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Abstract:

From 2003 through 2006 we conducted a resurvey of the terrestrial vertebrate
fauna (mammals, birds, reptiles, and amphibians) at 21 sites within Yosemite National
Park (YNP) that were originally studied between 1911-1920 by Joseph Grinnell and other
staff of the Museum of Vertebrate Zoology, University of California at Berkeley. The
early survey provides the vast majority of available knowledge of the vertebrate fauna of
the Park, yet that information is now nearly a century out of date. Our resurveys provide
updated information on habitat and community changes at each site over the past century
while documenting the presence as well as ranges (geographic and habitat) of species of
special concern to the Park and to both the lay and scientific community. Substantial
changes in the presence and elevational distribution of species have been noted.

Introduction:

Between 1911 and 1920, Joseph Grinnell and his students (primarily Tracey
Storer, Joseph Dixon, Walter Taylor, and Charles Camp) from the University of
California at Berkeley’s Museum of Vertebrate Zoology (MVZ) surveyed the terrestrial
vertebrates at 41 general sites along a transect that stretched from the western foothills of
the Sierra Nevada, through Yosemite National Park (YNP), to the area around Mono
Lake (Fig. 1). These surveys were part of a larger study of the fauna of California that
Grinnell and his colleagues conducted for much of the first half of the twentieth century.
The main emphasis of these studies was to characterize the fauna of California, as it
existed at that time. But Grinnell also had the foresight to realize that these studies could
serve as important baselines against which future studies could be compared in order to
measure faunal change over time, and he encouraged future scientists to make these
comparisons. To that end, he and his colleagues quantified their observations, and left a
record that is rare or absent among the works of their contemporaries. Their compiled
observations of the Yosemite area were published in 1924 as Animal Life In The Yosemite
(University of California Press, authored by Grinnell and Storer; now available on-line
through the NPS website, http://www.cr.nps.gov/history/online_books/grinnell/). The
original records of their observations are in the form of preserved specimens, volumes of
field notes, and photographic images archived in the MVZ.

Grinnell and his colleagues transected the central Sierra Nevada, surveying along
a “...narrow rectangular area, 89 1/4 miles in length by 17 1/3 miles in width...” (Grinnell
and Storer 1924:1), a band that began on the eastern edge of the San Joaquin Valley at
250 feet elevation and proceeded across the high Sierra to the Great Basin near Mono
Lake (Fig. 1). The survey area encompassed some 1547 square miles and involved 957
person-days of fieldwork. Within Yosemite National Park, the transect included the
entire Yosemite Valley and most of the area along Tioga Road to Tioga Pass, with high
elevation sites both north and south of the road. They established base camps in
Yosemite Valley, Porcupine Flat, and Tuolumne Meadows within the Park, from which
trips of 1-2 weeks to adjacent areas and habitats were made. Data archived by the MVZ
and pertaining to these surveys within the Park include some 2000 pages of field notes,
817 photographs, and 2795 specimens. Collections within the Park were most extensive
for mammals (N = 1572), followed by birds (722) and herpetofauna (501). Allowing for
the extensive additional information captured in field notes, the original data are quite
comprehensive for small mammals, birds, and frogs, but less so for less obvious reptiles



(e.g., snakes) and non-aquatic amphibians (especially salamanders). General areas
surveyed by the Grinnell team that are represented by the largest collections and highest
known diversities of taxa are listed in Table 1.

Figure 1. The Grinnell Yosemite Transect (red rectangle) across the central Sierra Nevada; white
circles with black centers indicate each of the 41 original sites surveyed. 21 of these sites are
within the boundary of Yosemite National Park.



Table 1. General localities sampled by teams from the Museum of Vertebrate Zoology headed by

Joseph Grinnell and Tracy Storer, 1911-1920.

The number of non-volant, small mammal

(insectivores, rodents, and lagomorphs) species recorded at each locality is provided as an index

of the overall species richness across these sites.

NPS Priority Species, as well as those of

interest to staff of the MVZ, known from each general locality are listed (for mammals, the
number of preserved specimens in the MVZ collections is indicated). Habitats are from Grinnell
and Storer (1924: 26-35).

