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figure 1. Range of the Santa Cruz long-toed salamander

Executive Summary
Northern Monterey County is a patchwork of residential areas, wetland and upland habitats, and agricultural production primarily on 
the floodplains and south facing slopes of the hillsides. While the county still hosts a number of habitats and diverse species, current and 
historic land use decision and management actions have directly affected the survival and fitness of endemic amphibians, particularly the 
Santa Cruz long-toed salamander (SCLTS) (Ambystoma macrodactylum croceum). Restricted to a highly constrained range in southern 
Santa Cruz and northern Monterey County (Figure 1), this Plan identifies key impediments to the species recovery, including the loss 
of functional breeding ponds due to salt water intrusion and mosquito abatement activities, habitat fragmentation and the severing of 
migration corridors. Through a two-year planning process with a Technical Advisory Committee, the recommendations of this Plan are 
actionable and adaptive strategies designed to address the goal of creating self-sustaining and connected SCLTS populations.
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figure 2. Elkhorn Slough Projected Sea Level Rise 2060

Introduction
The Santa Cruz long-toed salamander (SCLTS) (Ambystoma macrodactylum croceum)  is an endemic amphibian species found only in 
southern Santa Cruz and northern Monterey Counties, California. The State and Federally endangered and State fully protected SCLTS 
inhabits ephemeral ponds for breeding and adjacent riparian, scrub, and woodland areas during the non-breeding season. These ponds 
occur in southern Santa Cruz and northern Monterey Counties, with a range roughly encompassing approximately 16 miles long (north 
to south) by 5 miles wide (east to west) (Figure 1). Approximately 32 confirmed breeding sites have been identified since the species was 
first detected in 1954, with approximately 23 of these sites having confirmed or assumed breeding as of 2015. Several factors have con-
tributed to the species endangered status, including the loss and degradation of its aquatic breeding and upland over-summering habitats 
and the severing of historic migration corridors. Major waterbodies including Elkhorn Slough and the Pajaro River, as well as agriculture, 
residential, and industrial development act as barriers between the remaining populations, resulting in six isolated metapopulations (Fig-
ure 1). Importantly, threats from genetic isolation within each metapopulation are presumed to be increasingly severe and may represent 
a greater than anticipated threat. Other major factors impacting the species include invasive plant and animal species, pollution, climate 
change (more frequent and severe drought), salinization, road-kill, habitat degradation, and mosquito abatement activities.
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As of 2015, the four metapopulations in Santa Cruz County and their associated func-
tional or assumed functional breeding ponds include: Valencia-Seascape (five ponds), Ell-
icott-Buena Vista (five ponds), Freedom (three ponds), and Larkin Valley (four ponds). 
Since 2015, Monterey County has had confirmed breeding at five sites (Figure 1), all 
of which are located in the Elkhorn Metapopulation. It should be noted that two of 
these breeding ponds (Lower Cattail Pond and Southern Moro Cojo Slough) are current-
ly non-functional due to tidal (marine) influence. However, restoration of these aquatic 
breeding habitats is anticipated to occur as soon as the winter of 2019-2020, resulting 
from the installation of a temporary weir within Moro Cojo Slough, and repairs to the 
tide-gate at Lower Cattail Pond. Additionally, Howell Pond is hydrologically connected 
to historic salt marsh and is also threatened by high salinity. The majority of the Elkhorn 
complex breeding sites are in historic salt marsh habitat managed as freshwater impound-
ments, and periodically revert to saline conditions when dikes deteriorate or tide gates 
leak, a threat that will only increase with rising sea levels (Figure 2). The remaining meta-
population in Monterey County, the McClusky Complex, may have already been lost due 
to an influx of saline water (Mitcham pers. comm. 2019).  

As stated in the Recovery Plan (Service 1999), “The situation for the Monterey County 
populations is especially serious.” The SCLTS has an extremely restricted range, currently 
breeding in approximately 23 ponds, with only five being located in Monterey County. 
The SCLTS at each of these sites are at high risk of continued declines or disappearing 
entirely within the next decade.  

