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ABSTRACT.—Historical marine ecology provides information on past ocean conditions and community structure that
can inform current conservation and management. In an era of rapid global ocean changes, it is critical that managers
and scientists ensure sufficient documentation of past and present conditions of resources they manage or study. Docu-
menting, archiving, and preserving historic and contemporary data will provide their colleagues in the future with more
information to make robust science-based management decisions. Using a workshop approach, we identified research
and archiving priorities to enhance documentation of the past and present conditions of coastal and marine ecosystems
of the northern Channel Islands in California. We identified a variety of historical data types (e.g., archeological data,
oral histories, environmental records, imagery) that should be preserved and analyzed to better understand past coastal
and marine ecosystems around the northern Channel Islands. Continuing with long-term monitoring programs is also
important for establishing baselines to inform contemporary management decisions and compare with future conditions.
Herein, we underscore the role that individual scientists and managers working in the northern Channel Islands must
play in documenting their work, archiving data, and preserving specimens in museums and institutions. Our case study
for the northern Channel Islands provides a guide for how scientists should be documenting past and present conditions
for marine resources around the world. Robust documentation of such conditions will give future scientists, managers, and
other stakeholders the information needed to navigate what are sure to be increasingly complex management challenges.

RESUMEN.—La ecologfa marina histérica proporciona informacién sobre las condiciones ocednicas y la estructura de
las comunidades del pasado, brindando informacién acerca de la conservacion y la gestion actual. En una era de cambios
répidos ocednicos globales, es esencial que los responsables del manejo y los cientificos garanticen la suficiente informa-
ci6n sobre las condiciones pasadas y presentes de los recursos que manejan o estudian. Documentar, archivar y preservar
los datos histéricos y contempordneos proporcionara a futuros colegas mayor informacién para tomar decisiones de
gestion sdlidas, basadas en la ciencia. Mediante un taller, identificamos las prioridades a investigar y archivar para reforzar
la documentacion de las condiciones pasadas y presentes de los ecosistemas costeros y marinos de las Islas del Canal
(Channel TIslands) del norte de California. Identificamos una variedad de tipos de datos histéricos (por ejemplo, datos
arqueoldgicos, historias orales, registros ambientales, imagenes) que se deben preservar y analizar para comprender
mejor los antiguos ecosistemas costeros y marinos de las Islas del Canal del norte. También es importante continuar con
los programas de monitoreo a largo plazo que ayuden a establecer los fundamentos para informar las decisiones de gestion
contemporaneas y compararlas con las condiciones futuras. Destacamos el papel que los cientificos y administradores que
trabajan en las Islas del Canal del norte deben desempenar a la hora de documentar su trabajo, de archivar datos y de
preservar especimenes en museos e instituciones. Nuestro estudio sobre las Islas del Canal del norte proporciona una
guia sobre c6mo los cientificos deben documentar las condiciones pasadas y presentes de los recursos marinos en todo el
mundo. La sélida documentacién de estas condiciones ofrecera a los futuros cientificos, administradores y a otros intere-
sados la informacién necesaria para guiarlos en lo que, seguramente, seran desafios de gestion cada vez mas complejos.
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Coastal and marine ecosystems are being
subjected to increasing impacts due to human
activities, such as resource extraction, pollu-
tion, and anthropogenic climate changes, that
pose significant threats to ecological processes,
biodiversity, ecosystem health, and food secu-
rity (Worm et al. 2009, Hoegh-Guldburg and
Bruno 2010, Coézar et al. 2014, Greene 2016).
Understanding and responding to these impacts
represents a significant challenge to the sci-
entific and conservation communities, in part
because of unique attributes of the marine
environment. The pace of some climate change
indicators (e.g., species shifts) may be faster in
marine ecosystems, especially in midlatitude
upwelling ecosystems, relative to many other
systems (Burrows et al. 2011, Doney et al.
2012). Additionally, the scale of chemical and
material transport in the ocean is generally
quite large (i.e., many kilometers). Because of
the fluid nature of marine ecological processes,
spatial boundaries are dynamic across time
and over many different parameters. The
“openness” of marine systems, with species
distributions defined by dynamic water bodies
and broad dispersal and movement patterns,
affects connectivity of populations, genetics,
trophic interactions, and the ability to protect
and restore those populations (Kinlan and
Gaines 2003, Carr et al. 2003). Ownership
and access issues are also markedly different
in the marine environment than they are on
land. Additionally, we know relatively little
about marine ecosystems, especially deeper
zones, compared to what we know about
terrestrial ecosystems. This is because ocean
ecosystems are difficult to access, require the
development of new tools, and, as a result, are
expensive to study. Coastal ecosystems, occupy-
ing a relatively narrow zone at the intersection
of land and sea, have their own unique conser-
vation challenges and are subject to stressors
from both land and sea, as well as looming
threats from sea-level rise (Scavia et al. 2002,
Sloan et al. 2007, Heberger et al. 2011).

Overcoming the special challenges of
research in coastal and marine ecosystems and
collecting baseline data and information for
informed management are essential. We need
information on the current status of resources
and the processes affecting them, as well as the
natural variability and responses of systems to
specific environmental or anthropogenic-based
changes. To better equip and inform natural
resource decision making today and into the
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future, Morrison et al. (2017) highlight the
accountability that scientists and managers
have to ensure that data pertaining to past
and present conditions of the resources in
their charge are collected and archived. His-
torical marine ecology provides information
on past ocean conditions and community
structure that informs our current understand-
ing of conservation status, recovery targets,
and management needs (Jackson et al. 2001,
Lotze et al. 2006, McClenachan et al. 2012).
As memories fade, records are lost, condi-
tions change, and baselines shift, it is impor-
tant to do what we can now to document and
secure information from the past and pres-
ent. Global change will bring added com-
plexity and challenges to stewardship of the
coastal and marine environment, but we sug-
gest that a strong and easily accessible
record and documentation of past and cur-
rent conditions will give stakeholders and
decision-makers in the future the kind of
valuable information they will need. What
future managers will ultimately do with this
information from the past is hard to predict
and will be context-specific. However, there
is a growing understanding that making
resource management decisions, such as how
to maintain populations or communities in
their current state or whether to bring an
ecosystem back to an earlier state, will bene-
fit from an understanding of baseline condi-
tions, trajectories of historic change, and the
impacts of humans on observed changes
(McClenachan et al. 2012, Thurstan et al.
2015).

As a first stage in this process, we under-
took an inquiry to examine the current state of
documentation of past and present conditions
of the coastal and marine ecosystems of the
northern Channel Islands of California (USA),
an area of high conservation value and of
management and scientific interest. Our inquiry
focused on 3 questions:

* How can we better document past conditions?

® How can we better document present conditions?

® How can we build support for data collection and
archiving that can be used to make more informed
management decisions today and into the future?