General Elevation Habitat Number of NPS Priority Species
locality (range) known non-
volant
mammal
species
Yosemite Valley 4000 ft Transition Zone: 13 Hydromantes platycephalus
chaparral, meadow, Ensatina eschscholtzii
oak woodland,
conifer forest, Carina bottae
riparian Thamnophis couchii
Thamnophis sirtalis
Eumeces gilberti
Sorex trowbridgii
Tamias merriami
Peromyscus boylii
Microtus longicaudus)
Microtus montanus
Zapus princeps
Merced Big 5400-6300 ft Transition to 11 Ensatina eschscholtzii
Trees to Crane Canadian Zone:
Flat oak woodland, Sceloporus graciosus
conifer forest,
meadow, riparian, Sorex trowbridgii)
talus Sorex vagrans)
Tamias quadrimaculatus
Tamias senex)
Tamias speciosus
Zapus princeps)
Big Oak 5800-6300 ft Transition Zone: 8 Sorex trowbridgii
Flat/Gentry’s chaparral, yellow- Tamias quadrimaculatus
pine, oak, talus Tamias speciosus)
Chinquapin 6200-6300 ft Canadian Zone: 13 Sorex trowbridgii
chaparral, Tamias quadrimaculatus
conifer forest, Tamias senex
riparian Tamias speciosus
Zapus princeps (12)
Aspen Valley 6400 ft 11 Tamias quadrimaculatus
Tamias speciosus
E Fork Indian 7200-7300 ft 13 Sorex monticolus
Canyon Sorex trowbridgii

Tamias quadrimaculatus
Tamias senex

Tamias speciosus
Peromyscus boylii
Zapus princeps



Mono Meadow

Merced Lake

Glen Aulin,
Tuolumne River

Porcupine Flat

Tuolumne
Meadows

Ten Lakes

head Lyell
Canyon

Vogelsang Lake

7300-7400 ft

7500 ft

7700 ft

8100 ft

8600-9500 ft

9500 ft

9700-11000
ft

10350 ft

Canadian Zone:
conifer forest,
meadow

Canadian-
Hudsonian Zone
boundary:
conifer forest,
meadow

Canadian Zone:
conifer forest,
meadow, riparian

Hudsonian-Arctic
Alpine Zone:

Hudsonian-Arctic
Alpine Zone

13

13

12

22

16

10

16

15

Sceloporus graciosus

Sorex monticolus
Tamias senex

Tamias speciosus
Zapus princeps
Charina bottae
Sceloporus graciosus
Sceloporus occidentalis

Sorex monticolus

Sorex trowbridgii
Tamias senex

Tamias speciosus
Zapus princeps
Sceloporus occidentalis

Sorex monticolus
Tamias alpinus

Tamias senex

Tamias speciosus
Peromyscus boylii
Phenacomys intermedius
Ochotona princeps
Thamnophis elegans
Sceloporus graciosus

Sorex monticolus
Tamias senex
Tamias speciosus
Peromyscus boylii
Zapus princeps
Thamnophis elegans

Sorex monticolus

Tamias alpinus

Tamias speciosus

Zapus princeps

Tamias alpinus

Tamias speciosus
Phenacomys intermedius
Hydromantes platycephalus

Sorex lyelli

Sorex monticolus
Tamias alpinus

Tamias speciosus
Phenacomys intermedius
Zapus princeps

Sorex lyelli

Sorex monticolus
Tamias alpinus

Tamias speciosus
Phenacomys intermedius




With initial funding from the Inventory and Monitoring Program of the National
Park Service and Museum of Vertebrate Zoology, supplemented in subsequent years by
funding from the Yosemite Fund, field biologists of the Museum completed resurveys of
the terrestrial vertebrate fauna at most of the original “Grinnell sites” in the Park in 2003
through 2006. This report represents a synopsis of the findings of these resurveys across
the entire original transect, both within and to the east and west of Yosemite National
Park.

General Methods:

We identified the original field sites visited by the 1911-1920 Grinnell Survey
from a combination of their original fieldnotes and maps that are archived at MVZ.
Written descriptions enabled us to precisely relocate and resample many of the same
sites. Field teams spent a minimum of 10 days at each site, and sampled each of the
major habitats within a radius of approximately 1 kilometer (chaparral, woodland, forest,
meadow, riparian, talus, etc.). Most sites were surveyed one time during the 3-year
period, but several were revisited two or more times. Descriptions of habitats were made
consistent with the level of detail in the field notes from the original surveys,
supplemented by photographs taken at the same locations and under the same light
conditions as previously. A standard vegetation profile form was used to characterize
habitat surrounding many specific trap-lines, with digital photos taken in each cardinal
direction from the GPS point along that line (Fig. 2). All fieldnotes, photographs,
datasheets, and maps are archived in the Museum of Vertebrate Zoology.