Genetic isolation is believed to be a factor in SCLTS population declines in Monterey 
County. A thorough review of available literature (Allentoft and O’Brien 2010) suggests 
that increasing genetic diversity is necessary to ensure increased fitness of declining am-
phibian populations in the modern age. It is well established that a decrease in genetic 
variation can lead to reduced fitness and lack of adaptability to a changing environment. 
Allentoft and O’Brien (2010) provide an overview of 34 studies that address a link be-
tween genetic variation and greater than 20 different fitness traits in amphibians. Al-
though not all results are unequivocal, clear genetic-fitness-correlations are documented 
in the majority of the published investigations (Allentoft and O’Brien 2010). Over the 
past twenty years, the need to supplement declining Monterey County SCLTS popula-
tions through translocation has been discussed, and only recently formally proposed. The 
proposal includes the translocation of individuals from Santa Cruz County to Monterey 
County, with the short-term goal of stabilizing and increasing existing populations, while 
meeting the long-term goal of increasing genetic diversity and subsequently fitness.

Although this Strategic Plan (Plan) focuses on the SCLTS, the most critically endangered 
amphibian species in the region, the California red-legged frog (CRLF; Rana draytonii), 
which is a federally threatened and state species of concern, and the California tiger sal-
amander (CTS, Ambystoma californiense), a federally and state threatened species, often 
co-occur with and use similar habitats as the SCLTS and may also significantly benefit 
from the implementation of actions identified in this planning effort.

Adult SCLTS, in-bound to pond to breed  (K. Camara)
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Background
A Technical Advisory Committee (TAC) comprised of species and technical experts including staff from the US Fish and Wildlife Ser-
vice (Service), California Department of Fish and Wildlife (CDFW), Elkhorn Slough National Estuarine Research Reserve (ESNERR), 
Elkhorn Slough Foundation (ESF), Central Coast Wetlands Group (CCWG), the Resource Conservation Districts of Santa Cruz and 
Monterey counties (RCDs), University of California Santa Cruz (UCSC), and local biologists, have developed this strategy to guide 
recovery efforts for the aforementioned amphibian species. This plan provides a detailed implementation framework with the primary 
goals of stabilizing and increasing SCLTS populations in the face of a changing climate. To accomplish this, the Plan discusses the 
short-term goal of protecting existing breeding populations, with the long-term goal of protecting and enhancing suitable lands that are 
not vulnerable to anticipated sea-level rise. Of key importance is to ensure suitable dispersal corridors exist within this area, facilitating 
genetic exchange.  

There are differing perspectives among regional stakeholders about whether historic salt marsh habitat that was diked in the past century, 
such as found in Moro Cojo or Lower Cattail Swale, can provide suitable amphibian breeding habitat in the long-term.  Some favor use 
of water control structures in perpetuity to exclude tidal exchange from former estuarine habitat, while others are concerned that areas 
below sea level are likely to become sinks for amphibian populations, since they are already prone to saltwater leakage, and will be at 
even greater risk with rising seas. 

As stated above, this Plan outlines priorities that have been identified by the TAC to ensure persistence of the species in the long-term 
within northern Monterey County. Specifically, these priorities are focused on the following: create a network of breeding habitats that 
are supported by adequate upland and dispersal habitat, ensure interbreeding among populations to increase genetic diversity and subse-
quently fitness, identify properties for acquisition, easements and/or enhancement to improve connectivity, and identification of research 
needs to further species recovery.

Short term priorities are primarily focused on ensuring stabilization of existing populations through a variety of actions. Some of these 
actions are in various stages of implementation and are anticipated to occur between 2019-2020; such as the repair of Lower Cattail Pond 
tide-gate, installation of a temporary weir within Moro Cojo Slough, the planning and construction of Hix Pond, and the planning of 
a SCLTS translocation and  captive propagation program. The captive propagation program is of particular importance due to the low 
number of breeding sites, assumed low population numbers, and isolated nature of each of the existing breeding habitats in Monterey 
County. The forthcoming strategic translocation of captive propagated animals and translocation of individuals from drying or saline 
threatened breeding habitats would be utilized as a conservation tool to ensure persistence of key breeding locations in the short term, 
while enhancing genetic diversity and subsequently fitness over the long term. These conservation actions are based on recommendations 
identified during numerous TAC meetings, as well as Service, CDFW, and other organizational  documentation, research reports, and 
strategic plans, which are included in Exhibit A. Funding for this effort has been provided by the Service and State Coastal Conservancy.
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Strategic Plan Goal and Objectives
The goal and objectives articulated below were developed through an iterative process that included both internal consultation with staff 
from ESF, ESNERR, and CCWG (landowners), as well as discussions with the TAC. The goal is a broad, general statement reflecting 
the desired outcome. The objectives are conservation actions to achieve the long-term outcome.

