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Boise, Idaho; and agricultural areas south of Fresno, California, 
are class 10.

The human footprint in the West is also useful; notably, investi-
gators have made their data set available for download at http://
sagemap.wr.usgs.gov. This SAGEMAP Web site is maintained by 
the U.S. Geological Survey, Forest and Rangeland Ecosystem Sci-
ence Center, Snake River Field Station, in Boise, Idaho. Moreover, 
applications of the human footprint to the National Park System 
are plentiful. Take, for example, the data set of synanthropic 
predators (species that benefi t from human activities), like cor-
vids, house cats (Felis silvestris catus), and domestic dogs (Canis 
lupus familiaris). According to Leu et al. (2003), investigators are 
modeling human activities that benefi t synanthropic predators in 
order to understand the top-down interaction between preda-
tors and prey, in particular shrubland species of concern such 
as greater sage grouse (Centrocercus urophasianus). According 
to the investigators, “power lines are used by common ravens 
(Corvus corax) and raptors for nesting and for hunting perches. 
Human impacts in rural areas, including agriculture, landfi lls, and 
recreational sites, often provide abundant and new food sources 
which potentially increase the numbers of common ravens, 
American crows (Corvus brachyrhynchos), black-billed magpies 
(Pica hudsonia), brown-headed cowbirds (Molothrus ater), and 
red foxes (Vulpes vulpes)” (Leu et al. 2003, p. 1). Furthermore, 
linear features such as railroads, primary and secondary roads, 
and irrigation canals enhance the movements of synanthropic 
predators into previously unused regions; they also facilitate the 
spread of invasive plant species. Therefore, these features are 
useful for mapping potential invasions. In addition, the human 
footprint provides a graphic representation of habitat fragmenta-
tion, on the one hand, and connectivity, on the other. These data 
would allow managers to map anthropogenic features that act as 
barriers to species movement or dispersal. Finally, using the hu-
man footprint, resource managers could investigate how species 
of concern have responded (in distribution and abundance) to 
particular features or the cumulative impact of human presence 
on the landscape.

References

Leu, M., S. E. Hanser, and S. T. Knick. 2003. The human footprint in the 
West: A large-scale analysis of anthropogenic impacts. USGS FS-127-03. 
U.S. Geological Survey, Boise, Idaho, USA. Accessed 9 February 2010 
from http://srfs.wr.usgs.gov/library/reprints.html#L.

Leu, M., S. E. Hanser, and S. T. Knick. 2008. The human footprint in the 
West: A large-scale analysis of anthropogenic impacts. Ecological 
Applications 18(5):1119–1139.

—Katie KellerLynn



The eff ects of whale watching on the 
reproductive fi tness of humpback whales

TWENTY-FIVE YEARS (1980–2005) OF OBSERVATIONS OF 
humpback whales (Megaptera novaeangliae) in the southern Gulf 
of Maine—primarily around Stellwagen Bank (east of Boston 
and north of Cape Cod) and Jeff reys Ledge (off  the coast of 
Gloucester, Massachusetts, and north to New Hampshire and 
Maine)—show no negative eff ects of whale-watching exposure 
on the long-term calving rate of female whales, the likelihood 
that a female will have a calf in a given year, or the likelihood that 
the calf will survive until at least 2 years of age (Weinrich and 
Corbelli 2009). Gulf of Maine waters serve as feeding grounds for 
humpback whales from April to December and as popular whale-
watching sites. National Park System units adjacent to the Gulf 
of Maine are  Cape Cod National Seashore (Massachusetts) and 
 Acadia National Park (Maine). Although other species of whales 
and dolphins are “watched” in New England, humpback whales 
are the primary focus of wildlife tourism in this area. Investiga-
tors wanted to determine whether whale watching, which began 
in New England in 1975, was aff ecting the health of these animals, 
and selected reproductive fi tness as an indicator of health. With a 
life expectancy of 50 years, some of these animals were alive when 
whale watching started.

Notably, this study did not cover adult males, other whale species 
or other populations of humpback whales, or behavioral indi-
cators of disturbance. Furthermore, the study focused on calf 
production and calf survival, but did not include other forms of 
reproductive activity such as communication and mating displays. 
For comparison, results published in the spring 2009 issue of 
Park Science indicate that boat noise aff ects the spatial-acoustic 
behavior of vocally active male humpback whales in Abrolhos 
Marine National Park, Brazil (Sousa-Lima and Clark 2009). These 
males produce “songs”—long, patterned sequences of sounds—
presumably as a reproductive display on breeding grounds. In the 
Brazilian study, 77.8% of “singing” male humpback whales moved 
away from the oncoming boat, with 66.7% of these initiating 
movement at 2.5 miles (4.0 km) distance; 44.5% stopped singing 
for at least 20 minutes.

