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Abstract: Concern over species declines has prompted researchers to use bistorical data as a basis for com-
parison with present-day information from the same sites to assess changes in presence/absence distribu-
tions. A review of the literature revealed that these resurveys typically lasted for 1 or 2 years, and many were
based on museum records or other data relying on known bistorical presences. Using data on nine amphib-
ian species from a set of 32 ponds at the E. S. George Reserve (ESGR) in Michigan, we evaluated the impor-
tance of the duration of a resurvey and the type of bistorical data used (information on bistorical presences
and absences vs. bistorical presences only). We compared data we collected between 1996 and 2000 with in-
Jformation from the same ponds collected between 1967 and 1974. By systematically degrading the 1996-
2000 data, we determined that a resurvey lasting 1 year would yield an estimated 45% decline in the number
of presences, whereas a resurvey lasting 2 years would yield an estimated 28% decline. In contrast, a 5-year
resurvey would yield an estimated 3% decline in the number of presences. In addition, when our historical
data were limited to known presences in the past, even a 5-year resurvey yielded an estimated 30% decline in
the number of presences. Our results suggest that estimates of decline and distributional change can be ex-
tremely sensitive to the duration of resurvey effort and the type of bistorical data used. The pattern we found
in analyses of ESGR data is echoed in published studies in which multiple-year resurveys tended to yield
smaller estimates of decline than single-year resurveys. Based on our findings, we suggest that future resur-
veys extend for long enough to estimate the value of additional data and that geographic scales of inference
be chosen based on the amount and quality of bistorical information.

Estimacion de la Declinaciéon y Cambio Distribucional de Anfibios

Resumen: La preocupacion por la declinacion de especies ha motivado a investigadores a utilizar datos
bistoricos como una base para comparar con informacion actual de los mismos sitios y evaluar ast los cam-
bios en distribuciones de presencia/ausencia. Una revision de literatura revel6é que estas re-evaluaciones tipi-
camente duran 1 o 2 aifios, y muchas se basaron en registros de museos u otros datos de presencia bistorica
conocida. Evaluamos la importancia de la duracion de una re-evaluacion y del tipo de datos bistoricos uti-
lizados (informacion de presencias y ausencias historicas comparado con presencias bistoricas solamente)
utilizando datos de nueve especies de anfibios de un conjunto de 32 charcas en la Reserva E.S. George (RESG)
en Michigan. Comparamos los datos recolectados entre 1996y 2000 con informacion de las mismas charcas
recolectada entre 1967 y 1974. Disgregando sistemdticamente los datos de 1996-2000, determinamos que
una re-evaluacion de un ario produciria una declinacion estimada del 45% en el niimero de presencias,
mientras que una re-evaluacion de dos arios produjo una declinacion estimada del 28%. En contraste, una
re-evaluacion de 5 aiios produjo una declinacion estimada del 3% en el niimero de presencias. Ademds,
cuando nuestros datos bistoricos se limitaban a presencias conocidas en el pasado, atin una re-evaluacion de
5 aiios produjo una declinacion estimada del 30% en el niimero de presencias. Nuestros resultados sugieren
que las estimaciones de declinacion y de cambios distribucionales pueden ser extremadamente sensibles a la
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duracion del esfuerzo de re-evaluacion y al tipo de datos bistoricos utilizados. El patron encontrado en el
andlisis de datos de RESG se repite en estudios publicados en los que re-evaluaciones de miultiples arios tendi-
eron a producir menores estimaciones de declinacion en comparacion con las re-evaluaciones de un solo
ario. Con base en nuestros hallazgos, sugerimos que futuras re-evaluaciones se extiendan lo suficiente para
estimar el valor de datos adicionales y que se seleccionen las escalas geogrdficas de inferencia con base en la

cantidad y calidad de informacion historica.

