
UC Santa Barbara
UC Santa Barbara Previously Published Works

Title
HOMECOMING OR NEW PAD: HISTORICAL EVIDENCE FOR CALIFORNIA 
RED-LEGGED FROGS AND OTHER AMPHIBIANS IN THE YOSEMITE 
REGION, CALIFORNIA

Permalink
https://escholarship.org/uc/item/10t6s4s0

Journal
Northwestern Naturalist, 104(1)

ISSN
1051-1733

Authors
Adams, Andrea J
Brown, Kevin C
Jennings, Mark R
et al.

Publication Date
2023-02-23

DOI
10.1898/NWN21-04
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/10t6s4s0
https://escholarship.org/uc/item/10t6s4s0#author
https://escholarship.org
http://www.cdlib.org/


HOMECOMING OR NEW PAD: HISTORICAL EVIDENCE FOR
CALIFORNIA RED-LEGGED FROGS AND OTHER AMPHIBIANS IN

THE YOSEMITE REGION, CALIFORNIA

ANDREA J ADAMS

Resources Management and Science Division, Yosemite National Park, 5083 Foresta Road, El Portal, CA
95318 USA;

Earth Research Institute, University of California, Santa Barbara, 6832 Ellison Hall, Santa Barbara, CA
93106 USA; andrea_adams@ucsb.edu

KEVIN C BROWN

Environmental Studies Program, University of California, Santa Barbara, 4312 Bren Hall, Santa Barbara, CA
93106 USA

MARK R JENNINGS

Rana Resources, PO Box 2185, Davis, CA 95617 USA; Research Associate, Department of Herpetology,
California Academy of Sciences, 55 Music Concourse Drive, San Francisco, CA 94118 USA

ROBERT L GRASSO

Resources Management and Science Division, Yosemite National Park, 5083 Foresta Road, El Portal, CA
95318 USA

ABSTRACT—Establishing historical species distributions can assist conservation translocations for
threatened species, and yet, ecological changes necessitate developing restoration targets that are
not analogous to historical baselines. Despite its recent conservation translocation to Yosemite Valley
in Yosemite National Park, Sierra Nevada Mountains, USA, the historical distribution of the
federally threatened California Red-legged Frog (Rana draytonii) in the valley remains unclear. Using
archival records, interviews, and museum specimens, we examined the historical evidence for
California Red-legged Frogs and sympatric amphibian species in the Yosemite region. We found a
paucity of reliable amphibian records for Yosemite Valley since the 19th century, one of the most-
visited sites in the US National Park System, and conclude that this is the result of historically low
collecting and survey effort prior to the introduction of invasive American Bullfrogs (Lithobates
catesbeianus; also Rana catesbeiana after Yuan and others 2016) in concert with a bird and mammal
study bias from largely diurnal collecting that occurred when California Red-legged Frogs were
extant regionally. We found previously undocumented records for individuals of the genus Rana for
Yosemite Valley, consistent with a dominant historical hydrology more compatible for Foothill
Yellow-legged Frogs (Rana boylii), though none could be definitively identified as California Red-
legged Frogs. We conclude that extensive anthropogenic impacts, including acute ecosystem
alteration and American Bullfrog introduction, contributed to the failure to detect California Red-
legged Frogs in many places regionally once amphibians became a research priority in the latter 20th
century. The conservation translocation of California Red-legged Frogs to Yosemite Valley illustrates
the integration of historical baselines with contemporary realities, allowing for the complexities of
change over time rather than focusing on restoration to an imagined, ideal environment in the past.

Key words: amphibian declines, Anaxyrus boreas halophilus, endangered species, historical
ecology, Hyla regilla, Lithobates catesbeianus, Pseudacris regilla, Rana draytonii, novel ecosystems,
reintroductions, rewilding, Yosemite Valley
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Conservation translocation is becoming an
increasingly used management tool to address
unprecedented biodiversity losses. Such efforts
are complex and challenging, however, leading
to low rates of success (Wolf and others 1998;
Germano and others 2014). Decisions to translo-
cate threatened and endangered species are
frequently based on known historical distribu-
tions, and historical records can inform targets
for species’ recovery (Rodrigues and others
2019). At the same time, rapidly changing
ecosystems can diminish the relevance of base-
line data, highlighting their context-dependent
value and influencing the likelihood of translo-
cation success (Forbes and others 2020).

Anthropogenic stressors—from habitat alter-
ation to invasive pathogens—threaten amphibi-
an populations globally (Cushman 2006; Becker
and others 2007; Collins 2010; Adams and others
2017a). Conservation translocations are increas-
ingly employed as one approach to ameliorate
amphibian declines (Harding and others 2016).
We broadly define conservation translocations as
the release of individuals for the purpose of
reestablishing extirpated populations, augment-
ing existing ones, or establishing new popula-
tions where either a species’ historical status is
unknown or the species was not present (Seddon
2010; IUCN 2013).

The federally threatened California Red-leg-
ged Frog (Rana draytonii) was first translocated
to Yosemite Valley (Valley), in Yosemite National
Park (Yosemite), in 2016. In the Valley, suitable
California Red-legged Frog habitat is present in
quiet backwater areas and large, seasonally-
flooded wet meadows within the Merced River
floodplain (US National Park Service 2000a)
providing a safe harbor for the species that is
free of its most ubiquitous threats, such as
urbanization, agriculture, and invasive species
(US Fish and Wildlife Service 2022). Despite the
current presence of suitable habitat, the histor-
ical occupancy of California Red-legged Frogs in
the Valley and in the greater Yosemite region
remains unclear.

Ecosystems are dynamic and knowledge of
their past conditions is often imperfect; there-
fore, the use of many different types of historical
sources—such as interviews, specimens, letters,
and field notes—is more likely to produce the
most accurate model for establishment of his-
torical baselines (Swetnam and others 1999).
Here, we examined multiple lines of evidence for

California Red-legged Frog historical distribu-
tion in Yosemite Valley and vicinity. We aimed to
address the following questions: (1) what evi-
dence is there for the historical distribution of
California Red-legged Frogs in Yosemite Valley
prior to its introduction in 2016; (2) what
evidence is there for other amphibians on the
Yosemite Valley floor (in order to infer relative
effort in amphibian surveys and collection); (3) is
the relative paucity of amphibian records for
Yosemite Valley and vicinity true evidence of
absence or simply absence of evidence; and (4) if
the latter, what are the reasons for limited
collecting and observations in one of the most-
visited natural landscapes in the world?

METHODS

We used archival records, interviews with
experts, and museum specimens to comprehen-
sively examine the evidence for California Red-
legged Frogs and other sympatric amphibians in
the study area. We compiled occurrence records
for ranid species and evaluated their reliability
following a method for inferring species’ distri-
butions. Additionally, we assessed potential
reasons for the paucity of reliable records in
the study area.

Study Area

Yosemite National Park encompasses a 3027
km2 landscape within the Sierra Nevada Moun-
tains of California, a biogeographically signifi-
cant feature of North America and the tallest
mountain range (4421 m) in the conterminous
United States. In the Sierra Nevada, amphibian
declines have been reported since the 1960s
(Moyle 1973; Bradford 1991; Drost and Fellers
1996; Jennings 1996; Hayes and others 2016;
Brown and others 2019; Sadinski and others
2020). These reports have rendered the region
nearly synonymous with amphibian declines,
and therefore a model location for conducting
feasibility studies for amphibian conservation
translocations (Brown and others 2021; Keung
and others 2021).

The approximately 15 km2 Yosemite Valley
(elevation¼ 900–1280 m) is on the western slope
of the Sierra Nevada, and the Merced River
meanders on the Valley floor. Historically, the
Valley was extensively impacted by prevailing
management strategies of different eras (Greene
1987; Hobbs and others 2006), while some efforts
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were made to document the biodiversity of the
region (Hall 1921; Grinnell and Storer 1924;
Wright and others 1933; Moritz and others 2011).