Methods for avian surveys are detailed in that section below. For mammals,
given the diversity of habitats at each site, the differences in major habitats across the
elevational transect, and the range in food habits of focal taxa, it was not feasible to
establish a standardized trapping design for small mammals (e.g., grid or parallel lines of
traps set at uniform distance intervals with a common bait). Any such spatially explicit
effort will fail to encompass all habitats with respect to the numbers of traps per habitat.
Rather, we standardized our program not by a spatial trap design but by using a standard
trap effort (number of traps) for each habitat. Each mammal live trap and pitfall trap line
at each site was “run” for a minimum of 4 consecutive days/nights. We used primarily
Sherman live traps, supplemented with Tomahawk live traps, with a minimum of 40 traps
(40 Sherman live traps, sometimes supplemented with 10 Tomahawk live traps) per
habitat per night for the four consecutive nights. Traps were placed in “likely” spots
within each habitat (i.e., grass tunnels of Microtus). Trap “lines” were moved to different
microsites within each dominant habitat during the total sampling period of a given site,
depending upon success rate, to maximize assessment of species diversity. Pocket
gophers were trapped using commercial Macabee™ gopher traps.



north east

south west

Figure 2. Left: generalized vegetation survey form (front page only), adopted from the NPS vegetation-mapping program, used to characterize
vegetation at mammal trap lines. Right: digital images of habitat taken in each cardinal direction from GPS center of mammal trap line at Mono
Meadow trailhead.



We used pitfall traps for non-aquatic amphibians, reptiles, and small mammals
such as shrews. Two meandering lines, each comprising 25 32 oz. plastic cups were
placed in the ground at approximately 10 m intervals using a 4” soil auger. These were
run during the same interval as trapping, and retrieved as the survey at a given locality
terminated with the hole refilled with dirt. The diversity of traps and methods employed
ensured that the full range of target taxa was sampled. These systematic methods were
supplemented with targeted searches of microhabitat suitable for priority reptiles and
amphibians. Animals caught were identified, sexed, and weighed, with reproductive data
(e.g., for mammals, testis condition for males, vaginal, pelvic, and nipple condition for
females) noted for all individuals released. All trap lines or stations were georeferenced
by hand-held GPS units, using the WGS-84 datum; those data are archived in fieldnotes
for all individuals encountered, including those released as well as preserved.

Amphibian and reptiles surveys were conducted mostly targeted searches in likely
habitat (under downed logs or granite exfoliations for salamanders, stream sides for frogs
and tadpoles) or by night driving along paved roads (especially for nocturnal snakes).
Timed surveys at given sites were used to determine relative abundances of some taxa,
such as fence lizards. Most amphibian and many reptile species were collected by hand,
although fence lizards were routinely obtained by a noose tied to a fishing pole.

Voucher specimens of selected small mammals (rodents and shrews), amphibians,
and reptiles were taken at each general site, in accordance with permission granted by the
National Park Service and Yosemite National Park specifically. For herptiles, all
specimens were preserved in formalin and are stored in 70% ethyl alcohol; for mammals,
specimens were preserved as standard skin + skull museum specimens, as complete
skeletons, or as whole bodies fixed initially in formalin and maintained in 70% ethanol.
All specimens are accompanied by precise GPS Georeferenced locality and date
information, with standard body measurements (total length, tail length, hind foot length,
and ear length plus body mass) recorded for all mammals. Tissue samples (liver or
another organ or muscle biopsy) were also taken form each specimen preserved for
eventual molecular genetic analysis; these are all stored either at ultra-cold temperatures
(-80° C) or in 95% ethanol. All specimens are archived in the collections of the Museum
of Vertebrate Zoology, as are those specimens collected during the original Grinnell-era
surveys. Complete data (taxon identification, locality, sex, reproductive condition,
measurements, date of collection, collector, field and museum catalog numbers, etc.) for
all specimens are available via the Museum’s website (http://mvz.berkeley.edu), under
accession numbers 13817 (2003), 13948 (2004), 14091 (2005), and 14191 (2006).