Introduction

Historical data are a critical resource for conservation bi-
ologists. Documentation of changes in the distribution
and abundance of species is a necessary step in under-
standing the consequences of past actions and in formu-
lating management strategies. Although long-term moni-
toring has been identified as the ideal way to collect
such information (Caughley & Gunn 1996), conserva-
tion biologists are often forced to deal with species and
systems for which long-term data do not exist. In such
cases, existing information on known historical pres-
ences gleaned from museum records or natural-history
databases can offer scientists information about the past
distribution of species (Shaffer et al. 1998; Kress et al.
2000; Sugden & Pennisi 2000; Wilson 2000). These data
are more widely available than long-term data sets and
thus are commonly used to make inferences regarding
changes in the distribution of species.

Concern over the disappearance and decline of am-
phibians has challenged biologists to estimate distribu-
tional changes for species which, in most cases, have
not been subject to long-term monitoring programs
(Blaustein et al. 1994; Alford & Richards 1999; Houlahan
et al. 2000). In the absence of extensive monitoring
data, many amphibian biologists have turned to museum
records or other sources of known historical occur-
rences of species to assess patterns of change leading to
present-day distributions (Shaffer et al. 1998). Such re-
surveys largely show that the focal species are declining
(e.g., Fellers & Drost 1993; Bradford et al. 1994; Lannoo
et al. 1994; Fisher & Shaffer 1996). That is, in compari-
son with known historical information, the current dis-
tribution of presences is reduced.

Resurveys of sites where a species has been recorded
are limited to demonstrating that a species distribution
has not changed or that the species is undergoing de-
cline (Shaffer et al. 1998; Strayer 1999; Strayer & Fetter-
man 1999). These data do not provide information on
expansion of the species distribution into new sites be-
cause estimates of sampling and collecting effort from
sites where the species was not found are typically not
available.

Further, for many taxa including amphibians, the num-
ber of years needed to adequately characterize the distri-
bution of a species is not obvious. Amphibians can be

difficult to detect and may skip breeding in a given year
as a result of climate conditions (Heyer et al. 1994). It is
not known whether, or to what extent, the use of mu-
seum records and similar types of information in combi-
nation with shorter-duration resurveys can affect esti-
mates of a decline. We reviewed studies in which
historical information was used as a basis for estimating
changes in amphibian distributions. We then used infor-
mation on the distribution of nine amphibian species at
the E. S. George Reserve (ESGR) in Michigan (U.S.A.) to
estimate the effects of resurvey duration and the type of
historical information used on estimates of distributional
change.

Methods

We reviewed the literature to determine the durations of
amphibian surveys carried out in sites with historical in-
formation on species presence or absence. The review
was restricted to studies published since 1990, the year
in which reports of global amphibian declines surfaced.
We searched for papers by conducting an electronic
search of the Web of Science (keyword search criteria:
amphib* or anura* or frog* or salamander* or caudat® or
urodel* and decline or survey or monitoring or historical).
The literature-cited sections of relevant papers uncov-
ered during the initial search were also searched for ad-
ditional references. Studies were included when authors
revisited sites for which historical information on a spe-
cies was available and for which the duration of the re-
survey was clearly described. Resurvey duration was the
number of years in which each site was visited. Where
the number of years in which sites were revisited varied,
we used the modal number. Based on this algorithm,
one study (Davidson et al. 2001) was assigned O-years re-
survey duration because the current presence/absence
status for more than half of all sites was assigned based
on expert opinion rather than field sampling. Studies
were also categorized by the type of historical data used:
information on presences and absences or presences
only.

‘We analyzed data from published studies uncovered
during the literature review by calculating percent de-
cline estimates from resurveys lasting no more than 1
year versus those lasting multiple years. Published stud-
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ies were excluded if they covered only a single site (2
cases) or if it was impossible to calculate percent de-
cline values from information presented in the papers (4
cases). Using a f test, we compared angular, transformed
decline values from the 14 remaining single and multi-
year studies.