For the purposes of our records search for
California Red-legged Frogs, we included 7
historically occupied California Red-legged Frog
sites outside of, but in close proximity to the
Valley, including: Camp Mather, Swamp Lake,
and Jordan, Smith, Piney, Woods, and Willow
Creeks (Fig. 1). Camp Mather (Birch Lake [also
known as Hog Ranch]; 1378 m elevation; 28 km
northwest of the Valley, Tuolumne County) is a
recreational area owned and maintained by the
City of San Francisco, which is surrounded by
the Stanislaus National Forest, and immediately
adjacent to the Mather Ranger Station just within
the Yosemite National Park boundary. The
Miguel Meadow Complex region includes Grav-
el Pit and Swamp Lakes in Yosemite National
Park (1537 m elevation; 32 km northwest of the
Valley; Tuolumne County). The Swamp Lake
Research Reserve was established as a long-term
natural study site in the 1930s because of its lack
of systematic specimen collections, its public

inaccessibility by motorized vehicle, and its

unique biological complexity (Grinnell and
Storer 1924; Yosemite Field School 1938). Out-
side of Yosemite National Park, we included
Jordan (808 m elevation; 43 km west of the

Valley), Smith (910 m elevation; 45 km west of
the Valley), and Piney Creeks (336 m elevation;
62 km west of the Valley) in Mariposa County,
Willow Creek (400 m elevation; 70 km south of

the Valley) in Madera County, and Woods Creek
(560 m elevation; 85 km northwest of the Valley)
in Tuolumne County (Fig. 1).

Study Species

California Red-legged Frogs were listed as
threatened under the US Endangered Species
Act due largely to its .70% decline within its
range (US Fish and Wildlife Service 1996),

resulting from overharvest, habitat loss, nonna-
tive predators and competitors, and potentially
exposure to pesticides and an invasive pathogen
(Jennings and Hayes 1994; Davidson and others

2001; US Fish and Wildlife Service 2002; Russell

FIGURE 1. California Red-legged Frog (Rana draytonii) localities in the study area. The gray line demarcates the
Yosemite National Park boundary.

SPRING 2023 3ADAMS AND OTHERS: TRANSLOCATED AND THREATENED AMPHIBIANS



and others 2019). The fungal pathogen Batracho-
chytrium dendrobatidis (Chytrid), the causative
agent of the often-lethal disease chytridiomyco-
sis (Longcore and others 1999), may have
contributed to the California Red-legged Frog’s
decline. At a Sierra Nevada site, 1 juvenile
individual succumbed to chytridiomycosis (Ad-
ams and others 2020), and chytridiomycosis
mortality has been observed in adults in
southern California (Adams 2022). Lower survi-
vorship has also been observed in California
Red-legged Frog populations with higher Chy-
trid prevalence (Russell and others 2019). Cal-
ifornia Red-legged Frogs, which were
experimentally infected with and cleared of the
fungus, were released to the Valley and subse-
quently contracted infections (Adams and others
2022).

California Red-legged Frogs formerly oc-
curred throughout much of California, includ-
ing the foothills of the Sierra Nevada (Jennings
and Hayes 1994; Jennings 1996), and currently
occur from Mendocino County to the north
(Shaffer and others 2004), to northern Baja
California, México to the south (Peralta-Garcia
and others 2016). Once abundant in many parts
of California, the species experienced severe
declines in the 1850s during the California Gold
Rush, when frog legs were popular cuisine
(Jennings and Hayes 1985). By the early 20th
century, the California Red-legged Frog was
considered a ‘‘sparse resident’’ on the western
slope of the Sierra Nevada (Grinnell and Storer
1924), and is even more sparsely distributed a
century later (Davidson and others 2001; Barry
and Fellers 2013). Reviews by herpetologists of
specimen-derived evidence, combined with
contemporary resurveys of suitable habitats,
have led to the conclusion that California Red-
legged Frogs were never widespread in the
Yosemite region, and that high elevation pop-
ulations (.1100 m; including all Yosemite
localities) may have been introduced in the
early 20th century as a food resource (Barry and
Fellers 2013). Assessing occurrences of Califor-
nia Red-legged Frogs in the Yosemite region has
proven difficult, owing in part to the species’
cryptic, nocturnal habits (Storer 1925; Barry and
Fellers 2013).

The Foothill Yellow-legged Frog (Rana boylii)
is a stream obligate generally known to occur at
higher elevations (0–1940 m) than the California
Red-legged Frog (0–1500 m) (Jennings and

Hayes 1994). The Foothill Yellow-legged Frog
has declined from 54% of its former range due to
habitat alteration, pesticides, invasive predators
and competitors, and disease (Moyle 1973;
Jennings 1995; Kupferberg 1997; Davidson
2004; Adams and others 2017a, 2017b).

Introduced from the eastern USA, American
Bullfrogs (Lithobates catesbeianus; also Rana cat-
esbeiana after Yuan and others 2016; hereafter
‘‘Bullfrogs’’) have been implicated in the severe
declines of native anurans in California and
elsewhere in western North America (Moyle
1973; Hayes and Jennings 1986; Kupferberg
1997; Kiesecker and Semlitsch 2003; Pearl and
others 2004). Bullfrogs were first recorded in
California in 1896 (Heard 1904; Storer 1933), and
later invaded the Sierra Nevada foothills after
the species was widely introduced in nearby
lowland riparian habitats during the 1920s and
1930s (Storer 1933; Moyle 1973). The earliest
known Bullfrog translocations to the Sierra
Nevada occurred in 1918 (Jennings and Hayes
1985; Basey 1991). Once Bullfrogs arrive at a site,
California Red-legged Frogs often disappear or
the population experiences a precipitous decline
(Hayes and Jennings 1986), and the species’
abundance has been shown to be negatively
correlated with the presence of Bullfrogs (Fisher
and Shaffer 1996; Lawler and others 1999). When
sympatry is present, it is usually the result of
niche partitioning or indicative of an early
Bullfrog invasion.

In order to more completely assess overall
historical amphibian survey effort, we examined
the occurrences of 3 additional amphibian
species due to shared habitat or frequent
sympatry with the California Red-legged Frog:
the Pacific Chorus Frog (Pseudacris regilla;
hereafter ‘‘Chorus Frog’’); the California Toad
(Anaxyrus boreas halophilus); and the Sierran
Newt (Taricha sierrae). To clarify species names:
(1) P. regilla was split into 3 species, with the
portion of the range that includes Yosemite
renamed as P. sierra (Sierran Chorus Frog;
Recuero and others 2006a,b); and (2) Taricha
torosa was split into 2 subspecies by Riemer
(1956), and into 2 species (T. torosa and T. sierrae)
by Kuchta (2007). We consider T. torosa speci-
mens and records in the study area to be T.
sierrae based on this nomenclature change and
the phylogeography of the species (Kuchta
2007).

