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Wednesday

0900-1045am: Lecture 1 - Deer responses to global
environmental change.

1100-1230pm: Lecture 2 - TSA in ecology.
0130-0230pm: Preparing paper presentations.
0230-0500pm: Paper presentations and discussions.

Thursday

0900-1100am: TSA exercises in R.

1130-1230pm: Guest Lecture - Long-term ecosystem
dynamics: case study Zackenberg.
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Prologue

Googling “deer and climate”:
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Web of Science: “deer and climate”

Vibe 1967
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Deer responses to
global environmental changes

Prologue

”In one sense the conditions of life
may be said, not only to cause
variability, either directly or
indirectly, but likewise to include
natural selection, for the
conditions determine whether this
or that variety survive.”

Charles Darwin (On the Origin of Species, 1859)

In my presentation
conditions = climate
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global environmental changes

Prologue
This not a “DID or DID-not” presentation, that is ...

hether density independent (DID)

actors are most important or ...
‘Andrewartha & Birch 1954

... density dependent (DD) factors

are most important!
Nicholson 1954

The conditions are important,
that is, DD/DID work together
simultaneously!
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A global change index: the NAO

How do global changes affect deer?
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Defining global environmental changes

A transformation that Transformations in
occurs on a worldwide scale large-scale climate

Stenseth et al. 2004
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Defining global environmental changes

Ecosystem

Climate is the weather -

averaged over space and i

long periods of time

“Climate is what you expect,
weather is what you get!”

Weather is the specific
condition of the
atmosphere at a particular
place and time
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Defining global environmental changes

Ecosystem !

Pattern

i
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Defining global environmental changes

Why use large-scale climate indices?

Short answer: “ ... animals [deer] are physiological
weather integrators ...” pion 1584
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Defining global environmental changes

Why use large-scale climate indices?

1. Integration in time

1! — vear ff+)| | NAO=North Atlantic
Baqweater |— Oscillation
7 Year 3
7 Year
1 Year 4
Year §
December | January February = March
N y tenseth & Mysterud 2005

~ Hallet et al. 2004
Scale of the NAO
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Defining global environmental changes

Why use large-scale climate indices?

2. Integration in space

NAO=North Atlantic
Oscillation

Stenseth & Mysterud 2005
Hallet et al. 2004
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Defining global environmental changes

Why use large-scale climate indices?
3. Integration of weather variables
Extreme cold b—l I

Severe rainfall }:ﬂ

[Strong winds |———J

NAO=North Atlantic
Oscillation

December | January ~ February || March
N L— ]

Stenseth & Mysterud 2005
Hallet et al. 2004

—
Scale of the NAO
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A global change index: the NAO
North Pacific
Oscillation

North Atlantic
Oscillation (NAO)

El Nifio
Oscillation
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A global change index: the NAO
The North Atlantic

Oscillation (NAQ): a
meriodinal oscillation in
atmospheric mass

high NAO

Forchhammer 2001
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A global change index: the NAO
The North Atlantic

Oscillation (NAQ): a
meriodinal oscillation in
atmospheric mass

low NAO

R} The NAO captures

Jd variations in winter
temperature and
precipitation throughout
the Northern Hemisphere

Forchhammer 2001

/V AARHUS
by Mads C. Forchhammer UNIVERSITY

Deer responses to
global environmental changes

A global change index: the NAO
The North Atlantic

Oscillation (NAQ): a

meriodinal oscillation in

atmospheric mass

6

w

=)

., NAO index

Forchi 00
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A global change index: the NAO
BECeIl'il:trItOI‘:lA(ﬁirg).lca NAO modulates the Earth’s ozone shield
meriodinal oscillation in
atmospheric mass

Winter (DJFM) SST and Land Temperature corrd

10 0.5 00 05
cross-correlation 1958-1998

1.0

Visbeck et al. 2001
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A global change index: the NAO
NAO: a meriodinal
oscillation in

atmospheric mass

Forchhammer 2001 / s
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How do global changes affect deer?

