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Adaptive monitoring of Arctic ecosystems
Why, What and How?
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Monitoring of biological diversity in
space and time

Nigel G. Yoccoz, James D. Nichols and Thierry Boulinier

Recent reviews of the existing programmes, with a focus
on their design in particular, have highlighted the main
weaknesses:

 the lack of well articulated objectives and
 the neglect of different sources of error in the

estimation of biological diversity



Why monitor?

Scientific objectives focus entirely on learning and
developing an understanding of the behaviour and
dynamics of the monitored system.

Monitoring programmes designed to aid management
provide information that is useful in making informed
management decisions.

[predictions as such were not emphasized as an
objective but as essential to compare models]



What to monitor

Decisions about which variables to monitor are determined
largely by the objectives of the monitoring programmes; that is,
by the answer to ‘Why monitor?’

Monitoring programmes directed at scientific objectives should
focus on the state variables and associated rate parameters that
are important to the a priori hypotheses (and their associated
models) of system behaviour.

Monitoring programmes designed to inform management
should focus on the state and other variables that are included
in the objective function, as well as on variables that are needed
to model the managed state variables adequately




How to monitor

There are two potential sources of error that
should be considered when estimating biological
diversity

 Detection Error
e Spatial Variation and Survey Error



Ecological monitoring has emerged as a proper science
— Theory, Approaches, Methods and a vivid scientific debate

Adaptive monitoring: a new paradigm
for long-term research and monitoring
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We share this view of monitoring:

Ecological monitoring most effective when based on
hypotheses/models that :
» Outline the known or assumed functioning of the ecological
systems
» Define adequate monitoring targets and their inter-relations
» Predict the state of monitoring targets when subjected to
drivers of change
» Models/hypotheses direct monitoring designs = model-based
sampling design
v  Sampling intensity

: : onrion |
v’ Spatial resolutions and extents Gt
v . Adaptive monitoring: a new paradigm
Temporal resolution for long-term research and monitoring
David B. Lindenmayer' and Gene E. Likens"?

Austral Ecology (2015) 40, 213-224

Contemplating the future: Acting now on long-term
monitoring to answer 2050’s questions
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Protocol for adaptive and model-based monitoring
(Lindenmayer, Likens et al.)

Experiments

Pseudo-experiments
Spatial gradients

Conceptual Model

- Monitoring targets & state variables

- State variable functional inter-relations
Predictions

- Impact of stressors (i.e. climate)

- Impacts of management actions

v

Monitoring design

* - Sampling methods
- Sampling design
- Space-time scaling

Y

Data: analyses & interpretation

V

Improved knowledge
Publication and dissemination
Stakeholder involvement

Adapt protocol to:
Improved knowledge

Improved model

New predictions

Adjusted design

/ Changed system

New technology
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METHOD/ REFERENCE

PROTOCOL
COMPLEXITY

TEMPORAL

RECURRENCE

(Minimum)

LARGE HERBIVORES icaribou/mindeer, muskox, moose]

Medium sized
herbivores hares)

L Aeri d-based
Abundance Essential Number, density o_ml-' erial/lan Basic 3 years
regional surveys, cue counts
Demographics Essential Age structure, martality, Localf iumysAe,mT:z:mt [:ue Basic 3years
fecundity regional 24 ¥
counts
Monitoring of

. N Telemetry; aerial/ land- . seasonal changes in
Spatial structure Essantial D';mm'?:;:;m'gmmw r:oi?r':'al based surveys, harvest ada::llged 3to 5 years spatial structure may

pat g records, tissue samples be needed fore.g.

migratory species
Pathogen prevalence Harvest records, fissue Ml:zrbuv:;grﬂ?';ﬁos’ttes

- and intensity, Local/ samples, focal analysis; Basic/ 0.
Essential o N Annually other groups can be
Health body condition, regional bone length; some advanced h
y considerad where
contaminants animal collactions i
capacity exists)
Divarsity: Hetarozygosity, population
_ty. Recommended | genetics and connactivity, Local DNA analysis Advanced 3to5 years
genetic -
breeding
- Parturition; Local/ N
Phenology Essential breeding regional Telematry; surveys Basic Annually

Abundance Essential Number, density Lo_ml-' Land surveys, cue Basic Annually
regional counts
" Land based surveys,
Demographics Essential Age shucture,_rmrtallty, Local/ harvest records, tissue Basic 3to 5 years
undity ragonal
samples
R Local/ Land based surveys, .
Spatial structure Recommended Temporal distribution regional | telementary, cue s Basic 3to 5 years

