
    Conservation management is often
improved by an understanding of historical
ecology—how current environmental condi-
tions have been shaped by past conditions
and interactions between humans and their
environment (Rick and Lockwood 2013, Szabó

2015). To accrue that benefit, however, histori-
cal ecologists need sufficient records from the
past. Unfortunately, recent decades have seen
declining investments in systematic collec-
tions and surveys (Suarez and Tsutsui 2004).
Thus future historical ecologists may lack the
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      ABSTRACT.—Historical ecological research provides valuable insights for contemporary conservation management.
Gaps in historical records, however, can limit the utility of that research. Future conservationists may therefore find
themselves disadvantaged by the current societal trend of underinvestment in systematic collection of museum speci-
mens and natural history information. To reduce that risk, we asked what managers and scientists could do today to
better document the past and present conditions of Santa Cruz Island, California, as a means to improve both contem-
porary and future conservation. We focused our inquiry on the island’s terrestrial fauna, which includes numerous taxa
of conservation concern. Here we present recommendations for research and collection that will enhance not only the
understanding of past and present ecological conditions on the island but also the records that will be accessible to
future historical ecologists.

      RESUMEN.—La investigación ecológica histórica proporciona datos de gran utilidad para la gestión de la conservación
contemporánea. Sin embargo, las lagunas en los registros históricos, pueden limitar la utilidad de dicha investigación.
Por lo tanto, los futuros conservacionistas pueden verse en desventaja, por la actual tendencia social de insuficiente
inversión para la recopilación sistemática de especímenes para museos y por la escasa información sobre su historia
natural. Con el propósito de reducir este riesgo, nos preguntamos qué pueden hacer hoy en día los gestores y científicos
para documentar las condiciones pasadas y presentes de la Isla Santa Cruz, California, como un medio para mejorar
tanto la conservación actual como la futura. Centramos nuestra investigación en la fauna terrestre de la isla, que incluye
numerosos taxones de interés para la conservación. Aquí presentamos recomendaciones para la investigación y la
recopilación, que mejorarán no sólo la comprensión de las condiciones ecológicas pasadas y presentes en la isla, sino
también el acceso a los registros para futuros ecólogos históricos.
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data they need to understand our present, an
era of extraordinary environmental change
(Brodersen and Seehausen 2014, Holmes et
al. 2016). To prepare future historical ecolo-
gists and conservation managers for success,
contemporary managers and scientists should
consider what they can do to ensure that a
sufficient record of current conditions is
archived for future use (Morrison et al. 2017).
    The California Channel Islands provide an
illuminating case study of applying historical
ecology to conservation planning and manage-
ment (Rick et al. 2014, Morrison et al. 2018).
The islands are globally renowned for their
unique ecosystems, endemic species, evi-
dence of early humans in North America, and
conservation importance. They also provide a
living laboratory for studying how humans
have shaped biodiversity (Rick et al. 2014).
Yet systematic cataloging of the archipelago’s
natural resources did not begin until the late
1800s, after the islands had undergone sub-
stantial ecological change from livestock
ranching. Some taxa and resources have been
relatively well studied over the intervening
decades, but for most taxa, data and specimen
records are temporally and spatially spotty at
best. Identifying and addressing such gaps has
the potential to improve conservation decision
making today and to provide an invaluable
legacy for future scientists and land managers.
    To discuss this issue, conservation managers
and researchers convened in Santa Barbara,
California, in January 2016 to identify and
describe the data sets and types of specimens
that should be prioritized for collection based
on their expected value to current and suc-
ceeding generations of conservation managers.
Participants had expertise in island ecosystems
and biodiversity, conservation management,
conservation genetics, and the interplay of
cultural and natural histories. The workshop
aimed to examine Santa Cruz Island as a
model system for this type of “future historical
ecology” inquiry (Morrison et al. 2018). Here
we present results from the workshop in which
the research and conservation of terrestrial
animals were discussed.

