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ABSTRACT. Management actions to protect endangered species and conserve ecosystem function may not always be in precise
alignment. Efforts to recover the California Ridgway’s Rail (Rallus obsoletus obsoletus; hereafter, California rail), a federally and state-
listed species, and restoration of tidal marsh ecosystems in the San Francisco Bay estuary provide a prime example of habitat restoration
that has conflicted with species conservation. On the brink of extinction from habitat loss and degradation, and non-native predators
in the 1990s, California rail populations responded positively to introduction of a non-native plant, Atlantic cordgrass (Spartina
alterniflora). California rail populations were in substantial decline when the non-native Spartina was initially introduced as part of
efforts to recover tidal marshes. Subsequent hybridization with the native Pacific cordgrass (Spartina foliosa) boosted California rail
populations by providing greater cover and increased habitat area. The hybrid cordgrass (S. alterniflora × S. foliosa) readily invaded
tidal mudflats and channels, and both crowded out native tidal marsh plants and increased sediment accretion in the marsh plain. This
resulted in modification of tidal marsh geomorphology, hydrology, productivity, and species composition. Our results show that denser
California rail populations occur in invasive Spartina than in native Spartina in San Francisco Bay. Herbicide treatment between 2005
and 2012 removed invasive Spartina from open intertidal mud and preserved foraging habitat for shorebirds. However, removal of
invasive Spartina caused substantial decreases in California rail populations. Unknown facets of California rail ecology, undesirable
interim stages of tidal marsh restoration, and competing management objectives among stakeholders resulted in management planning
for endangered species or ecosystem restoration that favored one goal over the other. We have examined this perceived conflict and
propose strategies for moderating harmful effects of restoration while meeting the needs of both endangered species and the imperiled
native marsh ecosystem.
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INTRODUCTION
In the past few decades, conservation planning across the globe
has shifted from single-species management to multispecies
planning and ecosystem-based management as our understanding
of ecological processes and appreciation of social-ecological
systems has grown (Poff et al. 1997, Poiani et al. 2000).
Conservation plans to preserve and recover endangered species
often recognize that habitat loss, fragmentation, and/or
degradation are the primary causes for endangerment (Wilcove
et al. 1998, Venter et al. 2006). Consequently, special protections
may be afforded to endangered species habitats to promote
sustainable populations, and habitat restoration or enhancements
are often among the actions identified as prerequisites for recovery
(Kerr and Deguise 2004, Taylor et al. 2005).  

Similarly, the field of restoration ecology has also developed
rapidly (Zedler 1999, D’Antonio and Meyerson 2002, Ma et al.
2011, Suding 2011) and is often a centerpiece for ecosystem
management planning to promote self-sustaining populations of
native species and to restore both biodiversity and degraded
ecosystem services (Rey Benayas et al. 2009). Techniques used to
restore ecosystems include re-establishment of natural
disturbance regimes (Baker 1992, Conway et al. 2010), flood
cycles (Poff et al. 1997, Richter and Richter 2000), or invasive
species eradication (D’Antonio and Meyerson 2002, MacDougall

and Turkington 2005), among others. The criterion for success of
ecosystem restoration is change from an existing undesired habitat
condition toward a more desired condition and is often measured
by a change in species composition, ecological function, or
ecosystem service. However, how are these made and who gets to
decide what is desired? Should this be a consensus-driven
decision? What about legal authorities and minimum standards?
Identifying who, or how, these desired future conditions are
identified and measured is a nontrivial process. Whether these
conditions are identified through consensus, legal mandate, or
personal fiat, the final stated outcome, along with any minimum
prerequisites, can greatly influence the efficiency, expediency, or
expense of management actions.  

Both preservation of endangered species and ecosystem
restoration often incorporate vegetation management or habitat
composition as measures of success. Although ecosystem
restoration and species preservation may have different criteria
for success, they are often compatible goals. They may even be
necessary preconditions for mutual achievement of desired
outcomes (Falk et al. 1996). However, both goals view habitat
from a fundamentally different perspective.  

Ecosystem restoration often considers habitat as a specific end
product or a mechanism to provide broader ecosystem services
or functions. By contrast, endangered species management may
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view habitat condition as a necessary component for the
continued persistence of populations or individuals. Each
approach treats its desired outcome as a form of currency to
measure change, e.g., more individuals of an endangered species
or less area of invaded habitat, and the ecological processes that
govern the system act as market forces to change each currency.
Management actions, such as restoration, operate like any market
manipulation and can result in natural trade-offs wherein one
approach may receive benefit at the expense of the other. This
apparent mismatch in the scale of desired outcomes is driven in
part by philosophical differences between ecosystem restoration
and species protection goals and the legal frameworks that govern
them. International conventions have been developed that require
party countries to “promote the protection of ecosystems, natural
habitats and the maintenance of viable populations of species in
natural surroundings” and “rehabilitate and restore degraded
ecosystems and promote the recovery of threatened species”
(United Nations Environment Programme 1992: articles 8d and
8f). In contrast to these statements, in practice the emphasis for
restoration is often on natural/native species composition, or
restoring ecological structure, and not on the restoration of
ecosystem functions or processes that some argue should be the
focus (Bradshaw and Chadwick 1980). Furthermore, the ability
to return ecosystems to a prior reference condition is not always
possible, particularly after extended periods of degradation
(Duarte et al. 2009). Standards for restoration prioritization are
often not well defined, either scientifically or legally (Alexander
et al. 2011). This is particularly true within the United States where
environmental laws predate modern ecosystem concepts resulting
in a compartmentalized approach to regulation (Bruskotter et al.
2012).  