Methodological caveats: There are at least three caveats that underlie our ability
to conduct accurate resurveys of the original Grinnell sample effort along the Yosemite
Transect. First, survey methodologies, especially for both birds and mammals, differed
substantially between the two survey periods. For example, the Grinnell-era team used
shotguns and snap-traps for all mammal surveys while the 2003-2006 survey team used
live traps. Since these two sets of methods may result in biases in trapability, we used
statistical methods to assess the comparability of survey success for each species across
the two time periods. Detectability probabilities (MacKenzie et al., 2002, 2004; Royle et
al., 2005) were similar for key species of small mammals, suggesting that the data
obtained on species presence at any given site are comparable between the two survey




periods (see section on “Analysis of Elevation Changes). Our analyses of changes in
elevational range of mammal species incorporate differences in detectability between
eras. Details of avian survey methods, and the significance of differences of methods
employed during the Grinnell era and by us, are given below.

A second caveat involves our ability to relocate as specifically as possible the
actual sites, transects, and trap lines surveyed by the Grinnell-era investigators.
Fortunately, the detailed maps and fieldnotes of those individuals, archived in the MVZ,
have made this task relatively simple in most cases. The position of all generalized sites,
based on documentation of the actual campsite, has been reasonably well established, and
even individual trap lines are often clearly demarcated on hand-drawn maps, but based on
USGS topographic maps of that era, can be located with precision. As an example, Fig. 3
provides a hand-drawn map from the fieldnotes of Charles Camp that marks the
placement of his traplines in upper Lyell Basin. The combination of this map with his
written descriptions of trap sites has allowed us to survey the exact same talus slopes,
stream edges, and so forth.



Figure 3. Map of individual trap sites in upper Lyell Canyon from the fieldnotes of Charles
Camp, July 1915. Map is drawn from the USGS topographic quadrat in the field.

The third caveat involves the natural year-to-year flux in species’ abundances, a
level of variation that may affect the detection of particularly rare species and thus the
comparisons made between the Grinnell-era and the surveys today. Both surveys were
essentially “one point in time” efforts, with a given site typically visited only once during
the duration of each survey period. The relatively similar detectability estimates for
mammal species across the two time periods (below), coupled with their non-migratory
behavior, suggest that comparisons of species richness from both datasets are reasonable
even if local abundance measures are not. However, among-year flux can be high in
many breeding bird surveys (e.g., see the breeding bird survey data maintained by the
USGS at http://www.mbr-pwrc.usgs.gov/bbs/). This issue may be especially important
for high elevation localities, where species likely breed or don’t breed (and thus are
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detectable by song and more likely by sight as well) based on the temperature and
snowfall of the previous winter. As noted below, many avian surveys by us were
conducted on successive years at the same site, and the data reported sum across both
years. This serves to measure (and incorporate) inter-annual flux to some degree, but it is
not possible to ascertain the significance of this issue on the original Grinnell data.
Hence, caution should be used in assessing the significance of the comparative avian
species richness data per site.

Overall Results:

With minor exceptions, including the analysis of changes in elevational range, we
report below data only from those original Grinnell-sites, and their resurvey equivalents,
found in YNP, and exclude data from sites either to the west or east of the Park boundary.
Complete presentations of all data along the entire transect can be found in the
cumulative annual reports of our research endeavors to the National Park Service.
Complete data for all specimens that were collected and preserved can be accessed from
the MVZ collection database at http://mvzarctos.berkeley.edu/SpecimenSearch.cfm;
query for the inclusive years 2003 to 2006 and for the locality “Yosemite”. All records
and data can be downloaded as a tab-delimited file. Fieldnotes from the original Grinnell
period surveys are also available on-line at http://bscit.berkeley.edu/mvz/volumes.html?.

We provide a summary of findings for each taxonomic group separately below.

1. Reptiles and amphibians

The Grinnell-era survey of frog, salamander, lizard, and snake species was
haphazard at best, as species presence was recorded only when observed and no
systematic survey methods were employed. As a consequence, there is little basis for
comparing species lists for the Park, or for any site within the park, across the two
temporal sampling efforts. Lists of all sites within the Park that were surveyed for
amphibians and reptiles, including species present and estimates of relative abundance
are provided in Appendix 2. Figure 4 maps localities surveyed. Reptile and amphibian
resurveys were conducted over the three-year period, 2003-2005.
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Figure 4. Map of survey localities for amphibians and reptiles. Numbers correspond to sites
listed in Appendix 2.

Notable results from the 2003-2005 herpetological surveys include:

1. Two snake species thought to be absent from the park, the Sharp-Tailed Snake
(Contia tenuis) and Ringneck Snake (Diadophis punctatus) were discovered at
Hetch Hetchy.