 

Goal: Create self-sustaining and connected SCLTS populations through the implementation of a landscape-scale conservation 
strategy that addresses climate change and other threats through utilization of suitable freshwater, riparian, and upland ecosystems 
in northern Monterey County.

Objective 1: Create networks of new breeding habitats within areas not threatened by climate change (sea-level rise)      

Objective 2: Improve/maintain quality of existing breeding habitats

Objective 3: Improve/maintain SCLTS upland habitat used by adults to support new or existing breeding sites

Objective 4: Ensure species connectivity through the enhancement or creation of dispersal corridors

Objective 5: Increase genetic diversity and subsequently genetic fitness through captive propagation and larval translocations

Objective 6: Evaluate population recovery and inform adaptive management through research and monitoring, including eDNA
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Male SCLTS in-bound to breed  (K. Camara)

SCLTS Overview
SCLTS Description and 
Range
The SCLTS is a small salamander (2.5 to 
5.5 inches total length) that differs from the 
other four subspecies of long-toed salaman-
ders by a series of discrete, irregular patches 
of dull orange or metallic yellow markings 
on its dorsal side and by greatly reduced dor-
sal head markings of small scattered dots, 
which are often absent, anterior to the eyes 
(Service, 2013). This small ambystomatid 
salamander occupies a very small range in 
southern Santa Cruz County and northern 
Monterey County, between Castroville and 
Aptos in the vicinity of the coast (Figure 1). 
One of five subspecies of the long-toed sala-
mander distributed throughout northeastern 
California and north into British Columbia, 
it is isolated from other subspecies by more 
than 150 miles. The Santa Cruz population 
is and completely isolated from Monterey 
County by urbanization and agriculture in 
the Pajaro Valley (Petranka 1998; Stebbins 
2003).	
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SCLTS Habitat Requirements and Life History
The SCLTS utilizes terrestrial and aquatic habitats during the course of its life cycle. Terrestrial habitats include upland coastal scrub and 
woodland areas comprised of coast live oak (Quercus agrifolia) and dense coastal scrub. The SCLTS spends most of its life underground 
in burrows of small mammals during the summer months and emerges during rainy nights in the fall and winter to migrate to shallow, 
freshwater ponds with sufficient emergent and submergent cover to breed. Leaf litter, rotten logs, fallen branches, and among the root 
systems of tree provide temporary cover especially for metamorphs and adults in transit during migration during the wet season. Single 
eggs are deposited on submergent vegetation, sometimes in small clusters. Larvae feed on a wide variety of aquatic organisms, including 
invertebrates and Pacific chorustree frog (Pseudacris regilla) tadpoles (Biosearch Associates, 2013). Single eggs are deposited on submer-
gent vegetation, sometimes in small clusters. Larvae feed on a wide variety of aquatic organisms, including invertebrates and Pacific 
chorus tree frog (Pseudacris regilla) tadpoles (Biosearch Associates, 2013).

SCLTS Recovery Status
The SCLTS is an endemic amphibian species whose decline is largely due to loss and degradation of upland habitats and severing of 
historic migration corridors. The species is classified as a 6C1 for recovery priority on a scale of 1 to 18 (one being the highest) due to 
the high degree of threat and high recovery potential (Service, 2009). The species is a top priority for recovery as it remains at risk of 
extirpation at a number of sites due to several threats (Mitcham, pers. comm. 2019). The naturally patchy distribution of the species 
renders it especially susceptible to random extinction events resulting from habitat loss and degradation (e.g. invasive species), parasite 
and fungal infections, predation, and changing rainfall patterns (climate change). The isolation of populations results in a reduction of 
the salamanders’ effective gene pool, which makes the species more susceptible to diseases and ultimately extinction [draft Conceptual 
Area Protection Plan (CAPP), 2010]. Additionally, the presence of non-native invasive plants may reduce the numbers of invertebrates 
available as prey (Service, 2009). Furthermore, governmentally implemented mosquito abatement activities can have drastic unintended 
consequences on non-target insects and wildlife, with particularly negative effects on native amphibians (Service, 2019). 

