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Non-foraging dive profile

Gentoo penguin,
Pygoscelis papua Gentoo penguin tagged with paired 

satellite transmitter and time-depth 
recorder, and collected blood sample

Illustration of foraging 
and non-foraging dive
profiles

Reproductive readiness at the start 
of the following breeding season shown
 by differences in body mass and egg
 size investment 

By Sarah Dier-McComb
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Falkland 
Islands

Attach paired satellite transmitters 
and time-depth recorders

Collect initial and 
return blood samples 

Analyze stress and 
reproductive 
hormones 

Investigate foraging site quality Investigate individual foraging strategies 
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Classify foraging 
dives using depth 
and track patterns3,5

Relate foraging behaviour 
to proxies of reproductive 
readiness

    60 

Question 1

Question 2

METHODS

# Foraging events ____________________
 Distance traveled

Foraging   = efficiency

 POSSIBLE RESULTS

BACKGROUND

Gentoo penguin (Pygoscelis papua) 
colonies fluctuate around the Falkland 
Islands which are attributed to a range of 
reasons from illness to foraging success1.  

While we know foraging behaviour for 
Gentoo penguins during the breeding 
season and pre-moult interval period2,3, 
little is known on their wintering foraging 
patterns.

Migratory costs during winter foraging 
can carry over and impede reproductive 
readiness for following breeding seasons4.

Winter foraging and the subsequent reproductive readiness of Gentoo Penguins, Pygoscelis papua
Sarah Dier-McComb1, Marie Auger-Méthé1, Glenn Crossin2

1Zoology Department, University of British Columbia 2Biology Department, Dalhousie University

SIGNIFICANCE

Gentoo penguins are an important 
tourist attraction for the economy of the 
Falkland Islands.

Information gained will provide insight 
on basic aspects of non-breeding 
foraging behaviour in Gentoo penguins. 

It will advance our understanding of 
penguin foraging behaviour profiles and 
the impact of foraging location decisions 
on breeding success.

We will better understand migratory 
costs through further knowledge of their 
effect on reproductive success. 

Determination of successful foraging 
areas amidst non-successful areas for 
Gentoo penguins will aid in conservation 
efforts.

We will better understand potential 
affects from anthropogenic activities 
such as fisheries competition and oil 
exploration.  

This research also provides a novel way 
to assess the importance of geographical 
areas, which can be applied to a variety 
of other species.

LITTERATURE CITED
1 Pistorius PA, et al. 2010. Marine Ornithology 38: 49-53.  4 Lee WY, et al. 2015. Animal Cells Syst. 19(4): 274-281.
2 Crossin GT, et al. 2010. American Naturalist 176: 357-366.  5 Takahashi A, et al. 2004. Marine Ornithology 32: 47-54. 
3 Kokubun N, et al. 2010. Mar Biol 157: 811-825. 

RESEARCH QUESTIONS
1. Where are Gentoo penguins foraging 

during the non-breeding season 

2. How does this relate to their 
reproductive success?

THE UNIVERSITY OF 
BRITISH COLUMBIA
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Winter foraging and the subsequent reproductive 
readiness of Gentoo Penguins, Pygoscelis papua

Sarah Dier-McComb

© Ben Tubby© Jerzy Strzelecki © Paul Nicklen

Background

• Around 40% are found on the 
Falkland Islands

• Colony populations fluctuate

• Winter movement costs can 
carryover and impact reproductive 
readiness in the breeding season

43%

Winter
season

Research Questions

1. Where are Gentoo penguins foraging during the non-breeding 
season? 

2. How does this relate to their reproductive success?

Methods

60
Attached paired satellite 
and time-depth recorders Collect blood samples

Question 1
Non-foraging

Foraging

Question 2 
Less ready More ready 

Body mass

Egg mass

Reproductive 
physiology 

Measure foraging success

Relate foraging behaviours to 
proxies of reproductive readiness

Potential Results – Foraging strategies

1 2
Shorter trips, return frequently to rest Longer trips before returning to rest 

Research Significance

• Provide insight on basic aspects of non-breeding foraging 
behaviour

• Advance understanding of penguin foraging profiles and the 
impact of foraging location decisions on breeding success

• We can better understand winter movement costs 

• Reduce impacts from anthropogenic activities, such as 
fisheries competition and bycatch and oil exploration

• Provides a novel way to assess the importance of 
geographical areas

M. Armstrong 12
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B = brain, T = thymus*, H = heart, L = liver, S = spleen*, LI = liver, ST = stomach, 
P = pancreas, K = kidney, I = intestinal tract, BL = bladder, F = femur*, TI = tibia
*collected