We conducted our inquiry as part of a broader
effort to assess research and archiving needs
and opportunities for the California Islands
(Morrison et al. 2018). Our assessment pre-
sents a case study of, and a template for, how
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Fig. 1. Map of study region showing the northern Channel Islands and the boundaries of state marine reserves and
state marine conservation areas. The dotted line and dark shading delineates the Channel Islands National Marine

Sanctuary boundaries.

this type of inquiry can be applied to marine
resources elsewhere.

MANAGEMENT AREA AND
RESOURCES OF INTEREST

The Santa Barbara Channel region is highly
variable, sitting at the confluence of warm-
and cold-water ocean currents, which results
in an important biogeographic transition zone
for many marine organisms (Hickey 1998,
Hamilton et al. 2010). The ocean waters around
the northern Channel Islands are some of the
most protected in the world, lying within the
federal Channel Islands National Marine
Sanctuary (henceforth, the “Sanctuary”) and
the Channel Islands National Park. In addi-
tion to the federal designations, the state of
California established a network of 13 marine
protected areas (MPAs) in 2003, eleven of
which are no-take reserves (Fig. 1; Airamé et
al. 2003, Gleason et al. 2013).

While much of the marine environment
around the islands is protected from extractive
activities, large areas still support recreational
and commercial fishing, activities that are
likely to grow in importance as human popula-
tions increase. In addition, this region experi-
ences impacts from other sources including
shipping (e.g., noise, whale strikes, pollution),
land-based pollutants carried offshore, offshore
oil and gas development, tourism, and climate
impacts (e.g., warming water temperatures,
ocean acidification, sea level rise).

Study Area Boundary

We defined our study area as the waters
around the northern Channel Islands, and we
used the federal Sanctuary boundary as the
demarcation (Fig. 1). This is akin to using the
management unit of an individual island or
protected area as a focal area for determining
research and documentation priorities for
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terrestrial resources. The Sanctuary encom-
passes 1110 square nautical miles (1470
square miles or 3807 km2) of water from
mean high tide to 6 nautical miles offshore of
Santa Barbara, Anacapa, Santa Cruz, Santa
Rosa, and San Miguel Islands. Santa Barbara
Island, while geographically grouped with
the southern Channel Island archipelago, is
included in this overview because of this
shared management boundary and research
history. We assumed that as we identified
questions and information needs related to
this jurisdictional unit, the geographic area of
interest may scale outward depending on the
specific resource or question of interest. For
example, connectivity issues in the marine
environment, as described above, may lead to
conservation strategies that transcend politi-
cal boundaries. Similarly, conservation of par-
ticularly threatened species or habitats might
dictate research priorities at spatial scales
larger than this study area boundary.

Coastal and Marine Resources

The coastal and marine ecosystems and
resources in the northern Channel Islands are
important for their biodiversity values and rele-
vance to the people who have lived, worked,
and recreated around the islands and their
waters both currently and historically. In this
ecoregional transition zone, marine biodiver-
sity is quite high, containing species with both
northern (cold water) and southern (warm
water) affinities. The coastal bluffs and shore-
lines around the northern Channel Islands
include habitats such as coastal scrub, small
wetlands, pocket beaches, intertidal rocky
habitats, and offshore rocks and islets. Each
island supports unique vegetative communi-
ties on the coastal margins (such as coastal
bluff scrub, coastal sage scrub, and chaparral)
and rare endemic plant species; much of the
coastal vegetation has been altered by human
activities and is in some stage of recovery.
Coastal areas provide grounds for colonies of
seabirds such as Ashy Storm-Petrel (Ocean-
odroma homochroa), California Brown Pelican
(Pelecanus occidentalis), Brandt's Cormorant
(Phalacrocorax penicillatus), Pigeon Guillemot
(Cepphus columba), Cassin’s Auklet (Pty-
choramphus aleuticus), Scripps’s Murrelet
(Synthliboramphus scrippsi), and others. These
areas are also important for marine mammal
rookeries and haul-outs for species such as
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California sea lion (Zalophus californianus),
northern fur seal (Callorhinus ursinus), north-
ern elephant seal (Mirounga angustirostris),
and others (NCCOS 2005).

Offshore, the marine environment can be
characterized by different depth zones (e.g.,
inner shelf 0-30 m, middle shelf 30-100 m,
outer shelf 100-200 m, meso-benthal slope
200-500 m, and bathy-benthal slope >500 m),
different substrate types (e.g,, silt, sand, cobble,
and bedrock), and the presence of submerged
aquatic vegetation (e.g., eelgrass and surfgrass)
or macroalgae (e.g., kelp forests). The waters
in the Sanctuary around the northern Channel
Islands range from intertidal to approximately
1600 m deep, with bathymetric complexity in
the form of submarine canyons and pinnacles
and important deep-sea coral and sponge com-
munities. Similarly, there are different pelagic
zones (e.g., bathypelagic, mesopelagic, and
epipelagic) characterized by their depth, physi-
cal oceanographic parameters, and frontal
boundaries. These marine ecosystems support a
diverse array of algal, invertebrate, fish, seabird,
and marine mammal populations. Important
fishery species include spiny lobster (Panulirus
interruptus), market squid (Loligo opalescens),
sea cucumbers, urchins, many species of rock-
fish (Sebastes spp.), lingcod (Ophiodon elonga-
tus), sanddabs (Citharichthys spp.), California
sheephead (Semicossyphus pulcher), yellowtail
(Seriola dorsalis), and many others. Marine
mammals around the islands include the pin-
nipeds listed above and many cetacean species
such as blue whales (Balaenoptera musculus),
gray whales (Eschrichtius robustus), humpback
whales (Megaptera novaeangliae), bottlenose
dolphin (Tursiops truncatus), long-beaked and
short-beaked common dolphins (Delphinus
capensis and D. delphis), and many others
(NCCOS 2005).

We recognize that many of the resources
that are the focus of our inquiry here are linked
in complex ways to the natural and cultural
resources found in the terrestrial realm of the
islands. Inquiries similar to ours were directed
to terrestrial flora and fauna and cultural
resources of Santa Cruz Island (Boser et al.
2018, Morrison et al. 2018, Randall et al. 2018,
Rick et al. 2018) We encourage readers to
review those assessments for a multidiscipli-
nary overview of the study area because there
were many overlapping interests and comple-
mentary sets of recommendations.
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DOCUMENTATION OF THE PAST

Historical ecology approaches have been
used to understand long-term change in
marine systems (Jackson et al. 2001, Pandolfi
et al. 2003, McClenachan 2009) with goals of
informing restoration, conservation, and man-
agement (Pesch and Garber 2001, VanDyke
and Wasson 2005). For example, in California,
museum seabird specimens have played a
key role in documenting historic population
size, changes in diet, community structure,
ocean conditions, and pollutants over time
(Beissinger and Peery 2007, Osterback et al.
2015). While some of the methods and data
sources for historical ecology are similar
between terrestrial and coastal or marine
systems, there are important differences. For
example, specialized tools are often required
for accessing underwater environments, so
research in marine systems has lagged far
behind research in terrestrial systems. Rela-
tively recent advances in SCUBA, remotely
operated vehicles (ROVs), autonomous under-
water vehicles (AUVs), and submarines have
made more habitats accessible, and some
monitoring now occurs in most marine ecosys-
tems. However, reconstructions of the past in
marine systems tend not to be as “deep in
time” as terrestrial examples.