The Recovery Plan’s (Service, 1999) Recovery Criteria requires that each complex (metapopulation) must contain at least two functional 
breeding ponds or sites, as well as sufficient upland habitat to support self-sustaining populations. Each site must be self-sustaining, not 
requiring human manipulation in years of average or above average rainfall. Evidence of continued breeding success, metamorphosis, 
and recruitment of adults must be documented over a 20-year period, which assumes sufficient time to monitor populations through at 
least one drought cycle. Upland scrub or woodland habitats must be adjacent to the breeding ponds or within migration distance, pro-
tected corridors for migration to non-breeding habitat must be established and maintained where necessary, and protected corridors for 
dispersal to other ponds in the complex must be established and maintained. The most effective way to achieve this goal is to protect the 
whole drainage surrounding the breeding pond, as well as protecting and enhancing existing ponds or creating one or more new breeding 
ponds within 0.6 miles of currently protected or managed breeding sites.

Delisting of the SCLTS can occur “when breeding populations are maintained with approximately equal sex ratios at or above 2,600 an-
imals at Valencia Lagoon and 6,500 animals at Ellicott Slough for a minimum of 10 years, and “at least three additional sites are secured 
and adequately managed to support self-maintaining populations of at least 2,600 breeding animals…” (Service, 1999).

1   Based on a 1-18 ranking system where 1 is the highest-ranked recovery priority and 18 is the lowest (Endangered and Threatened Species   Listing and Recovery Priority Guidelines, 
48 FR 43098, September 21, 1983). This number indicates that the taxon is a subspecies that faces a high degree of threat and has a low potential for recovery. The “C” indicaes conflict 
with construction or other development projects or other forms of economic activity
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SCLTS Habitat in Monterey County
Northern Monterey County is a patchwork of residential areas, wetland and upland habitats, and agricultural production on the flood-
plains and south facing slopes of the hillsides. A number of current and historic land use decisions and management actions directly affect 
SCLTS recovery and are discussed below.

Upland and Dispersal Habitat
Land use changes and development have resulted in the loss of native grassland, riparian, and oak-woodland habitats, which formerly 
served as SCLTS upland habitat and migration corridors, although north-facing slopes remain largely intact.  The SCLTS spends a sub-
stantial portion of its life underground in small mammal burrows. Examples of the small mammal burrows include Broad-footed mole 
(Scapanus latimanus), American shrew mole (Neurotrichus gibbsii), and Botta’s pocket gopher (Thomomys bottae). California vole (Mi-
crotus californicus) burrows may also be used but only in grassland areas.This salamander is also found among the root systems of plants 
in upland chaparral and woodland areas of coast live oak or Monterey pine (Pinus radiata), and in strips of riparian vegetation such as 
arroyo willows (Salix lasiolepis), cattails (Typha spp.), and bulrush (Scirpus spp.). These areas are desirable because they are protected from 
heat and the drying rays of the sun (Reed 1979, 1981) (Service 1999). Additionally, over-summering SCLTS have been found in thick 
blackberry (Rubus spp.) thickets with no overstory (Mitcham pers. comm. 2019). Dispersal habitats consist of most terrestrial areas that 
provide barrier free movement for the species. Dispersal habitats can range from low to high quality, which can be evaluated in relation 
to the availability of forage and refugia, as well as the distance to and from suitable breeding and/or upland habitat. 

Freshwater Wetland Habitat
In northern Monterey County, extensive historical freshwater wetlands have been lost due to groundwater overdraft, agriculture, and 
development.  Additionally, a number of known SCLTS breeding sites are in freshwater impoundments behind tide gates and/or dikes, 
in areas that are below sea level. With climate models showing less frequent and more intense storm events and an increase in the rate of 
sea-level rise (SLR), these sites are vulnerable to watershed and tidal impacts.

Changing climate patterns may be also influencing the distribution of native predators, particularly rough-skinned newts (RSN; Taricha 
granulosa). Over a 10-year period (2007-2017), the capture frequency of RSN increased exponentially at a SCLTS pond (Biosearch 2017) 
and the species have been found further south in Santa Cruz County. RSN prey on amphibian eggs and larvae and the tendency of 
adult RSN to remain in the pond for much of the year may exert extreme predator pressure on other native pond-breeding amphibians, 
including the Sierran treefrog (Pseudacris sierra), a food source for both RSN and SCLTS.

