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Abstract - We briefly review the effects of climate (particularly drought 
and hurricanes), insect outbreaks, and fire on populations of migrant birds. 
An important feature of all of these natural disturbances is that they occur 
over a variety of spatial and temporal scales, thus precluding any simple 
generalization of their effects or of methods for mitigating those effects. We 
recognize that (1) natural catastrophic phenomena will inevitably occur; (2) 
an ecosystem will consist of a mosaic of patches that reflects the recurrence 
time and spatial extent of these disturbances; and (3) after some period a 
disturbed patch will recover. We therefore recommend that an appropriate 
goal is to have as a management unit a sufficiently large area (not 
necessarily contiguous) to contain some minimum number of patches that 
will be in a recovered state. This "incorporation" of disturbance is facilitated 
by increasing the size of the management unit or altering the size and/or 
frequency of disturbance. We suggest that the most pressing research need 
is to determine the characteristic scale of disturbances that are important 
and relevant to the species and habitats that we have an interest in 
presewing. 

INTRODUCTION 

Populations of migrant birds are aBected by natural changes 
in weather, climate, and habitat, and by unpredictable events like 
drought, hurricanes, fire, and insect infestations. In this chapter 
we briefly review the effects of potentially "catastrophic" natural 
events on bird populations and discuss methods for managing, 
or at least mitigating, those effects. As natural phenomena, these 
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events are integral features of every ecosystem (more frequent 
in some than in others), and coping with their occurrence in any 
managed ecosystem is not a question of "if' they occur, but of 
"when" The effects of these events on populations of neotropical 
migrant birds are discussed in greater detail in Rotenbeny et al. 
(1993). 

Although there is obviously a great diversity of potential 
natural disasters, we restrict our discussion to three major classes 
- climate (particularly drought and hurricanes), insect outbreaks, 
and fire. Unfortunately, generalization about these events and 
their effects is complicated by the strong interrelationships 
among them. For example, periods of extended drought are often 
associated with both an increased likelihood of fires and 
epidemic outbreaks of insects (e.g., Mattson and Haack 1987). 
Likewise, insect outbreaks contribute to the development of a 
fuel complex that makes fires more probable (Knight 1987), 
and, in turn, trees scarred by fire sexve as epicenters for 
outbreaks of insects (Knight and Wallace 1989 and references 
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therein). Finally, changes in vegetation cover, particularly the 
loss of vegetation due to fire or infestation, may affect 
regional patlerns of climate, especially precipitation (e.g., 
Shukla et al. 1990). 

CLIMATE 

One of the salient features about climate is that variation 
in weather can be expressed over a variety of spatial and 
temporal scales (Michaels and Hayden 1987). Drought, for 
example, is only manifest over a period of months or even 
years, whereas a tropical storm may intensify to humcane 
strength, make landfall, then dissipate within a week. 
Likewise, climatic effects on birds can also be observed over 
extremes of scales. There is ample evidence for the effects 
of drought on bird populations, and these effects may extend 
over tens of thousands of square kilometers (e.g., DeSante 
1992). Although some individuals die of water stress, in most 
cases the effects are indirect, mediated through the direct 
effects of water scarcity on food availability and habitat 
suitability (Smith 1982, George et al. 1992). During the 
breeding season, drought effects are particularly manifest in 
reproductive success (e.g., Marr and Raitt 1983, Petersen et 
al. 1986, Rotenbeny and Wiens 1991, George et al. 1992). 
In contrast to the large scale effects of drought, a single 
hailstorm may arise in a few hours on a hot afternoon, and 
the resulting pounding may destroy all open nests within a 
few tens of hectares. During the non-breeding season, average 
annual rainfall influences overall neotropical migrant 
abundance, particularly in the Caribbean, with relatively drier 
areas, whether scrub or forest habitat, having consistently 
lower numbers of individuals (Wunderle and Waide 1992, 
Terborgh and Faaborg 1980, Askins et al. 1992). The most 
obvious management strategy to lessen the impact of drought 
on wintering migrants in the Caribbean is to preserve moist 
and mesic forests, particularly in drought-prone regions. 