EXAMPLES OF THE USE OF HISTORICAL
ECOLOGY FROM THE CHANNEL ISLANDS

The Channel Islands and broader Santa
Barbara Channel have a long history of envi-
ronmental change, human occupation, and
human exploitation of resources, including
13,000 years of maritime Chumash presence
and hundreds of years of Spanish, Asian, and
Euro-American presence. The archeological
record reflects that history and documents
significant changes in flora and fauna in the
region that can inform modern-day manage-
ment (Rick et al. 2008). In the Channel
Islands, 2 case studies using different types
of data provide examples of how historical
information can be used in modern-day man-
agement and conservation. Bellquist and
Semmens (2016) used fishing records compiled
from a regional fishing newspaper (Western
Outdoor News) to reconstruct changes in size
structure of recreationally fished species
throughout coastal California, with an empha-
sis on the northern Channel Islands. The work

WESTERN NORTH AMERICAN NATURALIST (2018), VOL. 78 No. 4, PAGES 864-878

followed previous studies from Florida that
utilized old photographs from fishing piers
(McClenachan 2009) and a long time series
of fishing records from the International
Game Fishing Association (Roberts et al. 2001,
Bohnsack 2011) to document temporal declines
in fish size and changes in fish community
structure and to assess benefits of MPAs to
recreational fishing, respectively. Bellquist and
Semmens (2016) showed that since 1966, 12
out of 16 species analyzed showed declines in
trophy size (size of the largest individuals in a
population). Of those 12 species, 9 showed very
recent stabilization or increases in trophy size.
Importantly, the creation of this database from
a nontraditional source overcame current limi-
tations in temporal and spatial resolution with
traditional fisheries-dependent and fisheries-
independent data collected in California.

A second study (Braje et al. 2017) measured
very long-term changes (over 10,000 years) to
population abundance and size structure of an
ecologically and commercially important fish
species, California sheephead (Semicossyphus
pulcher). Comparing zooarchaeological records
from the Channel Islands with contemporary
samples and using stable isotope analysis to
measure food habits, these authors provide a
more accurate baseline of the size and diet of
California sheephead prior to the develop-
ment of a fishery in the early 20th century.
They found that the average size of sheephead
along the northern Channel Islands today is
significantly smaller than in the deep past. This
may be due to the targeting of large sheephead
by modern commercial and recreational
anglers, which has culled many of the largest
fish from the modern population. However, the
authors also provide evidence for the long-term
continuity and stability of sheephead popula-
tions in the northern Channel Islands, both in
terms of relative abundances and average sizes
with fluctuations in time in both metrics, sug-
gesting hope for the restoration of this fishery
in the Channel Islands region. This research is
a rare example of long-term historical analysis
attempting to provide actionable data for
modern fisheries management.

Despite a growing interest in historical infor-
mation and increasing discovery of a variety of
nontraditional data types, historical data are still
not commonly utilized in marine management
or conservation decisions. McClenachan et al.
(2012) note several obstacles ranging from
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funding limitations on gathering historical
data in the first place to challenges of incor-
porating nontraditional data into existing
quantitative frameworks. Yet, when historical
long-term data are incorporated into marine
population assessments (e.g., for fisheries or
extinction risk assessments), they often point
to more severe population declines than
assessments without long-term data do
(McClenachan et al. 2012). In fact, the prob-
lem of shifting baselines in marine ecosys-
tems and populations has been described by
many authors (Pauly 1995, Dayton et al.
1998, Jackson et al. 2001, Pinnegar and
Engelhard 2008) and has potentially limited
management and restoration efforts by iden-
tifying rebuilding targets that may be dan-
gerously low or simply underestimating the
magnitude of declines. As we move forward
collecting and archiving data on marine and
coastal ecosystems of the present, attention
to the current challenges of incorporating
these data into conservation and decision
making may help us overcome these limita-
tions in the future. For example, accessibility
and documentation (via archiving and good
metadata practices) might make data more
discoverable to future historical ecologists.

Importance of Historical Information
in the Context of Ocean Change

The importance of taking a longer view of
our coastal and marine ecosystems, especially
in a dynamic area like the northern Channel
Islands, cannot be overstated. Recent human-
induced climate fluctuations are layered on
decadal (e.g., Pacific Decadal Oscillation) and
shorter-term (e.g., El Nino Southern Oscilla-
tion) time frames. Anthropogenic activities have
increased dramatically in the region since the
early 19th and 20th centuries with increases in
fishing pressure brought by the Chinese and
Euro-American fisheries as the native Chu-
mash populations were reduced (Braje et al.
2017). More recently, commercial shipping,
invasive species, pollution, disease outbreaks,
and tourism have all increased, and all have
contributed to largely unstudied impacts on
the marine and coastal systems. Several well-
documented extirpations of marine species
have occurred in the Channel Islands region
with varying effects on present-day marine
communities. One of the best-documented
examples involved the loss of a keystone
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predator in the system, the southern sea otter
(Enhydra lutris nereis), because of intensive
hunting associated with the fur trade begin-
ning in the early 1800s (Braje et al. 2013). By
1830, southern sea otters were functionally
extinct throughout California. After being
given protection in 1911 by the International
Fur Seal Treaty, southern sea otter popula-
tions have increased, albeit slowly (USFWS
2015). Current community structure of rocky
reefs and kelp forests (essentially encompass-
ing all modern kelp forest-monitoring time
series) almost certainly reflects the loss of
this top, keystone predator. However, it has
been suggested that southern California kelp
forests may be more resilient to change than
other kelp forests in the range of the sea otter
because of high levels of functional redun-
dancy in predators, including the California
sheephead and spiny lobster (Steneck et al.
2002, Graham et al. 2008). Should the sea
otter expand its current range to the northern
Channel Islands (a small reintroduced popu-
lation lives at San Nicolas Island), we might
expect to see dramatic changes to the kelp
forest systems, perhaps a reflection of the
historical state.

Another dramatic loss of a suite of species
involved a combination of overfishing and
disease. Red and black abalone (Haliotis
rufescens and H. cracherodii, respectively)
were important food sources for the Chumash
people on Santa Cruz Island (Braje et al.
2009). With the loss of their 2 main predators,
sea otters as described above and the declin-
ing Chumash population, abalone experienced
population explosions in the early 1800s (Braje
et al. 2009), with black abalone reported to
be stacked 5 deep in the intertidal on Santa
Cruz Island. Beginning in the 1960s, 5 species
of abalone suffered serial depletion in the
Channel Islands. The loss has been attributed
to a combination of overharvest, disease, and
a long-term warming trend leading to poor
recruitment (Leet et al. 1992, Engle 1994).
One species of abalone, the white abalone
(Haliotis sorenseni), was the first marine inver-
tebrate on the federal endangered species
list. Recently, anecdotal reports of recovery of
some species of abalone are encouraging, but
to date, the fishery for abalone south of Point
Conception (Santa Barbara Co., CA) remains
closed. Conservation and management today,
and into the future, could benefit from a
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TaBLE 1. Types and examples of historical coastal and marine data from the northern Channel Islands.