To estimate the effects of resurvey duration and the
type of resurvey data used on estimates of distributional
change, we used data on amphibian presence and ab-
sence collected from the 540-ha ESGR in Livingston
County, Michigan. Between 1967 and 1974, Collins and
Wilbur (1979) visited a set of 32 ponds at the ESGR and
noted the presence and absence of amphibian species.
Because Collins and Wilbur (1979) did not assay all
ponds for salamanders, we restricted our study to the
consideration of the nine anuran species reported from
the ESGR. Collins and Wilbur (1979) recorded the pres-
ence of an anuran species if, during at least 1 year, they
found at least one of the following within a pond: sus-
tained chorusing, eggs, larvae, or metamorphs. Data
were available only for the entire 1967-1974 block of
time; no information on species distribution within indi-
vidual years survives. Likewise, data on sampling effort
expended during the first survey were not available;
however, when queried, the authors report they visited
most ponds during each of the 8 years of the survey, and
in most ponds they made multiple visits each year (J. P.
Collins and H. M. Wilbur, personal communication).

We compared species distributional data from this
1967-1974 dataset with information we collected more
recently (between 1996 and 2000). During each of
these 5 years we sampled the 32 ponds once during May
and once during July. These visits were timed to coin-
cide with the larval development periods of spring and
summer breeders, respectively. A sampling visit con-
sisted of both pipe and dipnet sampling. Pipe sampling
consisted of dropping a 30-cm-diameter metal pipe
through the water column to seal it against the pond
bottom. A dipnet was then used to repeatedly sweep the
captured volume of water and collect all amphibians
(Skelly 1996). The number of pipe samples taken at
each sampling visit ranged from 5 to 40 and was corre-
lated with the surface area of the pond. Dipnet sampling
was conducted by sweeping a net through representa-
tive areas throughout the pond basin to collect amphibi-
ans. The total person-minutes of dipnet sampling during
a visit to a pond was set equal to the number of pipe
samples collected. In addition, in larger ponds with
deeper areas, we took two seine hauls with a 7.5-m
seine (6-mm mesh).

To estimate the effect of resurvey duration on esti-
mates of distributional change from the 1967-1974 sur-
vey, we used subsets of our 1996-2000 data. The pres-
ence of an amphibian species in a pond was confirmed
by the presence of at least one of the following during
the interval of interest: eggs, larvae, or metamorphs. To
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estimate net change in the distribution of anuran species
between the two surveys based on a 5-year resurvey, we
used our entire dataset (1996-2000) and tallied the
number of ponds in which a formerly absent species
was present (denoted as an invasion) and the number of
ponds in which a formerly present species was absent
between 1996 and 2000 (denoted as an extinction). The
change in species distributions was measured as the net
change in total number of presences across all nine anu-
ran species. To simulate shorter resurvey durations, we
used all possible survey intervals of a given length of
time. For example, the results for a 3-year resurvey were
found by averaging the net changes based on distribu-
tions during 1996-1998, 1997-1999, and 1998-2000.
Thus, there were five possible 1-year resurveys, four
possible 2-year resurveys, three possible 3-year resur-
veys, two possible 4-year resurveys, and one 5-year re-
survey.

We conducted a second analysis of the ESGR data in
which we modified our historical data by restricting it to
the record of species presences. This change allowed us
to simulate the use of museum records. In this form, for
each time interval of interest, we considered only histor-
ical presences and calculated the fraction of those ponds
for which the species was also present during a desig-
nated resurvey period. Thus, if a species was present in
each of the locations where it was found historically, its
distribution would be recorded as unchanged. Other-
wise it would be recorded as declining. Because data in
this form include no information about species ab-
sences, it is not possible to estimate invasions from
them.

Results

Most commonly, amphibian biologists have resurveyed
historical sites during a single year (Fig. 1). Studies last-
ing more than 2 years are uncommon. In addition, most
studies (16 of 20) have been based on historical data
which were, or were comparable to, museum-locality
data. That is, the historical data included only known
historical presences and no information about historical
species absences.

Across the 14 studies providing quantitative estimates
of distributional change, most reported declines (the
number of presences declined 43% between surveys on
average). When published studies were divided into sin-
gle- and multiple-year resurveys, single-year resurveys
yielded estimated rates of decline more than twice as
large as those resurveys lasting multiple years (Fig. 2;
ttest: df = 8, t = 2.39, p < 0.05).