Invasive vegetation poses a concern in terms of fire hazard, water use, and the quality of upland and riparian habitat. In particular, some 
of the wetlands in this region are surrounded by eucalyptus trees, which are known to uptake greater amounts of fresh-water than do 
native oak trees. As a result of the water lost to eucalyptus, many of the regional wetlands dry down earlier in the season, preventing 
native amphibians from achieving metamorphosis. Eucalyptus also produce allelopathic chemicals which prevent adjacent herbaceous 
plant competition, reducing native understory diversity and potentially degrading water quality. Field studies performed in Santa Cruz 
showed that SCLTS were captured twice as frequently in oak woodland habitat than eucalyptus forest (Biosearch, 2016). That study 
noted eucalyptus groves that lack an understory found within oak woodland habitat had a negative affect and that fewer underground 
tunnels were available for SCLTS in eucalyptus groves than oak woodland habitat. However, it should also be noted that cover is a key 
component during SCLTS migration and in certain locations, eucalyptus may be preferable to open grasslands. Unlike eucalyptus groves 
to the south, eucalyptus groves in Monterey County increase over time. In a study by Fork et al. (2015) eucalyptus groves at Elkhorn 
Slough Reserve and Elkhorn Slough Foundation doubled or tripled in size from 1931-2001 (an average expansion of 271%). A more 
metered approach that first limits eucalyptus grove expansion into sensitive native habitat followed by slow removal and girdling working 
inward may be preferred in some instances.
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Collaboration with the Northern Salinas Valley Mosquito Abatement District
Concerns about public health and safety have resulted in broad treatment of most freshwater habitats in north Monterey County for the 
purpose of reducing or eliminating nuisance and health threats associated with mosquitos. Although we recognize the importance of 
addressing the threats that mosquitos present, we also recognize that mosquito abatement activities can have drastic unintended conse-
quences on non-target insects and wildlife, with particularly negative effects on native amphibians. Larval amphibians depend entirely 
on the food web that healthy wetland habitats provide, and when this web is altered, reduced, or eliminated, breeding populations of 
our native amphibians cannot persist.  

We provide the following paragraph, excerpted from Mazzacano and Black (2013), to provide an understanding of the unintended 
consequences that regional mosquito abatement activities can have on wetland habitats and their native occupants. “Mosquito control is 
done using agents that kill the adult (adulticides) or immature (larvacides) form of the insect. The most commonly used adulticides are 
organophosphate and pyrethroid insecticides. These compounds have broad spectrum toxicity and cause severe impacts to non-target 
invertebrates, fish, amphibians, and birds. They have been implicated in declines in both wetland and associated terrestrial wildlife, in-
cluding endangered species that live near treated areas. Mosquito larvacides include compounds that disrupt larval development, such as 
methoprene and diflubenzuron; microbial agents such as Bacillus thuringiensis var. israelensis (Bti) and Bacillus sphaericus that are toxic 
to mosquito larvae when ingested; and surface oils such as Golden Bear that interfere with the larva’s ability to breathe. These larvacides 
are recognized as being relatively nontoxic to non-target organisms (although methoprene and diflubenzuron have documented direct 
impacts on non-target invertebrates), but such direct toxicity studies rarely, if ever, address indirect effects. Biopesticides, such as Bti, are 
highly toxic to true flies (Diptera), which includes a variety of organisms that are an important food source in wetlands such as non-biting 
midges, shore flies, and gnats. Widespread and repeated Bti applications have the potential to severely disrupt local food webs and change 
wetland community composition. Chemical and biological pesticides are also formulated with adjuvants and carrier agents that may 
have additional negative effects on aquatic systems and non-target organisms; however, because these compounds are “inert ingredients,” 
they are not examined in acute toxicity tests. Many fish, birds, and amphibians rely on aquatic flies as an important food resource in the 
water, and the winged forms of aquatic insects can provide 25-100% of the energy or carbon resources for terrestrial consumers such as 
bats, lizards, and birds. Aquatic macroinvertebrates that develop in pesticide-laden waters can act as “biotransporters” of contaminants 
because their accumulated pesticide load is taken up by the predators that consume them. Declines in aquatic invertebrate populations 
due to pesticide impacts also have serious implications for the energy budget of the aquatic and surrounding terrestrial ecosystems.”

