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FORUMS FORUM is intended for new ideas or new ways of interpreting existing information. It 
provides a chance for suggesting hypotheses and for challenging current thinking on ecological FORUM issues. A lighter prose, designed to attract readers, will be permitted. Formal research reports, 

{\T T Tat oR albeit short, will not be accepted, and all contributions should be concise with a relatively short FOR V UMVl list of references. A summary is not required. 

Connectivity is a vital element of landscape structure 

Philip D. Taylor, Lenore Fahrig, Kringen Henein and Gray Merriam, Dept of Biology, Ottawa-Carleton Inst. 
of Biology, Ottawa, ON, Canada KIS5B6 

In a recent FORUM article, Dunning et al. (1992) put 
forward a framework of landscape processes that stim- 
ulated considerable discussion amongst us. We are in 
general agreement with their ideas, but feel that a more 
explicit recognition of the importance of movement as a 
component of landscape structure would add clarity and 
utility to the framework. We wish to build on their foun- 
dation by presenting some additional ideas. 

Dunning et al. (1992) outline four ecological processes 
acting at the landscape scale: 1) landscape complementa- 
tion; 2) landscape supplementation; 3) sources and sinks; 
and 4) neighbourhood effects. Each process depends 
upon the distribution of resources in the landscape. Re- 
sources are distributed in patches. Implicit in the defini- 
tion of each process is that animals move among the 
resource patches. In the first two, animals move among 
resource patches to: 1) acquire a full complement of 
resources to meet their needs; and 2) supplement their 
existing resources with those in additional patches. In the 
third, movement from sources to sinks is required for the 
maintenance of sink populations. The fourth process, 
neighbourhood effects, implies that individuals move be- 
tween patches, but focuses on the permeability of the 
boundaries between contiguous patches. 

Dunning et al. (1992) assume thaf the ability of an 
organism to complement or supplement its resource re- 
quirements depends only on the distance to those re- 
source patches. In a related paper, Pulliam et al. (1992) 
state: "When both landscape physiognomy and composi- 
tion are incorporated into a population model, the dis- 
persal of organisms across the landscape can be fol- 
lowed...". However, an animal's ability to utilize a re- 
source patch will also be dependent upon its ability to get 
there. This ability will be determined not only by the 
distance between patches (i.e. physiognomy), but also by 
the biophysical nature of the route(s) between two 
patches and the biology and behaviour of the organism 
(Henein and Merriam 1990). Some routes facilitate or 

allow unimpeded movement among patches; others im- 
pede to varying degrees the amount, or success, of move- 
ment. 

Because movement is so critical to animal population 
survival, we recognize a third measure of landscape 
structure (sensu Dunning et al. 1992) namely landscape 
'connectivity' (Merriam 1984, Baudry and Merriam 
1988, Merriam 1991). Landscape physiognomy and land- 
scape composition measure the distribution of resource 
patches in a landscape (Dunning et al. 1992). Landscape 
connectivity is the degree to which the landscape facili- 
tates or impedes movement among resource patches. 

Each of the components of landscape structure (land- 
scape physiognomy, landscape composition and land- 
scape connectivity) can be measured. Turner (1989) pre- 

. . . . . . . ....... .... .. 
. . - 

.. 
- . W . ---- - . 

A~~~~~~ 
..1. .Ladsap c Atin L a cnEci.t.y. .une ..a sai o p es h d r pa s ca....i 

dife.. n r e o . c . . . i t a imal D::ke background 

ara hav higheri conctvt Anml in areaBcan' aces 

their resource needs Contrast . Fig 1 of Dunningietial. 
. 

. 

d 

. . . . . . 
. 