We used our full data set from the ESGR, including es-
timates of both extinction and invasion, to estimate the
effect of resurvey duration (Fig. 3, presence and
absence). For all durations, resurveys indicated a decline
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Figure 1. Duration of publisbed resurvey efforts esti-
mating changes in the distribution of amphbibians
among sites. Each study employed bistorical data as
the basis for revisiting sites. Duration is the modal
number of years that each site was resurveyed. Twenty
studies are included: Fellers & Drost (1993), Jung
(1993), Bradford et al. (1994), Lannoo et al. (1994),
Sjogren Gulve (1994), Busby & Parmelee (1996), De-
lis et al. (1996), Fisher & Shaffer (1996), Gamradt &
Kats (1996), Gillespie & Hollis (1996), Sullivan et al.
(1996), Brandon & Ballard (1998), Farrar & Hey
(1998), Hay (1998), Tucker (1998), Skelly et al.
(1999), Bosch et al. (2001 ), Corser (2001), and
Davidson et al. (2001).

in the number of presences. The estimated size of the
decline was strongly affected by the duration of the re-
survey, however, which ranged from 45% of sites lost
for a 1-year resurvey, 28% for a 2-year resurvey, 16% for a
3-year resurvey, 10% for a 4-year resurvey, and only 3%
for a 5-year resurvey.

Resurvey length was important because species often
were not present during each year. The probability that
a species would be present during a given year (in
ponds where it was found at least once between 1996
and 2000) was typically far below 1 (Fig. 4). Pickerel
frogs (Rana palustris) had the lowest probability of
presence (0.20), and spring peepers (Pseudacris
crucifer) had the highest probability of presence (0.79).
As a consequence of these probabilities, our accumula-
tion of presence records continued to rise even between
the fourth and fifth years of our resurvey (Fig. 5).

By considering only presences from the 1967-1974
survey, we were able to simulate a change in the type of
historical data we used (Fig. 3, presence only). In gen-
eral, restricting our analysis to estimating loss of pres-
ences tended to increase estimates of decline relative to
a standard based on a net change in the number of pres-
ences. The effect of accounting for invasions and extinc-
tions was relatively small, however, when only 1- or
2-year resurveys were considered. Regardless of the type
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Figure 2. Estimates of percent decline in the number of
presences from published resurveys lasting no more
than 1 year and those lasting >1 year. Eight single-
year studies are included: Fellers & Drost (1993), Jung
(1993), Drost & Fellers (1996), Fisher & Shaffer
(1996), Gillespie & Hollis (1996), Hay (1998), Bosch
et al. (2001), and Davidson et al. (2001). Six multi-
Dple-year studies are included: Bradford et al. (1994),
Lannoo et al. (1994), Sjogren-Gulve (1994), Gamradt
& Kats (1996), Skelly et al. (1999), and Corser (2001).

of historical data used, we estimated that the distribu-
tion of anuran species had undergone a sizable decline
since the first survey period. When longer resurvey peri-
ods were considered, however, estimates of decline di-
verged. When 5 years of resurvey data were considered,
historical data considering only presences yielded an
estimated 30% decline in the number of presences,
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Figure 3. Estimated percent decline in the number of
anuran presences during resurveys ranging from 1 to
5 years in duration. Estimates based on bistorical
records (1967-1974) of both presence and absence
and on bistorical records (1967-1974) of presence
only. Bars indicate mean + 1 SE.
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Figure 4. Probability of ampbibian species presence
within a pond in a single year during our 1996-2000
E. S. George Reserve survey. The probability of pres-
ence was calculated for cases in which a species was
Sfound in a pond during at least 1 year. This measure
ranges from 0.2 if a species was never found in any
pond during more than 1 year out of the 5 years sam-
Dpled to 1.0 if a species was present during each of 5
years in any pond where it was ever found.

whereas estimates based on historical presence and ab-
sence information yielded an estimated 3% decline in
the number of presences.