4 NORTHWESTERN NATURALIST 104(1)



Records Searches

We researched historical occurrence records
for amphibians in the Valley using museum
specimens, literature review, and accounts of
observers, in addition to indirect evidence,
including personal papers, interviews, field
notes, and US National Park Service memos.
We used the primary interviews, field notes,
correspondence, and questionnaires collected
during a status review of amphibians and
reptiles in California (Jennings and Hayes
1994), including statements from many now-
deceased individuals with 1st-hand field experi-
ences during the mid-20th century. We conduct-
ed keyword searches for subject, geography, and
species (i.e., ‘‘frog’’, ‘‘red-legged’’, ‘‘bullfrog’’,
‘‘Yosemite’’, ‘‘Yosemite þ frog’’, ‘‘Yosemite Val-
ley’’) using: Biodiversity Heritage Library
(https://www.biodiversitylibrary.org); Yosemite
Nature Notes (pre-1961; http://www.yosemite.
ca.us/library/yosemite_nature_notes); JSTOR
(https://www.jstor.org); Chronicling America
(https://chroniclingamerica.loc.gov); Google
Books (https://books.google.com); HathiTrust
(https://www.hathitrust.org); and Search Yo-
semite Online (http://www.yosemite.ca.us/
search.html). We searched the John Muir Papers
using: University of the Pacific Scholarly Com-
mons (https://scholarlycommons.pacific.edu);
Bade and Muir’s 1924 The Life and Letters of
John Muir (https://vault.sierraclub.org/john_
muir_exhibit/ life/life_and_letters); and Sierra
Club Bulletin (online records 1893–1924;
https://www. sierraclub.org/library/sierra-
club-bulletin). We used the Online Archive of
California (https://oac.cdlib.org) to examine
finding aids (individual collection metadata)
for the Yosemite Archive collections and used
them to identify collections with amphibian
information, which were subsequently examined
at the Yosemite Archives. We used the Museum
of Vertebrate Zoology Ecoreader (http://
ecoreader.berkeley.edu) to examine field notes
from naturalists and collectors.

We used the VertNet museum records data-
base (http://vertnet.org) and the California
Natural Diversity Database (https://wildlife.ca.
gov/Data/CNDDB) to search for locality and
specimen records. We also searched the Natural
History Museum of the United Kingdom
(https://www.nhm.ac.uk). To determine the
relative collecting effort for anuran species in

the Valley, we searched for all variations of
relevant species names (Pseudacris regilla; Pseu-
dacris sierra; Hyla regilla; Rana catesbeiana; Rana
boylii; Rana boylii boylii; Rana boylii sierrae; Rana
sierrae; Rana draytonii; Rana aurora; Rana aurora
draytonii; Lithobates catesbeianus; Lithobates cates-
beiana (sic); Anaxyrus boreas halophilus; Anaxyrus
boreas; Bufo boreas; Triturus torosus; Taricha torosa;
Taricha sierrae) and alternately for the locality
‘‘Yosemite’’ and the county ‘‘Mariposa’’. We
limited our Yosemite Valley searches to collect-
ing years 1800–1965, since the latter date is 10 y
past the 1st record of Bullfrogs in the Valley
(Richards 1958). We examined all ranid speci-
mens in the Yosemite Museum collection to
confirm accuracy of species identifications and
accession records, and to compare these with
field notes and other records obtained during
archival research (Jennings 1988; Barry and
Fellers 2013; Santana-Cordero and Szabó 2019).

Anecdotal information can be valuable for
determining historical or extant ranges of rare or
elusive species; however, these data are vulner-
able to omission or commission errors. The
establishment of a priori evidentiary standards
allows for the use of anecdotal information while
simultaneously ranking the data on the basis of
reliability (McKelvey and others 2008). We
developed evidentiary standards, adapted from
Frey (2006), McKelvey and others (2008), and
Garwood and others (2013), for the reliability of
ranid records in the Yosemite region as follows: 1
¼ expert evaluation of either a preserved ranid
specimen with diagnostic species-specific char-
acteristics or of a suitable contemporary photo-
graph of a living ranid frog; 2 ¼ 1st-hand
observation by an expert; 3 ¼ 2nd-hand report
by an experienced observer from an experienced
observer; 4 ¼ 1st-hand observation by a less-
experienced observer; 5¼ 2nd-hand report by an
inexperienced observer; 6 ¼ any report with
inadequate or questionable identification or
locality data. We then grouped these categories
as reliable (levels 1–3) or unreliable (levels 4–6).

RESULTS AND DISCUSSION

We uncovered 14 new records representing a
minimum of 33 individuals of the genus Rana in
the study area. Five records and 22 individuals
were California Red-legged Frogs (Appendix
Table 1). None of the records from Yosemite
Valley could be definitively identified as Cal-
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ifornia Red-legged Frogs. Moreover, we found a
paucity of records for amphibians in the Valley,
despite its frequent visitation. Finally, Bullfrog
introduction, extensive habitat alteration, de-
emphasis of amphibians and reptiles by visiting
and resident naturalists, lack of nocturnal
surveys, and park administrative priorities
toward fish and game species and away from
non-game wildlife, all contributed to the lack of
reliable records of native amphibians in the
study area during the time period of interest.

History of Anurans in the Study Area

Pre-contact to late 19th century.—Radio carbon
dating and archaeological evidence indicate that
humans have occupied Yosemite Valley since at
least 5200 y before the present (Moratto and
others 1999; Gassaway 2009), and possibly
earlier. In adjacent low-elevation zones, there is
evidence of human use up to 9000 y ago; in
addition, some tribal members may claim their
ancestors have lived in the area forever (W
Willis, Yosemite National Park, pers. comm.).
Yosemite Valley is part of the ancestral territory
of the Southern Sierra Miwok tribe. There is clear
evidence that both Miwok and Paiute groups
occupied the Valley in the contact era and
historic period, with less evidence of Yokut
visits to the area (Bennyhoff 1956; Gassaway
2009; W Willis, pers. comm.). Descendant pop-
ulations are commonly grouped into Miwok,
Paiute, and Mono groups, each of which have
used Yosemite Valley, and 7 tribes are tradition-
ally associated with Yosemite National Park (W
Willis, pers. comm.).

A glossary of Southern Sierra Miwok lan-
guage (Barrett 1919) includes separate words for
‘‘frog’’ and ‘‘bullfrog’’, which would have been
translated into English by settler-colonizers of
European origin, most likely from the eastern
USA. The 2 names for different frogs suggest
differentiation between large frogs (of the genus
Rana; either Foothill Yellow-legged Frogs or
California Red-legged Frogs in Yosemite Valley;
or Sierra Nevada Yellow-legged Frogs (Rana
sierrae) in the higher elevations of the Sierra
Nevada); and a more diminutive frog, the wider-
ranging, more ubiquitous Chorus Frog. ‘‘Bull-
frog’’ was a general term commonly used for
large frogs by settler-colonizers. This is exempli-
fied in the Sierra Nevada by the naming of
Bullfrog Lake in what is now Sequoia-Kings

Canyon National Park, although this lake was
never occupied by American Bullfrogs; however,
it was once inhabited by the Sierra Nevada
Yellow-legged Frog prior to the introduction of
non-native fish and Chytrid.

The Ahwahneechee people were first forced
out of the Valley in 1851 by the Mariposa
Battalion militia, less than 20 y before the 1864
Yosemite Grant, which ceded the Valley to the
State of California as a park (Sanford 2019). In
1890, the Yosemite Act made human settlements
illegal, which ultimately resulted in the removal
of most of the Ahwahneechee from the Valley
(US Congress 1890; Dowie 2009). John Muir and
the naturalists that followed in the late 19th and
early 20th centuries commonly disparaged and
denigrated indigenous uses and knowledge of
nature (Dowie 2009), leaving the natural history
literature devoid of investigations or inclusion of
traditional ecological knowledge (Inglis 1993).
Native voices and perspectives were therefore
largely omitted from the founding of natural
history as a discipline, and the results of our
research reflect this disparity.

In this early settler-colonizer period, Muir
journaled and wrote extensively of his experi-
ences in the Yosemite region during the latter
part of the 19th century (Badè and Muir 1924),
and we uncovered 60 instances in which the
word ‘‘frog’’ was mentioned in his writings from
that time. Muir frequently mentions the frog
chorus; this was presumably a Chorus Frog,
owing to its distinctive call (Storer 1925). He also
refers to the frog as ‘‘Hyla’’, which is the former
genus name for this species (Hedges 1986;
Recuero and others 2006b).

Two Muir writings provided evidence that
there was a ranid frog species historically
present in Yosemite Valley. The first strongly
suggests that he encountered ranids in his cabin
near the base of Yosemite Falls, where he dug a
small ditch from Yosemite Creek so that a
portion of the stream would flow into the cabin.
Ferns grew up through the rough slabs of the
floorboards, attracting aquatic wildlife: ‘‘Dainty
little tree frogs occasionally climbed the ferns
and made fine music in the night, and common
frogs came in with the stream and helped to sing
with the Hylas and the warbling, tinkling water’’
(Muir 1869; Appendix Table 1).