Hurricanes also cause declines in wintering or passage 
migrants in the southeastern U.S. and Caribbean (e.g., 
Walkinshaw 1983, Hamel 1986). Since most hurricanes occur 
early in the migratory period, migrant birds are not likely to 
s&er directly from hurricanes, but are more likely to suffer 
from secondary effects, which often involve massive habitat 
alteration (Wunderle et al. 1992). Furthermore, this alteration 
has a disproportionate impact on certain foraging gmlds, 
especially frugivores and nectar feeders. The most effective 
mitigation strategies involve habitat corridors between 
montane forest reserves, which are especially susceptible to 
storm damage, and lowland forest reserves to which montane 
forest inhabitants can migate after hurricanes (Wunderle 
1990, Waide 1991). Lowland vegetation, because of its rapid 
growth rate, can recover faster than montane vegetation, and 
thus can serve as refugia for montane species in a storm's 
aftermath. 

INSECT OUTBREAKS I 

Historically, fires were common on the prairies of North 
America and in the coniferous forests of the Southeast. In many 
ecosystems l i re  normally occurs with sufficient frequency that 
both plants and animals are well-adapted to iis passage; indeed, 
some species may q u i r e  fire-maintained vegetation or habitat 
for their continued existence (Van Lear and Waldrop 1989). Fires 
may maintain openings within forests that may be important to 
birds paylor and Taylor 1979). Fire suppression activities can 
retard the natural frequency of burns in such systems, which 
may in turn adversely affect those species whose persistence 
depends on its periodic occurrence (e.g., Mayfield 1960, Remsen 
1986). 

Fire can Rave many impacts upon an ecosystem, including 
changes in local climate and microclimatic conditions, 
composition and structure of the vegetation, and animal 

Whe~as  the effect of the habitat destruction wrought by a 
humcane can from most perspectives be viewed as a cabstrophe, 
the effects of other forms of potential disturbance on birds may 
be much more equivocal. For example, most neotropica] , 
migratory birds inhabiting eastern forests are insectivorous 
during the breeding season It is, therefore, not surprising that 
many species of neotropical migrants increase in both densib 
and productivity in response to outbreaks of defoliating 
caterpillars (e.g., Morris et al. 1958, Zach and FaUs 1975, Mom 
1978, Sealy 1979, Holmes et aL 1986, Crawford and JeMingS 
1989). Fluctuations in abundance of caterpillars accounted for 
some major fluctuations in bird populations observed by Holmes 
and his colleagues in New Hampshire (Holrnes et al. 1986). 
Low caterpillar densities apparently caused poor reproductive 
success and low survival of several species, and led Holmes and 
his colleagues to suggest that birds at their site were normally 
food limited except during caterpillar outbreaks, when release 
firom food limitation occutrred. Insect outbreaks may also affect 
birds negatively, however, in that excessive tree mortality caused 
by an insect outbreak may decrease overall habitat suitability 
for some species, and further contribute to increasing edge 
habitat in temperate forests. Also, the primary method of 
managing outbreaks of serious forest pests is pesticide 
application, which has deleterious effects on birds, especially 
when applied over thousands of hectares. In general, the question 
of how management of forest insect pests affects populations of 
neotropical migratory birds has hardly been addressed Of 
particular cornern is the gypsy moth (LymanPia &spar), an I 
introduced species still expanding its m e  into the Southeast 1 
and Midwest It can have a serious impact on habitat quality 
(e.g., Thmber 1992), and is not a major prey item for many bird 
species (Smith 1985). Fortunately, there are silvicultural 
alternatives to pesticides that are effective in simultaneously 
managing for forest birds and insect pests. 



abundances and distributions (Bendell 1974). Fires may vary in 
intensity, dmtion, frequency, location, shape, and extent, and 

may differ with season, nature of fuel, and properties of 
the site and soil. Because of the wide variation that occurs in 
fires and their effects, it has been diBcult to generalize about 
fie relationship between fire and birds (Bendell 1974, Sousa 
1984). However, Wright and Bailey (1982) summized results 
of several studies and presented a list of birds, many of which 
are neotropical migrants, that are favored by open plant 
communities caused by fks and those that are more common 
in unburned areas. More recently, regional reviews and computer 

of impacts of fire on bird communities have 
appeared (e.g., Landers 1987, Kerpez and Stauffer 1989, 
McMahon and Calesira 1990). The results of these studies are 
described more fully in Rotenbeny et al. (1993). 