2. One rare snake species, the Night Snake (Hypsiglena torquata), was found in
high abundance at Hetch Hetchy.

3. The Mount Lyell Salamander (Hydromantes platycephalus) was rediscovered
at the type locality at Mount Lyell (~3,200 meters).

4. The scientific literature suggests that the high-elevation subspecies of the
Western Fence Lizard, Sceloporus occidentalis taylori, may warrant species
status due to its unique morphological features (e.g., extensive blue ventral
pigmentation, dark dorsal pigmentation, and large size). Our analyses of
phenotypes and mtDNA sequence data across paired elevational transects in
the Tuolumne and Merced drainages reject this hypothesis. Within the park,
S. occidentalis from the two drainages are highly distinct genetically, with
high elevation populations from each drainage being genetically nested within
the adjacent low elevation S. o. occidentalis. Further, analyses of phenotypic
variation indicate clinal, rather than stepped changes in the characters that
were thought to distinguish S. o. taylori. These results imply multiple,
independent origins of the high-elevation phenotype exhibited by S. o.
“taylori”,

5. Discovery of a new population of Hydromantes platycephalus from
Vogelsang Lake (two localities).
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6. Breeding populations of Rana muscosa and Bufo canorus at unnamed lake 0.5
km east of Evelyn Lake
7. Healthy populations of Rana muscosa at Dorothy Lake.

2. Birds

Methods

Grinnell and Storer (1924; hereafter GS) carried out several bird censuses within
the Yosemite Transect by walking a path and recording the number of individuals of each
species encountered. They transferred these observations to their field notebooks, along
with the duration of the census, and information about the route, habitat, and weather.
Censuses were conducted during all times of the year, although GS mention the
advantage of taking bird censuses during the breeding season, when species are fixed to
some degree about a defined territory, allowing a more accurate count. GS also noted
that more birds are observed at the beginning and at the end of the day when activity is
greatest; they thus conducted the majority of their censuses during these time periods.

During 2003 and 2004, we re-surveyed 17 sites across the Yosemite Transect, 13
within Yosemite National Park (Fig. 5, Table 3). Several sites comprised more than one
transect. Twelve of our sites are directly comparable seasonally to Grinnell surveys
(Table 4). All analyses and comparisons reported below are based on this set of
comparable transects. All of our field observations were made by Andrew Rush.

Because the GS surveys were often combined with other activities (e.g., while
running mammal trap lines) and were not explicitly replicated by method at each of their
sites, it was impossible for us to replicate their surveys exactly. However, while our first
aim was to collect data for comparison to those of GS, we also wanted to conduct a
systematic inventory of the birds of the original Yosemite transect that could be analyzed
more rigorously and used as a point of comparison for future studies. For this reason, we
performed 7-minute, variable distance point counts along transects overlapping with the
routes used by GS. We established 27 total transects (14 in 2003, 13 in 2004; Fig. 5)
made up of a total of 418 points. These transects consisted of points set at least 200
meters apart (avg. 250m); the location of each point was recorded with a GPS receiver.
The number of points per transect varied between 11 and 20, with an average of 15. We
spent 1 minute at the point before we began counting for seven minutes in order to allow
birds to acclimate to our presence. Our censuses began within one hour of sunrise, and
ended by 11:00 AM. We sampled most 2003 transect three times but some only twice.
We sampled each of the 2004 transects twice using point counts (with the exception of
Snelling, which was sampled once with point counts), and once using line transect
counts. We also conducted additional point counts at 7 of the 2003 transects in 2004 (for
reasons described below).

In many cases, information in the GS field notes was detailed enough to allow
precise duplication of the original survey routes. Where the original route was obscure,
we sampled near the original campsite, and in similar habitats, but not necessarily along
the exact original survey route. Not all transects, however, could be exactly or even
approximately duplicated. For example, the Pleasant Valley of the Grinnell era is now
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under the impoundment of the Merced River that formed Lake McClure. For
circumstances such as this one, we duplicated the transect by sampling similar habitat as
geographically close to the original site as possible. Survey dates were chosen to bracket
those of the GS surveys at a particular site (i.e., we conducted surveys spanning the GS
survey dates [Table 4]).
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Table 3. Sites visited and individual line transects per site for avian censuses in 2003 and 2004. Georeferenced coordinates (taken by

GPS) of each separate transect (beginning and ending position, plus elevation) are given. Table 1 in Appendix 3 provides a list of
birds recorded and numbers of each species on each transect.