FOCAL AREA AND RESOURCES

    Santa Cruz Island is the largest and most
biologically diverse of the California Channel
Islands (Schoenherr et al. 1999). The 250-km2

island is physically defined by 2 mountain
ranges running from east to west divided by a
central valley. On south-facing slopes, coastal
sage-scrub dominates; north-facing slopes are
characterized by chaparral, oak woodland, and
pine forests. Santa Cruz Island is home to at
least 52 breeding bird species, of which 8 are
endemic taxa; 4 endemic mammals; 8 reptiles
and amphibians, of which at least 3 are endemic
taxa; a minimum of 2 breeding bat species;
and nearly 1000 invertebrates including at
least 15 endemic species (Rentz and Weissman
1981, Miller 1985, Powell 1994, Schoenherr et
al. 1999, Chatzimanolis and Caterino 2011,
Rick et al. 2012, Collins and Jones 2016).
    The ecosystem of Santa Cruz Island has
been shaped by humans for millennia (Er -
landson et al. 2011, Rick et al. 2014, 2018).
For at least 13,000 years, native islanders
altered their environment with fire, hunting,
and species translocation. Dramatic changes
occurred early in the 19th century when
indigenous populations were displaced by
settlers of European descent who engaged in
commercial agricultural enterprises and the
hunting of marine mammals. Ranchers intro-
duced large populations of livestock and other
nonnative animals to the landscape over a
period of several decades, leading to rapid and
unprecedented levels of soil erosion and vege-
tation loss (Brumbaugh 1980, Pinter and
Vestal 2005). Conservation management of
Santa Cruz Island began in 1978 when The
Nature Conservancy acquired the majority of
the island. Channel Islands National Park was
established in 1980.
    Removing nonnative animals and prioritiz-
ing the recovery of imperiled species and
ecological processes on Santa Cruz Island have
been the primary goals of ongoing land
manage ment (Rick et al. 2014, NPS 2015). The
island has experienced rapid ecological change
in response to livestock removal (Klinger et al.
2002, Morrison 2011, Beltran et al. 2014). Most
active management since the elimination of
nonnative ungulates has focused on eradicating
Argentine ants (Linepithema humile) and a suite
of invasive plant species (Cory and Knapp
2014) as well as recovering imperiled animal
species like the island fox (Urocyon littoralis)
and Bald Eagle (Haliaeetus leucocephalus)
(Coonan et al. 2010).
    For the purposes of this inquiry, we assume
that the land owners and their primary mission
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of resource conservation will remain the
same in the coming decades. However, we
did consider that these organizations may
reprioritize conservation targets due to
chang ing conditions on the islands and main-
land. For example, the coming decades are
predicted to be warmer and drier in South ern
California, with droughts becoming more
severe (Hayhoe et al. 2004, Cayan et al. 2008,
Diffenbaugh et al. 2015). Climate change may
affect vegetation recovery and the invasion
dynamics of nonnative plants (Randall et al.
2018). We therefore considered that environ-
mental conditions on Santa Cruz Island may
become increasingly novel, rendering past or
current conditions unsuitable as future man-
agement targets. Meanwhile human population
pressure and development on the mainland
may increase societal reliance on the islands to
provide the refugia for once widespread but
increasingly vulnerable and degraded natural
coastal communities of Southern California.
To improve the ability of conservation man-
agers to make science-based resource manage-
ment decisions in that future, a concerted
effort is needed to document the island’s
past and present conditions.

DOCUMENTING THE PAST

    We recognized that our ability to identify
and secure information about past conditions
of the island may be much greater than that of
future generations, so we assessed priorities
for documenting past faunal conditions. To
spur that inquiry and prioritization, we consid-
ered how we might use such information for
conservation management today. We reviewed
several initiatives that are under way to catalog
historic data sets and to increase data discov-
erability. For example, the California Islands
Biodiversity Information System (Cal IBIS)
is aimed at organizing and increasing accessi-
bility to records of vouchered island species
and observational field data. This information
system—based on the symbiota.org plat-
form—will generate species lists for defined
geographies and facilitate the tracking of
species distributions over time. Additionally,
a database of published and unpublished lit-
erature, housed and funded by the University
of California Reserve System in cooperation
with the National Park Service and The
Nature Conservancy, holds over 2000 entries

