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rived largely by applying a growing body of theory 
in behavioral ecology to the excellent and extensive 
data on the Alcidae assembled in the above books. 

Gaston (1998) is suspicious about the model's 
"good fit with empirical observations." The history 
of science teaches us, however, that the other part of 
Gaston's opening statement--that the observations 
"otherwise are difficult to explain"--is as important 
to scientists in evaluating a model. Although perhaps 
a fluke, these models at least have the virtue that they 
provide possible explanations where previously 
there were none, and as yet there seems to be no 
strong competing model. 

Nonetheless, I would not wish to defend this par- 
ticular model too vigorously. In the longer run it will 
have to be evaluated empirically. I disagree, howev- 
er, with the implication made in the closing sentence 
of Gaston's (1998) commentary that elaborations of 
the model and its predictions should not made be- 
fore a better evaluation of the current model is com- 

pleted. To me, this is as unjustified and shortsighted 
as would be a charge to cease data collection until a 
model is perfected. If anything, there would seem to 
be a greater role for modeling in seabird studies than 
has been the case in the past. Both data and ideas are 
needed for progress in our discipline, and often we 
need to struggle to understand new ideas, as well as 
new data. As the interplay between them often is 
less-than-straightforward (e.g. Fagerstrom 1987, 
Ydenberg and Bertram 1989), seldom is a clear pro- 
scription possible for what step should be next. In 
seeking to understand something as complicated as 
alcid departure strategies, we should explore every 
avenue of inquiry. 
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In their search for generality, ecologists often clas- 
sify species sharing certain life-history characteris- 
tics into groups or guilds. Some ecological classifi- 
cations aim to reflect the influence of landscape 
structure or habitat fragmentation on species distri- 
bution and abundance. For example, species have 
been classified according to their response to habitat 
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edges. The preference of certain species for ecotones 
or edges has long been recognized (reviewed in Rob- 
inson 1988). However, the notion that some species 
strongly prefer the habitat interior is recent. The con- 
cept of habitat-interior preference or specialization 
has mainly been used when investigating potential 
effects of habitat fragmentation on: (1) the distribu- 
tion and abundance of plant and animal species (e.g. 
Whitcomb et al. 1981, Fraver 1994); (2) microclimate 
(Chen et al. 1993, Young and Mitchell 1994); and (3) 
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interactions among microclimate, vegetation and an- 
imals (e.g. Burgess and Sharpe 1981). This concept 
has been applied to a wide variety of taxa, including 
lichens (Sillett 1994), vascular plants (Fraver 1994, de 
Casenave et al. 1995), crustaceans (Peterson and Tur- 
ner 1994), birds (Whitcomb et al. 1981), and mam- 
mals (Heske 1995). 

In avian ecology, the concept of habitat-interior 
preference was applied through the development of 
a classification of forest bird species among four cat- 
egories: (1) forest-interior specialists, (2) interior- 
edge generalists, (3) edge species, and (4) field-edge 
species (Whitcomb et al. 1981). Whitcomb et al. 
(1981:139) defined forest-interior specialists as spe- 
cies that "nest only within the interior of the forest 
and tend to avoid edge habitats." This classification 
was quickly adopted by avian ecologists (Butcher et 
al. 1981, Lynch and Whigham 1984, Freemark and 
Merriam 1986, Askins et al. 1987), and the term "for- 
est-interior species" entered the vocabulary of re- 
searchers, managers, and amateur birdwatchers 
alike. More recently, a classification of forest bird 
species was proposed to reflect their response to the 
area of forest fragments. Area-sensitive species are 
defined as species that occur more frequently, or in- 
crease in density, as fragment area increases (Free- 
mark and Collins 1992:446). 

In this paper, I review the empirical evidence for 
edge avoidance among species currently considered 
to be forest-interior specialists, examine the degree 
of correspondence between species classified as for- 
est-interior specialists and area-sensitive species, 
and reevaluate these concepts and their application 
in ecology and conservation. 

