Why??




Does immune activity underlie the
honesty of sexual ornaments?

|s immune activity expensive?

Ecological
Immunology

Do the costs of immunity impose trade-
offs and produce variation among
within and species?




Physiological trade-offs

. .
Calories

Protein
Time

Resource availability




Main research
Interests

Yellow Warbler
Dendroica petechia

Blackburnian Warbler
Dendroica fusca




Outline

* The vertebrate immune system
— Quantifying immunity activity
— Study species

* The costs of immunity
— Use and maintenance of the immune system
— Evidence of trade-offs

« Can trade-offs explain
— life history variation among and within species
— geographic distribution
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The vertebrate immune system
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How ecologists measure
immune function

« Survey standing defenses
— Leukocyte counts
— Capacity of blood to kill microbes

* Activate the immune system without causing
infection
— Innate
* Fever in response to pathogen components
— Adaptive
« Antibody production against novel protein
— B-cells

* Local inflammation to antigens
— T-cells
— Delayed-type hypersensitivity (DTH)

« Conventional interpretation
— More is better




Study organisms

House sparrow Peromyscus mice
Passer domesticus




Outline
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Is using the immune system expensive?

<+ [mmune
challenge

C_D

Martin et al., 2003, PRSB




Is remembering
an infection
expensive?

Expensive?
1

Antibody titer




Physiological trade-offs

. .
Calories

Protein
Time
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 DTH depressed by
feather growth

* Immune
challenged birds
grew fewer
feathers

Martin, 2005, Can J Zool
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* Healing process
dampened DTH

* |nduction of DTH
eliminated
inflammation at
wound site

Martin et al., 2006, Functional Ecology




Outline

* The vertebrate immune system
— Quantifying immunity activity
— Study species

* The costs of immunity
— Use and maintenance of the immune system
— Evidence of trade-offs

« Can trade-offs explain
— life history variation among and within species
— geographic distribution




\What do these animals have In
common?




Life history variation along one axis
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The life history —
physiology nexus
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Immune function
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Ricklefs and Wikelski, 2002, TREE




Does Investment In

: f : Short life with
Immune function complement high early
reproductive life history? reproductive
effort
Fast
‘ living
®
K
Slow
living
Long life with
reproductive

effort spread
over time




Pace of life tracks latitude in house sparrows

Princeton, NJ

Colon, Panama

Clutch size
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Degrees from equator

Martin et al., unpublished




Prediction:

Greater investment in
Immune defense in slow
versus fast living
sparrows

Test:

Compare change in RMR
after immune challenge

Martin et al., 2006, Oecologia




% total clutches

Prediction:
Trade-offs mandate
seasonality in immune
defense in fast living
sparrows

Breeding phenology

Fast liv

Slow living
,.\ o’

*~—e —— ——e
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Clutch size

Test:
Compare DTH at same
times of year

Clutch size

25 50 75
Degrees from equator

Martin et al., unpublished




Wing-web swelling

(mm)

Seasonality in fast but not slow-living
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Martin et al., 2004, Ecology




Does seasonality of
DTH mirror disease

Immune response

risk?

Early Late Non

Monica Pless




Environmental or genetic?

» Generations in captivity
6 — > Better immunological tools
» Life history variation

Investment in offspring g yr™




Prediction:
Slow living Peromyscus invest more in
immune defense than fast living ones,
in spite of generations of captive breeding

Test:
Compare several immune defenses
among several species of virgin, adult
Peromyscus of similar age and experience




The costs of immune defenses
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Maximum AB titer

(% above baseline)

lgG production
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Pace of life and immune
function in Peromyscus

In vitro antimicrobial activity
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Peromyscus immune system
influenced by pace of life

* Slow living species
— Bias towards 1gG production

 Slow-to-effect but specific and provides memory

» Expensive to develop, cheap to use
— Expensive to maintain?

» Fast living species
— Bias towards complement and/or fever

« Fast-acting, broadly effective defenses
« Expensive to use, cheap to develop




Merging ecoimmunology and
disease ecology

* Is the dilution
effect driven by
hOSt ||30+-e|i61burgdorferi
competence? |
— Anna Jolles, Rick
Ostfeld, Felicia

Keesing, and . |
. _ xodes scapularis
Parviez Hosselini

 Post-doc

opportunity
available

Peromyscus leucopus

 jollesa@science.oregonstate.edu




Outline

* The vertebrate immune system
— Quantifying immunity activity
— Study species

* The costs of immunity
— Use and maintenance of the immune system
— Evidence of trade-offs

« Can trade-offs explain
— life history variation among and within species
— geographic distribution




Why do closely-related species have
very different distributions?