Source material Examples

Reconstructed
environmental data

Archaeological samples

Data records (e.g., precipitation) or biotic and abiotic environmental “recorders” (e.g.,
otoliths, skeletons, shells, sediments)
Underwater surveys of ancient submerged terraces; terrestrial middens; stable isotope

analysis of feathers or fish bones from cultural and historic nesting or roosting sites

Historical records

Written histories such as ship logbooks; maritime bills of lading; fur trade logs;

newspapers and popular magazines

Oral histories
Scientific surveys

Targeted interviews with scientists, fishermen, and other stakeholders
Historic scientific expeditions and surveys; field notes, species lists, and collections

from museums and older naturalists; historic seabird surveys; stable isotope analysis
of museum specimens; unpublished theses and dissertations; core samples drilled
for the offshore oil industry

Imagery or acoustic
reconstructions

Fishing data

Kelp canopy estimates from LANDSAT satellites; kelp aerial photography; sediment
plumes from aerial imagery; U.S. military imagery and acoustic surveys

Fishery logbooks; newspaper and other media records; photographic databases

better understanding of the long-term context
of the region, including both natural and
human-induced fluctuations in populations
and how marine communities were struc-
tured in the past. This does not mean that
restoration to some previous state is possible
or even desirable. However, knowing the
bounds of fluctuations and their relationships
to abiotic and biotic factors over long time
scales can guide restoration toward realistic
endpoints.

Potential Sources of Historical Data
for the Northern Channel Islands

The northern Channel Islands provide
rich opportunities for exploration and “redis-
covery.” Workshop participants identified many
potential sources of information that could
allow for reconstruction of past environmental
conditions and human uses of coastal and
marine systems.

We grouped these potential sources into 7
categories that span from “deep time,” such as
information obtained from reconstructed envi-
ronmental records and archeological surveys,
to the more recent past, such as information
obtained from historical records, oral histories,
scientific surveys, imagery, and fishing data
(Table 1). With these types of information
sources, it is often possible to reconstruct his-
toric baselines though temporal comparisons,
time series analysis, hindcasting, and space-
for-time comparisons (Lotze and Worm 2009).

Some of these historic data sources are
highly vulnerable to loss. For example, many
of the coastal archeological sites around the
northern Channel Islands—sites that contain a

rich archive of data regarding both marine and
terrestrial ecosystems—are experiencing ongo-
ing destruction due to storm surge and sea level
rise (Reeder et al. 2012). The knowledge of
many late-career scientists who spent decades
conducting research in the study area could be
lost unless investments are made in interview-
ing them as part of an oral history project and
facilitating the archiving of their field notes.
We urge managers and scientists to prioritize
data collection from ephemeral sources that
are susceptible to degradation or loss.

DOCUMENTATION OF THE PRESENT

Investment in long-term ecological studies
and monitoring can have significant benefits
in tracking ecosystem changes through time
and in informing environmental policy (Hughes
et al. 2017). One of the most important actions
we can take today to help the conservationists
and managers of the future is to comprehen-
sively inventory and document today’s marine
and coastal ecosystems and make sure those
data are archived well into the future. As we
considered how we could improve data col-
lection and archiving in the present and for
historical ecologists” use in the future, there
was broad agreement among workshop partici-
pants that completing a baseline on ocean
conditions and ensuring stable support for
long-term monitoring are critical.

Completing Ocean Baseline and
Supporting Long-term Monitoring

There is a high density of academic institu-
tions, state and federal agencies, and nonprofit
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organizations located on the adjacent mainland
that have conducted research or monitoring of
coastal and marine resources in the northern
Channel Islands. In fact, a variety of long-term
monitoring programs are already in place
(Table 2). Some of the best examples come
from the multiple programs that survey kelp
forests and rocky intertidal areas. The imple-
mentation of MPAs throughout California has
provided impetus and funding for continuing
and expanding many existing long-term moni-
toring programs, as well as developing new
monitoring in habitats where programs did not
already exist (e.g., deep water, sandy beach) or
adding alternative types of data to assessments
(e.g., social and economic data). In addition to
the “benthic” ecological monitoring programs
mentioned above, the region hosts some very
comprehensive seabird and marine mammal
monitoring programs (Table 2). Finally, the
area is also well studied from an oceanographic
perspective, with many of the programs men-
tioned above also maintaining instrumentation
to measure, for example, temperature, wave
exposure, salinity, oxygen, and currents.
Despite a relative wealth of existing data
and monitoring programs in the coastal and
marine environment, workshop participants
identified areas where present-day monitoring
or assessment could be added or enhanced.
When participants were asked what data the
marine scientist or manager of the future
would like to see collected now, several areas
of inquiry emerged. First, measures of abiotic
habitat (e.g., extent, type, quality) are funda-
mental to understanding variation in biotic
communities over space and time. California
has made substantial progress in completing
benthic habitat maps for the majority of the
state using technology such as side-scan and
multibeam sonar. Side-scan and multibeam
sonar can provide important information on
benthic structure, erosion, geomorphological
change, and patterns of island subsidence over
time. Unfortunately, one of the primary gaps
in the statewide mapping process is in the
area around the northern Channel Islands.
Although substantial progress has been made
recently and 70% of the Sanctuary seafloor has
been surveyed by high-resolution sonar, only
20% of the area contains an actual habitat map
developed by postprocessing those data. The
majority of the remaining seafloor mapping
gaps occur in shallower areas that are home
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to some of the most productive and healthy
kelp forest and rocky reef communities in the
region. Completion of benthic habitat mapping
in this area would provide critical information
to aid incident response and restoration activi-
ties, inform management of protected resources
and fisheries, and improve navigational safety.
These core products are building blocks for
informed survey design, and they are funda-
mental to understanding species/habitat pres-
ence, abundance, and vulnerability.

Similarly, when investigating the drivers of
change or spatial variation in biotic communi-
ties, understanding anthropogenic activities at
relevant spatial and temporal scales is critical.
For example, the widespread implementation of
MPASs as a spatial management measure should
be accompanied by collection of data on fishing
effort at similar spatial scales. Similar arguments
can be made for spatial data on other human
uses including recreational activities, military
actions, and energy development. Expansion of
long-term monitoring programs into new habi-
tats (e.g., deep water) initiated during the MPA
baseline monitoring period should be contin-
ued. New technology is continually advancing
and one technique in particular, the use of
soundscapes and audio recordings, was identi-
fied by the group as having potential for use in
the Channel Islands. Audio has been used suc-
cessfully for some time to assess marine
cetaceans, but, increasingly, sound is being used
to document seabird populations and the
“health” of whole ecosystems such as reefs and
estuaries (Buxton and Jones 2012, Lillis et al.
2014, Oppel et al. 2014, Harris et al. 2016).