The pre-eminent law governing protection of species or
populations of species in the United States is the 1973 Endangered
Species Act (ESA; U.S. Fish and Wildlife Service 1973). From its
inception, the ESA was designed “to provide a means whereby
the ecosystems upon which endangered species and threatened
species depend may be conserved” (Sect. 2, para. b). There is no
provision within the ESA that defines that habitat be composed
of only native or naturally occurring physical or biological
features, only that “critical habitat” is “essential to conservation
of the species and which may require special management
considerations or protections” (Sect. 3, para. 5A). In other words,
critical habitat and native habitat are not synonymous. In many
real-world situations, this lack of consistency results in little
disparity between ecosystem restoration and endangered species
management. However, notable controversies have occurred
across a wide variety of taxa and environments, particularly when
endangered species use non-native invasive species for food or
shelter or when restoration actions harm a species or its habitat,
e.g., the Kanab ambersnail (Oxyloma haydeni kanabensis; Stevens
et al. 2001), the Southwestern Willow Flycatcher (Empidonax
traillii extimus; Hatten and Paradzick 2003, Owen et al. 2005),
the tidewater goby (Eucyclogobius newberryi; King et al. 2006),
and the Mexican Spotted Owl (Strix occidentralis lucida; Prather
et al. 2008). The phenomenon of endangered species facilitation
by non-native species presents a management challenge that
results in a conflict between the goals of ecosystem restoration
and species preservation (e.g., U.S. Fish and Wildlife Service 1997,
Van Riel et al. 2000). Such conflicts have resulted in court battles,

delayed restoration, increased costs, and seemingly nonsensical
management actions that are required to meet regulatory
requirements (Meretsky et al. 2000, Roemer and Wayne 2003).
For example, efforts to remove the Aleutian Cackling Goose
(Branta hutchinsii leucopareia) from protections were delayed for
years because initial recovery criteria required specific winter
habitat conservation objectives that were not met despite total
population sizes that were five times those required for delisting
(Doremus and Pagel 2001).  

Non-native invasive species have the potential to dramatically
alter ecosystems, decrease native biodiversity, and further
threaten imperiled species (Vitousek et al. 1996, Wilcove et al.
1998, Mack et al. 2000). In extreme cases, a single non-native plant
species can completely displace the pre-existing native flora,
fundamentally alter ecosystem function (Myers 1983, DiTomaso
2000, Grosholz et al. 2009), and act as an “ecosystem engineer”
through the formation of novel habitat (Watling et al. 2011). The
potential for non-native invasive species to cause irreversible
impacts on ecosystem function often results in focused efforts on
eradication (Pimentel et al. 2005). However, logistical challenges
in eradicating a well-established invasive species may make
containment and perpetual management a more realistic
objective in many cases (Mack et al. 2000, Zavaleta et al. 2001).
Neither approach recognizes the facilitative interactions that non-
native species may have with native biota (Richardson et al. 2000,
Rodriguez 2006), and the resulting conflict between ecosystem
restoration and species conservation goals may seem intractable.
Just such a conflict arose in San Francisco Bay (hereafter, SF Bay)
where salt marsh ecosystem restoration plans included the
eradication of an invasive hybrid cordgrass (Spartina alterniflora
× Spartina foliosa; hereafter, invasive Spartina) used for cover and
nesting by an endangered bird, the California Ridgway’s Rail
(Rallus obsoletus obsoletus; hereafter, California rail). Our goal is
to use this case study system as an exemplar of the complex
management problems created when endangered species
management objectives and ecosystem restoration management
plans are in conflict. Because of a lack of synthesis among existing
unpublished reports and archived data, it was necessary to provide
a meta-analysis of all existing California rail population data to
inform this case study. Therefore, we present a meta-analysis of
California rail population trends and invasive Spartina 
eradication data that will describe the complex interrelationship
between endangered California rails and non-native Spartina–
dominated habitats.

Invasive Spartina and the California rail in San Francisco Bay
The California rail is a secretive marsh bird endemic to tidal marsh
habitat in SF Bay, a habitat that has been largely lost. Although
there are many specific causes of marshland loss in SF Bay, most
boil down to direct conversion to human uses and subsequent
changes to ecological processes that maintained tidal marshes
historically (Booker 2013). From the initial reclamation of
marshlands for agriculture and salt production and urban fill
during the settlement period and the Gold Rush, and continuing
through into the early 20th century, the pace and scope of
development and urbanization on former tidal marshes
accelerated into the 1970s until today when the predominantly
urban landscape of the SF Bay region is now dependent on those
past irreversible actions (Booker 2013). These combined impacts
to the native tidal marsh ecosystem have resulted in a loss of more
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than 80% of marshland habitat (San Francisco Bay Area
Wetlands Ecosystem Goals Project 1999).  

At the turn of the 19th century, tidal wetlands were abundant,
and the California rail was commonly hunted and could be found
on the menu of San Francisco dining establishments (Kennerly
1859). The California rail was abundant in all marshes in the
estuary (Cohen 1895) and could also be found in Humboldt Bay
(Gill 1979, Grinnell and Miller 1994), Elkhorn Slough (Silliman
et al. 1915), and Morro Bay (Brooks 1940). However, by the early
1970s, the combined effects of conversion of tidal marsh to diked
lands for agriculture and salt production (San Francisco Bay Area
Wetlands Ecosystem Goals Project 1999), urban encroachment
(U.S. Fish and Wildlife Service 2013), predation by both native
and non-native predators (Harding et al. 2001), and contaminants
such as mercury (Schwarzbach et al. 2006, Ackerman et al. 2012)
put the species on the precursor to the endangered species list with
as many as 4200 to 6000 California rails remaining (Gill 1979).
The population continued to decline into the 1990s to fewer than
a thousand individuals occurring only within SF Bay attributable
in part to predation by non-native red fox (Vulpes vulpes;
Albertson 1995, Garcia 1995, Foin et al. 1997, Harding et al.
2001). It was at about this time, coincident with predator
management and habitat restoration (Albertson and Evens 2000)
when the California rail’s decline abated and populations began
to recover, that a relatively overlooked plant, invasive Spartina,
started a 20-year march into California rail habitats throughout
south SF Bay.  

The first record of non-native smooth cordgrass (S. alterniflora)
in SF Bay occurred in the early 1970s when the U.S. Army Corps
of Engineers planted it at Coyote Hills Slough near Fremont,
California (Callaway and Josselyn 1992). S. alterniflora largely
went unnoticed until it began hybridizing with the native S. foliosa 
about a decade later (Ayres et al. 2004), resulting in invasive
Spartina, which grows taller, more densely, and both higher and
lower in elevation on the marsh plain than either parent species.
Numerous species of cordgrass (Spartina spp.), in particular, have
been identified globally as effective biological invaders,
threatening a variety of natural ecosystems worldwide. The largest
Spartina invasion in the world is also the most recent; S.
alterniflora has invaded more than 112,000 ha of tidal salt marsh
throughout eastern China and threatens migratory bird and local
fish populations through displacement with mangrove forests or
shallow water foraging habitats (Simenstad and Thom 1995, Wan
et al. 2009), resulting in this species being placed on China’s list
of the 9 most harmful invasive alien plant species in 2003 (Wang
et al. 2006). The largest invasion in the New World was by S.
alterniflora in Willapa Bay, Washington, beginning ca. 1898. This
invasion consisted of 3600 ha of Spartina interspersed within
27,000 ha of intertidal lands, and it is now all but eradicated from
Willapa Bay (Strong and Ayres 2013). In SF Bay, invasive Spartina 
was invading tidal wetland areas, changing habitat structure, and
expanding onto mudflats, creating tidal wetlands where none had
existed previously (Daehler and Strong 1997, Rosso et al. 2005,
Grosholz et al. 2009). The expansion of invasive Spartina 
paralleled California rail population trends (Albertson and Evens
2000, Liu et al. 2009, Overton 2013) as California rails sought
refuge in the additional vegetative cover to hide from predators
and build their nests.  