Discussion

Researchers estimating distributional changes of am-
phibians have concluded that species are declining (e.g.,
Hay 1998; Bosch et al. 2001). In general, resurveys have
been based on historical records of past presences and
have lasted for short periods (1-2 years). Our analyses
of data collected from the ESGR showed that both resur-
vey duration and the type of historical information used
can greatly influence estimates of distributional change
and decline. If we had ceased our resurvey after 1 or 2
years, or if we had not had information on historical ab-
sences, we might have concluded that amphibian popu-
lations are undergoing steep decline. In fact, we have
shown that the amphibians at the ESGR have been un-
dergoing substantial changes in their distributions, but
there is little indication that species are declining (Skelly
et al. 1999; E.E-W. et al., unpublished data). Our results
suggest that estimates from previous studies may have
been affected by the duration of resurvey or by the type
of historical data used. If true, understanding the influ-
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Figure 5. Number of presence records detected during

surveys of 32 ponds at the E. S. George Reserve, 1996-

2000. Each bar represents the average number of pres-
ences detected during all possible combinations of 1, 2,

3, 4, or 5 years of sampling between 1996 and 2000.

ence of these factors will be critical to interpretation of
past and future resurvey findings.

Why does resurvey duration have such a large impact?
Our study and others (Hecnar & M’Closkey 1996; Carl-
son & Edenhamn 2000; Corser 2001) indicate that am-
phibian presence/absence distributions change from
year to year. There are two types of explanations for this
pattern. Year-to-year changes in distribution could result
from inadequate sampling effort. Perhaps a species is
present each year but is detected only sporadically. We
believe that this explanation is not a major factor in our
findings. Our sampling was intensive; each pond was
visited twice each year, and each visit lasted up to 9 per-
son-hours of sampling effort. Our sampling protocol in-
volved up to three different collection methods and is
able to detect species even at extremely low densities
(E.E.W. et al., unpublished data). In addition, presence
records during our resurvey typically resulted from mul-
tiple captures of a species within a given pond; pres-
ences resulting from captures of a single individual can
indicate low power of detection (Strayer 1999). Finally,
we collected frog-chorusing information from many of
the survey ponds over the same time period (E.E.W. et
al., unpublished data). These records showed strong
correspondence between calling activity and species
during larval sampling.

Instead of inadequate sampling effort, we believe that
changes in distribution between years reflect amphibian
behavior. Amphibians are known to forego breeding
during years in which the climate is unfavorable (Pech-
mann et al. 1991). We noted sharp drops in the number
of presences during 1999 and 2000, when southeastern
Michigan was undergoing a severe drought (Southeast-
ern Michigan Council of Governments, available from
http://climate.geo.msu.edu/semcog/sem/mainsem.html),
but witnessed quick rebounds during 2001 after ponds
refilled (E.E.-W. et al., unpublished data). Consequently,
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a 1- or 2-year resurvey during the 1999-2000 interval
would have indicated much larger declines than resur-
veys of equal length from the remainder of the 1996-
2000 period.

Some amphibian species are known to have breeding
congregations that move from year to year (Marsh et al.
1999). This phenomenon was noted by Collins (1975)
in a mark-and-recapture study of the American toad
(Bufo americanus) at the ESGR. In our study, B. ameri-
canus had one of the lowest probabilities of presence of
any of our study species (Fig. 4). Although we used
ponds as sampling sites (following the protocol of the
1967-1974 survey), it may be that populations of B. amer-
icanus and other species use more than one breeding
pond. Such movements could increase pond-based esti-
mates of invasion and extinction. For biological as well
as statistical reasons, distributions of such species may
be more reliably analyzed at coarser spatial scales (e.g.,
Fisher & Shaffer 1996).

Museum records and natural-history databases often
hold the only historical information for the distribution
of a species. When used as the basis for a resurvey, how-
ever, museum records can lead to much larger estimates
of decline than surveys based on both presence and ab-
sence information (Strayer & Fetterman 1999; this study).
By converting historical records at the ESGR to presence
information only, we estimated declines of up to 50%.
Even when our resurvey lasted 5 years, we still would
have estimated that a large fraction (approximately one-
third) of species with historical presences had gone ex-
tinct. Estimates of distributional change based on mu-
seum records can remain high even in the face of sub-
stantially increased resurvey duration. For our data, this
pattern stemmed from persistent absences from histori-
cal locations for several species. It appears that many of
these persistent absences are linked to land-cover
changes. As the ESGR undergoes forest succession,
many species have disappeared from pond basins that
have been enveloped by tree canopies (Skelly et al.
1999; Werner & Glennemeier 1999; Skelly et al. 2002).
A resurvey based on historic presences accurately re-
flects these losses but is incapable of accounting for the
numerous invasions that have occurred during the same
period. For species living in changing landscapes, such
dynamics may be common (Sjogren-Gulve 1994; Skelly
et al. 1999; Skelly 2001). Where shifting landscape mo-
saics exist, resurveys based on museum records may be
particularly vulnerable to misinterpretation.