Begin Transect

End Transect

Site Individual Transect = LON LAT ALT (m) LON LAT ALT (m)
Chinquapin Chinquapin -119.70187740  37.65244523 1861.7  -119.65396820 37.66596557 2278.4
Crane Flat Crane Flat -119.80164308  37.75322110 1861.9  -119.81084164 37.77953089 1597.6
Glen Aulin Cold Canyon -119.41683452 3791325585 2436.1  -119.40697380 37.94847024 2677.9
Glen Aulin McGee Lake -119.42119210  37.90810056 2415.2  -119.45353166 37.87937704 2551.4
Glen Aulin Waterwheel Falls -119.42465022 3791291270 23729  -119.45942657 37.92920645 2063.8
Indian Canyon Indian Canyon -119.56282657  37.78304466 2330.1  -119.59293445 37.75648979 2123.9
Merced Grove Merced Grove -119.84221753  37.76230993 1809.1  -119.83230409 37.73562120 1576.0
Mono Meadow Mono Meadow -119.58439782  37.67246222 22054  -119.55970129 37.68240123 2085.0
Mono Meadow McGurk Meadow -119.62806384  37.67057721 2139.0  -119.60985064 37.70707545 2226.8
Porcupine Flat Porcupine Flat -119.54528576  37.80391678 2469.3  -119.55665162 37.77020996 2464.4
Porcupine Flat May Lake -119.50932446  37.81842560 2570.0  -119.49103314 37.84987685 2828.1
Tamarack Flat Tamarack Flat -119.77265016  37.76418639 2151.8  -119.72446260 37.74912210 1942.0
Tuolumne Meadows Tuolumne Meadows  -119.36983249 37.87252265 2613.0  -119.33213094 37.88618993 2822.5
upper Lyell Donohue Pass -119.25931869  37.77306023  3006.6  -119.24737658 37.76009946 3366.6
upper Lyell Lyell Meadows -119.26330798  37.78084961 2971.8  -119.27734247 37.82501847 2711.0
upper Lyell Maclure Creek -119.27623212  37.76536329  3210.7  -119.26494194 37.77313323 3055.2
Vogelsang Evelyn Lake -119.34299079  37.79688159 3104.9  -119.30412608 37.81426583 3228.7
Vogelsang Vogelsang Lake -119.34503304  37.79416636 3090.7  -119.34367006 37.76860642 2987.6
Yosemite Valley North Yosemite Valley -119.61861048 37.72617597 12241  -119.66551544 37.72284869 1392.3
Yosemite Valley Yosemite Valley -119.66002303  37.71607611 1175.6  -119.62656667 37.72667100 1185.7
Mirror Lake Mirror Lake -119.55091194 37.74893451 2102.0  -119.54850164 37.74838952 1240.9
Nevada Falls Nevada Falls -119.51415185 37.73465024 18564  -119.54843836 37.72456807 1525.7
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Figure 5. Transect survey for avian species point-counts in 2003 (upper) and 2004 (lower). The
general location of each original “Grinnell sites” are indicated in the upper map by the yellow
dots with black centers. Only transects in Yosemite NP were done in 2003; western foothill
localities outside of the Park were also surveyed in 2004. The boundary of YNP is indicated on
each map. Transects are named or coded by initials corresponding to the list in Table 3.
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Transect and site comparisons

We used data from 76 censuses from 11 sites from the Grinnell era (Table 4, Fig.
5). These censuses were of varying duration but all took place in the breeding season
either in 1915 or 1919. Census data were extracted from the original field notebooks.
We refer to these censuses as the ‘GS’ censuses and to the data as the ‘Grinnell’ or the
‘1915-1919° data. GS rarely replicated censuses along specific routes, and with the
exception of Yosemite Valley (visited in three different years) and both Chinquapin and
the Coulterville area (visited in two different years), sites were not revisited between
years during the breeding season. While GS stressed the importance of recording both
the species observed and also numbers of individuals, and of avoiding qualitative terms
such as “common” or “rare”, which are vague and often have species-specific
interpretations. Nevertheless, in some cases their data include a few qualitative terms
mixed within otherwise actual counts.

Table 4. Avian transects and dates for the Grinnell period and 2003-2004 surveys.
Transects are mapped in Fig. 5 (bottom), by their codes or names.