Muir referred to the frog other than the Hyla as
a ‘‘Common Frog’’. The Common Frog, Rana
temporaria, is widespread in western Europe,

6 NORTHWESTERN NATURALIST 104(1)



including Scotland (Amphibiaweb 2020), where
Muir lived until the age of 11, and which left a
strong impression on him, as indicated by the
extent of his reflections on the place in his
autobiography (Badè and Muir 1924). This
suggests that Muir encountered a ranid in
Yosemite Creek at his cabin (Appendix Table
1). The Common Frog (Rana temporaria) is small
(50–110-mm adult length; Halliday 2015), so
Muir could have been observing a large Foothill
Yellow-legged Frog (38–81-mm adult length) or
a smaller California Red-legged Frog (44–133-
mm adult length; Stebbins 2003). Contemporary
with Muir, Coombes (1902) refers to a ‘‘common
edible frog’’ of the San Francisco area, with
natural history characteristics (for example, the
need for emergent vegetation for oviposition)
that associates the name ‘‘common frog’’ with
the California Red-legged Frog (Jennings and
Hayes 1985).

Muir (1874) refers to ‘‘two small frogs of a new
species each snuggled in a dainty [illegible] from
which they could look out over the water...’’ that
he discovered in a vertical portion of the river
bank while swimming in Yosemite Valley
(Appendix Table 1). He captured the frogs to
take them back to his room in hopes that they
‘‘may sing like crickets or tree frogs for me in the
night.’’ Muir therefore knew this frog species to
be one other than the Chorus Frog. Archivists
have not been able to discern the illegible word
from the letter, but the context suggests a type of
hole or cavity. Such behavior is characteristic of
California Red-legged Frogs (Tatarian 2008), and
suggests that Muir may have been describing
California Red-legged Frogs 40 y before the
Yosemite survey transect was conducted.

Early 20th century: The Yosemite Survey Tran-
sect.—From 1914–1920, with a team of zoologists
from the University of California, Grinnell and
Storer (1924) surveyed a nearly 2500-km2 tran-
sect across the Sierra Nevada and through
Yosemite National Park. They documented 7
species of amphibians (Grinnell and Storer 1921)
and identified 1 locality for California Red-
legged Frogs in the transect’s western region
(Snelling, California; 25 May 1915), but the exact
location of the collection site was not specified
(Grinnell and Storer 1924; Barry and Fellers
2013). Based on Storer’s unpublished field notes
and historical topographic maps for the period,
Jennings and Hayes (1994) determined that this
collecting location was at the Montgomery Street

crossing of Ingalsbe Slough in Merced County
(42-m elevation). Grinnell and Storer (1924)
concluded that the California Red-legged Frog
is ‘‘more wary than the Yellow-legged Frog and
often escapes observation by reason of this fact’’
(Appendix Table 2). The single California Red-
legged Frog recorded by Grinnell and Storer
(1924) was brought to them by an acquaintance
and not collected by a team member of the
survey, suggesting that the survey team was not
strongly focused on amphibians.

Mid-20th century.—Herpetologist Ernest Karl-
strom examined amphibians and their distribu-
tions in the Sierra Nevada, and conducted
natural history research with California Toads
in Yosemite Valley at Ahwahnee Meadow from
1954–1955 (Karlstrom 1962). Karlstrom’s work
was most intensively focused in a 100-m2 area of
Ahwahnee Meadow, on the eastern end of
Yosemite Valley, and did not include habitats
where most ranids would have been observed
(i.e., nearer the Merced River, creeks, and side
channel pools). Karlstrom noted that Foothill
Yellow-legged Frogs were a rare occurrence in
the Merced River (Appendix Table 1), and while
this suggests that Karlstrom is referring to the
portion of the river nearest his study site, it is
unclear to what he was actually referencing
(Karlstrom 1962). Foothill Yellow-legged Frogs
were observed at 3 separate Merced River
localities in the Valley in the 1940s and 1970s
(Appendix Table 1). Karlstrom was among the
first to raise the alarm that the Bullfrogs in
Yosemite Valley would be detrimental to native
aquatic fauna (Karlstrom 1962).

Bullfrog invasion.—Bullfrogs were well-estab-
lished in the California Central Valley by 1930
(Storer 1933), and the 1st specimen from the
Sierra Nevada foothills was collected in 1923
(VertNet 2019). Bullfrogs eventually became
established at 2 sites within Yosemite National
Park: Yosemite Valley and the Swamp Lake area
(US National Park Service 2012). A 1946 report
of reptiles and amphibians in Yosemite did not
include the presence of Bullfrogs (Walker 1946),
suggesting the species was still absent at that
time. The 1st Bullfrog in Yosemite Valley was
likely introduced to the Ahwahnee Hotel reflect-
ing pool sometime in the early 1950s (Garland
1997; D Estrada, Ahwahnee Hotel, Yosemite
Valley, California, pers. comm.), and the 1st
published Valley Bullfrog observation is from
the Ahwahnee Hotel reflecting pool in 1955
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(Richards 1958). In 1956, Karlstrom collected the
1st Bullfrog specimen from Yosemite Valley,
adjacent to the Ahwahnee reflecting pool at
Ahwahnee Meadow (Appendix Table 1).

In the early 1960s, the expansion of Bullfrogs
into the Sierra Nevada was cause for concern
among herpetologists, who warned that it
would have a catastrophic impact on native
anurans (Cunningham 1960; Karlstrom 1962;
Basey 1972; Appendix Table 2). By the early
1970s, Bullfrogs were rapidly replacing native
frog populations, especially Foothill Yellow-
legged Frogs, in most foothill localities (Moyle
1973). In the mid-1970s, Foothill Yellow-legged
Frogs were observed in the west end of Yosemite
Valley at Fern Spring and from mid-valley at the
bottom of Indian Canyon (D Graber, Yosemite
National Park, pers. comm., Appendix Table 1);
at that time, Bullfrogs were only known from
near the Ahwahnee Hotel reflecting pool. In
1973, a 2nd Bullfrog specimen was collected in
Yosemite Valley near Camp 9–950 m from the
Ahwahnee reflecting pool (Appendix Table 1).

Though Bullfrogs were present in the Valley in
the late 1970s, they may not yet have been
abundant. Responding to an inquiry about the
possibility of a Bullfrog harvest in Yosemite
Valley, a park biologist stated that Bullfrogs were
very few at that time (Keay 1979; Appendix
Table 2). The slow initial spread of Bullfrogs may
have been due to the Valley’s elevation, as
higher elevation populations of the species have
been observed dispersing more slowly (Flynn
and others 2017). Bullfrogs were also observed in
other parts of Yosemite by the early 1970s (Basey
1972).

In the 1980s, Bullfrogs at the Ahwahnee Hotel
reflecting pool were in notably high abundance
(D Estrada, Ahwahnee Hotel, pers. comm.), and
the species became well-established throughout
Yosemite Valley by the 1990s (Drost and Fellers
1996). In Yosemite, Swamp Lake, Miguel Mead-
ows, and Gravel Pit Lake all had California Red-
legged Frogs at one time (Appendix Table 1).
Today, Bullfrogs are the only ranids present at
these sites (Barry and Fellers 2013; RLG, unpubl.
data). In the fall of 1997, one Yosemite biologist
began sporadic Bullfrog removals in the Valley
until a more systematic effort was funded and
consistently employed beginning in 2005; suc-
cessful eradication was achieved in 2018 (Ka-
moroff and others 2020).