Based on the facts stated above, we believe it is critically important to ensure collaboration between the Northern Salinas Valley Mos-
quito Abatement District and landowners/managers of habitats that contain sensitive amphibian species. This goal is detailed in the 
Best Management Practices for Mosquito Control (CDPH and MVC 2010), a document jointly produced on recommendations from 
the California Department of Public Health and the Mosquito and Vector Control Association of California. Collaboration should be 
conducted with the ultimate goal being the reduction or elimination of chemical pollutant introductions into these ecosystems. This 
collaboration should focus on implementing a combination of the following activities: land managers should assist in minimizing mos-
quito breeding habitats, land managers should utilize mosquito biological control structures used to house predatory birds such as bats 
and swallows, mosquito abatement districts and land managers should investigate the use of novel techniques such as the introduction 
of sterile mosquitos, and most importantly, mosquito abatement districts should, only when absolutely necessary,  utilize the minimum 
amount of larvacides that target only mosquitos that pose health threats. The Northern Salinas Valley Mosquito Abatement District 
should provide information, when requested, to landowners/managers regarding the type, amount, and date of pesticide utilized for each 
treatment activity. 
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figure   3.  McClusky Metapopulation

SCLTS Metapopulations 
in Monterey County

McClusky Metapopulation
The McClusky Metapopulation is a ~7,500 
acre area bounded by the Pajaro River to 
the north, the Pacific Ocean to the west and 
Elkhorn Slough to the east and south (Fig-
ure 3). The lowland area is predominantly 
farmed with limited available oak woodland 
and riparian habitats.  On the east side of 
Highway 1, a large ranch (Packard Ranch) 
supports cattle and horses and hosts over 40 
stockwater ponds, many of which have been 
documented to support CRLF breeding 
(D’Amore, 2007). Predominantly perennial, 
the ponds also support an abundance of bull-
frogs, which are being controlled through an 
on-going bullfrog remove program (Mori 
pers. comm. 2019). The SCLTS historically 
bred at three locations (McClusky Slough, 
Struve Pond, and Bennett Slough) in this 
Metapopulation (Figure 3). The lack of na-
tive woodland and riparian (upland) habitat 
in the vicinity of these three wetlands were 
cited as presumably a major factor limit-
ing the population size in the area (Talent, 
1980) and in 2001, only 30 acres of highly 
fragmented upland habitat was estimated to 
remain (Biosearch Associates, 2003). Breed-
ing was last confirmed at McClusky Slough 
and Zmudowski Pond in 2004, and at Ben-
nett Slough/Struve Pond in 1985 (USFWS 
2009). Following the 1989 Loma Prieta 
earthquake, larger culverts were placed un-
der Jetty Road, increasing tidal exchange be-
tween the Moss Landing Harbor and Ben-
nett/Struve Slough, resulting in salinities too 
high to support amphibians. In this Plan we 
identify a path forward to re-establish this 
Metapopulation.

 Seep areas adjacent to upland oak woodland habitat within McClusky Metapopulation that could be 
developed for SCLTS breeding   (K. Camara)
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figure   4.  Elkhorn Metapopulation

Elkhorn Metapopulation
The Elkhorn Metapopulation inhabits a ~22,0000 acre area bound by the Pajaro River to the north, Elkhorn Slough to the west, 
Highway 156 to the south and San Miguel Canyon Road to the east (Figure 4). For planning purposes, this Plan divides the Elkhorn 
Metapopulation into three areas including Upper Elkhorn, Lower Elkhorn and Moro Cojo (Figure 4). It should be noted that the term 
“metapopulation” suggests that some level of interaction is occurring within spatially separated populations. However, based on existing 
barriers to dispersal and the distance between breeding sites, the term “metapopulation” may not be accurate as genetic exchange is likely 
not occurring between all breeding sites within the Elkhorn Metapopulation (Service, 2009). Therefore, we believe that dividing this 
Metapopulation into the three areas as stated above is a more accurate reflection of potential genetic exchange that may be occurring.
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Upper Elkhorn Area
The Upper Elkhorn Area (Figure 5) is concentrated in the northern portion of the metapopulation between Hall Road to the north 
and Hidden Valley Road to the south. The sandy, steep, south facing slopes in this area were largely used for strawberry production in 
the 1990s and early 2000s. However, a majority of this highly erodible land has been retired and is currently owned or managed by a 
planning team partner, the ESF. The valleys and north facing slopes remain largely intact and provide functional dispersal corridors for 
SCLTS migration. 