Among most plant invasions worldwide, those caused by Spartina 
are recognized as particularly rapid invaders with quick growth
and expansion because of phenological traits, often low levels of
native species competition, and high levels of plasticity in
ecological niches occupied (Strong and Ayres 2013). Over 26
years, S. alterniflora expanded more than 3 orders of magnitude
along coastal regions of China from 2.6 km² in 1985 to 4000 km²
in 2011 (Qiu 2013). A similar pattern occurred in SF Bay, where
initially the reproductive output of invasive Spartina seemed to
be limited by inbreeding depression and the Allee effect (Taylor
et al. 2004). However, three factors, i.e., hybridization with native
S. foliosa, increased seed production, and evolution of self-
fertility from nonselfing parent species, contributed substantially
to the rapid spread of invasive Spartina throughout SF Bay
(Callaway and Josselyn 1992, Antilla et al. 1998, Ayres et al. 2004,
Sloop et al. 2009). Worldwide, invasions by Spartina spp. have
resulted in altered benthic community structure (Hedge and
Kriwoken 2000, Neira et al. 2006), conversion of low-marsh
habitats to high-marsh habitats through increased accretion
(Cottet et al. 2007), and reduction in mudflats, channels, and
shorebird foraging habitats (Callaway and Josselyn 1992, Daehler
and Strong 1997, Rosso et al. 2006). Invasive Spartina in SF Bay
was also projected to negatively impact endangered plant and
animal species, delay or prevent native salt marsh restoration or
alter restoration trajectory toward non-native habitat conditions,
and increase the risk of urban flooding from storm runoff (Strong
and Ayres 2013).  

The anticipated effects of Spartina expansion, as well as a
potential means for control, had a regional antecedent in Willapa
Bay, Washington, where S. alterniflora expanded throughout the
estuary’s mudflats. Initial control efforts failed during the first
decade because of ineffective approaches, limited budgets, and
insufficient scope of actions, but by 2004 new herbicide
formulations and large-scale application were resulting in
effective control. The rapid, and intensifying, spread of invasive
Spartina in SF Bay lent a sense of urgency to the planning and
implementation of potential responses. The lack of basic
information on California rail biology, habitat requirements,
population trends, and extent of use of invasive Spartina provided
no effective check with which to balance these proposed responses
to invasion, all of which were governed by the central mantra that
native and natural is intrinsically better than invaded and
artificial. The combined effect of these factors prompted the
California State Coastal Conservancy and the U.S. Fish and
Wildlife Service to establish the San Francisco Estuary Invasive
Spartina Project (ISP) in 2000. The ISP’s primary goal is to
preserve and restore the ecological integrity of the estuary’s
intertidal habitats and estuarine ecosystem and prevent further
degradation and loss of the natural ecological structure and
function caused by invasive Spartina (California State Coastal
Conservancy and U.S. Fish and Wildlife Service 2003). The ISP
conducts annual surveys to map the distribution of invasive
Spartina and collaborates with landowners and managers to
implement site-specific treatment measures, such as the
application of herbicide and restoration of native vegetation.
These efforts have been focused primarily in the southern reach
of SF Bay where the impacts of invasion were greatest. Herbicide
treatments initially using glyphosate and then transitioning to
imazapyr, a nonselective herbicide, along with mechanical
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eradication through digging and covering plants were a huge
success at progressing toward ISP goals and reduced the invasion
by more than 95% between 2005 and 2012 (Rohmer et al. 2014).
Because of phenotypic similarity between invasive and native
Spartina, restoration of native Spartina could not begin for a
minimum of 3 years after complete and verified eradication of
invasive Spartina from a marsh, though other native species could
be restored when and where appropriate (California State Coastal
Conservancy and U.S. Fish and Wildlife Service 2003).  

The California rail population, however, also declined over this
period, particularly where invasive Spartina eradication efforts
were greatest between 2005 and 2008, because rail densities were
generally higher in invaded marshes. However, declines were also
reported in some uninvaded marshes far from Spartina 
eradication (Liu et al. 2009), but a comprehensive review of the
overall population trends and effects of Spartina eradication was
never formally completed. These findings did prompt a review of
the ESA-required biological opinion that was part of the
permitting requirements for the invasive Spartina eradication
program. The main consequences from this review were new
requirements to protect California rail populations and limits to
where eradication efforts were to be allowed. Twenty-six marshes,
encompassing more than half  of the remaining invaded habitat,
were put on a list of no-treatment areas in 2011. Ten of these
marshes remain nontreatment zones to protect large constituent
California rail populations that are reliant on large stands of
invasive Spartina and contain some of the largest remaining
stands of invasive Spartina. Prolonged periods without invasive
Spartina eradication treatments in these no-treatment marshes
may reverse some of the gains made not only within each no-
treatment area but also in adjacent areas through seed export
driven by the tides.  

Is this a case in which achieving ecosystem restoration goals
conflicts with species preservation? Were environmental winners
and losers selected because the ESA prioritizes one species over
broader goals? Or, was this an example of successful adaptive
ecosystem management, inadequacies and all? We examine the
short-term effects of controlling invasive Spartina on California
rail habitat and the associated changes in California rail density
in SF Bay. Finally, we explore the apparent trade-offs between
controlling a habitat-altering hybrid invasive plant species and
protecting critically endangered California rails within the
context of broader long-term goals, such as maintaining
ecosystem function and promoting sustainable wildlife
populations.

METHODS

Study area
Our study area encompassed SF Bay, the entire known breeding
range of the California rail. We provide a broad meta-analysis of
the relationships between California rail population change and
habitat change resulting from Spartina eradication efforts
throughout the species range in SF Bay. We provide a particular
focus on California rail populations and invasive Spartina extent
at 4 tidal salt marshes in the southern reach of SF Bay where
detailed studies of California rail ecology occurred (Fig. 1):
Arrowhead (37°44.662′ N, 122°12.832′ W), Cogswell (37°28.119′ 
N, 122°8.877′ W), Colma (37°38.682′ N, 122°23.543′ W), and

Laumeister (37°28.311′ N, 122°7.500′ W). The regions containing
these 4 marshes encompassed approximately 9.1% of known
California rail habitat in SF Bay. Between 2005 and 2012, these
regions contained approximately 25% of all individual California
rails that were counted during annual population surveys
throughout the species range. Arrowhead, Cogswell, and Colma
contained high densities of invasive Spartina, whereas Laumeister
contained a low density. California rail population monitoring
(see Population monitoring) was conducted by multiple agencies,
environmental consultants, and nongovernmental organizations
at virtually all known habitat patches in SF Bay. Invasive Spartina 
was inventoried on an annual basis throughout the entire study
area by the ISP.