California Red-legged Frogs in the Greater Yosem-
ite Region.—California Red-legged Frogs could
be observed in abundance in the Sierra Nevada
foothills at one time. Commercially harvested
California Red-legged Frogs were reported in
the San Francisco fish markets as coming from
300 km east of the city in ‘‘Four Creeks Area,’’ in
the current vicinity of Visalia (Lockington 1879).
A number of California Central Valley and Sierra
Nevada foothill California Red-legged Frog
records used to assess the species’ distribution
in Jennings and Hayes (1994) were reported as
frogs collected to be eaten on camping trips or
sold as biological specimens for high school
dissecting classes during the 1940s and 1950s.
Walker (1946) reported that California Red-
legged Frogs were commercially harvested
outside of Yosemite.

The earliest California Red-legged Frog spec-
imen from our study area was collected in 1922
at Camp Mather (Appendix Table 1). Four
California Red-legged Frog specimens reported-
ly collected from the site in 1924 are missing
from the Yosemite Museum collections (Appen-
dix Table 1). In 1931, a published key to the
amphibians and reptiles of the Yosemite region
did not include the Camp Mather specimens
(King 1931), so the locality may have remained
rather obscure because of its location outside of
park boundaries. The last California Red-legged
Frog records from Camp Mather were 10
individuals collected in 1945 (Appendix Table
1). The species has been absent from the site
since at least 1995 (US National Park Service
2000b). It is unknown when California Red-
legged Frogs were extirpated from Camp Math-
er; however, Bullfrogs have since invaded.
Twenty-two Bullfrogs were collected in 2004
(VertNet 2019), likely soon after they became
established, and the species is still present at the
site, where eradication efforts are currently
underway. The 1st California Red-legged Frog
specimen from Yosemite National Park was
collected at Swamp Lake in 1938 (Appendix
Table 1). A report from that survey suggests why
California Red-legged Frogs may have escaped
notice before then: ‘‘This frog is much more
secretive in its habits than the Sierra Yellow-
legged Frog. Beyond doubt, this fact is important
in its previous exclusion from amphibian check
lists’’ (Yosemite Field School 1938; Appendix
Table 2).
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Several California Red-legged Frogs were
collected from Swamp Lake in successive years.
Three individuals were collected in 1939, though
these were originally misidentified as Foothill
Yellow-legged Frogs (Yosemite Field School
1939); 15 were collected in 1940, including 2
large adult females (Yosemite Field School 1940);
and 3 in 1941 (Yosemite Field School 1941;
Appendix Table 1). Although large numbers of
specimens were not collected in 1941, the species
was apparently widely distributed. The Yosem-
ite Field School (1941) reported that California
Red-legged Frogs were observed at ‘‘ almost
every lakelet in the district,’’ (Appendix Table 1)
including Gravel Pit and Swamp Lakes, as well
as numerous other small lakes in the vicinity.

No California Red-legged Frog observations
from Swamp Lake were located after 1949
(Basey 1978) and when Yosemite biologists
observed the species there in 1974 (D Graber,
pers. comm.). Bullfrogs, but not California Red-
legged Frogs, were observed at Swamp Lake in
1975 (Basey 1978), and no California Red-legged
Frogs have been observed there since (D Graber,
pers. comm.; RLG, unpubl. data; Appendix
Table 1). Large numbers of Bullfrogs and no
California Red-legged Frogs were observed at
Swamp Lake during resurveys in 1997 (Barry
and Fellers 2013; Appendix Table 1), and no
California Red-legged Frogs were observed
during extensive day and night Bullfrog removal
efforts by Yosemite biologists from 2017–2022
(RLG, unpubl. data). Despite the presence of
Bullfrogs, the site still supports adequate breed-
ing habitat for California Red-legged Frogs
(Barry and Fellers 2013; RLG, unpubl. data),
and is a proposed reintroduction site for the
species. Though Bullfrog eradication is notori-
ously difficult, the hydrology of Yosemite Valley
facilitated their successful eradication there
(Kamoroff and others 2020), and the Miguel
Meadow Complex has similar constraints to
recolonization.

Storer (1915) was interested in the Smith Creek
area because of its unique biodiversity and
‘‘peculiar mixture of Upper Sonoran and Tran-
sition zone species’’, the same description
attributed to the unique biological complexity
of the Swamp Lake area (Grinnell and Storer
1924; Yosemite Field School 1938). During the
Yosemite surveys of 1915–1916, he noted that
Foothill Yellow-legged Frogs were fairly com-
mon in Smith Creek, and California Red-legged

Frogs were present, although uncommon (Storer
1915). Grinnell and Storer (1924) reported a 2nd-
hand observation for California Red-legged
Frogs in the Yosemite transect at ‘‘Smith Creek,
6 mi [9.7 km] northeast of Coulterville.’’ One
California Red-legged Frog specimen (Appendix
Table 1) was collected from Jordan Creek (about
2 km northeast of the Smith Creek location), 808-
m elevation, in 1967 (Basey 1978). Bullfrogs, but
not California Red-legged Frogs, were observed
in the Smith Creek-Jordan Creek area during
surveys in 1976–1978 (Basey 1978). As recently
as 1984, 4 California Red-legged Frogs were
recorded at Smith Creek (Appendix Table 1);
however, a 1993 resurvey of the Grinnell transect
revealed that California Red-legged Frogs had
been extirpated from this locality (Drost and
Fellers 1994).

At Piney Creek, California Red-legged Frogs
were observed in 1972, with an approximately
equal abundance of Bullfrogs (Basey 1978).
California Red-legged Frogs were also observed
in 1974 (Barry and Fellers 2013), and the most
recent observation was in 1984, when 1 adult
and 2 Bullfrogs were observed (R Hansen,
Herpetological Review, pers. comm.). During a
drought in 1975–1977, the stream went nearly
dry, and California Red-legged Frogs were not
observed at the site during surveys in 1975–1978
(Basey 1978). In 1990, only Bullfrogs were
observed during day and night surveys, and 1
Bullfrog was collected as a voucher specimen
(Appendix Table 1). In subsequent resurveys in
1993 and 1994, only Bullfrogs were observed at
the site (Appendix Table 1). In 2017, Park Service
biologists visited the portion of Piney Creek
where R Hansen had observed California Red-
legged Frogs in 1984. Only Bullfrogs were
observed.

Four California Red-legged Frogs were col-
lected in Woods Creek in 1950, but when the site
was revisited in the late 1970s, only Bullfrogs
were observed. Zweifel (1953) noted that Cal-
ifornia Red-legged Frogs were extremely abun-
dant in Willow Creek, 70 km south of Yosemite
Valley in the Sierra Nevada foothills near the San
Joaquin Experimental Range (Appendix Table 1).
This is the only post-1900 record that notes high
abundance of this species outside of southern
California or the Coast Ranges. As it was a
daytime observation, it is likely that most of the
frogs were juveniles, which would partially
explain the high abundance. Bullfrogs were 1st
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introduced to the San Joaquin Experimental
Range in 1934 and rapidly expanded into the
surrounding drainages (Cohen and Howard
1958). When MRJ revisited the location 35 y
after Zweifel’s observation, only Bullfrogs could
be found, and naturalists currently at the San
Joaquin Experimental Range had not heard of
California Red-legged Frogs occurring there in
the past.

Paucity of Reliable Records

Species occurrence records are inherently
biased subsamples of ecosystems and commu-
nities (Behrensmeyer and others 2000), and
smaller species are more frequently data defi-
cient (Crees and others 2019). The dearth of
information available about the historical distri-
bution and occurrence of amphibians in Yosem-
ite Valley is unexpected, given its popularity and
the extent of survey efforts by highly skilled
naturalists in the Yosemite region as noted
above. Collecting and observation bias as a
result of general disinterest in herpetofauna
may have contributed to this trend. We found
evidence for 3 primary causes of the relative lack
of Yosemite Valley amphibian records: (1)
Yosemite’s emphasis on sportfishes and game
species over nongame wildlife prior to the 1960s;
(2) bird and mammal study bias that favored the
collection and recording of natural history
observations for these taxa over herpetofauna
by naturalists, including diurnal as opposed to
nocturnal surveys and other logistical challenges
of collecting amphibians and reptiles; and (3)
extensive habitat alteration in Yosemite Valley in
the early 20th century.