Large predators

(brown bear, grey wol

Medium sized
herbivores (hares)

Small herbivores (lemmings, voles)

TEMPORAL
PROTOCOL
METHOD/ REFERENCE COMPLEXITY RECURRENCE
(Minimum)
5 Local/ Harvest records, tissue 5
Health Essential Prevalence regional | samples, facal analysis Basic/ advanced 3to 5 years
Diversity: Heterozygosity, population
T Recommended | genetics and connectivity, Local DNA analysis Advanced 3to 5years
genetics -
breeding
. Parturition; Local/ . .
Phenology Essential breedin reaional Telemetry; surveys Basic Annually
N N Land-based surveys, cue N
Abundance Essential Number, density Local counts Basic Annually
Age structure, mortality, Land-basad surveys, N
Demographics Recommended facundity Local telemetry, cue counts Basic Annually
Spatial structure Recommended Temporal distribution Local Live/ snap trapping Basic 3to 5 years
Health Essential Prevalence Local Tissue samples Advanced 3to 5 years
Diversity: Heterozygosity, population
o Recommended genetics and connactivity, Local DMA analysis Advanced 3to 5 years
genetics -
breeding
5 . . Local/ .
Phenology Essential Parturition; breeding regional Telemetry; surveys Basic Annually

Cue count, aerial/land-

‘

Abundance Essential Number density Regional based surveys Basic 3 years
N N Age structure, mortality, N DNA analysis, den
Demographics Essential Regional surveilance Advanced 3 years

fecunity
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COAT = Climate-ecological Observatory of Arctic Tundra

- 4
The aims of COAT.

to implement an adaptive monitoring system
that documents how focal components (=monitoring targets)
of Norwegian tundra ecosystems respond to climate change

to establish knowledge/options for implementing management
actions

COAT monitoring targets:

State variables that are predicted to change (sensitive to climate
change)

Ecosystem functions, ecosystem service, and conservation targets
Variables that can be managed locally
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2011-2012: Developing the COAT plan
COAT planning task force (23 ecologists & climatologists)

Svalbard Varanger
Experts Experts

Challenge: To develop of common framework

2012 : Draft Science Plan

2012 : Review by international panel of experts
2013 : Revising / finalizing the plan

Rolf A. Ims, UiT
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Many institutions: UiT, NINA, NPI, met.no O

Meteorologisk
institutt




2013 : Final Plan Published Fram Centre report series no.1, pp.177

Science Plan for COAT:

Climate-Ecological Observatory
for Arctic Tundra

FRAM — High Morth Research Centre
for Climate and the Environment




Conceptual Models (according to Lindenmayer & Likens)

» Outline of the expected relation between
Monitoring targets, management actions, climatic drivers and
strongly linked internal biotic components in the ecosystem

» Should be kept simple; “Should convey the key attributes of the system

The Guiding model for Gene Likens’ Hubbard Brook Ecosystem Study
during half a century:

Ecosystem

- Input e,
\ LY

I:k-asphe 3
z/. S

| [ Soland Avallable /
rock mineraks| 45 nufrignts P, Outpul ./

- Intrasystem cycle - - - - - - - - - - - -

TREMNDS i Eeology & Evedifion

Figure 2. A concaptual modal for biogoochoamical relationships and input and output flues in & tarrostrisl scosystam. This cancaptual modal was used sucoassfully for
domdas to guida thinking and rasasrch for the Hubbard Brook Ecosystam Swudy in tha White Mountsins of Now Hampshira, USA, in partioulsr how mansgamant
imarvantians might alar the amsystam and how carafully formulated quastions might bo usad to guido tests of tha impacts of managamant practicns. Rodrmem, with
pormission, from Raof [30]
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Conceptual models of Tundra Ecosystems;
what sort of theoretical framework was most suited for COAT?

Food web approach

1) Management perspective:
Humans manage/impact ecosystems often by their involvements
In food webs (Strong and Frank 2010, McCann 2011)

2) Climate perspective:

Climate impacts in tundra ecosystems are often mediated through
changed trophic interactions (Post et al. 2009, Ims et al. 2013)




What sort of Conceptual food web models?

