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Padrão dos Descobrimentos 
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pixel view 

polygon view 



2 

habitat 
loss 

habitat 
fragmentation 

and loss 

How do we treat the components 
of heterogeneity: fragmentation 
per se (spatial arrangement), & 

habitat loss?  
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http://clipbucket.net 
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a brief 

review of 
landscape 
models 

 

 
independent 
effects? 

 

 
2 key 

questions 
 

 
fragmentation 

history 
in 1 slide 

 

 
possible causal  

models 
 

 
fragmentation  
problem space 

 

 
2 general principles 

with supporting  
arguments 

 
 

dissecting the  
correlation 
structure 

 

2 take home 
messages 

 
so what is 

new? 
 



 THE ASSUMPTIONS OF ISLAND BIOGEOGRAPHY THEORY 
USED IN TERRESTRIAL SYSTEMS ARE: 

• Fragments are comparable to oceanic 
islands 

• Habitats surrounding fragments are 
hostile to organisms. (matrix was 
disturbed) 

• Natural pre-fragment conditions were 
uniform (homogeneous) 

From: Gotelli, N.J. 1995. A Primer of Ecology. SinauerAssociates 

≠ 

TERRESTRIAL HABITAT ISLANDS  
ARE NOT REAL ISLANDS 
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IBT has always been recognized 
as a caricature (Simberloff  and Abele 

1976) , but Haila (2002) has argued 
that “the 

has been repeatedly 
conflated with an IBT model” 

9 of 42 



PATCH 

MATRIX 

CORRIDOR 

useful so persistent 
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• Landscape elements comparable to 
pieces of a puzzle presumed to possess 
sharp, well defined, and unambiguous 
boundaries 

• However near natural and semi-natural 
landscapes frequently organized as 
gradients 

• Categorical map patterns do not 
represent such systems appropriately 

• Therefore the patch-corridor-matrix 
model is overly simplistic in most cases 

Li and Wu, 2004. Ecology 19: 389-99; 
McGarigal et al., 2009. Landscape Ecology 24:433-450; 
Hoechstetter et al., 2011. Ecological Complexity 8:229-238. 

http://www.debisty.com/ 
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McIntyre, and R. Hobbs. 1999. A framework for conceptualizing human effects on Landscapes 
and its relevance to management and research models. Conservation biology 13(6):1282-1292 

Habitat 
Destruction  

from  
extreme effects 

 

Habitat 
Modification  

from  
moderate effects 

 

UNALTERED LANDSCAPES 

ALTERED LANDSCAPES 
HABITAT 

CONDITION 

CAN BE  

UNMODIFIED, 

MODIFIED,  

OR  

DESTROYED 
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The Continua-Umwelt 
approach reflects 

processes and 
changes through time 

 

The fragmentation 
model reflects the 

present and a 

. 

Manning, A. D., D. B. Lindenmayer and H. A. Nix. 2004. Continua and Umwelt: 
 novel perspectives on viewing landscapes. Oikos 104(3):621-628. THIS IS SCALE DEPENDENCY! 
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for species: 
Black = occupancy 

White = non-occupancy 
Gray = partial occupancy 

Black = forest 
White = disturbed 
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Any variable that can be measured 
across spatial and environmental 
gradients can be used, depending 

on the problem 

Spatial  

and  

Environmental  

Gradients 

 

Emphasis on 

linking 

related to the 

important 

variables 

(food, shelter, 

space, climate, 

other) to 

individual 

species 

distribution 

patterns 

Fischer, J. and D. B. Lindenmayer. 2006. 
Beyond fragmentation: The continuum 
model for fauna research and 
conservation in human-modified 
landscapes. Oikos 112(2):473-480 

Differential effects of temp differences,  

seasonal variability 

constructed or opportunistic, 

thermal, predator,   

differential responses of 

different degrees of 

fragmentation 

density, quality, seasonal variability 
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Redrawn from : Fahrig 2003 

2 
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THIS IS A CONCEPTUAL ! 
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1962-1993 
 

between 
fragmentation and  

habitat loss 

or 

Inappropriate 
inference from 
patch data, e.g., 

scaling problems 

 

 

 

1994-2012 
 

Full landscape 
perspective 

Discrimination 
between habitat 

loss and 
fragmentation 

based on 

Andren 1994, Fahrig 
1997, McIntyre & 

Hobbs 1999, Manning 
et al. 2004, Fischer 

and Lindenmayer 2006 

 

2012 - ? 
 