Chipping Sparrow Black-chinned Sparrow
Spizella passerina Spizella atrogularis
Yellow Warbler Blackburnian Warbler
Dendroica petechia Dendroica fusca
House Sparrow Eurasian Tree Sparrow
Passer domesticus Passer montanus

Summer distribution maps from US Breeding Bird Survey




Determinants of geographic distribution

Historical




Does immune function mediate range
expansion?

- 1850
Introduced to NYC

Long 1981 /

First breeding
1982 record in Panama




Why immune function?

 Enemy release

— Organisms harbor fewer parasites and pathogens in their
introduced range

* Resources allocated away from immunity and to
breeding

— Evolution of increased competitive ability (EICA)




Predictions

» Between-species

— Reduced immune investments in strong
iInvaders

e Test:

— Compare effects of an innate immune challenge on
reproductive success in strong and weak invader

« Among-populations
— Reduced investment in immune defense in

birds introduced to new areas
e Test:

— Compare innate immunity between native and introduced
populations




Between-species

Reduced investment in immune defense in

Eurasian Tree Sparrow
Passer montanus

strong invader?

House Sparrow
Passer domesticus

Lee et al., 2006, Oecologia




Among-populations
Reduced investment in immmune defense
In Introduced birds

Long 1981
* )
O saline .
saline
LPS
distribution
- native 0
introduced LPS
unoccupied
* introduction Europe North America

(n = 3 populations per continent)

Lee et al., unpublished
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Among-populations
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Invading birds minimizing
the most expensive
Immune option?

Jen Alam
poster 1.155

Courtney Coon
poster 3.194




House sparrow
iInvasion
of Kenya

One of the world’s
most recent invasions

Immune investment as
a facilitator of range
expansion
— Minimize noise in
global comparisons

— Manipulate immune
investment, drive
invasion?

® Cldoret
@ Arrived 2003
®o® °
'Y ¢ o
e ® ° o
® ®
® Nairobi

° Arrived 1992

. Mombasa
Introduced 1950




Implications

« Basic

— Physiological mechanisms of species’ range
expansion

* Applied

— Predicting invasiveness?
* |dentify invaders before out of control

« HOSPnet broadly

— Large-scale hypothesis testing of
physiological and behavioral adaptations




The future of ecoimmunology

Lipopolysaccharide | ™ TLR4
IL-1B :
/ IL- 6

Better techniques
Novel directions

lllllllllllllllllll

Modern ecological immunology




Better techniques

* In vitro antimicrobial assays in tiny
volumes

— 1.5yl blood or plasma
» Poster 3.195
« Tissue expression of cytokines and Toll-
like receptors

— Reagent independence of quantitative real-
time PCR
« IL-1B, IL-6, TLR2, TLR4
* Flow cytometry using leukocyte
morphology

— Reagent independence

Andrea Liebl

Nhan Tu




Novel directions
 NSF-RCN: RDEI

— Refining and diversifying
ecoimmunology

 Annual themed
roundtable discussions

« Lab exchanges
» Website for protocols

« Teacher training
modules

Dan Ardia Dana Hawley




Novel directions

Psychoneuroimmunology Meets Integrative Biology
Tuesday, January 6, Otis Room, 8AM — 3PM,
2 — 3PM: roundtable discussion

Shelley Adamo, Dalhousie University Michael Bailey, Onhio State University
Staci Bilbo, Duke University Firdaus Dhabhar, Stanford University
Susannah French, indiana University Jon Godbout, Ohio State University
Keith Kelley, university of lllinois Josh Kuhlman, university of South Florida
Quentin Pittman, Hotchkiss Brain Institute Brian Prendergast, University of Chicago

Zachary Weil, Rockefeller University

Sponsored by NSF-I0S . .
and SICB-DCE Niko Tinbergen




Take home messages

* Immune activity is often costly

* Life history variation may drive immune
variation among and within species and
vice versa

* Physiological trade-offs involving immunity
may promote animal range expansions
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