After humans arrived in North America, the use of fire, 
both purposefully and carelessly (Smith and Petit 1988) greatly 
intensified its effects and frequency, particularly in grasslands 
(Wright and Bailey 1982) and coniferous fomts (Van Lear and 
Waldmp 1989, Baker 1992). Currently, both prescribed burning 
and suppression of natural fires are important management tools 
(Wade and Lundsford 1990). In some instances, prescnied 

I buming may mimic the effects of naturally occurdng fires, while 
in others, effects of wildfks rmy be quite digerent from 1 prescribed burning (Baker 1992). When wildfnes do occur after 
a long period of fm suppression, as a result of elma fuel buildup 
they may escape to bum a larger area and at a greater intensity 

1 than they would otherwise, transforming a normal ecological 
event into a catastrophe. For example, high intensity canopy 
fires probably occurred less frequently before settlement of the 
western United States (Baker 1992), but those kinds of fires can 
have a great impact on the structure of the post-fire bird 
community (R. Hum, unpubL data). 

Even under a normal fire regime, local habitat conditions 
are alte~d, and may become tempody unsuitable for some 
species (Wright and Bailey 1982). Additionally, fire may 
enhance the invasion of exotic plant species, such as cheatgrass 
(Bromus tectorum) in Great Basin shrubsteppe, which may in 
turn prevent the normal post-fire successional pathway or 
RcoveIy process (e.g., West 1979). Unfomtely, our review 
(Rotenberry et al. 1993) indicates a lack of many long term 
controlled studies of the effects on passerine birds of fire 
frequency, habitat type, timing and weather conditions, all 
important considerations in developing a bum prescription 
(Stoddard 1962). 

MANAGEMENT ISSUES 

Each of these phenomena has the ability to alter the number 
of individuals present in a local or regional population of birds, 
either through direct effects on survivorship, or indirectly by 
modifying the abundance of prey andlor suitable habitat. While 
these phenomena are often viewed from a human perspective as 
catastrophes, their effects on birds may be either positive or 

negative. It is difficult to determine, however, the degree to 
which this repxesents a natural "regulation" of population size 
(Sheny and Holmes 1992). In the case of large scale climatic 
patterns (as opposed to localized "disasters"), the answer is 
almost trivially 'yes" - species do not occur where the climate 
is routinely unfavorable for their particular life history and 
physiology, or creates a habitat type to which they are not 
adapted. To the extent that a species is dependent upon a 
fire-maintained habitat type or any "sub-climax" or early 
successional habitat, then its distribution, if not its actual 
population size, is regulated by fm or disturbance. 

Perhaps more important from the perspective of a land 
manager charged with the responsibility of preserving a 
particular species or habitat type is not whether a population's 
abundance is "regulated" by some particular disturbance, but 
whether such a disturbance could cause the extinction of that 
population. Such can clearly be the case, for the local 
extinction of several species of terrestrial island birds in the 
Caribbean due to the passage of hurricanes has been 
documented (Raffaele 1977, Hamel 1986, Wauer and 
Wunderle 1992). Indeed, we may have just lost 5-6 species 
of Hawaiian Islands endemics, whose last known populations 
(most less than 50 individuals; Scott et al. 1986) occurred in 
the Alakai Swamp on Kauai, just devastated by  cane 
Iniki on 11 September 1992. 

