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2000–2002 (see graph). A much higher proportion of
nests also successfully hatched in 2003–2005 (82%) com-
pared to less than half (42%) from 2000–2002.

Most notably, no murrelet nests have been destroyed
by rats since 2002, while nearly half (42%) of all nests
found in 2000–2002 were taken by rats. Extensive nest
searches have also revealed that the murrelet colony is
slowly expanding into areas on Anacapa Island previous-
ly occupied by rats. Five nests were observed on the cliffs
in Landing Cove in 2005, where none were known prior
to 2003.

In 2004 nesting effort was relatively low due to factors
unrelated to rat predation. Certainly, both natural factors
(e.g,, reduced prey availability) and human-related factors
(e.g., oil spills) will continue to affect the rate of murrelet
population recovery. However, rats were likely the pri-
mary factor that had led to low colony size and poor
reproductive success at Anacapa over the last century;
their eradication has greatly improved the survival
prospects for this important seabird colony. Ongoing
monitoring is needed to document continued recovery of
Xantus’s Murrelet on Anacapa Island, and funds for this
activity will be available through at least 2006.

—Darrell L. Whitworth, Harry R. Carter, and Josh Koepke. Whitworth and
Koepke are wildlife biologists with the California Institute of Environmental
Studies, 3408 Whaler Avenue, Davis, CA 95616 USA. Carter is a wildlife
biologist with Carter Biological Consulting, 1015 Hampshire Road, Victoria,
BC V8S 4S8 Canada.

Monitoring enhances protection 
of eastern spadefoot toad 

at Cape Cod

The eastern spadefoot
toad (Scaphiopus h. hol-
brooki, photo), one of 12
species of amphibians
found at Cape Cod
National Seashore,
Massachusetts, is one of
the rarest and least
observed amphibians in
the Northeast. Derived
from desert ancestors,

spadefoots are “explosive” breeders. Taking advantage of
infrequent windows of opportunity, they emerge at night
from underground burrows to breed after very heavy
rains in spring and summer, moving en masse to tempo-
rary pools. Eggs hatch within one week and, providing
the pool does not dry out, larvae metamorphose in as lit-
tle as two weeks. Limited by their burrowing habits to
sandy and loamy regions, spadefoots occur in the North-
east along the coastal plain and river valleys. Though
patchily distributed, historically they were generally
abundant where present. In the last century spadefoots
declined regionally because of habitat loss. They are now
listed as a protected species by most northeastern states,
including Massachusetts where they are “threatened.”
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As recently as the year 2000, little was known about the
eastern spadefoot toad at Cape Cod National Seashore
except for its occurrence and distribution. Incidental
observations suggested that the Province Lands, a land-
scape of vast sand dunes and numerous shallow ponds
(ideal for spadefoots), might support significant numbers;
however, a clearer picture of the toad’s status only began
to emerge after the establishment of the park’s Inventory
and Monitoring Program in 1996. Data collected in 2001
during field testing of amphibian monitoring protocols by
a University of Rhode Island field crew indicated
that the Province Lands area supports perhaps
the largest concentration of eastern spadefoot
toads in the Northeast. Unfortunately, much of
this data involved animals killed on park roads
on rainy nights.

Recognizing that the park supported a region-
ally significant population of the species, and that
mortality on park roads was a potentially signifi-
cant threat, park staff set out to develop a plan
for temporary road closures in the Province
Lands. However, one key question needed to be
answered. The Province Lands encompass the
Provincetown Airport and Race Point, the beach access for
off-road vehicles (ORV). Both areas require access at all
times. Of the two roads serving these locations, which—
when closed—would prevent the greatest toad mortality?

Follow-up monitoring in 2003 found the vast majority
of spadefoots on Province Lands Road, which bisects a
temporary wetland they prefer. The additional study also
supplied better data on the weather conditions associated
with their movements. Armed with a better ecological
understanding of local spadefoot life history, the park
could proceed to develop an effective plan for reducing
road mortalities and maintaining essential access to the
airport and ORV area. Monitoring data were also com-
bined with other information about spadefoot ecology to
develop interpretive materials and a community commu-
nication strategy as part of the closure plan. Some of this
interpretive material has been used by the local media
and incorporated into a trolley company’s tour narrative
of Provincetown.

Since the park enacted the plan in 2004, overnight road
closures have been implemented two to three times per
year. Public reaction has been mostly positive, with few
complaints. Though road kill of wildlife remains a general
concern in the park, information generated by the moni-
toring program has enabled park staff to recognize the
spadefoot problem, develop a targeted and effective
response, and capitalize on an opportunity for public
education at the same time.

—Robert Cook, wildlife ecologist, Cape Cod National Seashore;
robert_cook@nps.gov.

Mysterious heath balds investigated at 
Great Smoky Mountains National Park

Researchers are delving into the mysteries of the puz-
zling heath balds that mark the slopes of Great Smoky
Mountains National Park, Tennessee and North Carolina
(photo). These are treeless shrublands that occur at mid-
dle to high elevations in the park, usually on extremely
steep, rocky ridges. Estimates vary, but at least several hun-

dred of them occur in the park. Scientists
have speculated for years about what created
them, how old they are, and what maintains
them in the face of otherwise rapid forest suc-
cession in the rest of the park.

Investigation of the heath balds was part of
a larger soils mapping project funded
through the Soil Resources Inventory of the
Inventory and Monitoring Program. Dr. Rob
Young, of the Department of Geosciences
and Natural Resource Management at
Western Carolina University, and his crew
excavated two pits in each of 12 balds and
found them to be essentially dried peat, with

depths of organic layers to 39 inches (1 meter). This find-
ing in itself is very unusual since peat lands are usually
located in low, wet depressions. Wetlands in the Smokies
do not seem to accumulate organic layers of peat as in the
northern United States, and the balds occupy steep, rocky
slopes rather than depressions.

Radiocarbon dating showed the oldest heath balds to
be nearly 3,000 years old, although others appear to be
much younger. The lowest layers in soil profiles of most
balds are charcoal, suggesting that they developed after a
fire. In at least one instance, a layer of charcoal was found
part of the way down the profile, indicating that the bald
existed for a long time, then burned completely, but
returned as a heath bald, perhaps short-circuiting the
normal succession process.

From a profile of the rich organic layers down to
bedrock, researchers extracted pollen to be analyzed at
the University of Tennessee, Department of Geography.
The pollen may hold tantalizing information aside from
answering questions about the balds, that is, if the pollen
has been stratified in chronological order. Many species
of plants have wind-blown pollen, so this profile could
allow for a characterization of the Smokies forest vegeta-
tion through time, from the present to as far back as a few
thousand years ago. This insight into the paleo-environ-
ment would be a significant step in understanding the
natural history of the Great Smoky Mountains.

—Keith Langdon, inventory and monitoring coordinator, Great Smoky
Mountains National Park, Tennessee and North Carolina;
keith_langdon@nps.gov.
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