Fig. 1. Locations that we evaluated include all sites where
surveys were repeatedly conducted for California Ridgway’s
Rail from 2005 to 2012. Within each site, the extent of invasive
Spartina was inventoried and treated annually by the Invasive
Spartina Project, and the proportional reduction in Spartina 
cover attributable to treatment effects is displayed across 22
marsh complexes. Detailed studies of rail ecology were
conducted at the 4 individual marshes identified by yellow
arrows.

Population monitoring
Population monitoring surveys for California rails occurred at
141 marshes throughout SF Bay between 2005 and 2012 (Fig. 1).
Call-count surveys were conducted by staff  from Point Blue
Conservation Science, Avocet Research Associates, the ISP, U.S.
Fish and Wildlife Service, California Department of Fish and
Wildlife, and East Bay Regional Park District (for details, see Liu
et al. 2012, McBroom 2012). Our meta-analysis is the first attempt
to consolidate these disparate data sources into a single peer-
reviewed meta-analysis and investigate population change in
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relation to habitat changes. Marshes were surveyed 3 to 5 times
per year between January 15 and April 15 by experienced,
permitted biologists using a point transect method, with at least
2 weeks between surveys at any given marsh. Listening stations
were placed approximately 200 m apart and were primarily located
at marsh edges, levees bordering and within marshes, boardwalks,
and boat-accessible channels within the marsh. The number of
listening stations established at each marsh varied because of site
size, configuration, and accessibility. All rails, including
California Ridgway’s Rail, California Black Rail (Laterallus
jamaicencis coturniculus), Virginia Rail (Rallus limicola), and Sora
(Porzana carolina), detected from a listening station were recorded
with the time, direction, and distance from the listening station,
and the approximate locations of each California rail or pair of
California rails were plotted on a field map of the site. Two passive
surveys were conducted at each listening station during which a
trained observer recorded all California rails detected visually or
aurally for 10 minutes. If  no California rails were detected within
200 m of a listening station during the passive surveys, playback
(up to 1 minute) of California rail vocalizations was used to
stimulate a response on a third survey. If  a California rail
responded during the broadcast call, the speakers and player were
immediately turned off. California rails detected during transit
between listening stations, as well as before or after the 10-minute
listening period, were also recorded but not included in analyses.
The standardized prerecorded vocalizations were provided by the
U.S. Fish and Wildlife Service and were played from a compact
disc or MP3 player with portable speakers. An additional survey
method, high-tide counts, was used at Arrowhead Marsh and
other marshes in the San Leandro region wherein boats were used
during winter high tides to survey for California rails within
flooded vegetation. High-tide counts are a postbreeding survey
method conducted at the beginning of winter and prior to the
period with highest California rail mortality (Overton et al. 2014).
The difference in timing of the 2 survey methods results in a
population trend estimated from high-tide counts that lag 1 year
behind call-count trends (U.S. Geological Survey, unpublished
data). Population trends estimated using both methodologies
were averaged after accounting for this lag to provide a single
measure of population change.

Invasive Spartina eradication treatments
Eradication treatments for invasive Spartina occurred in 99
marshes where California rail surveys occurred, mostly located
in the southern reach of the SF Bay (Fig. 1). Staff  from the ISP
surveyed more than 20,000 ha of tidal marsh and mudflat around
SF Bay on an annual basis to inventory invasive Spartina. Since
2008, all inventory has been conducted on the ground, i.e., on
foot, by motorized boat, or by kayak, except for a few remote and
heavily infested marshes that were periodically inventoried by
helicopter. Each invasive Spartina occurrence was mapped using
mobile GPS devices running ArcPad (ESRI, Redlands, CA) GIS
software and summarized annually to produce an invasive
Spartina extent for each marsh. Various methods to control
invasive Spartina at our study sites began in 2005 and continued
annually through 2012 during the months of May through
November (Kerr and Grijalva 2012). Large-scale infestations that
were distant from sensitive areas such as residential developments,
schools, or hospitals were treated with broadcast aerial
application of imazapyr herbicide. For those areas not large or

continuous enough for broadcast aerial applications, either
targeted aerial spot applications or ground-based treatment
options, such as boats, amphibious vehicles, trucks, or backpack
sprayers, were used. As the infestation of invasive Spartina 
became reduced, boat or ground-based applications became
increasingly required to target remaining scattered invasive
Spartina individuals. In a few areas with dense California rail
populations, initial treatments included “seed suppression,”
whereby a diluted herbicidal solution was used so that flower and
seed production were precluded but direct mortality of target
plants was limited to retain vegetative cover for California rails
(Kerr and Grijalva 2012).

Population change analyses
For our meta-analysis describing population changes in relation
to invasive Spartina change, we consolidated individual marshes
from those surveyed for population monitoring that were either
contiguous or proximate to each other and received similar levels
of herbicide treatment for invasive Spartina into 22 marsh
complexes. The annual per capita rate of population change
(lambda) was calculated from annual call counts totaled across
complexes from 2005 to 2012. This removed uninformative, i.e.,
random, site-level variation and enabled analysis of a larger
proportion of total data. To compensate for missed counts, the
rates of population change were proportionally weighted across
marshes by the number of individuals detected. In 4 instances,
the number of California rails detected in a complex was 0, and
because lambda in these instances was undefined, we removed
those data from the analysis. We used generalized linear regression
with random effects to estimate the rate of population change
each year throughout SF Bay. We investigated the relationship
between lambda and 3 invasive Spartina attributes: the year-to-
year change in the extent of invasive Spartina in the marsh, the
cumulative change in the amount of invasive Spartina from peak
infestation, and the amount of invasive Spartina remaining in the
marsh each year (Fig. 2).