on biological and cultural collections of Santa
Cruz Island.
    We also emphasized the importance of
genomic and demographic research on ecolog-
ically important species. For example, inten-
sive research and monitoring efforts focused
on populations of endemic island fox and
spotted skunk (Spilogale gracilis amphiala)
since 2000 have resulted in a sizable collection
of biological samples (e.g., blood, full carcasses)
archived at the California Animal Health and
Food Safety Laboratory of the University of
California, Davis, and at the Santa Barbara
Museum of Natural History. DNA from these
and other historically collected specimens has
been used to estimate the island fox’s date of
arrival on the island chain (Hofman et al.
2015). As molecular technologies continue to
advance, future researchers may use these
samples to investigate an even greater array
of questions about the origin, evolution, and
conservation relevance of this species.
    Numerous temporal, taxonomic, spatial,
and demographic gaps remain in available
data about Santa Cruz Island. In contrast to
the relatively substantial and consistent col-
lection of carnivores and invertebrates, the
collection of herpetofauna and birds has
decreased significantly in recent decades.
Collection of the endemic Island Scrub-Jay
(Aphelocoma insularis), for example, declined
from approximately 100 specimens each decade
between 1890 and 1910 to fewer than 10 each
decade in 1990–2010 (Collins 2009). This rep-
resents a loss of valuable information on the
bird’s evolutionary response to change during
the 20th century. Many island taxa have
demonstrated rapid morphological evolution
or fine-scale morphological and genetic varia-
tion (Millien 2006, Van Vuren and Bakker
2009, Langin et al. 2015), underscoring the
value of consistent and systematic specimen
collection. This is especially pertinent given
the rapid changes to island vegetation over the
past 150 years due to intensive herbivory by
livestock and then the release from grazing
pressure following removal of those ungulates.
    The usefulness of some collections, espe-
cially of invertebrates, is limited because
many specimens have not been fully identi-
fied, photographed, or recorded in digital
databases. Insect specimens from Santa Cruz
Island are generally well represented in the
collections of many California museums, yet
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most of these specimens are not identified to
the species level (SDNHM 2012). Efforts to
identify and digitize historic specimens will
fill data gaps in our understanding of the
diversity and abundance of invertebrate com-
munities. For instance, a recent inventory of
ant collections from the California Channel
Islands uncovered a species, Camponotus
dumetorum, new to Santa Cruz Island. This
specimen was collected in 1913 and deposited
at the Natural History Museum of Los Angeles
County. An ongoing intensive survey of ants
on Santa Cruz Island has not detected this
species, which raises the question of whether it
is still present on the island or extirpated
because of the extensive loss of woody chap-
arral vegetation in the early 1900s.
    We recommend that island scientists and
managers prioritize research designed to docu-
ment past faunal conditions and to elucidate
mechanisms and rates of species colonization,
expansion, and extinction. This could be
accomplished by identifying, photographing,
and digitizing existing collection data includ-
ing specimen records, field notes, survey data,
and nontraditional data sources such as images.
Modeling the historical occurrence and abun-
dance of key species including vertebrates and
ecologically important invertebrates such as
Hymenoptera, Lepidoptera, and Coleoptera
would also be useful and could be used to map
the likely distribution of preranching vegeta-
tion types. These data would also help to
develop hypotheses about the distribution and
abundance of animal species of management
concern and their habitats prior to European
settlement of Santa Cruz Island. Restoration
efforts may be biased when management tar-
gets are only based on recent population data
which may reflect population sizes and
demographic structures highly influenced by
unnatural conditions such as invasive species
introductions or recent weather patterns. This
“shifting baseline” in which each generation
views recent conditions as original conditions
affects the interpretation of contemporary
ecosystems and can result in inappropriate
management goals (Pauly 1995, Jackson et al.
2001). Moreover, basing restoration goals on
remnant vegetation patterns and densities
overlooks historical information on popula-
tion structure and variability under local
environmental conditions, particularly for
habitats defined by long-lived plant species.