Level of resolution

Highly aggregated (“Lindemanian”) Highly resolved (“Eltonian™)

Gross flows energy &matter flows Interaction strengths

| Tertiary production |

Secondary production




Internal structure of biotrophic tundra food webs

1 ) Outline low arctic food web (Varanger Peninsula)




Internal structure of biotrophic tundra food webs
1 ) Outline low arctic food web (Varanger Peninsula)

2 ) Food web modules: compartments of the food web with strong
links (interactions) with an ecosystem service,
ecosystem function or conservation target

Rough-legged buzzard Eagles Snowy owl Gyrfalcon Arctic fox Small mustelids Red fox Wolverine

A B A | [ v s
eV

Skuas




6 Food web Modules for Varanger peninsula







Simplified Svalbard food web

Overlap between modules:
Modules are linked by trophic and non-trophic interactions
->climate impact pathways
->management impact pathways
Defines potential tradeoff between management goals/mitigation options
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Criteria for selection of modules and monitoring targets
»Should be centered on monitoring targets which represents:

-Key species in terms of ecosystem functions/services, conservation targets
» Targets should have (expected) process relations to:

-Climate change

-Management options and their impacts

Criteria for constructing “module models”:

»Should be simple, effective (powerful) and easy to communicate

»Should identify status of knowledge (models are representations of knowledge!)
»Should be continuously improved (according to “the adaptive framework”)

» Tailored to focal ecosystem: “one size will not fit all”

»But also highlight some circumpolar issues
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COAT conceptual “module models”: 6 Varanger Peninsula, 4 Svalbard

Common structural/notational model framework:

I:l Response target [ofthe present module)

Target E

|:| Predictortarget (responzes in other modules)

n :r__ _1: Indirect predictortarget

— Effects estimated in this model,
* (expected strength indicated by arnmerthickness)

e |nteraction effects
= un g Effects estimated in other models

n Internal feed-backs (e.g. denzsity-dependence)

eClimate impact pathways
eManagement impact pathways
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Example: Arctic fox module

General Criterion for module selection:

On IUCN red list of 10 globally selected “climate change species”

e Varanger Peninsula: investigate processes and assess management
actions at the edge of the species range — red-listed conservation target

e Svalbard: investigate processes associated with sea ice retreat,
harvesting and zoonoses (rabies) — ecosystem service — dis-service

. .
L
RED
LIST

ARCTIC FOXES AND CLIMATE CHANGE

Out-foxed by Arctic warming
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Arctic fox Svalbard: Ecosystem service/dis-service

. Response target (the present module)

|:| Predictortarget (responses in othermodules)
—  Effects estimated in this model,
* (expected strength indicated by arrowthickness)

. L =nn g Effects estimated in othermodels
Marine subsidies

Ungulates
o

Arctic fox Varanger: Critically endangered conservation target

Ungulates

. Responsetarget (the present module)

l:l Predictortarget (responses in othermodules)

—y.  Effects estimated in this model,
* (expected strength indicated by arrowthickness)

wnu - Effects estimated in othermodels

Rodents
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Empirical basis for Arctic fox Varanger model

1.0 N
) : Henden et al. 2014 o=
£ 08 | 3
S c Hamel et al. 2013
g a
S 06 5 |
Y (8]
g —— Raven 8
2 04 Hooded crow x -
E """ W-T eagle o
© Golden eaale Y-
S 02 : k)
& -—-- T
—— Wolverine S
0.0 <
I I I I .-
0 500 1000 1500 T ' ' '
0 10 20 30
Reindeer Abundance Number of red foxes

. Responsetarget (the present module)

[ ] Predictortarget {responsesin othermodules)

—  Effects estimated in this model,
ngth indi by arrow this

wnu i Effects estimated in othermodels

Killengreen et al. 2013

Arctic fox litters

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012




Tall shrub module Varanger
Tall shrubs (Salix, Alnus, Betula) increasing in circumpolar low-arctic tundra

S




Much interest connected to “shrubification” of the tundra
owing to positive feed-back on regional-global warming

Chapin et al. 2005. Science, Swann et al. 2010. PNAS,
Hartley et al. 2012. Nat. Cl. Ch.

Reduced albedo

Increased transpiration ( )

Increase loss of carbon in soils (CO,)
e
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Henden et al. 2013

Ravolainen et al. MS
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e Svalbard module models

A) Arctic fox B) Ungulate

Ungulates
-

Arctic fox

) Ptarmigan ... D)Goose ________

I .
vn_lfn_g_u.l_afels_ r=%| Arctic fox | Ungulate -...--tl Arctic fox
o ’ T :

‘.‘.
1
(Managementyssss -." 'P'_ ?f?s_e_ .