Edge avoidance.--Following Whitcomb et al.'s 
(1981) definition, the empirical data required to re- 
liably classify forest-interior species should include 
nest and territory locations relative to forest edges. 
The original classification was "largely based on 
spot-mapping data" (Whitcomb et al. 1981:139) and 
reflected patterns observed in territory placement 
relative to forest-field or forest-urban edges. To sup- 
port their classification, Whitcomb et al. (1981) pro- 
vided maps showing territory locations for a typical 
forest-interior species (Hooded Warbler [Wilsonia ci- 
trina]), a typical interior-edge generalist (Northern 
Cardinal [Cardinalis cardinalis]), and an edge spe- 
cialist (Indigo Bunting [Passerina cyanea]). The most 
recent classification (Freemark and Collins 1992) in- 
cludes 91 species typically nesting in the eastern de- 
ciduous forest. This updated classification is based 
on five studies, three of which used the point-count 
method. This represents a serious problem, given the 
definition of a forest-interior specialist, because the 
point-count method is neither designed for nor effi- 
cient in providing evidence of nesting. 

Only a few studies have directly tested the occur- 
rence of edge avoidance in forest birds. In these stud- 
ies, the number of territories or proportion of regis- 

trations was compared among arbitrarily defined 
distance classes. Results from these studies are com- 

piled in Table 1. Eight species showed significant 
edge avoidance in at least one of the four studies con- 
sidered; six of these are classified as forest-interior 
species. Except for Noss (1991), significant edge 
avoidance was found in less than half of the forest- 

interior species considered. Ironically, the species ex- 
hibiting the most consistent pattern of edge avoid- 
ance, Red-eyed Vireo (Vireo olivaceus), is classified as 
an interior-edge species (Whitcomb et al. 1981, Free- 
mark and Collins 1992). 

Two major caveats must be pointed out: (1) census 
methods and distance classes (from the forest edge) 
varied among the studies included in Table 1, which 
makes cross-study comparisons problematic; and (2) 
because none of these studies included nest searches, 
species showing no significant avoidance of edges in 
certain studies may have been represented by float- 
ers or unpaired territorial males near edges (Van 
Horn et al. 1995, R. F. Whitcomb pers. comm.). None- 
theless, these results raise important issues. First, 
few species appear to be "true" forest-interior spe- 
cies relative to the number of species considered in 
these studies. Second, even in species that exhibit 
significant edge avoidance, the distribution of terri- 
tories relative to the forest edge may not differ sig- 
nificantly from that of randomly placed simulated 
territories (see King et al. 1997). Third, given the fact 
that unpaired males may defend territories during 
most of the breeding season (Viilard et al. 1993, 
Holmes et al. 1996), few studies have reported the re- 
productive data required to demonstrate the exis- 
tence of forest-interior species sensu Whitcomb et al. 
(1981) (but see Van Horn et al. 1995, King et al. 1996). 

Forest-interior versus area-sensitive species.--In Free- 
mark and Collins' (1992) classification, the vast ma- 
jority of forest-interior species also are considered to 
be area-sensitive (91% of 22 species classified for 
area sensitivity). This may be interpreted as a direct 
consequence of the fact that smaller patches tend to 
have a higher proportion of their area near edges. 
However, as we have seen above, few studies have ac- 
tually tested for edge avoidance, and when this was 
done, it was observed in only a few species. In con- 
trast, the tendency for some species to be absent, or 
present at low abundance in small forest fragments, 
is well supported empirically for a large number of 
species (e.g. Robbins et al. 1989, Blake 1991). 

Discussion.--To many researchers, forest-interior 
habitat use and area sensitivity have become syn- 
onymous to the point that these terms are sometimes 
used interchangeably. Part of the confusion sur- 
rounding these terms may stem from the documen- 
tation of negative edge effects on reproductive per- 
formance (see Paton 1994). However, edge-related 
decreases in reproductive success, edge avoidance, 
and area sensitivity are distinct phenomena that may 
result from very different biological mechanisms. 
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TABLE 1. Species exhibiting significant (*, P < 0.10) edge avoidance in four different studies. 