SCLTS were discovered at Oxbow Pond in 2007 and breeding was confirmed in 2008 (Service 2009) and 2019. Oxbow Pond is the 
only known SCLTS breeding site in the Upper Elkhorn Area. Oxbow Pond is located near Carneros Creek, which is known to overflow 
its banks resulting in the deposition of invasive species such as bullfrogs, catfish, and crayfish in and around adjacent wetland habitat. 
Oxbow Pond is located within a conservation easement which is managed by the ESF. 

Lower Elkhorn Area
The Lower Elkhorn Area is concentrated in the center portion of the metapopulation with estuarine habitats of Elkhorn Slough locat-
ed to the west and south (Figure 6). This area, predominantly owned and managed by ESNERR, supports several freshwater ponds, 
although many of them are subject to sea level rise and increasing levels of salinity. This includes Lower Cattail Pond, which was con-
sidered the only historically consistent breeding site for the SCLTS. Lower Cattail Pond was functionally lost in the winter of 2017, as a 
tide-gate failure resulted in tidal (marine) water infiltrating the pond. Planning efforts are currently underway to repair this failed tide-
gate. Salamander larvae (assumed to have been SCLTS) were also detected in 2002 in Rookery Pond, another freshwater impoundment  
which is currently saline. In 2019, SCLTS were detected at two new sites within this Area. SCLTS adults were observed in and around 
Upper Cattail Pond, an aquatic feature that was recently deepened for the purpose of providing freshwater breeding habitat for amphib-
ians. Additionally, SCLTS larvae were detected in Howell Pond for the first time, an extension of the North Marsh-Strawberry Marsh 
estuarine complex, with limited tidal exchange through culverts under Elkhorn and Strawberry roads, resulting in variable but often 
brackish salinities. Suitable upland habitat exists in this area, consisting primarily of native oak woodland, non-native grasslands, and 
eucalyptus stands, as well as willow riparian corridors. Most of the agricultural production on the sandy, steep, south facing slopes to the 
east of Elkhorn Road has been retired and is owned and managed by ESF or ESNERR. Intact and expansive oak woodland habitat and 
riparian corridors exist in this area.  

