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many parts of the planet now have a disproportionately large percentage of the 
fauna made up of one species, Homo sapiens. The earth's human population has 
doubled in the past 40 years (surpassing six billion in 2001). Humans are prone 
to taking the nicest places and transforming them into places where they will 
live and work, often in isolation from anything natural. Even areas that superti- 
cially seem to be "pristine" often or always show the imprint of humans (McKib- 
bin 1989); for example, nonnative plants or pollinators are likely to join the na- 
tives in the idyllic scenario just described (Brown et al. 2002; Memmott and 
Waser 2002). 

Habitat destruction and fragmentation often shift the balance of nature in re- 
maining habitat patches so that native organisms can no longer persist. Large 
predatory animals that require large areas for their home range provide the most 
obvious indication when they disappear, and, with the demise of predators, cas- 
cading effects of increased herbivore abundance may affect plants (Anderson 
1997; Malcolm 1997; Dicke and Vet 1999; Jeffries 1999; Terborgh et al. 2001; 
Dyer and Letourneau 2003). Smaller animals, including insects, may hold on 
longer in remaining habitat patches as long as their survival requirements are 
met, but many groups sh&& increased species richness with larger fragment size 



(Robinson et al. 1997; Steffan-Dewenter and Tscharntke 2002; Steffan-Dewenter 
et al., chap. 17 in this volume). Predators and parasitoids are more strongly af- 
fected by habitat fragmentation than are lower trophic groups (Gibb and 
Hochuli 2002). Various phenomena accompanying fragmentation may lead to 
the decline or disappearance of organisms, including negative consequences of 
inbreeding, which results from isolation of small populations (Holsinger 1993; 
Hastings and Harrison 1994), and stochastic extirpation without recolonization 
due to greater distances from other populations (Hanski 1997). Smaller animals 
may have even greater effects on plants, because many of them serve as pollina- 
tors (Steffan-Dewenter et al. 2002) and seed dispersers (Bierregaard and Stouffer 
1997) as well as herbivores (Rao et al. 2001) and seed predators (Donoso et al. 
2003). Animals disappear more quickly than plants from landscapes affected by 
humans, but plants without their mutualistic animal partners may not persist 
long into the future. 

In many situations it is not possible to preserve wild habitats, especially in the 
vicinity of urban areas, where human population pressures are great. Forward- 
thinking governments may set aside preserves, but these are often smaller and 
fewer than what conservation biologists might deem optimal or desirable. Plant 
species may be preserved in protected and/or managed habitat remnants, but, if 
their pollinators are lost and they cannot reproduce sexually, they may be evolu- 
tionarily dead. Habitat destruction can incur an "extinction debt" that will not 
be realized for decades or centuries; this is the reasoning behind using successful 
pollination as a measure of ecosystem health (Aizen and Feinsinger 1994), al- 
though using pollination deficits to infer pollinator declines may not be entirely 
straightforward (Thomson 2001). 

In conquering the natural world, we humans have been largely oblivious to 
our dependence on pollinators for much of what we eat and use (Nabhan and 
Buchmann 1997) and have "forgotten pollinators" (Buchmann and Nabhan 
1996). For over a decade, there have been declines in pollinators and pollination 
disruption has been reported worldwide (Kearns et al. 1998), though there is less 
direct evidence than many have presumed and such conclusions may be prema- 
ture (Cane and Tepedino 2001). Long-term data are needed to track changes 
(Kearns 2001; Roubik 2001), and it is difficult to tell if changes are truly declines, 
or just supra-annual fluctations (Roubik 2001; Williams et al. 2001) or statistical 
artifacts (Cane 2001; Kerr 2001). 

Indeed, there are some anthropogenically fragmented habitats where many 
of the mutualistic plant-animal relationships remain fairly intact, and not all 
mutualistic interactions show negative effects of habitat fragmentation or land- 
use intensity (Klein et al. 2001). Humans may actually enhance their own habi- 
tats in ways that can attract and sustain pollinators-to the b.enefit of native 
plant species dependent on specialized and generalized pollinators. The quality 
of the matrix-the space between the habitat fragments-can play a role in 

reducing negative effects of fragmentation (Perfecto and Vandermeer 2001). In 
subtropical southern Florida, extensive plantings of nonnative ornamentals pro- 
vide abundant floral rewards to sustain pollinators of native plants in the urban 
matrixbetween the remaining fragments of natural habitat. Native-plant enthu- 
siasts have promoted gardening with indigenous species, further enhancing the 
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seemingly inhospitable between-fragment spaces for pollinator attraction and 
survival. 