.. .. .....1 

* 

* * * * * * * * * * * */- )M' ZZ+-??n 

~~~~~~~~~~~~~.................. 5* ;Sei 
r ~~~~~~~~~~~~~~~... ......)/--'j -'- 

. . . / . . ANAL.......... { / t n 

-. ........ . 

.. . . . /. . . . .t .........-h..... l. 

I I X _ : x / S-~~~~~~~~... . ........-...-.."..'. 
* 

( y - {-Ar........ / 

A::::::::::::::::::~~~~:::::: ...............::: 

~~~~~~~~~~~~~~~. . . l . . . . .' ' > . . .-. . . . a- 

Fig. 1. Landscape complementation. Landscape connectivity 
underlies a mosaic of patches. Light and dark patches contain 
different resources required by the animal. Darker background 
areas have higher connectivity. Animals in area B can access 
patches more easily (arrows) and so will be able to complement 
their resource needs. Contrast with Fig. I of Dunning et al. 
(1992) where landscape connectivity is assumed to be homoge- 
nous over the landscape. 
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Fig. 2. Landscape supplementation Landscape connectivity un- 
derlies a mosaic of patches. Darker background areas have 
higher connectivity. Animals in area B can access other patches 
more easily than animals in area A (areas within circle) and so 
will complement their resource needs. Contrast with Fig. 2 of 
Dunning et al. (1992) where landscape connectivity is assumed 
to be homogenous over the landscape, and the area of B is 
smaller. 

sents methods for the first two. Landscape connectivity 
can be measured for a given organism using the probabil- 
ity of movement between all points or resource patches in 
a landscape. Fahrig and Paloheimo (1988) and Henein 
and Merriam (1990) have demonstrated the use of such 
measures in mathematical models of animal movement in 
landscapes. 

Now the definitions of the four fundamental ecological 
processes can be re-stated by considering that each pro- 
cess results from the interacting effects of patch con- 
figuration and level of connectivity in a given landscape. 
We re-present the figures from Dunning et al. (1992) to 
illustrate our point. Fig. 1 shows landscape complementa- 
tion and Fig. 2 shows landscape supplementation but in 
each figure, we have overlaid the resource patches on a 
map of differential landscape connectivity. It is no longer 
clear (as stated by Dunning et al. 1992) that area B will 
support fewer individuals than area A. Since animals in 
area B can move around the landscape more easily than 
those in area A, they are able to overcome the problems 
imposed by resource distribution. Both processes are fun- 
damentally dependent upon the landscape connectivity 
because that determines the animal's ability to get to the 
resource patches. By adding landscape connectivity to the 
picture, we arrive at a conclusion different from Dunning 
et al. (1992) for the same landscape. 

The source-sink process has a more complex interac- 
tion with landscape connectivity. A sink that is easily 
accessed from one or more sources may 'draw off' more 
animals than one that is poorly connected. Similarly, a 
poorly connected source will contribute fewer individuals 
to sinks than a well-connected one. The importance of 
landscape connectivity to this process is evident from 
studies showing delayed recolonization of local extinc- 

tions (e.g. Verboom and Lankester 1991, Villard et al. 
1992). Recolonization of patches is delayed because ani- 
mals are unable to get to them, not because the patches 
are unsuitable. Again, the degree to which populations 
behave as sources or sinks also depends on the landscape 
connectivity. 

Finally, landscape connectivity is vital to the concept 
of neighbourhood effects. Dunning et al. (1992) state: "A 
species' abundance in a particular focal patch may be 
more strongly affected by characteristics of contiguous 
patches than by those of more distant parts of the land- 
scape". We contend that defining a patch as a neighbour 
depends not only on its physical distance from the focal 
patch but also on the landscape connectivity. A distant 
patch in a landscape with high connectivity will exert 
stronger neighbourhood effects than a closer patch within 
a landscape with lower connectivity. Where connectivity 
is zero, the neighbourhood is restricted to the focal patch 
itself. In other words, connectivity defines the neigh- 
bourhood of the focal patch. 

The inclusion of landscape connectivity as an explicit 
component of landscape structure increases the utility of 
the framework put forward by Dunning et al. (1992). If 
we do not explicitly incorporate movement into such a 
framework, landscape managers and planners will con- 
tinue to ignore its importance. Several studies have 
demonstrated that movement is as fundamental to popu- 
lation viability as resource distribution (e.g. Saunders and 
Ingram 1987, Fahrig and Paloheimo 1988) but maps 
produced by planners are usually of resource distribution, 
not movement patterns. Ignoring movement can lead to 
incorrect and potentially devastating consequences for 
conservation (e.g. Peterson 1985, Harris and Gallagher 
1989). Recognizing all three components of landscape 
structure assists our efforts in offering prescriptive solu- 
tions to ecological problems at the landscape scale. 
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