Global Change
(e.g. ENSO, NAO)

Local weather
(e.g. temperature,|
precipitation)

—Direct

Indirect y

Biological
responses

= ;: e_/
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Forchhammer & Post 2004

Deer responses to
global environmental changes

How do global changes affect deer?

Forchhammer et al. 2006
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How do global changes affect deer?

climate

Forchhammer 2001

= population dynamics 2
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Deer responses I: cohort and life history

Birth weight

20 Females | 20

3

Adjusted calf body mass (kg)
o

L
3

Jones et al.2005

5 10 15 5 15
Mother age (yr) Mother age (yr)
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Deer responses I: cohort and life history

Birth weight

20 Females | 20

Adjusted calf body mass (kg)

Partial residuals.

e 5 10 15 5 10 15
420 2 4 Mother age (yr) Mother age (y7)
NAO
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Deer responses I: cohort and life history
Birth weight

Mean calf body mass across years

Big calves

oor mothers
El
oor mothers

2
m
£
3
3
°
3
S
(5}

2 8 3
Poor cohorts <> _Strong cohorts -
o s

by Mads C. Forchhammer UNIVERSITY

Good mothers

Deer responses to
global environmental changes

Deer responses I: cohort and life history

Body weight

2| Female average model

Adjusted logBW (females)

Standardized NAO index

Mysterud et al. 2001

2 1 3 4

o 1 2
Standardized NAO index

Loe et al. 2006,

o LR
by Mads C. Forchhammer SRNERSTC

Deer responses to
global environmental changes

Deer responses I: cohort and life history

Survival and fecundity

~ 080 Low _
z |a fecundity e
S o I
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40 50 60 70 8 90 100 110 120 5 4 3 2 a0 0 1 2 3
Flowering date NAO index
Post & Stenseth 1999
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Deer responses to
global environmental changes
Deer responses II: population dynamics
(i) N; = f(N,.,, NAO,)

(simultaneous effects, interactions)
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Deer responses Il: population dynamics
(i) Ne = f(N,.;, NAO,)

(simultaneous effects, interactions)
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Deer responses II: population dynamics
(i) N; = f(N,.;, NAO,)

(simultaneous effects, interactions)
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Deer responses Il: population dynamics
(i) Ne = f(N,.;, NAO

(simultaneous effects, interactions)
(ii) Large spatial variation in NAO/local weather relationships

NAO-Temp 18

Post 2005
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Deer responses II: population dynamics

Large-scale gradients in the effects of NAO

27 populations 8
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Deer responses Il: population dynamics

Large-scale gradients in the effects of NAO

lowpp 1-0
0.5
[m)
a ° : ,
~05 o Caribou/reindeer populations
high| DD limited mainly by abiotic factors
-1.0 L may be prevented from reaching
—-0.2-0.1 0 0.1 0.2] densities at which DD factors
NAO effect limit growth.
Post 2005 ® The more similar the effect of
Not only to correct for DD but the NAO, the more synchronized
also to consider interactions of population dynapr:n‘gsr! "
DD and climate! e
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Deer responses II: population dynamics

Non-linear dynamics of Svalbard reindeer

Svalbard reindeer

Z 1000
5 9
D 800
o
£ 700
o
E 600
© 500
2 00
1970 1980 1990 2000 2010
year
Ter etal, 2000
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Deer responses Il: population dynamics

Non-linear dynamics of Svalbard reindeer

NV =)
Traditional linear approach: AW
N, = N, + weather,

Svalbard reindeer

Tyler et al. 2000
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Deer responses II: population dynamics

Non-linear dynamics of Svalbard reindeer

Traditional linear approach:
N; = N, + weather,

Svalbard reindeer

Tler et al. 2000
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Deer responses Il: population dynamics

Non-linear dynamics of Svalbard reindeer

NV =)
Traditional linear approach: AW
N; = N., + weather,

Svalbard reindeer

Tyler et al. 2000
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Deer responses II: population dynamics

Non-linear dynamics of Svalbard reindeer

Traditional linear approach:
N; = N, + ablation,

Svalbard reindeer

Non-linear (phase-dependent) approach:

growth>0: N, , + ablation,
N, =
growth<0: N,_; + ablation,

Tyer et al. 2000
AARHUS
NP UNIVERSITY
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Deer responses Il: population dynamics