For the past decade my students and I have been studying plant-animal inter- 
actions in the South Florida pine rocklands. In this chapter I will review the 
effects of habitat destruction and fragmentation on native plants that remain in 
the natural landscape, consider the role of the matrix in ameliorating some of the 
negative effects of habitat fragmentation on pollinators, and discuss some mea- 
sures that are being taken to conserve pollinators in the human-dominated land- 
scape of subtropical South Florida in the United States. My hope is that this ex- 
ample will serve to illustrate problems and possibilities for more general 
maintenance of pollination systems in human-dominated landscapes. 

Effects of Habitat Destruction and Fragmentation in Pine Rocklands of 
South Florida 
The basic result of habitat destruction is that less habitat is available in which na- 
tive plants can persist. I will illustrate this point by using the pine rocklands habi- 
tat from the uplands of extreme southern peninsular Florida. Pine rocklands, a 
fire-maintained subclimax vegetation with many endemic taxa, used to be 
nearly continuous albeit divided occasionally by freshwater wetlands or "trans- 
verse glades" (Snyder et al. 1990). The area covered by the rocklands ecosystems 
was never large (fig. 15.1A) and shrank rapidly from the mid- to late 20th century 
because of economic development. Rockland sites were preferred areas for clear- 
ing, building, and (after the invention of the rock plow) vegetable fields. Today, 
less than 2% of the original habitat outside of Everglades National Park remains, 
composed of a highly fragmented patchwork throughout urban and suburban 
Dade County (fig. 15.1B). Many of these anthropogenic fragments are protected 
as parks, but only some are maintained with exotic-pest-plant control and peri- 
odic fires. Other fragments are in private ownership; most of these have man- 
agement problems similar to those of the parks, or precarious preservation 
status. 

Fragments of pine rocklands also dramatically illustrate the "edge effects" re- 
sulting from increased perimeter-to-interior ratio: greater invasion by exotic 
species (especially weedy pest plants) that crowd out natives. The edges are 
greatly influenced by the surrounding inhabitants in terms of fire suppression: 
without periodic fires, pine rocklands undergo succession to hardwood ham- 
mock forest, losing their diverse understory of herbs and shrubs (Snyder et al. 
1990; DeCoster et al. 1999). Many of these understory plants are endemic to this 
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habitat, and many are rare and becoming more so. Many former pine rocklands 
fragments have been degraded so completely that there is no longer a central 
core with native species, only a monoculture of Brazilian pepper (Schinus tere- 
binthifolius) or a mixture of pest-plant species (Bradley and Gann 1999). 

Exotic plants are not the only pests; exotic insects can compete with and elim- 
inate native beneficial insect mutualists as well. Many areas in the southern 
United States (as well as Central America), formerly species-rich in native ants 
(and other insects), have become dominated by exotic ant species such as fire 
ants (Solenopsis invicta). Fire ants can limit the numbers of herbivores and polli- 
nators with their aggressive, omnivorous foraging behavior (Fleet and Young 
2000). Honeybees may be kept by beekeepers in groves adjacent to, and even in, 
some natural forest areas and may usurp floral resources that originally sup- 
ported a diversity of native insects (Cairns 2002). 