- Effects estimated in this module
- Response target (the present module) * (expected strength indicated by arrow thickness)

|:| Predictor target (responses in other modules) 4P |Interaction effects
il - : === Effects estimated in other modules

i_ 1 Indirect predictor target
n Internal feed-backs (e.g. density-dependence)



- Empirical base-line Svalbard:
1 A common climate impact on 3 modules




_
_ Empirical base-line Svalbard:
- A common climate impact on 3 modules
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Monitoring design:
A hierarchical monitoring design with two main levels of
sampling intensity

e T—— Intensive sites: targets with rapid

I et v response to climate impacts and/or
| Alpine meadow and snowbed . -
Clomm large temporal variability (n=4)

(Sampling: monthly — seasonal)

Extensive sites: targets with slower
response (n=20) (sampling: 5-year
intervals)

The replicate sites are placed in sub-
_ regions with different climate
(continentality) and management
regimes (semi-domestic reindeer)




Stratified sampling design within sites

Intensive monitoring site (n=4)

Extensive monitoring site (n=20)

FT: Forest/Tall shrub, sapling abundance
T: Tall shrub, surface reflectance & meadow phase
P: Plant communities

H: Herbivere abundance

A: Arctic fox, den monitoring

B1: Bird communities

B2: Bird communities, wader breeding pair density
M: Moth abundance

I: Insect communities

Pt1: Willow ptarmigan, replicated line transects
Pt2: Rock ptarmigan point survey

R1: Rodents, trapping

R2: Rodents, camera traps

51: Specialist predators, camera traps

§2: Spesialist avian predator nests

53: Spesialists predators, skua breeding pair density
G1: Generalist predators, smow tracking

G2: Generalist predators, camera traps

4
3

F1: Forest, cover & density
F2: Forest, age structure
FT: Forest/Tall shrub, sapling abundance
T: Tall shrub, habitat eresion

P: Plant communities

H: Herbivore abundance




Quantitative analyses

Conceptual models:

A)

State variables:

Target State varlable Intenial Methods [refanances) Module
[start)
Poedomme  Quantity and quaifiy of gooss i B-nnus_:.'k:l’:rv: ndexand :\n‘:\ 2527
nities am indees forage plants in
marshes:
RGeS

1= paim-nbarcept sm 7
pling of vogqetation cover and com-
2003 pesition on fved trarsscts sl

altttucingd tramsscts (Wadson &4

201}

Pini-fookod gooss grebbing
Imeact on fen Faditat

Andance (biomass) and phe i Abundance sstimation . 2627
nology aysummer ha paint i mathod (B ther
vom forags planks: Attudinal and Hagberg 1004}
gradions: Polar willow 5l
Ppotarishand Eisiorta [Bstorta
wivipara) Estimation of phanoogy-
Ierpembag s
- s Co e s
nnnnnnnnn [BG} besading — 3 .
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Structural equation models
» State space approach

» Measurement errors

» Autocorrelation

» Bayesian updating

[ XSy XFy, | XSy 11—
Fo

models

Statistical models
closely integrated
with theoretical



Organization

Fram Centre
Terrestrial flagship

son
AMINOR | N COAT Leadership
PhD School Leader, vice-leader, module leaders
Board of COAT

Chairs SAB, CGS, CGV

/

S

Svalbard (CGS) (SAB)

Collaborative Group Scientific Advisory Board Collaborative Group

Varanger (CGV)

» 5-year financing & review cycle

» Building the infrastructure: 40 mill NOK (4.5 M
euros) for 2016-2019 from RCN and UIT
* Financial requirement ~ 25 mill NOK (3 M euros)

per year




	Lysbildenummer 1
	Lysbildenummer 2
	Lysbildenummer 3
	Lysbildenummer 4
	Lysbildenummer 5
	Lysbildenummer 6
	Lysbildenummer 7
	Lysbildenummer 8
	Lysbildenummer 9
	Lysbildenummer 10
	Lysbildenummer 11
	Lysbildenummer 12
	Lysbildenummer 13
	Lysbildenummer 14
	Lysbildenummer 15
	Lysbildenummer 16
	Lysbildenummer 17
	Lysbildenummer 18
	Lysbildenummer 19
	Lysbildenummer 20
	Lysbildenummer 21
	Lysbildenummer 22
	Lysbildenummer 23
	Lysbildenummer 24
	Lysbildenummer 25
	Lysbildenummer 26
	Lysbildenummer 27
	Lysbildenummer 28
	Lysbildenummer 29
	Lysbildenummer 30
	Lysbildenummer 31
	Lysbildenummer 32
	Lysbildenummer 33
	Lysbildenummer 34
	Lysbildenummer 35
	Lysbildenummer 36
	Lysbildenummer 37
	Lysbildenummer 38