Collecting challenges and observation bias.—
Challenging logistics requiring pack stock for
collecting expeditions likely contributed to the
dearth of amphibian and reptile specimens
collected during the Yosemite Survey Transect
and surveys conducted by the Yosemite Field
School. Specimens of fishes are also limited from
backcountry areas during this time (Fishnet2
Portal, www.fishnet2.net, 5 February 2021).
Backcountry travel using pack stock for collect-
ing expeditions demanded ‘‘time, effort, and
perseverance’’ (Storer and others 2004). The time
required to use horses and pack animals is
extensive, and the weight capacity for carrying
supplies (for example, canvas tents, rifles, snap
traps, provisions) was limited. The alcohol

solution used to preserve amphibians and
reptiles would increase volume and weight
dramatically, and containers such as wooden
barrels were bulky and heavy. Therefore, more
effort was likely put into trapping small mam-
mals and shooting or observing birds.

Considerable records for sympatric aquatic
herpetofauna would be expected if Grinnell and
Storer thoroughly surveyed for amphibians in
Yosemite Valley from 1914–1920. Conversely, we
found several indications that the expeditions
did not extensively survey aquatic habitats for
amphibians. Grinnell and Storer (1924) report
these common aquatic and semi-aquatic herpe-
tofauna species from Yosemite Valley: (1) 2
California Toads, despite that this species was
among the more common Yosemite Valley
anurans into the mid-1950s (Karlstrom 1962);
(2) ‘‘Scores’’ of Chorus Frogs, from a single
grassy swale; and (3) 1 Garter Snake (Thamnophis
spp.), from near the Valley wall, away from
water (Grinnell and Storer 1924). Perhaps due to
the species’ relative ubiquity, Chorus Frogs were
not often recorded by Grinnell and Storer unless
recognition of the species accompanied an
unusual natural history observation (Drost and
Fellers 1996).

The Grinnell and Storer (1924) surveys of
amphibians and reptiles have been described as
‘‘haphazard at best,’’ being only observational
and lacking systematic survey methods (Moritz
and others 2011; Appendix Table 2). The paucity
of amphibian records in Grinnell and Storer
(1921, 1924) may reflect their strong emphasis on
birds and mammals, for which they conducted
extensive and detailed transects within Yosemite
Valley (Grinnell and Storer 1924). This propen-
sity was repeated during the Grinnell resurveys
conducted from 2003–2005, in which the am-
phibian and reptile surveys were conducted
‘‘mostly as targeted searches’’ in suitable habitat,
and from driving on roads (Moritz and others
2011). The most common anuran species across
all Yosemite sites in this resurvey, the Chorus
Frog, was not reported from Yosemite Valley
(Moritz and others 2011), indicating that aquatic
habitats were likely under-sampled.

The Yosemite Field School was a summer
program established in 1925 to fill a need for
highly trained naturalists and nature guides in
Yosemite National Park and nationally (Bryant
1927). For nearly 30 y, Yosemite Field School
students conducted comprehensive surveys at 1
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of the 2 research reserves established in Yosem-
ite: Boundary Hill and Swamp Lake. The
instructors of the Yosemite Field School were
Yosemite staff naturalists and naturalist rangers,
in conjunction with experts from universities
and government agencies, including naturalists
Joseph Dixon, Robert Usinger, James Cole, and
Robert Stebbins (Yosemite Field School 1940;
Russell 1968). Our review of the Yosemite Field
School archives, research reserve reports, and
Joseph Dixon correspondence suggests that the
primary focus of the curriculum was toward
plants, birds, mammals, and geology. On the
amphibians and reptiles of the Swamp Lake
area, the class of 1939 reported that they did not
intensively study the amphibians there (Yosem-
ite Field School 1939; Appendix Table 2).
Yosemite Field School classes, 1938–1941, ob-
served Chorus Frogs at Swamp Lake, but none
were collected (Yosemite Field School 1941;
Yosemite Museum Collections Records).

Personnel involved in conducting the surveys
may have been just as important. The Yosemite
Field School Class of 1938 observed California
Red-legged Frogs in the park for the first time at
Swamp Lake, and suggested that the cryptic
nature of the species was cause for earlier lack of
detection (Yosemite Field School 1938; Appendix
Table 2). The following year, several California
Red-legged Frogs were misidentified as Foothill
Yellow-legged Frogs and Sierra Nevada Yellow-
legged Frogs (Yosemite Field School 1939).
Conversely, in 1940, the year that Robert
Stebbins, who would subsequently become a
foremost authority on western USA amphibians
and reptiles (Stebbins 2003), was on the Yosemite
Field School faculty, students collected 13 spec-
imens and only 1 (a Foothill Yellow-legged Frog
that was later reassigned as a California Red-
legged Frog) was misidentified (Yosemite Field
School 1940; Yosemite Museum Collections
Records; Appendix Table 1). In 1941, the
students concluded that night collecting in
future years would likely produce more am-
phibian and reptile records (Appendix Table 2),
indicating that the students rarely, if ever,
conducted night surveys, and pointing to a
source of observation bias in surveys that were
focused on birds, mammals, and plants. Field
notes from the same expedition reveal that many
of the lizard specimens were incidental captures
in small mammal traps (Storer 1915), and the 2
specimens (including the type) for the celebrated

Yosemite plethodontid, the Mount Lyell Sala-
mander (Hydromantes platycephalus), was collect-
ed accidentally in the same way (Camp 1916).
Without nighttime surveys, amphibians, espe-
cially the primarily nocturnal California Red-
legged Frog (Hayes and Tennant 1985; Fellers
and Kleeman 2006), are much less likely to be
observed. Storer (1925) also noted that surveys
were not typically conducted at night, and this
probably limited knowledge of the California
Red-legged Frog’s distribution (Appendix Table
2).

The utility of historical ecology for conserva-
tion is predicated upon natural resource manag-
ers’ and institutions’ awareness of their own
histories and shifting approaches (Szabó 2010).
Over time, the US National Park Service has had
to balance developing parks for visitor enjoy-
ment with the ecological management of natural
resources (Sellars 1997; Mazur 2015). Yosemite
Valley was the site of a fish hatchery from 1919–
1956, which drew many visitors to its non-native
fish interpretive programs (Bingaman 1961).
Yosemite biologists in the 1950s and 1960s were
focused on hatchery priorities and game species,
primarily deer and bears (Yosemite Archives
Natural Resource Management Records, collec-
tion 1011). Coincident with the publication of
‘‘Silent Spring’’ (Carson 1962) and increased
public concern for aquatic ecosystems, Yosemite
administrators struggled to de-emphasize the
park’s non-native fish interpretation program in
favor of aquatic ecology programs focused on
native species (US National Park Service 1963;
Appendix Table 2).

In the early 1970s, Peter Moyle evaluated the
distribution of Bullfrogs relative to native
amphibians in the San Joaquin Valley and
adjacent Sierra Nevada (Moyle 1973). Moyle
requested information from Yosemite about
Foothill Yellow-legged Frogs, California Red-
legged Frogs, and Bullfrogs on the floor of the
Valley. In response, Yosemite biologist William
Jones said that the park had inadequate infor-
mation to determine whether the Bullfrog was
replacing Foothill Yellow-legged Frogs in Yo-
semite Valley, and that Moyle’s letter reiterating
Karlstrom’s findings that the Bullfrogs were
spreading from the Ahwahnee Hotel reflecting
pool was the first he had heard of the phenom-
enon, noting that due to a lack of interest in the
park’s amphibians and reptiles, the records were
likely incomplete (Jones 1971, 1972; Moyle 1973;
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Appendix Table 2). By the late 1970s, however,
Yosemite was beginning to recognize the eco-
logical value of its herpetofauna. Responding to
a request that the park protect the often-
disdained rattlesnakes in addition to the rest of
the flora and fauna, the acting superintendent
acknowledged that reptiles and amphibians
deserve equal protection (Wolfe 1977; Appendix
Table 2).