Animals kept as pets (or feral colonies maintained by kindhearted but mis- 
guided humans) can, in some cases, also have a profound impact on natural 
habitats. Many natural areas have networks of people who feed stray cats, cap- 
ture them, neuterlspay them, and release the strays. Rather than controllingthe 
populations, the presence of the colony serves as an "attractive nuisance," so 
that more cats are abandoned at the parks and populations continue to grow 
from the continual "immigration" of new individuals (Clarke and Pacin 2002; 
Castillo and Clarke 2003). The effects of domestic cats (Churcher and Lawton 
1987; Schneider 2001) and other feral animals (Woodroffe et al. 1990; Schneider 
2001) on wildlife are destructive and profound. Birds, lizards, and small mam- 
mals eat a variety of insects; when cats reduce their numbers, then insect popu- 
lations can grow to levels that severely limit plant growth and reproduction. 
Some residents of Miami keep chickens that roam freely, which may travel 
through local parks in their search for food-eating seeds, seedlings, and small 
plants (and sometimes themselves providingfood for resident foxes!). Goats and 
rabbits may similarly alter the landscape in their quest for forage and make 
"natural" areas less diverse and more barren, just as livestock does in midwestern 
U.S. forests (Dennis 1997). 

Native animals may also be influenced by human interaction that in turn can 
affect their habitat. Sportsmen hunted the charismatic, endangered Key deer to  
near extinction as the Keys were exploited for tourism (Silvy 1975; Frank et al. 
2003). Since their protection, Key deer have grown so numerous that popula- 
tions have reached carrying capacity (Lopez 2001) and their grazing effects may 
have a larger impact than ever in the past (Folk et al. 1991; Koptur et al. 2002). 
Key deer herbivory, especially after fire, significantly reduces plant stem length 
and eliminates flowers on many preferred species (S. Koptur et al., unpublished 
data). 

There is clearly need for management of pine rocklands fragments in the ur- 
banized landscape of Sou'th Florida. County natural-areas managers prioritize 



activities in lands they manage and are fairly effective in controlling exotic 
plants via manual removal and herbicides. It is more difficult to use fire to man- 
age fragments, especially those in close proximity to residential areas, but on 
occasion progress is made in this aspect of pine rocklands habitat conservation. 
Urban and suburban areas inhabited by humans are also managed for problem 
insects, especially mosquitoes, cockroaches, and ants. Pesticides that are used to 
control insects in adjacent areas can certainly affect survival of nontarget insects 
in natural area fragments in the urban landscape. Closer to humans, more pesti- 
cides are used: more than 20,000 pest control firms and 100,000 service person- 
nel treat 12 million dwellings nationally, including most of the 280,000 retail 
food outlets, 480,000 commercial restaurants and kitchens, and 66,000 hotels 
and motels in the United States (National Pest Management Association 2001). 
In subtropical southern Florida, I estimate that more than 90% of homes use 
chemical pest control inside the dwelling, and more than 60% use some sort of 
chemical pest control in the yard. Termite control in dwellings is ubiquitous but 
usually has little broadcast effect. Certain pesticides (some used for fleas, ticks, 
and juvenile mosquitoes) are fairly specific; but broad-spectrum insecticides 
(such as those used for adult mosquito or fruit fly control) can certainly cause a 
decline of beneficial insects. The aerial application of pesticides to crops and 
forestry plantations has been shown to depress pollinator populations (Kevan 
1975; Johansen 1977; Johansen et al. 1983; Kearns and Inouye 1997; Spira 2001). 
Coincident aerial insecticide spraying and flowering of endangered ento- 
mophilous plants puts those plants in peril (Bowlin et al. 1993; Sipes and Te- 
pedino 1995). Even application of Bacillus thuringensis by organic gardeners can 
be detrimental to butterfly pollinators if B. thurigensis spores drift to weedy and 
native larval host plants adjacent to vegetable gardens. 

Empirical Examples 
Observations of pollinator-plant interactions in relatively pristine pine rock- 
lands of the Everglades and lower Florida Keys provide a basis for comparison of 
the interactions of the same plants occurring in fragments of pine rocklands in 
suburban and urban Miami-Dade County and in the developed areas of Big Pine 
Key. We imagined that fragmentation of habitat would be detrimental to plant- 
pollinator interactions, and it seemed reasonable to hypothesize that species es- 
pecially vulnerable to negative effects of fragmentation would include special- 
ists and obligate outcrossers. Therefore, we selected to study native plant species 
that span a range of pollination systems, from specialized to generalized. I will 
choose examples from this research to illustrate that "all is not lost" for some 
plant species persisting in pine rocklands fragments. 
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Figure 15.2 Flowers of pine rocklands plants: (A) flowering shoots of the pineland clustervine, lacque- 

montia curtissii; (0) a small individual of the pineland petunia, Ruellia succulenta, in full bloom; (C) the Big 
Pine partridge pea, Chamaecrista keyensis, with flowers and developing fruit; and (D) fast-moving bee 

(Centris errans) collecting oil from flowers of locustberry, Byrsonima lucida. 