T = thymus, S = spleen, F = femur

T = thymus, S = spleen, F = femur

Post-Natal Day 5
Pup

Post-Natal Day 90
Adult

Hypothalamic-pituitary-adrenal (HPA) axis

Mouse model

Human model
For ease of relating study back to 

human physiology for general public

Organism Illustration - C57BL/6 Mouse

Melody Salehzadeh Moghadami
31900137 - Supervised by Dr. Kiran Soma

BIOL 548L

T

S

F

Hypothalamus

Anterior
pituitary

Adrenal 
cortex

Corticotropin-releasing 
hormone (CRH)

Adrenocorticotropic 
hormone (ACTH)

(through blood)

Cortisol (humans)
Corticosterone (rodents)

Hypothalamus

Anterior
pituitary

Adrenal 
cortex

Corticotropin-releasing 
hormone (CRH)

Adrenocorticotropic 
hormone (ACTH)
(through blood)

Corticosterone

I use the HPA axis model in almost every talk I give to give background to the systemic pathway mice use to produce corticosterone.

B

H

L

LI
ST

P

K

BL

I

TI

F

T

S

F

T

S

I work with post-natal day 5 and 90 C57BL/6 mice and collect the thymus, spleen, 
and femur bone marrow to measure corticosterone in them all.
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Organism illustration
Scienti�c name: Nucella lamellosa
Common name: Frilled dogwhelk
Fiona Beaty
BIOL 548L

Feeding rate measurement
Snail + prey 
(acorn barnacles)

Front view

Back view

M. Armstrong 14
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Temperature 
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Heart rate against temperature

Indiv 1
Indiv 2

North source 
population Cross in lab

Outplant progeny 
to south �eld sites

Local adaptation in marine invertebrates 
to multiple climate-linked stressors

Fiona Beaty, Christopher Harley
University of British Columbia

Introduction
Climate-linked changes, such as elevated 
oceanic acidity and temperature, have 
the potential to significantly alter  
marine ecosystem structures. 

Species survival during periods of envi-
ronmental change is determined by  
non-adaptive (i.e. gene flow) and adap-
tive (i.e. natural selection) evolutionary 
processes.

 Methods and expected results
A.) In situ performance measurements

B.) Factorial laboratory experiment

C.) Reciprocal transplant

Hypotheses
(i.) Elevated temperature will increase 
snail heart, feeding, and growth rates; 
(ii.) elevated acidity will increase shell 
dissolution rates and reduce growth via 
the effects of net calcification 
(iii.) warmer water may help Nucella 
lamellosa deal with the physiological 
costs of acidification; and
(iv.) source populations will differ in 
their responses to stressors.

Discussion
My research will help to unpack the com-
plex responses of coastal species to mul-
tiple  climate-linked stressors, and will 
shed light on how local adaptation may 
impact species survival under changing 
ocean conditions. Gaining a better un-
derstanding of the adaptive potential of 
ecologically and economically important 
marine species can inform conservation 
policies, and further the accuracy of per-
formance predictions for communities 
and ecosystems under future contexts of 
change. 

I will study whether marine invertebrate 
populations are locally adapted to re-
gional pH and temperature, whether 
stressors have an interactive effect on or-
ganism performance, and whether local 
adaptation impacts an organism’s re-
sponse to interactive stressors.

M. Armstrong 15
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Young
Small size
Scarce head pigment
Small/spreadout wingbud

Large size
Heavy head pigment
Large/collapsed wingbud

Large size
Unified head pigment
Large/spreadout wingbud

The variations are designed to show how Anax junius dragonfly nymphs change in appearance
as they grow older. Specifically, the different illustrations show changes in overall 
body size/colouration, head pigmentation, and wingbud size and shape (in white).

Old Oldest
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Changes in hemolymph TCO2 across the 
water-to-air respiratory transition in Aeshnid

dragonflies
Daniel J. Lee and Philip G.D. Matthews

Water-breathing vs. air-breathing

Low O2

High O2

Ventilation 

Internal CO2 

Ventilation 

Internal CO2 

An unaddressed question

Water-breather

Air-breather

Water-breather

Air-breather

Water-breather

Ev
ol

ut
io

na
ry

 ti
m

e

Animal lineage
Could the internal CO2 trend between water-breathing
and air-breathing actually be a byproduct of evolution?

Dragonflies as a study group

Air-breathingWater-breathing

Int CO2 

Int CO2 
Low O2

High O2

Measuring total internal CO2 (TCO2)

CO2 IRGA

TCO2 profiles across development
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O
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m
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15

20

25

Pre-final Early-final Late-final Common
green

Blue eyed

a a

b
b b

Overall pattern in dragonflies

Low TCO2 

High TCO2 ?Same TCO2 

Thank you

Dr. Philip G.D. Matthews
Anna Robertson
Alex Chang
Ramandeep Ubhi
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