Fig. 2. Average annual rate of California Ridgway’s Rail
population change between 2005 and 2012 relative to the
cumulative change in extent of invasive Spartina within 22
marsh complexes in San Francisco Bay. Population rate of
change expressed as the logarithm of lambda; positive values
indicate population growth, and negative values indicate
decline. Confidence interval, accounting for variance from fixed
effects only, is represented by the dark gray interval. The
prediction interval, which includes fixed effect and random
slope variance, is represented by the light gray interval.
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All invasive Spartina variables were expressed as the proportion
of the total marsh surface area. Effects on California rail
population growth rates caused by reduction in invasive Spartina 
cover may be moderated by the amount of invasive Spartina 
remaining or presence of other high-tide refugia in the marsh that
rails can use; therefore, we also included models containing an
interaction between changes in invasive Spartina, both annually
and cumulatively, and the amount of remaining invasive Spartina.
We evaluated the fit of all nested model structures using likelihood
ratio tests and relative fit of “competing” main effects using
Akaike’s information criterion estimated using restricted
maximum likelihood estimation, but inference was made on
parameters estimated using full maximum likelihood estimation
(Akaike’s information criterion adjusted for small sample size
[AICc]; Burnham and Anderson 2002, Bates et al. 2014). Random
annual variation in the average lambda was included as a random
intercept term. Because of the potential that annual variation may
also influence the strength of fixed effects, we included a random
slope parameter that allowed the strength of any invasive Spartina 
variables to change annually as well. The scope of our inference
is to the population of California rails within the SF Bay, i.e., the
range of counted sites and entire known breeding population,
and not to the “average” population within the marshes where
counts occurred. Therefore, we weighted lambdas by the number
of California rails counted in each marsh complex to provide an
unbiased estimate of population change throughout SF Bay.
Analysis was performed using the lme4 package in Program R
version 2.15.1 (R Development Core Team 2012, Bates et al.
2014).  

To visualize relative invasive Spartina treatment effects, we
categorized marshes into 5 levels based on the reduction in
invasive Spartina area relative to marsh area: no treatment,
insignificant reduction (<1%), low reduction (1%-5%), moderate
reduction (>5%-25%), and high reduction (>25%). Binning
Spartina treatment effects into categories was used only to provide
visual display of the spatial extent of Spartina eradication effort,
and our analysis did not use binned treatment levels. To display
spatial examples of local Spartina treatment effects in select
marshes, we used recent and historic imagery from the National
Agriculture Imagery Program (http://www.fsa.usda.gov/programs-
and-services/aerial-photography/imagery-programs/naip-imagery/)
and Google Earth (http://www.google.com/earth/) to visualize the
extent of Spartina at each of the 4 study marshes. Imagery was
chosen based on the month, year, and quality of the image for
ease of analysis. Images were from spring or summer when
invasive Spartina was in foliage and more easily discernible. Three
years between 2005 and 2012 were chosen at sites where invasive
Spartina control was implemented to illustrate the change in the
extent of invasive Spartina over time.

Capture and radiotelemetry
We captured and radio marked 108 total California rails at Colma,
Cogswell, and Laumeister Marshes between 2007 and 2009 to
estimate movement, space use, and demographic rates (Rohmer
2010, Overton et al. 2014). Sites typically had 10 or more radio-
marked individuals during any given year except for Arrowhead
Marsh, which was not included in capture efforts until the winter
of 2008, and Laumeister Marsh, which was not trapped in 2009
and had only 2 remaining individuals radio marked during the
previous year. Capture and radio marking occurred from

December to March at all sites, and we employed either drop-
door traps modified with fishing line trip wires or caught
California rails by hand and with dip nets during the highest
wintertime tides. California rails were fitted with 9.5-g backpack
transmitters attached using modified Dwyer harnesses (Dwyer
1972). California rails were monitored intensively for the first 2
days after marking with repeated attempts at visually observing
the bird to verify transmitter fit and acclimatization. Birds that
survived between yearly capture sessions were recaptured and
refitted with new transmitters after 10 to 13 months. California
rail locations were determined 1 to 10 times per week with
handheld 3-element Yagi antennas from the perimeter of the
marshes at distances within a few hundred meters from the bird.
Battery life of the radio was greater than 15 months, and each
radio was tracked until the individual died or the radio failed.
Locations of marked birds were triangulated using the programs
Location of a Signal (Ecological Software Solutions LLC,
Hegymagas, Hungary) and LOCATE III (Pacer Computing,
Tatamagouche, Nova Scotia, Canada).  

We examined whether population change (lambda) in a marsh
varied according to the degree of invasive Spartina infestation
and corresponding treatments. California rail survival is known
to be low (Albertson 1995, Overton et al. 2014); however, dispersal
capability throughout the species range is high but infrequent
(Casazza et al. 2008). We determined whether rates of population
change within individual marshes were driven by demographic
processes or interchange among populations by investigating the
rate of emigration from marshlands. We refer to “demographic
processes” as the combined effects of survival and recruitment
because we are unable to distinguish between these factors from
a prebreeding call-count survey alone. In addition, we assume
that the population change is affected only by the combined effects
of demographic process and dispersal. Aerial telemetry flights
were used to assist in locating transmitters that disappeared from
a marsh to determine if  California rails had dispersed.