 

Didham et al. 2012 
Oikos 121:161-170 

Lortie et al. 2004 
Oikos 107;433-438 

a game-  
changing 

distinction 
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REDRAWN FROM: Didham, R.K., V. Kapos, and R. M. Ewers. 2012 Oikos 121:161-170 

UMVELT AND CONTINUUM MODEL 

ISLAND BIOGEOGRAPHY THEORY 
PATCH-CORRIDOR-MATRIX MODEL 

S
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HABITAT EFFECTS 

CONCEPTUAL 
INTEGRATION 

HABITAT 
LOSS & 
SPATIAL  
ARRANGEMENT 

HABITAT 
LOSS & 

SPATIAL 
ARRANGEMENT 

DEPENDING 
ON  

CONTEXT 

all  
species 

 respond  
similarly 

completely 
individualistic  

responses 

[loss vs. spatial arrangement] 
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Hanski, I. and O. Gagliotti. 2004. Ecology, genetics, and 

evolution of metapopulations. Lavoisier.  

Fahrig, L. 2003/ Effects of habitat fragmentation on 

biodiversity. Annu. Rev. Ecol. Evol. Syst. 2003. 34:487–515 
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Manning et. al. 2004, p. 627 
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Didham et al. 2012 

25 of 42 



correlated with spatial  
attributes of fragmentation 

correlated with habitat loss 

0% 100% 
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correlated with habitat loss 

correlated with spatial  
attributes of fragmentation 

0% 100% 

1990s studies: inter-correlation 
ignored, or inappropriate inference 
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correlated with habitat loss 

correlated with spatial  
attributes of fragmentation 

0% 100% 

mid-1990s landscape perspective 
the de rigeur approach – control for loss, then fragmentation. 

“direction of bias just different’  
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correlated with habitat loss 

correlated with spatial  
attributes of fragmentation 

0% 100%  
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Wright, Sewall S. (1921). "Correlation and causation". Journal of Agricultural Research 20: 557–85. 
Simon, Herbert (1953). "Causal ordering and identifiability". In Hood, W.C.; Koopmans, T.C. Studies in Econometric Method. New York: Wiley. pp. 49–74 
Bollen, K A, and Long, S J (1993) Testing Structural Equation Models. SAGE Focus Edition, vol. 154, ISBN 0-8039-4507-8 
Pearl, Judea (2000). Causality: Models, Reasoning, and Inference. Cambridge University Press. ISBN 0-521-77362-8. 

Didham, R.K., V. Kapos, and  

R. M. Ewers. 2012 Oikos 121:161-170 

MULTIPLE REGRESSION 

MODEL USING A 1990s 

LANDSCAPE-BIASED 

APPROACH (HABITAT LOSS 

ASSESSED FIRST) 

STRUCTURAL EQUATION 

MODEL. HABITAT LOSS 

AND 
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FRAGMENTATION 

HABITAT LOSS 

DIRECT EFFECTS 

amount 

SPATIAL 
ARRANGEMENT 

INDIRECT EFFECTS 

MATRIX QUALITY 

SHAPE COMPLEXITY 

ISOLATION 

EDGE EFFECTS 

PATCH AREA 

SPECIES 
RESPONSES 

FRAGMENTATION A SINGLE 
HIERARCHICAL PROCESS RECOGNIZING 
THE CAUSAL DEPENDENCE OF SPATIAL 
CONFIGURATION ON HABITAT AMOUNT. 

Le Tortorec et al. 2013. J. Animal Ecology 82:1087-1091 

REGRESSION TECHNIQUES, MOST MODELS 
SELECTION PROCEDURES, AND VARIANCE 
PARTITION DO NOT TAKE INTO 
CONSIDERATION THE HIERARCHICAL 
NATURE OF FRAGMENTATION 
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REQUIRES THINKING UP-FRONT. 
EX.: extinction debt (time lag 
persistence but ultimate failure) 
Smaller, more isolated patches, 
changes to the matrix suggested 
causes. SEM a way to test the model. 
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Idea redrawn from: 

Didham, R.K., V. Kapos, 

and R. M. Ewers. 2012 

Oikos 121:161-170 

Birth, Immigration, Death, Emigration 

VITAL RATES 
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HABITAT 
EXTENT 
 
NEST 
PREDATION 
RATES 
 
REPRODUCTIVE 
SUCCESS 
 
SPATIAL 
CONFIGURATION 
OR HABITAT 
LOSS 



e.g.: 
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