The paucity of museum specimens of the most
common Yosemite Valley amphibian species,
California Toads and Chorus Frogs, indicate that
the Valley floor was extremely under-sampled
for amphibians between 1911 and 1955. In that
time period, 56 Chorus Frog specimens were
collected, mostly in meadows; 53% of these (30/
56) were collected by Karlstrom while conduct-
ing his research from 1954–1955. Similarly, of the
84 California Toad specimens collected from the
Valley between 1915 and 1955, 70 (83%) were
collected by Karlstrom, who also obtained
specimens by paying children 25 cents per toad
to collect them for him (D Hartesveldt, pers.
comm.). Some of these animals were later used
for radiation tagging studies (Karlstrom 1957,
1958) and thus were not kept as museum
voucher specimens.

By the time collecting trends were increasing
(after 1965), detectability would have already
begun to decrease in step with amphibian
population declines, including those that were
due to the arrival of Chytrid to the Sierra
Nevada in the 1960s and 1970s (Green and
Kagarise Sherman 2001; J Van Wagtendonk,
Yosemite National Park, pers. comm.). When
the National Park Service began taking sharp
notice to the widespread amphibian disappear-
ances being reported, over 60 y of missed
opportunity to survey and establish baselines
had passed. Nearly all of the Stanford University
and California Academy of Sciences amphibian
collections were lost in the 1906 San Francisco
earthquake and fire that destroyed the latter
institution (Burt and Myers 1942; Jennings 1997);
therefore, specimens collected prior to this date
have not been accounted for in this study.

The only specimen records for Sierran Newt
from Yosemite Valley are 2 individuals collected
in 1895, and 4 in the 1930s. Walker (1946)
thought the relative scarcity of Sierran Newt
collections in the Valley, as compared to the
Swamp Lake, Vernon Lake, and Laurel Lake
areas of Yosemite, was not a ‘‘true index of

distribution but rather a result of conditions
favorable for collecting,’’ suggesting that the
Valley had more adverse collecting conditions
than other sites. Large numbers of visitors may
have impelled biologists to search in more
inaccessible regions of Yosemite. It is perhaps
not surprising that naturalists interested in
documenting undisturbed wildlife would inten-
tionally avoid the visitor bustle. Wright and
others (1933) described the park as unique for its
significant ‘‘wild-life problems’’: a large resident
human population combined with thousands of
cars that restrict wildlife movement in and out of
the Valley (Appendix Table 2).

Historical Habitat Alteration in Yosemite Valley

The removal of indigenous people and near-
cessation of cultural burning practices brought
the first large ecological changes to the Valley
after the initial establishment of Yosemite as a
park. Mounting tourism created continual de-
mand for infrastructure construction and im-
provements in the ensuing decades, leading to
extensive aquatic habitat alteration that is in the
process of being restored today. Past river
channel management, combined with mosquito
abatement practices and heavy visitor use,
resulted in a much-changed aquatic landscape
in the Valley.

Throughout California and the Sierra Nevada,
indigenous cultural burning practices have
maintained a complex mosaic of vegetation in
riparian areas, keeping meadows open from
encroachment by conifers and woody shrubs
(Aldern and Goode 2014). Cultural burning
increases small mammal and herpetofaunal
diversity in central California riparian systems
(Hankins 2009). Various traditional practices (for
example, small-scale burning, gathering, and
tending native plants) have persisted to the
present day in small areas where native people
are still present in the Valley; however, develop-
ment, visitor use, and premature meadow
drying, as well as large-scale reduction in
burning, have significantly diminished the in-
fluence of these practices on Valley aquatic
ecosystems (W Willis, pers. comm.).

The extensive meadow and wetland areas that
once covered much of the floor of the glacially-
carved Valley also provided mosquito breeding
habitat (Gibbens and Heady 1964). In 1879,
Galen Clark, the 1st custodian of the park,
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blasted a deeper channel for the Merced River
through the El Capitan moraine, lowering the
water table several feet into the Valley floor
(Milestone 1979). Meadows were tiled to en-
courage drainage for livestock grazing and
human habitation. Elevated roadways diverted
water away from wetlands, flooding non-suit-
able habitat in other areas by inhibiting surface
flow (Gibbens and Heady 1964). Channel exca-
vation (dredging of sand, debris, silt, rock, and
gravel) began in the 1880s, and 3 major bridges
were constructed in the early 1930s, further
requiring erosion control and mitigation (Greene
1987). Extensive stream work conducted be-
tween 1928 and 1938 included sloping and
revegetating undercut riverbanks, and erosion
control measures such as revetments, channel
clearing, and clearing of debris and log jams
from channels (Gibbens and Heady 1964; Greene
1987). Today, large trees that fall into the
designated Merced River rafting area and
upstream of bridges are still bucked and moved
to the river banks to clear the way for this
recreational activity and protect infrastructure
(US National Park Service 2014). Simultaneously,
many sections of the Merced River are continu-
ally being restored, creating more favorable
habitat for amphibians and other wildlife.

In addition to infrastructure impacts, visitor
use historically impacted aquatic habitats in the
Valley. The popularity of the banks of the
Merced River for picnic and swimming areas
caused severe trampling, soil compaction, and
vegetation removal, increasing surface runoff
and erosion (Gibbens and Heady 1964). Riparian
vegetation in the Valley was trampled so badly
by visitors between 1916 and 1919 that it
widened the Merced River channel by 27–100%
in some areas (US National Park Service 2014).
Since Wild and Scenic River designation of the
Merced in 1987, Yosemite has reduced impacts
by redirecting visitor use and establishing
riparian buffers for development, in addition to
other restoration activities (US National Park
Service 2014).

To control mosquitoes in Yosemite Valley, oil
was applied to wetlands and other standing
water (Karlstrom 1962; Greene 1987). Wright and
others (1933) observed dead, oiled birds in pools
and meadows, and floating down the Merced
River (Appendix Table 2). Amphibians’ perme-
able skin makes them highly susceptible to
adverse effects from toxicants (Egea-Serrano

and others 2012). In 1954, the oil application
practice resulted in mortality of larval Chorus
Frogs and California Toads at Stoneman Mead-
ow in Yosemite Valley (Karlstrom 1962).

Natural forces have also altered aquatic
habitat in Yosemite Valley. Beavers (Castor
canadensis) are present in the Valley today, and
may have occupied the Valley prior to their
widespread reintroduction to the Sierra Nevada
in the 1940s. Historical records for Beavers in the
Valley are lacking, perhaps because, like Cal-
ifornia Red-legged Frogs, their overharvest (by
the 1840s) greatly predates the establishment of
any comprehensive specimen collections in
California (Jennings and Hayes 1985; Lanman
and others 2012). Beaver dams slow the flow of
water and create habitat for amphibians that
require slow-moving water and pools for breed-
ing (Romansic and others 2021). If Beavers did
occupy Yosemite Valley in the past, they would
have created habitats with adequate vegetative
and bottom cover with protection from scouring
flows that California Red-legged Frogs require
for breeding in foothill streams. Beavers are
currently creating this habitat type in Yosemite
Valley at 2 release sites where California Red-
legged Frogs have persisted since their initial
2016 translocation.