RESULTS
Based on the annual California rail and invasive Spartina surveys,
we estimated that California rail populations throughout SF Bay
declined 9% per year between 2005 and 2012, but declines were
stronger where the most invasive Spartina treatment occurred
(Fig. 2). Cumulative change in the amount of invasive Spartina 
within a marsh was a better predictor of California rail population
change than year-to-year invasive Spartina changes (ΔAICc =
3.33). California rail populations at sites not invaded by Spartina 
were estimated to have declined at an annual rate of 3% per year
between 2005 and 2012. In comparison, at invaded sites, every
2.5% reduction in the marsh surface that was subject to invasive
Spartina removal was associated with an additional 1% decline in
subsequent California rail population growth rates. The addition
of a term accounting for the amount of invasive Spartina 
remaining did not significantly improve our ability to estimate
California rail population changes (likelihood ratio test, p value
= 0.237). However, we note that although the parameters were
not significant (p = 0.908), including an interactive effect between
invasive Spartina cumulative changes and remaining invasive
Spartina matched our hypothesis that California rail population
growth rates declined at a lower rate when a greater proportion
of the marsh remained occupied by invasive Spartina (lambda
= +3% for every 10% of marsh remaining as invasive Spartina).  
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Of the 4 marshes where detailed California rail ecology was
investigated, Colma Marsh showed the greatest proportional
decrease in invasive Spartina and California rail call-count survey
detections over time. The marsh had approximately 20.6 ha of
invasive Spartina in 2005, 12.2 ha in 2008, and 0.02 ha in 2012
(Fig. 3A) as it returned to mudflat habitat, which is unsuitable for
rail use. Call-count population surveys mirrored the decrease in
invasive Spartina, with 63 birds detected in 2005, 35 in 2008, and
0 birds in 2012 (Fig. 3B). Cogswell Marsh was treated sequentially
over time with the 2 western-most sections treated first and the
eastern section treated last. Invasive Spartina was estimated at
43.4 ha in 2005, 14.6 ha in 2009, and 1.9 ha in 2012 (Fig. 4A) as
the marsh vegetation state returned essentially to a young
restoration site. Concurrently, Cogswell Marsh call-counts
detected 40 birds in 2005, 28 in 2009, and 25 in 2012 (Fig. 4B).
Arrowhead Marsh was completely covered with invasive Spartina 
in 2005 and then treated in sections with the western half  treated
first in 2008 and the eastern half  included in the seed suppression
treatments. Invasive Spartina treatment ceased in 2011, and 0.14
ha of regrowth was observed by 2012 in the western marsh.
Arrowhead consisted of 9.2 ha of invasive Spartina in 2005, 7.5
ha in 2008, and 4.0 ha in 2012 (Fig. 5A). On average, call-count
and high-tide surveys detected 72 birds in 2005, 112 in 2008, and
40 in 2012 in Arrowhead Marsh (Fig. 5B). Laumeister Marsh (37
ha) consisted of native marsh vegetation, including native
Spartina. Almost no herbicide treatment was needed at
Laumeister Marsh because only 2 small clones of invasive
Spartina were present. Call-count detections were relatively stable
since 2005 with no consistent trend (Fig. 6).

Fig. 3. Extent of habitats dominated by invasive Spartina 
delineated from aerial photography (shown in red) before
treatment in 2005, after initial treatments in 2009, and
after near eradication in 2012 (A); and call-count survey
detections and trend (−10.3 birds per year) within Colma
Marsh (B).

Fig. 4. Extent of habitats dominated by invasive
Spartina delineated from aerial photography (shown in
red) before treatment in 2005, after initial treatments in
2009, and after near eradication in 2012 (A); and call-
count survey detections and trend (−5.8 birds per year)
within Cogswell Marsh (B).

Fig. 5. Extent of habitats dominated by invasive
Spartina delineated from aerial photography (shown in
red) before treatment in 2005, after initial treatments in
2009, and after near eradication in 2012 (A); and call-
count survey detections and trend (−9.4 birds per year)
with Arrowhead Marsh (B).
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Fig. 6. California Ridgway’s Rail call-count survey detections
and trend (−0.13 birds per year) within Laumeister Marsh.
Habitats dominated by invasive Spartina were virtually absent
from Laumeister Marsh in all years (not shown).

The vast majority of radio-marked California rails (104 out of
108) stayed within the marsh in which they were captured,
indicating dispersal by California rails was rare. Only 4 radio-
marked California rails were known to disperse to other marshes,
and all left in the early breeding season. One rail dispersed from
an invasive Spartina marsh (Colma) prior to treatment. Two
California rails dispersed from the same marsh following
eradication efforts, one of which established a new territory 45
km away and successfully bred in the same year following
emigration (Casazza et al. 2008). The fourth individual dispersed
from Cogswell Marsh prior to herbicide application in its
territory, but after application elsewhere within the marsh. One
of the later dispersing birds traveled a greater total distance,
moving 45 km before backtracking 10 km, where it remained for
the subsequent breeding season and winter. The remaining birds
traveled 11 and 12 km, respectively.

DISCUSSION
California rail populations increased with the spread of invasive
Spartina across SF Bay from the 1990s through 2008, and research
suggests that the bird thrives in the habitat created by this invasive
species (Overton et al. 2014, 2015). During the latter part of this
period, many of the largest populations of California rails
occurred in marshes heavily impacted by invasive Spartina.
Although herbicide treatment between 2005 and 2012 removed
invasive Spartina from open intertidal mudflats and preserved
foraging habitat of shorebirds, removal of invasive Spartina from
marshlands was partly responsible for the decreased California
rail populations (Figs. 3-5). Estimated population change where
Spartina eradication did not occur was still negative but not
statistically different from 0 (Fig. 2). Across the entire species
range, our estimated California rail declines between 2005 and
2012 (9% per year) are similar to those obtained for 2005-2011
using much of the same data but different methodologies (average
10% per year decline; Liu et al. 2012: Table 6). We found that
dispersal of California rails was an uncommon event (<4% of
individuals emigrated) and did not occur with sufficient frequency
to be responsible for the population changes observed (Figs. 3-6).  

Within marshes where detailed study of California rail ecology
occurred, only Laumeister Marsh, which had almost no invasive
Spartina to eradicate, had no clear trend indicated by call-count
surveys (Fig. 6). However, in marshes where invasive Spartina was
present in large densities, populations declined rapidly
commensurate with the amount of Spartina removed (Fig. 2).
This meta-analysis corroborates previous work indicating that
California rail survival was higher prior to invasive Spartina 
eradication than after eradication or compared to survival in a
native marsh (Overton et al. 2014). The combined indication of
these studies is that tall vegetation structure provides California
rails with both higher quality nesting substrate and refuge cover
from predation, particularly during high tides (Overton et al.
2014; U.S. Geological Survey, unpublished data). Thus, habitat
structure provided by invasive Spartina in heavily infested marshes
may facilitate California rail survival, and continued efforts to
remove invasive Spartina from tidal salt marshes could lead to
further California rail population declines unless other measures
are taken to compensate for the loss in vegetative cover. Our meta-
analysis makes clear that as implemented, management of the
critically endangered California rail and management for a
healthy SF Bay ecosystem without invasive Spartina resulted in a
suite of incompatibilities that threatened both program goals.  