Prioritizing What Needs to be Done
Now to Guide Future Management

Ecologists, conservation practitioners, and
natural resource managers agree that long-
term monitoring of the environment is critical
for understanding and making decisions in
complex ecological systems (Lindenmayer
and Likens 2009). Increasingly, the linkages
between humans and ecosystems are also rec-
ognized as important aspects to monitor (i.e.,
social-ecological systems; Folke 2006, Ostrom
2009). However, resources to conduct long-
term monitoring are limited. Virtually all
long-term environmental and social monitor-
ing programs face funding challenges and, as
such, must evaluate where and when to allo-
cate limited resources for maximum benefit.
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DataStore/ https://www.boem.gov/Pacific

-Current-Studies/.
Gretchen Hofmann, UCSB. http://www

(USFWS), David Mazurkiewicz (NPS),
Josh Adams (USGS), Darrell Whitworth,
Frank Gress, CIES, PRBO/Pt. Blue,
Smithsonian, BOEM, Laurie Harvey,
NFWE, Audubon CA. https://irma.nps.gov/

George Hunt, Harry Carter, Bill Mclver

URL or contacts

Species varied by year.

program. Some annual
monitoring occurred.
Nine species overall
within the time frame.

Frequency/duration
1969-2006 under park

recapture, mistnetting, acoustic

surveys. Banding/mark
surveys

Boat-, land-, and colony-based

Methods

Seabird abundance, reproductive
success, phenology, and
population age structure

Focus and scope

TaBLE 2. Continued.
Park Inventory and
Monitoring Data

Monitoring program
Channel Islands National

pH, dissolved oxygen; sensors Since 2012/continuously for

Nearshore oceanography for

Ocean Acidification Program

.hofmannlab.com. Stephen Whitaker

UCSB; NPS intertidal
(NPS), Jonathan Jones (NPS).

deployed on piers and in the

acidification studies
intertidal

UCSB/CINPS

monitoring beginning in

2017
2000-2010/annual

https://www.wildlife.ca.gov/OSPR/NRDA/

Rat eradication and response of Pre, during, and post rat and

American Trader Trustee

american-trader. CDFW, USFWS, Darrell

Whitworth, Harry Carter, NOAA, Island

Conservation.

monitoring for Scripps’s
Murrelets. Follow-up
single-season survey

2014.

seabird monitoring for seabird

response

nesting seabirds on Anacapa

Island

Council

The benefits of long-term monitoring pro-
grams and the value of the data might not be
realized until well into the future. Building
monitoring programs that can address both
present-day and future needs is a difficult but
important undertaking. As a general rule,
developing criteria for data collection invest-
ments can help to clarify needs and increase
the future utility of monitoring programs.

Given the many ongoing monitoring pro-
grams in existence in the Channel Islands
region, potential criteria could be established
to guide and prioritize monitoring invest-
ments. These criteria should include (1) the
length of existing time series, (2) filling key
gaps, both disciplinary and geographic (e.g.,
nearshore benthic habitat mapping, human
use patterns, deep water habitats), (3) monitor-
ing of new stressors and emerging issues (e.g.,
climate change, ocean acidification, plastic
pollution, marine diseases, invasive species),
and (4) incorporation of new and cost-effective
technologies (e.g., monitoring soundscapes
with autonomous recording units, eDNA for
biodiversity monitoring, satellite imagery, new
underwater visual technologies, drones and
UAVs, and the use of citizen science).

Other general features of successful moni-
toring programs include the ability to adapt.
Long-term monitoring programs are often
plagued by poor planning from the outset and
a lack of tractable questions. Lindenmayer
and Likens (2009) suggest a framework for
adaptive monitoring that stresses asking clear,
tractable questions, developing solid, defensi-
ble statistical and data collection methodolo-
gies, and most importantly iterating the
process, thereby allowing for learning and
adaptation. In the context of the northern
Channel Islands, with its large number of
ongoing monitoring programs, not only con-
sistency in methods but also foresight and
flexibility to react to changing conditions will
be critical to gathering useful information.

In addition to monitoring programs, it is
also critical that individual scientists and
managers take every opportunity to responsi-
bly document their work, archive their data,
and preserve specimens in museums and
institutions. If this were a regular practice
and expectation for all scientists, over time we
would do a better job of accumulating infor-
mation about the systems of today. Some key
institutions that currently house coastal and
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marine specimens from the Channel Islands
include the Santa Barbara Museum of Natural
History, Los Angeles County Museum, Uni-
versity of California (e.g., Jepson Herbaria),
California Academy of Sciences, San Francisco
Maritime Museum, Western Foundation of
Vertebrate Zoology, Smithsonian Institution,
NOAA National Centers for Coastal Ocean
Science, and others. Reviewing the myriad
data-archiving resources available to marine
scientists is beyond the scope of this paper,
but funding agencies and foundations as well
as scientific publishing enterprises are increas-
ingly requiring data to be made discoverable
and accessible through links to data reposito-
ries when available (Table 2).

Coordination and Collaboration

Two important themes that emerged from
the workshop were (1) the need for increased
coordination and collaboration among groups
doing ocean-related work and (2) the impor-
tance of building and maintaining public
support for research and monitoring. As
mentioned above, the Santa Barbara Channel
region is relatively data rich compared to
many marine regions of the world, and while
efforts have been made to coordinate research
capacity and emerging data streams, more can
be done. Currently, the Sanctuary’s Research
Activities Panel acts as an informal clearing-
house for marine research in the Sanctuary,
meeting at least once a year and gathering
many local researchers for roundtable discus-
sions of findings. Data documentation and
discovery has also improved substantially over
the past decade with most long-term monitor-
ing programs hosting and serving data via
internet accessible portals (see links in Table 2).
Some next steps might include the develop-
ment of joint databases or repositories such as
the Sanctuary Integrated Monitoring Network
(SiMON) portal or the inclusion of more dis-
parate types of data into the Southern California
Ocean Observing System (SCOOS).

While data availability in the future is key
to guiding conservation and management, the
idea of having informed and invested stake-
holders who support continued conservation
and science was viewed as equally important
by the workshop group. The public has
already invested in the Channel Islands via
managing agencies such as the Sanctuary, the
National Park Service, the U.S. Fish and Wild-
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life Service, and the California Department of
Fish and Wildlife; what is needed is to ensure
that those investments last into the future. The
northern Channel Islands are a special place to
many generations of stakeholders because the
islands are close to large population centers;
they present iconic land- and seascapes and
have a rich cultural and natural history. Sug-
gestions for building public support for re-
search and monitoring include durable out-
reach that tells compelling stories of how
research has contributed to ecosystem improve-
ment, especially stories that can counter the
narrative that monitoring is boring and expen-
sive (Suarez and Tsutsui 2004). Involvement of
citizens in research and monitoring programs
can also help to build a strong and educated
constituency (Bonney et al. 2009). Citizen
science is a growing enterprise, and several
programs operate in the Channel Islands,
including Reef Check California, which uti-
lizes recreational scuba divers to monitor kelp
forests (Freiwald et al. 2018). Coordination at
all levels, from data collection, archiving, and
analysis to outreach and public involvement
will increase the effectiveness of management
and conservation in the region.