SITE Code Elevation Grinnell survey (1915- Current Survey (2003-
Range (m) 1919) 2004)
LaGrange LG 6, 7, 9(2)-May-1919 3, 13, 21-May-2004
Snelling SN 26, 27(2), 29-May-1915 4, 19-May-2004
Pleasant Valley PV 23(2), 24(2), 25(2), 26,27, 6, 12, 26-May-2004
28, 29, 30 May-1915
Coulterville CVv 31-May, 1, 2, 3,4, 6-June- 5,7, 14, 20, 22, 27-May-
1915, 10, 11, 13-May- 2004
1919

YosemiteValley YV 1176-1392 31-May, 3, 8, 24-June, 22, 4,13, 14-Juny-2003;
23, 24, 25, 30-July-1915, 11, 23-May, 4-June-2004
16(6), 17, 18(4), 21(4), 23,
25(2)-May-1919

Merced Grove
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To investigate the effect of using the modern (point count) versus the historical
(line transect) methods, we conducted 16 line transect counts at each of the 13 transects
surveyed in 2004, and at 3 of the routes established in 2003. We compared data from
point counts and line transects, using the number of individual birds per hour that were
observed at the sites surveyed in 2004. We took point count time as the number of points
surveyed multiplied with 7 minutes for each count, rather than the entire time it took to
do the census along a route (i.e. not including the time walked between points).

Species richness and turnover

The data from the original and current surveys cannot be directly compared
because of differences in observer effort. One way to correct for these differences is to
use the time spent during a census. In some cases GS clearly indicated the time spent on
a census. Sometimes this was not the case, as the census activities were mixed with other
activities. Based on their remarks in their field notebooks, we estimated the time actually
spent counting birds for each GS census, and we calculated the number of birds observed
per hour for each route. However, the large variation between censuses within a given
site in the number of birds observed per unit time by GS as compared to our survey (see
Results) indicated that this was not a reliable method for standardizing the data.
Consequently, we used two other approaches to correct for differences in effort:
bootstrapping and estimation of the true number of species. In our bootstrapping
approach for each site, we took random samples of n individuals from the larger dataset,
where n is the size of the smaller dataset. We repeated this 10,000 times, and then used
the boostrapped samples to calculate species richness and species turnover between the
original and current surveys. With bootstrapping we implicitly assume that there are no
significant changes in the overall abundance of birds and the relative abundance
distribution of the set of species (but not for each individual species). We checked this
assumption by comparing species-abundance curves for both surveys. Another approach
to correct for differences in effort is to estimate the "true" species richness, by
extrapolation from the species abundance distribution, respective of the sample size
(Colwell and Coddington, 1994). We used the EstimateS 7.5 (Colwell, 2005) to calculate
both rarefaction and bias corrected Chaol estimators of species richness and we
estimated turnover between the original and recent survey by calculating Chao’s
abundance-based Jaccard distances (Chao, 1984, 2005; Chao et al., 2005).

Species-level change

To interpret changes in community structure, we examined changes in the
abundance of species per site. To be able to classify individual species as having
undergone a significant change (as opposed to merely showing a difference due to inter-
annual noise), we first compared the results of our surveys for 2003 and 2004 for the 7
transects that had been surveyed in both years. For this comparison, the data were
adjusted so that both surveys had the same number of observations (i.e., number of
observations for a species in the largest survey of the two was multiplied by the number
of observations in smaller sample / number of observations in larger sample). After this
adjustment, we used binomial tests to assess the likelihood of a change of a certain level
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of statistical significance to occur between two years. For each site and species we
calculated a binomial probability (p= 0.5) and a change index. The binomial probability
indicates the chance that the two samples were taken from the same population (of the
same size in each time period). We calculated the change index as (current — original) /
(current + original). This index has values between -1 (species lost) and +1 (species
gained). Zero indicates no change.

Cluster Analysis

We characterized the habitat preferences of species based on observations during
the current survey, and using a recently completed high resolution vegetation map of
YNP. First, the area of vegetation classes within a circle with a radius of 150 meters
were assigned to each transect points within YNP. To avoid swamping the effect of rarer
vegetation types, the areas by vegetation type were adjusted using their area across all
points. Vegetation types were then assigned to species on the basis of their frequency of
occurrence per point per visit. We clustered these data using PC-ORD Version 4
(http://www.digisys.net/~mjm/pcordwin.htm), using the Jaccard distance and the
UPGMA method. The resulti