Pollinator Fauna 
There are certainly differences in the pollinator fauna between pristine habitat 
and habitat fragments. For most of the plant species we have examined, pollina- 
tor species richness is greater in pristine habitat and in larger fragments than in  
medium-sized and small fragments. The composition of the fauna varies as well, 
as illustrated by the following examples. 

The pineland clustervine, Jacquemontia curtissii (Convolvulaceae), has nu- 
merous white flowers with rotate, open corollas about 2-3 cm in diameter, with 
nectar in the center of th> flower available to a wide array of visitors (fig. 15.2A); 
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flgure 15.3 More pine rocklands plants and insects: (A) crenulate leadplant, Arnorpha herhcea var. 

crenulata, plant habit; (B) inflorescence close-up of A. herbacea; (C) caterpillar of naturalized orange- 

barred sulfur (Phoebis agorithe) butterfly on native Cassia baharnensis (aka Senna mexicano var. chap 

manii); and (D) flowering stem of the butterfly pea, Centroserna virginiana. 

Concrete in the Big City 
One aspect of urbanization (that is definitely not pollinator friendly) is the use of 
asphalt (tarmac) on roads and concrete on other horizontal surfaces to thwart 
the establishment and growth of any plant life. As the population of South 
Florida has grown, roads that were formerly unpaved became paved, then 
widened from two-lane, then four-lane roads, then to multilane expressways. 
Consequently, the area covered by asphalt has steadily increased over the past 
century. As areas have been developed for human habitation and other uses, 
more and more ground has been covered by concrete. Gardens have been elimi- 
nated from many lots for various reasons (they require care, attract unwanted 
animals, they look "too wild"). As in many parts of Latin America, a sign of suc- 
cess is a tidy, barren yard consistingof concrete (frequently painted) with a mini- 
mum of plants. 

Suburban Lawns: A Golf-course Green in Every Yard? 
As inhospitable as concrete is, matrix consisting of meticulously maintained 
lawns (turf grass) may be even more detrimental to the movements of pollina- 
tors. Turf grass science leads to the development of grass strains that are tough 
and easy to maintain; the goal is to make the lawn as uniform as possible. Exten- 
sive use of chemicals (fertilizers, herbicides, and pesticides/insecticides) is 
needed to maintain the ideal lawn. Pest control operators leave signs in lawns so 
that humans can avoid these areas for at least one day, but few pollinators (or 
pets or children) are able, or take the time, to read these signs. 

Pollinator Relief in the Land of Flowers 
Fortunately, a number of features of the matrix between natural habitat frag- 
ments exist that are improvements over concrete. The penchant many residents 
of Florida (dubbed by the Spaniards "the land of flowers") have for lush land- 
scaping and beautiful flowers has led to an extensive array of cultivated orna- 
mental plants that can provide pollinators with a variety of foods and shelter. 
Most pollinator foods are provided in flowers, usually in the forms of nectar and 
pollen, but certain species also provide oils (e.g., Malpighiaceae), resins (e.g., 
Clusiaceae), and extrafloral nectar (many families; Koptur 1992). 

There are some spectacular sights involving animals and flowers to be seen on 
the streets of Miami. Brilliant yellow, black, and white spot-breasted orioles 
(Icterus pectoralis) visiting flowers of the sausage tree (Kigelia pinnata, Bignoni- 
aceae) are the facultative pollinators of these bat-adapted flowers, the fruit of 
which resembles huge, pendant sausages. High up on the bare trunks of majes- 
tic Bombacaceae, squirrels drink nectar from the flowers of Bombax malabaricus 
and Pseudobombax sp. These visits rarely lead to fruit production because con- 
specific individuals of these species are few and far between. Fortunately, in big 
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