Non-linear dynamics of Svalbard reindeer

NV =)
Traditional linear approach: AW
N; = N, + ablation,

Svalbard reindeer

Non-linear (phase-dependent) approach:
{high NAO: N, + ablation,
N -

low NAO: N,_; + ablation,

Tyler et al. 2000
AARHUS
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Deer responses II: population dynamics

Non-linear dynamics of Svalbard reindeer
Linear

Svalbard reindeer

-—
ILnon-linear (growth)
68
1975 [1985 1995 200{ °°

Observed 6.4
6.2 6.8

6 66

R?=0.63

58— | 04

1975 1985 1995 2005 52
6 R?=0.38

non-linear (NAO)

7

5.8
Effects of DD and climate 1975 1985 1995 2005
Related to growth regimes

Tyer et al. 2000
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Deer responses Il: population dynamics

Non-linear dynamics of Svalbard reindeer

=
{
Svalbard reindeer
6
k=) increased fofage
§ 5 availabilty :
g4 L4
“3
X
£
0+
6.00 650 7.00 600 800
In(N,.,) ablation index
(increased melt)

Tyler et al. 2000
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Deer responses II: population dynamics

Non-linear dynamics of Svalbard reindeer

1000
Svalbard reindeer

Neq £00 R>0 phase

800
Neg 700 * low NAO phase

600 v - LY high NAO phase

wl '

400 T T T d

1970 1980 1990 2000 2010
Neq 9

R<0 phase

Tler et al. 2000
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Deer responses Il: population dynamics
Non-linear dynamics of Svalbard reindeer

Y

Svalbard reindeer

3D view 2D view
(@)

ablation .

Tyler et al. 2000
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Deer responses Ill: community context

Moose dynamics on Isle Royale

To which extent are moose
dynamics determined by:
(i) climate?

(if) top-down effect?

(ifi) bottum-up effect?

(iv) i-iii dependent on CPV?

N

v
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Deer responses Ill: community context

Moose dynamics on Isle Royale PV |
+
70 1 3000 N
before CPV X after CPV «Jgu..me
CPV outbreak 1980 | M E/
\ h

2000

Wolves
asoopy

1000

0
1960 1970 1980 1990 2000

Wilmers et al. 2006
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Deer responses lll: community context

Moose dynamics on Isle Royale SRV, |
)
(b) Top-down (3:1) with

climate effect

|

Unexplained

Top down (Wo\ve

Proportion of variance in moose population
growth rate explained by each factor

Before CPV outbreak

Wilmers et al. 2006
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Deer responses Ill: community context

Moose dynamics on Isle Royale PV

Top-down (3:1) with  Bottum-up (22:1) with
climate effect  increased climate effect

Unexplained

Unexplained

Proportion of variance in moose population
growth rate explained by each factor

Before CPV outbreak

After CPV outbreak

Wilmers et al. 2006
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Epilogue
So far, 372 papers on “deer and climate”

Topics not presented here:

« Sexual size dimorphism

« Birth sex ratio

« Phenotypic plasticity

« Reproductive synchrony

« Senescence

« Fluctuating asymmetry

« Habitat selection

« Migration

« Harvest-climate interactions
« Many rather technical population model papers
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Global Logel henotypic q
climate "We"ﬁér‘ '*"p fésppnse | |Genotypic response ?

Phenotypic plasticity
and/or adaptive ?
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Epilogue . i
Species interactions ?
[ Bredator | [ Predator | [ Predator_|
oA

deer deer

deer
. typic phenotypic phenotypic
* LA response response
life-istory ||€eseD>|| life-history |legess| life-history
resgpnse
Pop. level Pop. level Pop. level
b, response response response

s
o |

o s
by Mads C. Forchhammer UNIVERSITY

10



Deer responses to
global environmental changes

Epilogue
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1 Ecosystem structure &
H functioning ?
1
1
1
1
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Epilogue

Where are we going?

Basically, most studies are correlative
o Experimental approaches and monitoring (costly & difficult).

e Employment of Agent-based models.
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Individual based
Modehng and
Ecology
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