The restoration of native SF Bay tidal marsh through the
eradication of invasive Spartina has revealed a significant
deficiency in the ecological functions that the current
configuration of fragmented and degraded but uninvaded native
habitats provides the California rail. In our efforts to restore
healthy ecosystem functions to a suite of native species that may
be at increased risk because of invasive Spartina, e.g., salt marsh
harvest mouse (Reithrodontomys raviventris), soft bird’s beak
(Cordylanthus mollis), Pacific cordgrass (S. foliosa), and more
than 30 species of foraging shorebirds, we uncovered a previously
unknown limitation, i.e., habitat quality, specifically quantity of
tall vegetative cover, affecting 1 protected species. California rail
populations throughout SF Bay were extremely reduced prior to
the expansion of invasive Spartina and the novel habitat it created
(Albertson and Evens 2000). Removing the source of that novel
habitat without addressing pre-existing native habitat quality
limitations threatens to re-create an ailing landscape for
California rails by dogmatically adhering to specific management
approaches. In essence, the conservation community is choosing
the winners and losers in this ecosystem by failing to solve the
underlying problems that will support a healthy species
community with all constituent members. The extent to which
species can respond to our management actions may be limited
by intrinsic factors tied to the areas being managed. Mercury
contamination in SF Bay, for example, exhibits clear patterns
across space and within the macroinvertebrate food web that
forms the California rail prey base (Ackerman et al. 2012, Casazza
et al. 2014). Animals living in regions of elevated mercury
concentrations or those feeding from portions of the food web
with high bioaccumulated mercury levels may not respond to
restoration actions as readily or rapidly as elsewhere in the species
range because of physiological effects and demographic
impairment of populations (Scheuhammer et al. 2007). How
severe the nontarget effects of management actions become is
partially influenced by these existing patterns of habitat
fragmentation and degradation and may be compounded in the
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future because of projected increased habitat loss resulting from
sea-level rise (Stralberg et al. 2011, Thorne et al. 2012, Swanson
et al. 2014). Alone, these factors paint a very bleak future for the
California rail; in the context of promoting a complete and
healthy ecosystem, with limited resources and incomplete
information, they create an almost impossible set of
preconditions for success.  

Ecosystem management, in general, and invasive species control,
in particular, are complex issues, and decision making can be
particularly challenging when an unnatural condition, such as the
introduction of an invasive species or an altered disturbance
regime, is detrimental to several native species but facilitates an
endemic, endangered species (Rodriguez 2006). These types of
management conflicts are becoming increasingly common (NRC
1995) whether invasive species are used for food by endangered
species (King et al. 2006), habitat changes result in one endangered
species depredating another (Gumm et al. 2008), or maintaining
natural disturbance regimes affects critical habitat for an
endangered species (Prather et al. 2008). A management conflict
between ecosystem restoration and endangered species protection
that parallels the situation surrounding invasive Spartina and
California rails is the relationship between the endangered
Southwestern Willow Flycatcher (E. trailii extimus) and the
invasive salt cedar (Tamarix spp.). In the southwestern United
States, the salt cedar significantly degrades native riparian
ecosystems through soil salinization and narrowing of river
channels, resulting in displacement of native vegetation and a
decrease in biodiversity (Zavaleta 2000). However, the salt cedar
also provides critical nesting habitat for the flycatcher (Hatten
and Paradzick 2003, Owen et al. 2005) because much of the native
cottonwood (Populus spp.) and willow (Salix spp.) habitat has
been lost as a result of changing flood regimes and salinity levels.
Therefore, eradication of salt cedar has the potential to negatively
impact flycatcher populations, particularly during the
reproductive season. Because of this conflict, salt cedar
eradication has been delayed while other control strategies are
devised (U.S. Fish and Wildlife Service 1997). Without restoration
efforts that assure the re-establishment of native riparian
vegetation and restoration of ecosystem function, the removal of
invasive salt cedar will result in a loss of nesting habitat for the
endangered flycatcher (Zavaleta et al. 2001, Dudley and DeLoach
2004, Sogge et al. 2008, Dudley and Bean 2012).  

Should an invasive species be maintained when it benefits an
endangered species to the detriment of native species and the
ecosystem as a whole? Although the ESA specifically provides for
the protection of species, focusing conservation efforts on a single
indicator species potentially puts associated species at risk
(Dudley and DeLoach 2004), especially if  the indicator species
does not accurately reflect overall ecosystem health (Landres et
al. 1988). As an alternative to a single-species approach, some
researchers have suggested targeting conservation efforts toward
groups of similar species that collectively represent an ecosystem
(Moyle 1995, Wiens et al. 2008, Suring et al. 2011, U.S. Fish and
Wildlife Service 2013). However, criticisms have arisen suggesting
that multispecies conservation planning efforts do not result in
better outcomes for listed species (Clark and Harvey 2002). The
increasing use of conservation approaches, such as habitat
conservation plans and ecosystem management, that take into
account whole assemblages of native flora and fauna, as well as

abiotic, economic, and social factors, are therefore better suited
to dealing with the complexity of conserving biological diversity
(Pipkin 1996, Zipkin et al. 2010). Key features of ecosystem
management are the focus on ecological processes, rather than on
individual species, over large scales; the inclusion of humans as
part of the ecosystem (Simberloff  1998); and the use of adaptive
management whereby objectives and methods are modified as
necessary to facilitate improved understanding of a system
(Walters and Holling 1990). However, successful implementation
of ecosystem management strategies faces many hurdles,
including the lack of a consensus over what constitutes a healthy
ecosystem (Wagner 1994), trade-offs between human
consumption and conservation of natural resources (Kellner et
al. 2011), insufficient collaboration between stakeholder groups
with conflicting interests (Schultz et al. 2007), imperfect scientific
understanding of management consequences, and an unfavorable
socio-political climate (Rauscher 1999).  

So does the perceived conflict between invasive Spartina 
eradication and California rail conservation constitute a failing
of the ESA? Of ecosystem management? We do not think either
of these are the case. Despite the delays, confusion, and increased
urgency (and blood pressure) that these situations provoke, we
suggest that these are exactly the types of disputes and ugly
resolutions that functioning adaptive management entails when
multiple management objectives are considered. Many of the
previously discussed impediments became manifest in the current
conflict between ecosystem restoration in SF Bay and
management of the endangered California rail. The need for swift
action was paramount because of the rapidly spreading invasive
Spartina invasion and associated threats that were identified. At
the time eradication was being implemented, two critical
information gaps existed. First, there was insufficient information
to predict the impact of Spartina eradication on the California
rail, which was known to use invasive Spartina (California State
Coastal Conservancy and U.S. Fish and Wildlife Service 2003,
Overton 2010). Second, there was no quantitative estimation of
how severe the impact to the tidal marsh ecosystem would be if
no action was taken. These combined deficiencies resulted in a
lack of a consensus on what the desired future conditions were
and no clear benchmarks that would trigger a change or cessation
of eradication activities.  