These extensive stream alterations have all
served to effectively shift ranid habitat suitabil-
ity in the Valley. Amphibians, particularly
Foothill Yellow-legged Frogs and California
Red-legged Frogs, are sensitive to flow alter-
ations and habitat degradation (US Fish and
Wildlife Service 2002; Kupferberg and others
2012). California Red-legged Frogs require over-
hanging banks for cover and emergent vegeta-
tion on which to attach egg masses, and prefer
shady, vegetated habitats with deeper pools.
Conversely, Foothill Yellow-legged Frogs breed
exclusively in flowing water and prefer shallow,
riffle-pool cobble substrates with open areas for
basking (Tatarian 2008; Kupferberg and others
2012). Historical habitat alteration rendered the
Yosemite Valley floor more suitable for Califor-
nia Red-legged Frogs than Foothill Yellow-
legged Frogs. Nevertheless, Yosemite Valley
tributaries, as well as areas upstream and
downstream of Yosemite Valley, likely provide
suitable habitat for Foothill Yellow-legged Frogs,
while the Merced River can still provide a
geneflow corridor.
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CONCLUSION

Historical baselines have customarily been
used with the assumption that little to no
environmental change has occurred from the
baseline to the present. Here, we have shown
that Yosemite Valley has changed significantly
since its establishment as a national park. We
also found limited evidence for California Red-
legged Frog occurrence in Yosemite Valley, and
that inattention to amphibians, in concert with
acute ecosystem alteration and the introduction
of non-native Bullfrogs, are implicated in the
scarcity of comprehensive historical information
for California Red-legged Frog occupancy.

A reference frame more appropriate than
historical baselines in a changing world is to
evaluate what would have happened without the
intervention of reintroduction and associated
restoration efforts (i.e., counterfactuals; Bull and
others 2014). Without the goal of introducing
California Red-legged Frogs to provide a safe
harbor for them in the face of ongoing threats, the
impetus for the massively challenging undertak-
ing of eradicating Bullfrogs is unlikely to have
occurred, and this highly invasive species would
be continuing to cause detriment to native fauna
(Cunningham 1960). Chorus Frogs have returned
in numbers not observed since before the Bullfrog
invasion (RLG, unpubl. data). The initial intro-
duction of California Red-legged Frogs to the
Valley in 2016 led to subsequent successful
breeding and recruitment in 2019–2022. In 2022,
the 1st adult progeny of zoo-reared California
Red-legged Frogs successfully colonized and bred
in an area where they were not introduced, and
that breeding site exhibits very high survival and
recruitment. Translocating this species to the
upper end of its known elevational occurrence
may assist in adaptation to a changing climate
(Butt and others 2021). Yosemite Valley now
provides a safe harbor on protected public lands
for future reintroductions of the species elsewhere
in the region.

The conservation translocation of California
Red-legged Frogs to Yosemite Valley has al-
lowed for integration of the complexities of
change over time rather than focusing on
restoration to an imagined, ideal environment
in the past (Alagona and others 2012; Forbes and
others 2020). Conservation introductions have a
role in highly impacted ecosystems, where
landscapes may have changed to be no longer

suitable for 1 native species, but are more
suitable for another, despite being outside of its
historical range (Moyle 2014).

Perhaps not coincidentally, the moment that
amphibian species were starting to decline was
precisely when a broader interest in their natural
history began to grow (Stebbins 1966). Many
amphibians were in catastrophic decline before
an organized effort to examine the causes were
underway (Mendelson 2011; Adams and others
2017a), demonstrating the need for historical
ecology to fill these gaps in understanding
through time. Amphibians have been a casualty
of ‘‘too little, too late’’ conservation in the past.
Today, applying conservation translocations to
restoration targets informed, but not limited by,
historical ecosystems can orient threatened
species toward a trajectory for recovery in an
uncertain future.
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APPENDIX TABLE 2. Narrative historical evidence for the paucity of reliable amphibian records, lack of survey
effort, and shifting management priorities in the study area.

Year
Portion of

Study Area Statement Source

1919 Yosemite Region "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."

Moritz and others
2011

1924 Yosemite Region "This species [California Red-legged Frog] is more
wary than the Yellow-legged Frog and often
escapes observation by reason of this fact."

Grinnell and Storer
1924

1925 Yosemite Region "Knowledge of the local distribution of this frog is
much less complete than for some of the other
species of western amphibians, due to the fact that
adults are quite wary, often escaping the attention
of collectors, and to the further fact that the species
is more active by night than by day and may not
be seen unless especially hunted for after nightfall."

Storer 1925

1933 Yosemite Valley ‘‘No other spot in a national park has as many wild-
life problems of this type. Permanent residents
alone number several hundred, and there are days
when ten to twenty thousand people and
thousands of cars are circulating in an area
approximately 6 miles long by 1 mile wide
between the great confining walls. They constrict
the seasonal drift of game into a bottle neck. These
walls tend to isolate the characteristic transition-
zone fauna of the valley from any near-by source
of replenishment.’’

Wright and others
1933

1933 Yosemite Valley ‘‘Oil is spread on dead waters seasonally as a
mosquito-abatement measure. This spells death to
birds of many species that come to the quiet pools
to bathe. One of the writers has picked up dozens
of oil-soaked birds in the meadows, and within the
space of a half hour once saw two blackbirds and
a robin floating down the Merced River. Total
losses from this source must be considerable.’’

Wright and others
1933

1938 Swamp Lake Research
Reserve

"This frog [California Red-legged Frog] is much more
secretive in its habits than the Sierra Yellow-legged
Frog. Beyond doubt, this fact is important in its
previous exclusion from amphibian check lists.’’

Yosemite Field
School 1938

1939 Swamp Lake Research
Reserve

"No intensive study of the amphibians in the research
area was made."

Yosemite Field
School 1939

1941 Swamp Lake Research
Reserve

‘‘It is suggested that future classes devote greater
attention to changes in numbers of these
animals. . .it is hoped that in future years more
attention will be given to night collecting, for it is
not unlikely that valuable nocturnal observations
may be made regarding the life histories or
occurrences of reptilian and amphibian life of the
Swamp Lake area.’’

Yosemite Field
School 1941

1946 Yosemite National Park ‘‘Perhaps careful collecting will prove that this frog
[California Red-legged Frog] is more widespread
than our records thus far have seemed to indicate’’

Walker 1946

1962 Yosemite Valley ‘‘Many native western anurans with similar
ecological requirements cannot compete
successfully with the introduced R. catesbeiana, and
it is to be hoped for the sake of preservation of
native fauna that the Park Service officials in
Yosemite can prevent this form from becoming
established in the Valley.’’

Karlstrom 1962

24 NORTHWESTERN NATURALIST 104(1)



APPENDIX TABLE 2. Continued.

Year
Portion of

Study Area Statement Source

1963 Yosemite National
Park

‘‘Our aquatic ecology story is not of much interest to
the average visitor, is not significant to an
understanding of the park, and has serious
competition from far more compelling
features...since fish are a part of Yosemite’s aquatic
ecology story, the visitor soon loses interest in
aquatic ecology in favor of the fish, concentrating
his interest on what is essentially an exotic in the
park.’’

US National Park
Service 1963

1971 Yosemite Valley "Our files do not provide enough information to
determine whether or not the Bullfrog is replacing
the Yellow-legged Frog in Yosemite Valley. In fact
your record from Karlstrom is the first we have
heard that the frogs once in the Ahwahnee Hotel
Pond might have escaped."

Jones 1971

1972 Yosemite Valley ‘‘While it is true that we have no records of recent
sightings of Red-legged Frogs here [Yosemite
Valley], it is also true that there hasn’t been much
interest in the park’s reptiles and amphibians for
some time. Thus, our records are probably
incomplete.’’

Jones 1972

1972 Yosemite National
Park

‘‘If the Bullfrog’s range expansion is not halted it
may wipe out the native Red-legged Frog from
Yosemite, as it has done throughout most of the
central Sierra.’’

Basey 1972

1977 Yosemite National
Park

‘‘It’s not often that we receive letters from people
concerned with the protection of small reptiles and
amphibians. . .Certainly, reptiles and amphibians
play an important part in their respective niche in
the ecosystem and deserve equal protection.’’

Wolfe 1977
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