In the Gulf of Maine study, observers went onboard whale-
watching vessels of two to four operators, some of which had 
multiple boats, out of Gloucester, Salem, Boston, and Province-
town, Massachusetts. Observers made “control” sightings in the 
Great South Channel, a relatively remote, off shore habitat used 
by the same population of whales but which receives little, if any, 
whale-watching traffi  c; however, the vessels from which these 
observations were made were not fundamentally diff erent from 
the whale-watching vessels. During each sighting event, observ-



PARK SCIENCE • VOLUME 27 • NUMBER 1 • SPRING 201010

ers photographed the whales’ dorsal fi ns and fl uke pigmentation 
patterns for individual identifi cation. Investigators identifi ed the 
whales using a catalog maintained by the Whale Center of New 
England in Gloucester, Massachusetts, which contains records for 
346 female humpback whales. Observers recorded females at least 
8 years old (the age of maturity) or seen with at least one calf. The 
catalog contains 283 sexually mature, female humpback whales. 
Calves born after 2003 were excluded from the survival analysis. 
Observers also recorded the total number of exposure minutes 
and the total number of interactions per sighting. One approach 
and one departure equaled one “interaction.” If more than one 
boat was “watching” at the same time, then each boat counted 
as an interaction, but the total number of exposure minutes was 
not multiplied by the total number of boats. The greatest num-
ber of sightings occurred in 1999 with 13,891 sightings during 873 
trips, covering 191 days. Mean cumulative exposure time was 
1,746.8 minutes (range 1–13,746 minutes), and the mean number 
of interactions was 89.8 (range 1–614). In reality, these numbers 
represent only a fraction of the total number of whale-watching 
exposure that each animal received. Given the high exposure level 
of the study population, the lack of deleterious eff ects from whale 
watching on the reproductive health of these animals is indeed 
notable. The authors suggest that “management eff orts may, at 
times, be best concentrated on issues in which progress may be 
more diffi  cult but ultimately may have greater conservation ben-
efi ts” (Weinrich and Corbelli 2009, p. 2938). These issues include 
not only acoustic disturbance, as documented by Sousa-Lima and 
Clark (2009), but also entanglements, collisions with commercial 
shipping traffi  c, pollution, and the loss of important habitats. 
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SUMMARIES

Polarized light pollution: Alternative hypoth-
eses and resource management concerns 

HORVÁTH ET AL. (2009) INTRODUCE THE TERM “POLARIZED 
light pollution” and suggest caution in the placement and use of 
artifi cial polarizers. Polarized light pollution refers predominantly 
to highly and horizontally polarized light refl ected from artifi cial 

surfaces, which alters the naturally occurring patterns of polar-
ized light experienced by organisms in ecosystems. Common 
artifi cial polarizers are asphalt surfaces (e.g., roads and parking 
lots), black plastic sheeting, dark-colored paint work (e.g., on 
cars), black (polished, horizontal) gravestones, and black or gray 
windows. Oil spills and open-air oil reservoirs are locally signifi -
cant artifi cial polarizers. Similar to a polarizing fi lter on a camera, 
an artifi cial polarizing surface reduces refl ection from nonmetal-
lic surfaces, increases contrast and color saturation, and darkens 
shadows. In the 1960s, research began to show that many animals 
are capable of perceiving the polarization of light and using it as a 
rich source of information (see Horváth et al. 2009, p. 317).

Generally, light pollution is a nighttime phenomenon, aff ecting 
nocturnal and crepuscular species; however, polarized light pol-
lution can occur day or night wherever both a light source and a 
polarizing surface are present. Furthermore, the magnitude and 
prevalence of polarized light pollution have greatly increased with 
human activity. Horváth et al. (2009) highlight the potential ef-
fects of polarized light pollution on habitat selection, laying eggs, 
foraging, navigation and orientation, predation, and population 
dynamics. The following examples show some of the direct and 
indirect eff ects on the behavior and fi tness of polarization-sensi-
tive animals.

Perhaps most obviously, water-seeking insects use horizontally 
polarized light to locate water bodies. Among available visual 
cues, polarization is the most reliable under variable lighting 
conditions. Yet, foraging on artifi cial polarizers (e.g., a red car 
roof) wastes time and energy for these species. Moreover, for 
some species, landing on artifi cial refl ectors can be lethal; obligate 
waterbirds (i.e., birds that require open water for survival) such as 
ruddy duck (Oxyura jamaicensis), common loon (Gavia immer), 
dovekie (Alle alle), and brown pelican (Pelecanus occidentalis) are 
occasionally found dead or injured and stranded (unable to take 
off ) in large asphalt parking lots.

Predators use polarization sensitivity (e.g., detection of prey 
via the scattering of light) to their advantage, but in underwater 
habitats, plastic garbage is a source of polarized light pollution. 
Investigators have identifi ed plastic bags as attractive to sea turtles 
because of the plastic’s transparency and similarity in shape to 
jellyfi sh; park literature at   Cape Lookout,   Canaveral, and  Padre 
Island national seashores highlights such fi ndings (see particular 
parks at http://www.nps.gov). Horváth et al. (2009) suggest that 
scattered light through plastic may prompt aquatic organisms to 
consume inappropriate and dangerous items sensed as prey.

Artifi cial surfaces that refl ect light may easily become polariza-
tion signals to which diff erent species are attracted. However, 
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