The first information gap, invasive Spartina eradication effects on
the California rail, was eventually filled in through directed
research activities and extensively applied collaborative
population monitoring, both of which quantified negative
impacts and the ecological conditions that might avoid them. The
speed with which Spartina treatment was implemented outpaced
the speed at which we could identify impacts these treatments had
on California rails as determined by population monitoring and
directed research efforts. The second information gap, the effect
on the tidal marsh ecosystem of doing nothing, could have been
quantified prior to eradication actions, but the ensuing delay was
considered risky in part because eradication costs and any impacts
to tidal marsh ecology would increase as a result of delays.
Therefore, no quantitative work was ever performed that would
allow comparative risk assessment or similar decision-making
guidance (Linkov et al. 2006). New knowledge about tidal marsh
habitats in SF Bay that were not directly related not to Spartina 
issues but instead to expected future ecological conditions, e.g.,
sea-level rise, was also becoming available during this period.  
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Downscaling of climate projections has resulted in growing
concern that sea-level rise may influence California rail survival
and habitat suitability (U.S. Fish and Wildlife Service 2013)
through the reduction of habitat available as refuge cover for salt
marsh–obligate species (Flick et al. 2003, NOAA 2009).
Approximately 90% of marshland in SF Bay has been lost or
converted to other land uses, causing reduction and
fragmentation of remaining marshland (San Francisco Bay Area
Wetlands Ecosystem Goals Project 1999), and SF Bay may lose
the remaining high-marsh habitat that serves as refuge during
extreme tides over the next century (Stralberg et al. 2011,
Takekawa et al. 2013), unless sedimentation rates can increase to
offset sea-level rise and thereby minimize loss of tidal refugia.
Detailed analysis of California rail call-count surveys, habitats,
and landscape conditions has increased our understanding of how
marsh structure, surrounding landscapes, and restored marshland
may influence California rail populations (Liu et al. 2009).  

Climate change and large-scale restoration on California rail
habitats also affect the large projects to restore former salt ponds
in the north and south portions of SF Bay and habitat
management in Suisun Bay as well. Invasive Spartina eradication
is one approach in a larger effort to manage and enhance the salt
marsh ecosystem of SF Bay. Other efforts that restore salt marsh
formerly lost to development (South Bay Salt Pond Restoration
Project, http://www.southbayrestoration.org/), reduce the effects
of non-native predators (Albertson and Evens 2000), and improve
habitat quality (ISP, http://www.spartina.org/; Save the Bay,
http://www.savesfbay.org/) depend on the success of the Spartina 
eradication. Likewise, the direct adverse effects of Spartina 
eradication on California rail populations will be reduced by
progress in these other efforts.  

Several recommendations have been developed to mitigate
negative effects of invasive species control on native bird
communities and include maintaining existing uninvaded native
habitats, restoring native vegetation, and balancing loss of non-
native habitat with adjacent native habitat (Paxton et al. 2011).
Biological control may be a suitable method of invasive species
control (Dudley and DeLoach 2004) where closely related native
congeners do not exist. Within SF Bay, these recommendations
have been implemented and augmented with large-scale
restoration, the installation of artificial and earthen island
habitats to replace tidal refuge and nesting cover for California
rail (Overton et al. 2015; California State Coastal Conservancy,
personal communication), supplemental native plantings, and
herbicide-based seed suppression (Kerr and Grijalva 2012). These
specific strategies may be useful to ameliorate conflicts once they
become apparent, but compensating for the effects of
management actions is not as efficient as preventing unintended
consequences in the first place. Additional strategies are needed
initially to ameliorate contradictory management goals.  

An effective process for identifying and addressing conflicting
ecosystem management goals is needed at the outset to avoid the
types of conflicting goals that we encountered in SF Bay.
Foremost among these strategies is broad recognition that both
inaction and restoration actions constitute “interventions” within
the increasingly human-altered ecosystem functions on which we
focus our attentions (Ehrlich and Pringle 2008, Hobbs et al. 2011).
Restoration goals need to be realistic, clearly outlined, and

recognize where uncertainties exist without being “oversold”
(Hobbs et al. 2011, Menz et al. 2013) to prevent the types of
conflicting goals that have occurred in SF Bay and elsewhere
(Noss and Michael 1997, Prather et al. 2008).  

In light of the endangered species concerns, we have identified
the following seven factors that would improve adaptive
management of the salt marsh ecosystem:  

. Start with coordinated and assimilated desired future
conditions, development of best/alternative management
actions, and how actions fit into ecosystem management
plans; develop a consensus regarding the current state of
knowledge for the topic at hand. 

. Establish a clear consensus on baseline conditions or
thresholds that will trigger management changes. These
thresholds may include effects directly caused by
intervention actions, e.g., direct take or mortality of
individuals; indirectly caused by subsequent change to
habitat or ecological processes, e.g., indirect take through
harassment or habitat change; or even population trends
caused by factors entirely outside the scope of interventions,
e.g., climate-induced population declines or stochastic
events. 

. Identify information needed to support alternative
management actions, e.g., risk assessments and resource and
implementation monitoring, and establish funding and
timeline to initiate projects. 

. Use phased projects and evaluation of intermediate
conditions or necessary preconditions that require
additional intervention, i.e., what works in one area may not
in another. 

. Consider innovative methods and materials, e.g., artificial
habitats, assisted migration, captive breeding, and intensive
predator control. 

. Quantify both negative effects and benefits to other
ecosystem components for risk evaluation. 

. Make use of collaboration and data sharing with common
minimum standards and methods with consensus-driven
interpretation and implication of findings. 

Invasive Spartina eradication within SF Bay revealed that the
native habitat condition among the degraded and fragmented
remnant salt marsh was a relatively poor substitute compared to
the vigorous invader, especially in lower elevation marshes
containing few other sources of vegetative cover. In the effort to
restore ecosystem health and function, the recovery objectives,
indeed the very existence of the California rail, were at increased
risk of failure following invasive species eradication. The
biological opinion process designated through the ESA provided
a critical re-evaluation of the functional role that invasive Spartina 
played in the existing salt marsh ecosystem and the deficiencies
evident across many of the uninvaded fragmented marshlands.
As mentioned by Zavaleta et al. (2001), invasive species
eradication efforts may need checks, such as ESA enforcement,
to prevent unintended and irreversible consequences to other
ecosystem attributes such as preservation of endangered species.
The success of the ESA and of adaptive ecosystem management
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is evident in the identification of problems associated with
expeditious eradication and the rapid cooperation that led to
alternative approaches. These alternative approaches may take
longer (Lampert et al. 2014) and require more resources and
cooperation to achieve, but they avoid the picking of winners and
losers that runs counter to the central intents of ecosystem
management (Grumbine 1994). The more measured approach we
have outlined will reduce conflict between management goals and
enhance the ability to affect positive, long-term ecosystem
changes without sacrificing critical components in the short-term
process.

Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/8134
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