CONCLUDING REMARKS

Scientists and managers of today have an
opportunity and a responsibility to leave a
legacy of solid information, data, and collec-
tions to inform coastal and marine conserva-
tion and management into the future. The
workshop participants had many ideas for how
to help the scientist or manager of the future
who will look back at our time to understand
the ecosystems, culture, management context,
and decisions of our day. A handful of “no-
regrets” strategies surfaced that, if imple-
mented, would provide a strong foundation
upon which scientists, conservationists, and
managers of the future could use to understand
the ecosystems of our time. These recommen-
dations include the following imperatives:

Use hindcasting, modeling, and historic
data to better understand the past coastal
and marine conditions and ecosystems
around the northern Channel Islands, how
those ecosystems have changed over time,
and how resilient they were in the past to
climate change, harvest, and species intro-
ductions or removals.
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Complete and archive today’s “baseline”
information including filling key gaps like
mapping the seafloor, surveying deeper unex-
plored sites, mapping human uses around the
islands, interviewing key stakeholders, and
preserving specimens to leave future scien-
tists a thorough and useful record. We also
need to make sure that we are adaptively
managing our monitoring programs and using
the data to drive management and resource
protection as new threats arise (e.g., invasive
species, plastics, ocean acidification).

Promote a sense of individual scientists’
responsibility to document, archive, and pre-
serve data and specimens to make sure our
colleagues in the future will be able to locate
and capitalize on collections, materials, and
data from our time. By working with oral
historians and museum curators, we could
collect and preserve the scientific stories and
specimens of our time. Such an archiving
system can also help connect researchers and
resource managers via joint data needs.

Document today’s management decisions
and their rationale, so that future generations
understand the management context of our
time and why we made the management
decisions we did. This includes document-
ing smaller decisions (not necessarily cap-
tured in the public record) and even record-
ing when we decided not to take an action
(e.g., to reduce populations or remove an
invasive species).

Break down silos across disciplines (terres-
trial/marine, benthic/pelagic, ecology/arche-
ology, etc.) to ensure that we are telling the
whole story and are able to understand
complex dynamics in our changing world.
Particularly as ocean temperatures, chem-
istry, currents, and species distributions
change, we will need to understand the
impacts of those changes across many sys-
tems and over time.

Build a constituency of public support for
and investment in scientific monitoring,
research, and data collection through educa-
tion, citizen science, and outreach to the
many people who have enjoyed the northern
Channel Tslands for generations. There are
limited funds for data collection and archiv-
ing, and we need to identify new ways to
engage the public in this important work.

ACKNOWLEDGMENTS

We thank the participants of the 2016 Island
Rediscovery Workshop held 28-29 January
2016 at the Santa Barbara Museum of Natu-
ral History and sponsored by The Nature

WESTERN NORTH AMERICAN NATURALIST (2018), VOL. 78 No. 4, PAGES 864-878

Conservancy and the Smithsonian Institution.
We also thank the participants at the Marine
Rediscovery session held on 3 October 2016
as part of the 9th Channel Islands Symposium.
S. Ostermann helped with Table 2 and M.
Cajandig helped with Figure 1. S. Morrison
and 2 anonymous reviewers kindly reviewed
the draft manuscript.

LITERATURE CITED

AIRAME, S., J.LE. DucaN, K.D. LAFFERTY, H. LESLIE, D.A.
MCARDLE, AND R.R. WARNER. 2003. Applying eco-
logical criteria to marine reserve design: a case study
from the California Channel Islands. Ecological
Applications 13:5170-S184.

BEISSINGER, S.R., AND M.Z. PEERY. 2007. Reconstructing
the historic demography of an endangered seabird.
Ecology 88:296-305.

BELLQUIST, L., AND B.X. SEMMENS. 2016. Temporal and
spatial dynamics of ‘trophy’-sized demersal fishes off
the California (USA) coast, 1966 to 2013. Marine
Ecology Progress Series 547:1-18. https://doi.org/
10.3354/meps11667

BOHNSACK, J.A. 2011. Impacts of Florida coastal protected
areas on recreational world records for spotted
seatrout, red drum, black drum, and common snook.
Bulletin of Marine Science 87:939-970.

BoNNEY, R., C.B. COOPER, J. DICKINSON, S. KELLING, T.
PuiLLips, K.V. ROSENBERG, AND J. SHIRK. 2009. Citi-
zen science: a developing tool for expanding science
knowledge and scientific literacy. BioScience 59:
977-984.

BoskgRr, C.L., T.S. SiLLETT, PW. CoLLINS, K.R. FAULKNER,
W.C. Funk, C.K. GHALAMBOR, L. LAUGHRIN, G.B.
Paury, J.M. ROBERTSON, R. SHEA, AND W. VICKERS.
2018. Equipping tomorrow’s historical ecologist: pri-
orities for documenting conditions of the terrestrial
fauna of Santa Cruz Island, California. Western
North American Naturalist 78:879-887.

BraJE, TJ., ].M. ERLANDSON, aAND T.C. Rick. 2013. Red
abalone, sea otters, and kelp forest ecosystems on
Historic Period San Miguel Island, California.
Pages 85-96 in A. Morrison and D. Addison, edi-
tors, Historical ecology and marine resource use in
the Indo-Pacific regions. Australian National Uni-
versity, Canberra, Australia.

BraJE, TJ., .M. ERLANDSON, T.C. Rick, PK. DAYTON, AND
M.B.A. HatcH. 2009. Fishing from past to present:
long-term continuity and resilience of red abalone
fisheries on California’s Northern Channel Islands.
Ecological Applications 19:906-919.

Braje, TJ., T.C. Rick, P Szprak, S.D. NEWSOME, J.M.
McCain, E.A. ELLioTT SMITH, M. GLASSOW, AND S.L.
HawmirroN. 2017. Historical ecology and the conserva-
tion of large, hermaphroditic fishes in Pacific Coast
kelp forest ecosystems. Science Advances 3:1601759.

Burrows, M.T., D.S. ScHOEMAN, L.B. BUCKLEY, P MOORE,
E.S. Poroczanska, K.M. BRANDER, C. BRowN, J.E
BRruNO, C.M. DUARTE, B.S. HALPERN, ET AL. 2011.
The pace of shifting climate in marine and terrestrial
ecosystems. Science 334:652-655.