8O3 

Germaine 

Kroodsma Noss King et al. et al. 
(1984) (1991) (1997) (1997) 

Location Tennessee Florida New Hampshire Vermont 
No. species considered 22 27 7 25 
No. forest-interior species a 8 7 b 6 12 b 
Acadian Flycatcher c 

( Empidonax virescens ) ß , __d -- 
Wood Thrush 

(Hylocichla mustelina) ns * -- ns • 
Hermit Thrush c 

(Catharus guttatus) -- ns * * 
Solitary Vireo • 

(Vireo solitarius ) -- -- -- * 
Red-eyed Vireo 

(Vireo olivaceus) ns * * * 
Black-throated Green Warbler c 

(Dendroica virens) -- -- ns * 
Hooded Warbler c 

(Wilsonia citrina) ns * -- -- 
Ovenbird c 

(Seiurus aurocapillus) * ns ns * 

Based on Whitcomb et aL (1981) and Freemark and Collins (1992). 
One species could not be classified using references in (a). 
Forest-interior species, according to references in (a). 
Species not included in study. 
Significant difference in abundance among distance classes, but no edge avoidance. 

Low reproductive success near edges may promote 
dispersal (Darley et al. 1977, Nolan 1978, Harvey et 
al. 1979, Shields 1984, Weatherhead and Boak 1986, 
Gavin and Bollinger 1988, Part and Gustafsson 
1989). However, active avoidance of habitat edges 
(and, thus, of small fragments) by unsuccessful nest- 
ers searching for a future breeding territory has yet 
to be documented. 

Significant edge avoidance by birds could also re- 
flect edge effects on microclimate, vegetation struc- 
ture, prey abundance, and their interactions. Studies 
have shown edge-to-interior gradients in microcli- 
mate (e.g. wind velocity, soil and air moisture; Chen 
et al. 1993), vegetation structure (Ranhey et al. 1981, 
Chen et al. 1992), and plant species composition 
(Fraver 1994), which in turn could influence the 
abundance and species composition of arthropods 
(Shure and Phillips 1991). True forest-interior spe- 
cies might feed mainly on moisture-dependent ar- 
thropods, as suggested by Gibbs and Faaborg (1990) 
for Ovenbirds ( Seiurus aurocapillus ). 

Ecological classifications can have great heuristic 
value. However, their uncritical use can also lead to 
simplistic perspectives on nature. Classification of 
species according to their preference for forest-inte- 
rior habitat or avoidance of small fragments tends to 
focus attention on the local (i.e. fragment) scale, 
whereas processes underlying these phenomena 
may take place over landscape (Villard et al. 1995, 
Wiens 1995) or even continental scales (Maurer and 

Viilard 1994). For example, Donovan et al. (1997) 
have shown that the probability of predation of ar- 
tificial nests and the abundance of Brown-headed 

Cowbirds (Molothrus ater) vary not only with the 
proximity to forest edges, but also with the degree 
of forest fragmentation (landscape type) and the in- 
teraction between these two variables. Fragment oc- 
cupancy by birds also is influenced by landscape 
context (proximity to other local populations), rather 
than strictly by local characteristics (Fritz 1979, Vii- 
lard et al. 1995). Consequently, forest-interior pref- 
erence and area sensitivity should be considered in 
a landscape context. 

Landscape-scale analyses also can lead to oversim- 
plifications. Considering only the core area (sensu 
Temple 1986) of habitat when analyzing a landscape 
may give the impression that edge habitat or small 
fragments serve no function for habitat-interior spe- 
cies. Even though birds defending territories close to 
an edge or in a small fragment may experience low 
pairing success (Gibbs and Faaborg 1990, Villard et 
al. 1993, Van Horn et al. 1995), this habitat is still 
valuable for the metapopulation as a whole in that it 
provides resources to support individuals that may 
enter the breeding population later (Howe et al. 
1991). Therefore, small fragments should not be dis- 
regarded when planning the ecological restoration 
or rehabilitation of a landscape. However, their value 
is indeed limited in landscapes that completely lack 
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extensive tracts of habitat (Whircomb et al. 1976, 
1981). 

The fact that certain species gradually disappear 
from smaller fragments (Whircomb et al. 1981, Rob- 
bins et al. 1989, Blake 1991) indicates that area sen- 
sitivity and forest-interior preference have major 
conservation implications. However, blindly apply- 
ing classifications and confusing forest-interior pref- 
erence with area sensitivity might focus the attention 
of conservationists: (1) on the wrong species, or (2) 
on the right species in the wrong landscapes. This 
attitude, and the mistakes that result, will slow down 
our progress toward an understanding of the subtle- 
ties of spatiotemporal dynamics in avian popula- 
tions. 
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