An investigation of historical data will
improve our ability to understand baseline
conditions on Santa Cruz Island, as well as
long-term trajectories.
    Reconstructing early- to mid-19th century
faunal conditions will be a challenging multi-
disciplinary effort. The research community
has outlined hypotheses about the preranch-
ing distributions of vegetation types on the
northern Channel Islands (e.g., Kindsvater
2006). These hypotheses do not explicitly
account for soil types and island moisture
gradients, however, and may overestimate
robust woody vegetation such as chaparral and
woodland cover relative to that of the scrub
and grassland assemblages. Historical ecolo-
gists likely would need to follow an iterative
process (Grossinger et al. 2008) that uses (1)
historical sources (e.g., 18th century Spanish
explorers’ journals, 19th century photographs),
(2) current information from soil maps and
plant life history data (e.g., Pavlik et al. 1993,
Sawyer and Keeler-Wolf 1995), and (3) rainfall
and fog moisture inputs for the island (Fischer
and Still 2007, Baguskas et al. 2016). Histori-
cal research would also involve an extensive
literature review to estimate the hectares of
wood used for building materials and fuel, as
well as the area of vegetation consumed
annually by livestock throughout the 19th and
20th centuries. Detailed, decadal stocking
records exist for the island (e.g., Collins 2009).
Source intercalibration (Swetnam et al. 1999,
Grossinger 2005, Whipple et al. 2011) provides
a method for ranking and integrating data
sets composed of information from different
time periods, social contexts, and authors.
Genetic comparative analysis of ancient and
modern pollen to verify paleoecological mod-
els (Parducci et al. 2005) could be used to
accomplish some of the above priorities.
    Advances in molecular analytical methods
have redefined our understanding of evolution
in some species (e.g., island fox) using speci-
mens collected decades ago, often changing
our understanding in ways that may have
been unimaginable to those who gathered and
preserved the specimens (Hofman et al. 2015,
Hykin et al. 2015). Care must be taken in
using limited resources, especially if proposed
analyses will destroy morphological features
or deplete the original source material (e.g.,
limited stored quantities of blood or tissue).
We therefore recommend that specimen
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owners require potential researchers to sub-
mit an application for biological sample use
so that the suite of hypotheses to be evalu-
ated and the conservation relevance of the
research is reviewed prior to sample use and
destruction. Similarly, sample owners should
consider setting aside well-preserved samples
to ensure that historic samples are available to
future scientists.

DOCUMENTING THE PRESENT

    Future researchers and conservationists
will benefit from systematic surveys and speci-
men collections that document the island’s
faunal conditions in the 21st century, includ-
ing information about relative rarity and local
adaptation of endemic populations. We identi-
fied 6 priorities for data collection. First, we
recommend that animal monitoring efforts be
expanded from annual surveys of landbirds
(Coonan et al. 2011) to include other species
groups amendable to systematic counts, such
as butterflies, lizards, frogs, and bats. Second,
we encourage continuing and extending
demographic studies of endemic vertebrates
that serve as keystone species or ecological
indicators, such as Island Scrub-Jays (Cald-
well et al. 2013), island foxes (Bakker et al.
2009), spotted skunks, Channel Islands slen-
der salamanders (Batrachoseps pacificus), and
island fence lizards (Sceloporus occidentalis
becki). Third, we agreed on the importance of
periodic photographic monitoring of both
historically photographed points (Beltran et
al. 2014) and restoration sites such as the
Prisoners Harbor wetland (NPS 2010). Fourth,
we need to initiate routine collection of island-
wide temperature and humidity data at an
ecologically relevant spatial scale (Sofaer et al.
2017). Fifth, we highlight the need to identify
temporal, spatial, demographic, and taxonomic
gaps in specimen collections; to prioritize new
collections of underrepresented taxa; and to
collect modern series of key island taxa.
Finally, standardized phenological data are
needed for ecologically important species or
communities, such as fruiting times of animal
food plants like toyon (Heteromeles arbutifo-
lia) and manzanita (Arctostaphylos spp.), the
emergence of insect pollinators, arrival times
of migratory songbirds, and the calling of
Pacific chorus frogs (Pseudacris regilla). Phe-
nological changes on the island have already