Buxton, R.T,, AND L.L. JONES. 2012. Measuring nocturnal
seabird activity and status using acoustic recording

Downloaded From: https://bioone.org/journals/Western-North-American-Naturalist on 04 Apr 2019

Terms of Use: https://bioone.org/terms-of-use Access provided by University of California Santa Barbara



GLEASON ET AL. ¢ COASTAL AND MARINE INFO FOR THE CENTURY AHEAD

devices: applications for island restoration. Journal
of Field Ornithology 83:47-60.

CARR, M.H., J.E. NEIGEL, J.A. ESTES, S. ANDELMAN, R.R.
WARNER, AND J.L. LARGIER. 2003. Comparing
marine and terrestrial ecosystems: implications for
the design of coastal marine reserves. Ecological
Applications 13:590-S107.

COZAR, A., F ECHEVARRIA, J.I. GONZALEZ-GORDILLO, X.
IRIGOIEN, B. UBEDA, S. HERNANDEZ-LEON, AT
PALMA, S. NAVARRO, J. GARCIA-DE-LOMAS, A. RU1Z, ET
AL. 2014. Plastic debris in the open ocean. Proceed-
ings of the National Academy of Sciences 111:
10239-10244.

Davyron, PK., M.J. TEGNER, PB. EDWARDS, AND K.L.
Riser. 1998. Sliding baselines, ghosts, and reduced
expectations in kelp forest communities. Ecological
Applications 8:309-322.

DoNEY, S.C., M. RUCKELSHAUS, J.E. DUFFY, J.P BARRY, E
CHAN, C.A. EncLisH, H.M. GALINDO, J.M. GREB-
MEIER, A.B. HOLLOWED, N. KNOWLTON, ET AL. 2012.
Climate change impacts on marine ecosystems.
Annual Review of Marine Science 4:11-37.

ENGLE, J.M. 1994. Perspectives on the structure and
dynamics of nearshore marine assemblages of the
California Channel Islands. Pages 13-26 in W.L.
Halvorson and G.J. Maender, editors, Proceedings
of the Fourth California Islands Symposium. Santa
Barbara Museum of Natural History, Santa Barbara,
CA.

FoLkEg, C. 2006. Resilience: the emergence of a perspec-
tive for social-ecological systems analyses. Global
Environmental Change 16:253-267.

FREIWALD, |., R. MEYER, J.E. CASELLE, C.A. BLANCHETTE,
K. HoveL, D. NEILSON, J. DucaAN, ]J. Aurstart, K.
NIELSEN, AND J. BURSEK. 2018. Citizen science moni-
toring of marine protected areas: case studies and
recommendations for integration into monitoring
programs. Marine Ecology 39:¢12470.

GLEASON, M., E. FoX, S. ASHCRAFT, ]J. VASQUES, E.
WHITEMAN, P. SERPA, E. SAARMAN, M. CALDWELL, A.
FRIMODIG, AND M. MILLER-HENSON, ET AL. 2013.
Designing a network of marine protected areas in
California: achievements, costs, lessons learned, and
challenges ahead. Ocean and Coastal Management
74:90-101.

GRrAHAM, M.H., B. HALPERN, AND M. CARR. 2008. Diver-
sity and dynamics of Californian subtidal kelp
forests. Pages 103-134 in T.R. McClanahan and
G.M. Branch, editors, Food webs and the dynamics
of marine reefs. Oxford University Press, New York,
NY.

GREENE, C. 2016. North America’s iconic marine species at
risk due to unprecedented ocean warming. Oceanog-
raphy 29:14-17.

HawmicToN, S.L., J.E. CASELLE, D.P. MALONE, AND M.H.
CARR. 2010. Marine reserves special feature: incor-
porating biogeography into evaluations of the Chan-
nel Islands marine reserve network. Proceedings of
the National Academy of Sciences 107:18272-18277.

HARRIS, S.A., N.T. SHEARS, AND C.A. RADFORD. 2016.
Ecoacoustic indices as proxies for biodiversity on
temperate reefs. Methods in Ecology and Evolution
7:713-724.

HEBERGER, M., H. CooLEY, P HERRERA, PH. GLEICK,
AND E. MOORE. 2011. Potential impacts of increased
coastal flooding in California due to sea-level rise.
Climatic Change 109:5229-5249.

877

Hickey, B.M. 1998. Coastal oceanography of western
North America from the tip of Baja California to
Vancouver Island. Sea 11:345-393.

HOEGH-GULDBERG, O., AND J.E BRUNO. 2010. The impact
of climate change on the world’s marine ecosystems.
Science 328:1523-1528.

HucHES, B.B., R. BEAS-LUNA, A.K. BARNER, K. BREWITT,
D.R. BRumBAUGH, E.B. CERNY-CHIPMAN, S.L. CLOSE,
K.E. CoBLENTZ, K.L. DENESERA, S.T. DROBNITCH,
ET AL. 2017. Long-term studies contribute dispro-
portionately to ecology and policy. BioScience
67:271-281.

Jackson, J.B.C., M.X. Kigsy, W.H. BERGER, K.A. BJORN-
DAL, L.W. BOTSFORD, B.]. BOURQUE, R.H. BRADBURY,
R. COOKE, ]. ERLANDSON, J.A. ESTES, ET AL. 2001.
Historical overfishing and the recent collapse of
coastal ecosystems. Science 293:629-637.

KINLAN, B.P, AND S.D. GAINES. 2003. Progagule dispersal
in marine and terrestrial environments: a commu-
nity perspective. Ecology 84:2007-2020.

Leetr, W.S., C.M. DEWEES, AND C.W. HAUGHEN. 1992.
California living marine resources and their utiliza-
tion. California Sea Grant. 257 pp.

LirLis, A., D.B. EGGLESTON, AND D.R. BOHNENSTIEHL.
2014. Estuarine soundscapes: distinct acoustic char-
acteristics of oyster reefs compared to soft-bottom
habitats. Marine Ecology Progress Series 505:1-17.

LINDENMAYER, D.B., AND G.E. LIkENs. 2009. Adaptive
monitoring: a new paradigm for long-term research
and monitoring. Trends in Ecology and Evolution
24:482-486.

Lorze, H.K., H.S. LENIHAN, B.J. BOURQUE, R.H. BRAD-
BURY, R.G. CooKE, M.C. Kay, S.M. KibwgELL, M.X.
KirBy, C.H. PETERSON, AND J.B.C. JACKSON. 2006.
Depletion, degradation, and recovery potential of
estuaries and coastal seas. Science 312:1806-1809.

Lotze, H.K., AND B. WorM. 2009. Historical baselines for
large marine animals. Trends in Ecology and Evolu-
tion 24:254-262.

McCLENACHAN, L. 2009. Documenting loss of large trophy
fish from the Florida Keys with historical photo-
graphs. Conservation Biology 23:636-643.

MCCLENACHAN, L., F FERRETTI, AND J.K. Baum. 2012.
From archives to conservation: why historical data
are needed to set baselines for marine animals and
ecosystems. Conservation Letters 5:349-359.