Given the limitations of much of our historical data
and the important purposes to which they are applied,
what is the relevance of our results for future resurveys?
Those planning a resurvey are confronted with an array
of issues over which they have little control (e.g., the
form of existing historical data, whether information on
past sampling effort is available), but researchers can of-
ten determine the duration of a resurvey. Our results
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suggest that increases above 1 or 2 years may yield im-
proved estimates of distributional change (Fig. 3). De-
termination of the adequate duration of a resurvey de-
pends on the biology of the species being surveyed and
the amount of effort that can be expended at each site.
All surveys that extend for multiple years, however, will
produce information on the regularity of presence de-
tection for each species being studied (Fig. 4). The re-
sulting rate at which new presences are accumulated in
succeeding years (Fig. 5) can provide information on
the degree to which additional sampling effort would al-
ter estimates of distributional change (Gotelli & Colwell
2001).

In addition, resurveyors can also control their geo-
graphic unit of inference (Shaffer et al. 1998). Some
problems of interpretation we uncovered can be allevi-
ated by considering whether the quality of historical
data justifies attempts to determine the status of historic
and current species in specific locations. Particularly
when resurveys are based on limited past information,
researchers can trade off the level of detail of their analy-
sis for the robustness of their conclusions by focusing
on coarser levels of distribution within entire counties,
national parks, or other geographic units for which a
number of historical records are known (e.g., Fisher &
Shaffer 1996). In our study, the number of species re-
corded across the ESGR was constant between 1996 and
2000 in spite of large fluctuations in the number of pres-
ences recorded from year to year (CV = 21%). At this
level of inference, conclusions were independent of re-
survey duration and the type of historical data used.

There is abundant evidence that a number of amphib-
ian species and other taxa are no longer present within
large parts of their historic ranges or have disappeared
entirely (Sauer et al. 1996; Allen-Wardell et al. 1998; Al-
ford & Richards 1999). As the issue of whether declines
have occurred has receded, a premium has begun to be
placed on information related to the prevalence, degree,
and causes of distributional changes (Pounds et al. 1997,
Skelly & Meir 1997; Semlitsch 2000; Davidson et al.
2001; Marsh & Trenham 2001; Young et al. 2001). Re-
surveys will be critical to our efforts to understand
where and why distributions change and species de-
cline. Our findings strongly imply that both the pattern
and degree of previously published estimates of decline
may have been influenced by the duration of resurvey
efforts and the type of historical data used. To increase
their utility, future resurvey studies would benefit from
efforts to gauge the sensitivity of estimates of decline
and distributional change.

The utility to conservation biologists of historical data,
and of museum records in particular, has been widely
declared (e.g., Kress et al. 2000; Sugden & Pennisi 2000;
Wilson 2000). These data are undoubtedly of critical
value and often represent the only historical ecological
information on a species. Less attention has been paid,
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however, to the strategies required to apply such infor-
mation to species conservation (for an exception, see
Strayer 1999). To meet the diverse challenges they face,
conservation biologists need to use historical informa-
tion from all available sources with the greatest possible
efficiency and effectiveness. Toward this end, future re-
surveys will benefit from a strategic perspective that be-
gins with a consideration of the historical data. Most re-
surveyors will not have access to information on
historical absences. Although the structure of any resur-
vey will be guided by the goals of the project that
spawned it, the effect of relying solely on presence in-
formation should not be ignored. In many cases it may
be necessary to adjust expectations about what resur-
veys are capable of telling us. The best resurveys will
provide information on the degree to which conclusions
would be altered by increasing the duration of the resur-
vey or by changing the scale of the geographic unit un-
der consideration.
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