Apart from the shop-worn observation that smaller 
populations are more at risk than larger ones, theoretics 
predictions of the effects of disturbances on populations are 
few. We would like to provide a more general model of 
managing for disturbance based on emerging theory from 
landscape ecology (e.g., Forman and Godron 1985, Turner 
1986, Urban et al. 1987), part of the "new paradigm" in 
ecology described by Maurer (Maurer et al., this volume). We 
recognize that certain natural phenomena that adversely affect 
bird populations will inevitably occur even in the most 
intensively managed ecosystem, and that these phenomena 
tend to occur over characteristic spatial and temporal scales 
(e.g., Michaels and Hayden 1987). We further recognize that 
these ecosystems will (or should) consist of a mosaic of patch 
types (of an average size reflecting the characteristic spatial 
scale of the disturbance), and that these patch types will vary 
depending on the time since last dis-e -after some period 
of time, depending on the type of disturbance, a patch will 
"recover," or be returned to its pre-disturbance state 
(assuming it is possible to do so). The goal is to have as a 
managed ecosystem a sufficiently large area (not necessarily 
contiguous) to contain some minimum number of patches 
(i.e., some minimum area, which will depend on the life 
history of the species of management interest) that will be in 
a recovered state. In other words, the disturbance is 
"incorporated" as a natural part of the managed ecosystem 
(Urban et al. 1987). Not only should this provide protection 
for species characteristic of undisturbed or recovered areas, 
but allows for the persistence of other species that may 
depend upon disturbed areas or ecotones. 



In the simplest case, incorporation can be passive - a 
disturbance is incorporated simply by increasing the size of the 
managed unit (Urban et al. 1987). The management question is 
whether a particular region such as a park, a reserve, a Forest 
District, or a Management Area is of ~ ~ c i e n t  scale to 
incorporate a given disturbance. A rule of thumb relevant to 
habitats containing neotropical migrants has been developed 
from forest simulation modelling, which suggests that the focal 
area should be about 50 times the average size of the disturbance 
of interest (Shugart and West 1981). A managed landscape that 
is large enough to incorporate the factors that disturb its 
component patches will have a constant frequency distri%ution 
of patches of all types at a l l  times; this is called an "equilibrating 
landscape" (Shugart and West 1981). A smaller 
"nonequilibrating landscape" is unable to incorporate a 
disturbance and has a transient frequency distribution of patch 
types, which changes in response to each d i d a n c e  event. 

Perhaps the greatest effect of humans on landscapes has 
been to rescale patterns in time and space (Urban et a1 1987). Most 
important, the size of managed landscapes has been reduced via 
habitat fragmentation, rendering them less able to inx,rporate 
natural diwances of a given six and/or fresuency. Less appamt 
has been the inadvertent increase in the size of otheMTise ''Ix%uG#' 
disturbances, as in the corn1 of fire (see above). By inmasing 
the size of h, humans may transform an eqdiirial landscape 
mto a noneqwlibrating one, even with no alteration of the size of 
the m g e d  ecosystem Another example is the establishment of 
forest plantaton monocultures, such as southern pines, which are 
not only more susceptiile to pine beetle infestations (a species of 
relalively low palatability to birds), but also spmd those impam 
over a larger area 

In many cases, imasimg the size of a management unit will 
not be feasible. No~letheless options do exkt to reduce the size of 
natural disturbances. As an example, a land manager could 
prescribe numerous small bums in a bounded area tbat has been 
reduced in size and has become the~by more susceptible to larger 
natural fires (Urban et al. 1987). In this case, block or patch burning 
may be better than one large bum (Givens 1962). Wright and Bailey 
(1982) thought that tbe most important comem for maximkhg 
diversity was to have a wide variety of relatively small 
differentaged burns interspersed among areas that had not been 
burned for several hundred years. WiWires deemed likely to cause 
excessive damage can be actively suppressed Likewise, rather than 
attempting to d c a t e  a pest infestalion throughout its e~ltire extent, 
insect suppression activities could be concenmed at the periphery 
of the outb- limiting its spread An integrated approach 
involvimg several pest management techniques should produce a 
hdscape with a relatively small area of highly disturbed habitat 
Although changing cikhtbance patch sizes may not More a 
fandscape to its on@ mosaic pattern (Baker 1992), it may 
nonetheless achieve a dynamic equiliirium Clearly, the thest 
pmsing research wed is to determine the scale of dktudmms that 
are impoltant and  levant to the species and habitats that we have 
an hk~st in preserving. 
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