MorrisoN, S.A., T.S. SiLLETT, W.C. FuNnk, C.K. GHALAM-
BOR, AND T.C. Rick. 2017. Equipping the 22nd-
century historical ecologist. Trends in Ecology and
Evolution 32:578-588.

MogrrisoN, S.A., T.S. SiLLETT, W.C. Funk, C.K. GHALAM-
BOR, AND T.C. Rick. 2018. California island rediscov-
ery: building an archive to improve conservation
today and equip the historical ecologist of tomorrow.
Western North American Naturalist 78:837-851.

[NCCOS] NOAA NATIONAL CENTERS FOR COASTAL
OCEAN SCIENCE. 2005. A biogeographic assessment
of the Channel Islands National Marine Sanctuary: a
review of boundary expansion concepts for NOAA's
national marine sanctuary program. Prepared by
NCCOS’s Biogeography Team in cooperation with
the National Marine Sanctuary Program. Silver
Spring, MD. NOAA Technical Memorandum NOS
NCCOS 21. 215 pp.

OrpPEL S., S. HERviAS, N. OLIVEIRA, T. Pipa, C. Sitva, P
GERALDES, M. Gon, E. IMMLER, AND M. McKowN.
2014. Estimating population size of a nocturnal

Downloaded From: https://bioone.org/journals/Western-North-American-Naturalist on 04 Apr 2019

Terms of Use: https://bioone.org/terms-of-use Access provided by University of California Santa Barbara



878

burrow-nesting seabird using acoustic monitoring
and habitat mapping. Nature Conservation 7:1-13.
https://doi.org/10.3897/matureconservation.7.6890

OSTERBACK, A.K., D.M. FRECHETTE, S.A. HAYES, S.A.
SHAFFER, AND J.W. MOORE. 2015. Long-term shifts
in anthropogenic subsidies to gulls and implications
for an imperiled fish. Biological Conservation 191:
606-613.

OsTrROM, E. 2009. A general framework for analyzing sus-
tainability of social-ecological systems. Science 325:
419-422.

Panporri, .M., R.H. BRADBURY, E. SaLa, T.P. HUGHES,
K.A. BjornDAL, R.G. COOKE, D. MCARDLE, L.
McCLENACHAN, M.J.H. NEWMAN, G. PAREDES, ET
AL. 2003. Global trajectories of the long-term decline
of coral reef ecosystems. Science 301:955-958.

Paury, D. 1995. Anecdotes and the shifting baseline syn-
drome of fisheries. Trends in Ecology and Evolution.
10:430.

PescH, C.E., AND J. GARBER. 2001. Historical analysis, a
valuable tool in community-based environmental
protection. Marine Pollution Bulletin 42:339-349.

PINNEGAR, J.K., AND G.H. ENGELHARD. 2008. The ‘shift-
ing baseline’ phenomenon: a global perspective.
Reviews in Fish Biology and Fisheries 18:1-16.

RanpaLL, J.M., K. MCEACHERN, ]J. KNapp P POWER, S.
Junak, K. GirL, D. KNAPE AND M. GuiLLIAMS. 2018.
Informing our successors: what botanical information
for Santa Cruz Island will researchers and conserva-
tion managers in the century ahead need the most?
Western North American Naturalist 78:888-901.

REEDER, L.A., T.C. RICK, AND J.M. ERLANDSON. 2012.
Our disappearing past: a GIS analysis of the vulnera-
bility of coastal archaeological resources in Califor-
nia’s Santa Barbara Channel region. Journal of
Coastal Conservation 16:187-197.

Rick, T.C., T.J. BraJE, .M. ERLANDSON, K.M. GILL, L.
KirN, AND L. McCLAREN-DEWEY. 2018. Horizon
scanning: survey and research priorities for cultural,
historical, and paleobiological resources of Santa
Cruz Island, California. Western North American
Naturalist 78:852-863.

Rick, T.C., ].M. ERLANDSON, T.J. BRAJE, J.A. EsTES, M.H.
GRAHAM, AND R.L. VELLANOWETH. 2008. Historical
ecology and human impacts on coastal ecosystems of

WESTERN NORTH AMERICAN NATURALIST (2018), VOL. 78 No. 4, PAGES 864-878

Santa Barbara Channel Region, California. In: T.C.
Rick and J.M. Erlandson, editors, Human impacts
on ancient marine ecosystems: a global perspective.
University of California Press, Berkeley, CA.

RoBERTS, C.M., J.A. BOHNSACK, F GELL, J.P HAWKINS,
AND R. GOODRIDGE. 2001. Effects of marine reserves
on adjacent fisheries. Science 294:1920-1923.

Scavia, D, J.C. FiELD, D.E BoescH, R.W. BUDDEMEIER,
V. BURKETT, D.R. CAYAN, M. FOGARTY, M.A. HARWELL,
R.W. HOWARTH, C. MASON, ET AL. 2002. Climate
change impacts on U.S. coastal and marine ecosys-
tems. Estuaries 25:149-164.

SLoAN, N.A., K. VANCE-BORLAND, AND G.C. Rav. 2007.
Fallen between the cracks: conservation linking land
and sea. Conservation Biology 21:897-898.

STENECK, R.S., M.H. GrRaHAM, B.J. BOURQUE, D. CORBETT,
J.M. ERLANDSON, J.A. EsSTES, AND M.]J. TEGNER.
2002. Kelp forest ecosystems: biodiversity, stability,
resilience, and future. Environmental Conservation
29:436-459.

SUAREZ, A.V., AND N.D. Tsursul. 2004. The value of
museum specimens for research and society. Bio-
Science 54:66-74.

TrursTaN, R.H., L. MCCLENACHAN, L.B. CROWDER, J.A.
Drew, J.N. KITTINGER, PS. LEVIN, C.M. ROBERTS,
AND J.M. PANDOLFI. 2015. Filling historical data gaps
to foster solutions in marine conservation. Ocean
and Coastal Management 115:31-40.

[USFWS] UNITED STATES FISH AND WILDLIFE SERVICE.
2015. Southern sea otter (Enhydra lutris nereis) 5-year
review: summary and evaluation. Ventura Fish and
Wildlife Office, Ventura, CA.

VaN DykE, E., AND K. Wasson. 2005. Historical ecology
of a central California estuary: 150 years of habitat
change. Estuaries 28:173-189.

WorM, B., R. HiLBORN, J.K. BAuM, TA. BrancH, J.S. CoL-
LIE, C. COSTELLO, M.]. FoGARTY, E.A. FULTON, J.A.
HUTCHINGS, S. JENNINGS, ET AL. 2009. Rebuilding
global fisheries. Science 325:578-585.

Received 22 March 2017

Revised 15 August 2017
Accepted 23 August 2017
Published online 25 October 2018

Downloaded From: https://bioone.org/journals/Western-North-American-Naturalist on 04 Apr 2019

Terms of Use: https://bioone.org/terms-of-use Access provided by University of California Santa Barbara