been documented (Burkle et al. 2013, Van
Vuren 2013) and are likely to increase in the
coming decades (Randall et al. 2018). We
recommend that the data collection outlined
here be conducted in all of Santa Cruz
Island’s major terrestrial biomes.
    The endemic fauna of Santa Cruz Island’s
grasslands and open scrublands were a focus
of discussion at our workshop. The removal
of introduced ungulates promoted recovery of
coastal sage-scrub and chaparral ecosystems,
but native populations of many grassland and
open scrubland animals have declined over
the past 30 years, including the Loggerhead
Shrike (Lanius ludovicianus anthonyi; Stanley
et al. 2012), Horned Lark (Eremophila alpestris
insularis; Fancy 2000, Dye and Coonan 2015),
and spotted skunk (Coonan 2015). Species that
prefer open habitats may have experienced
increases in abundance during the ranching
era, making their recent declines partly attrib-
utable to habitat loss. Nevertheless, some of
these declining populations existed prior to
the clearing of native vegetation during Euro-
pean settlement (Caballero and Ashley 2011)
and may be adapted to insular environmental
conditions (Rick et al. 2014). A challenge facing
biologists is how to manage all natives on
Santa Cruz and the other California Channel
Islands in the absence of livestock ranching
and vegetation burning by indigenous human
populations, activities that created and main-
tained island grasslands and scrublands (Carroll
et al. 1993, Anderson et al. 2010). A key ques-
tion is whether managers should create more
open habitat (e.g., Eliason and Allen 1997),
recognizing that this may involve trade-offs
in other habitat and species recovery goals.
Modeling the preranching ecosystem condi-
tions of Santa Cruz Island, as described in
“Documenting the Past,” would provide a
baseline for managing open habitats over the
next century.
    Systematic documentation of Santa Cruz
Island’s current faunal conditions will also
establish a baseline for future understanding
of the ecological effects of ongoing, rapid cli-
mate change. Until recently the influence of
climate change on faunal turnover and shifts
in species distributions was modeled using
best estimates of past conditions but limiting
our inferences to changes occurring over cen-
turies (Koch and Barnosky 2006, Sandweiss
and Kelley 2012, d’Alpoim Guedes et al. 2016).
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The rapid pace of contemporary climate
change will impact animal assemblages over
decadal time scales. Indeed, the 2012–2016
drought in California provided a glimpse of
what may be the “new normal” (Wang et al.
2017, Fewings 2017, Swain et al. 2017).
    Uncertainty about the effects of climate
change emphasizes the importance of
hypothesis-driven adaptive monitoring (Nichols
and Williams 2006, Lindenmayer and Likens
2009) of Santa Cruz Island’s terrestrial fauna.
For example, ongoing research is testing
whether the extent of oak chaparral and
woodland is facilitated by long-distance acorn
dispersal by Island Scrub-Jays (Sillett et al.
2012, Morrison 2014, Pesendorfer et al. 2017).
Rapid recovery of oaks to their preranching
range is predicted to enhance this ecosystem’s
climate change resilience by increasing popu-
lation sizes of constituent species, restoring
ecological interactions, and expanding the
surface area of vegetation available for fog
moisture capture. Testing these predictions
will require measurement of fine-scale climate
variation, monitoring of animal and plant popu-
lations, demographic studies of focal species,
and field experiments to quantify oak recruit-
ment. Research objectives will be adapted
based on periodic statistical modeling of field
data and assessments of experimental out-
comes. Similar research that tests hypotheses
about the island’s ecological processes and is
designed to accommodate environmental and
sampling uncertainty would greatly enhance
the future value of our monitoring data sets.
Moreover, the usefulness of faunal studies on
Santa Cruz Island will be maximized if they
are embedded within broader research pro-
grams involving other Channel Islands and
the adjacent mainland (Morrison et al. 2014).

LOOKING TO THE FUTURE

    Our workshop included scientists and
resource managers in various stages of their
careers, which served to underscore the role
that all can play as contributors to the histori-
cal legacy of a place. By putting ourselves in
the shoes of future scientists and practitioners,
we sought to identify information and materi-
als pertaining to past and present conditions
that might well become invaluable to future
conservation management. In that light, we
identified research questions that could not

only lead to important contemporary discov-
eries but also motivate sample collection that
could benefit future historical ecologists
focused on Santa Cruz Island:

l  Is island species diversity in a dynamic
equilibrium (Harmon and Harrison 2015)?

l  Which island forms are ecologically or
evolutionarily distinctive and thus should
be managed as endemic taxa (Robertson
et al. 2014)?

l  Is the rate of faunal speciation increasing?
l  When did extant wildlife diseases and
pathogens arrive on the island?

l  What are the pollinators of endemic plants?
l  Has the residency status of potentially
migratory bird, bat, and insect species
changed?

l  Which attributes allow competing island
species to coexist and how do we manage
for those attributes to maximize species
persistence?

l  How do we leverage knowledge of Santa
Cruz Island to inform research and con-
servation on other islands?

l  Are we doing what is necessary to preserve
the ecological and cultural character of the
island?

    In conclusion, we hope that the results of
our workshop will help build a framework for
interdisciplinary study of Santa Cruz Island’s
terrestrial fauna that will drive a concerted
research agenda for the decades ahead. Our
central goals were to identify gaps in existing
collections and to recommend priorities for
filling those gaps and for assembling an
archive of current faunal conditions. We echo
the call to recognize the generational impera-
tive we have at this moment of transformative
global change to better document the past
and present of this island system (Morrison
et al. 2018).
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