Moro Cojo Area
The Moro Cojo Area represents the southern extent of the range, with Elkhorn Slough to the north, Highway 1 to the west, Blackie 
Road to the south and Highway 101 to the east (Figure 7). This area is dominated by agricultural production with small remnants of the 
fresh and brackish water wetlands, non-native grasslands, oak woodland habitat and a few protected parcels owned by CDFW, CC&R, 
and ESF. SCLTS were discovered breeding in Upper Moro Cojo Slough (above Castroville Boulevard) in 1978 and were last docu-
mented breeding in Lower Moro Cojo Slough in 2007 (Mori 2007) (Figure 5). Both SCLTS and CTS were captured during a 2006-7 
and 2007-8 winter drift fence study at the North Monterey County High School (NMHCS) (Lower Moro Cojo Slough) (Mori, 2007, 
2008). However, no larvae were found during spring aquatic surveys of construction-related ponds on the school site in either year. In 
2019 SCLTS were confirmed to have bred in Central Pond at NMHCS. Efforts are currently underway at NMCHS for the purpose of 
restoring native oak woodlands and riparian habitat for the SCLTS.
In 2015, tidal (marine) flows reached the known SCLTS breeding site located adjacent, south of NMCHS in Lower Moro Cojo Slough. 
This was the result of a tide-gate failure at the Moss Landing Harbor. Long-term monitoring data show that this sort of event has hap-
pened periodically over the past decades, due to intermittent leakage of the tide-gates that are intended to restrict saltwater from moving 
upstream. Saltwater infiltration events result in the die off of freshwater marsh and riparian vegetation and the loss of breeding habitat for 
amphibians. Then, in years of high rainfall, freshwater vegetation and amphibian breeding habitats return. This dynamic is common in 
many impounded freshwater/former estuarine habitats in the region, including Strawberry Marsh and south Azevedo Marsh. Planning 
efforts are currently underway to repair the failed tide-gates at the Moss Landing Harbor, presumably resulting in the return of func-
tional breeding habitat within Upper Moro Cojo Slough adjacent to the NMCHS. 
Although saltwater intrusion negatively impacted SCLTS breeding habitat in Upper Moro Cojo in 2015, the southermost breeding 
site, south of Hwy 156, was likely spared, as the culvert that connects the fragmented slough arm through Hwy 156 is elevated at the 
downstream end, preventing flows from reaching the southernmost breeding site. Like many other SCLTS breeding ponds in Monterey 
County, this site is imperiled due to lack of upland habitat, adjacent agriculture and small population size (B. Mori, pers. comm.).
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Priority Conservation Actions For SCLTS
Through this extensive planning effort, we developed a detailed list of priority conserva-
tion actions that are needed to ensure the persistence of the species in north Monterey 
County. Priority actions include the identification of breeding habitat enhancement and 
creation sites, land conservation (easement/acquisition) candidates, upland and disper-
sal habitat enhancement areas, invasive animal and plant management actions, captive 
propagation and translocation actions, and research priorities. Pond enhancement and 
creation locations were selected based on their proximity to existing/historical occurrenc-
es, suitability of existing and potential upland and dispersal habitats, availability of water, 
and absence of predation threats from both non- native species, such as bullfrogs and fish, 
as well as native species, including CTS and RSN. Upland and dispersal enhancement 
areas were selected based on their proximity to existing or planned breeding areas, and 
dispersal corridors through which the species utilizes, or must utilize, to ensure genetic 
exchange between populations. Of key importance is that the high priority actions identi-
fied in this document would primarily occur on lands that are owned or managed by key 
planning partners and are protected in perpetuity.

High priority actions for all Metapopulations, include: 

•	 Conduct research to determine presence/absence and to aid in the prioritization of 
new pond creation and enhancement of existing breeding sites, upland and dispersal 
habitat based on migration studies through field surveys and eDNA. 

•	 Coordinate with mosquito abatement districts to limit prey reduction activities in 
breeding habitat to protect prey base and breeding amphibians. Mosquito fish (Gam-
busia) should not be added to ponds. An annual meeting should occur to identify 
ponds used by listed species and to discuss management options. 

•	 Conduct regular monitoring and maintenance of new potential breeding sites, exist-
ing ponds, and upland and dispersal habitats. 

•	 Ensure existing pond infrastructure remains functional and intact, including inlet 
and outlet structures, berms, and water supply (tanks/pipes), where applicable.

•	 Inspect and maintain existing lined ponds before 1st rainfall to ensure that they 
continue to maintain an acceptable hydroperiod, including but not limited to Upper 
Cattail, Swimming Pool Pond, and Visitor Center Pond. 

•	 Supplement water from wells to maintain hydroperiod in years of drought, including but 
not limited to, Visitor Center Pond, Upper Cattail Pond, Swimming Pool Pond, even if no 
listed amphibians are detected, to provide breeding habitat for adults as well as support for 
other wildlife.  Ideally, keep these wetlands wet at least through August, and fill them again 
by December if rain has not done so, to attract breeding by amphibians. 

•	 Add additional tanks, as needed, to allow for hydroperiod management.

•	 Continue maintenance of existing rainwater-fed guzzlers to provide support for wild-
life including amphibians.

•	 Add or maintain large branches within ponds for structure and cover.

•	 Plant aquatic vegetation to provide an egg laying medium.

•	 Manage non-native invasive species, such as bullfrogs/ predatory fish, if they are detected.

•	 Identify key locations for undercrossing to support SCLTS migration and dispersal.

•	 Manage high priority, non-native plant species to improve food and cover.

(K. Camara)

 (K. Camara)

 (K. Camara)
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McClusky Metapopulation
As stated above, the historic McClusky Metapopulation may have been permanently lost due to degradation of upland habitat resulting 
from intensive agriculture and infrastructure, and the degradation of freshwater aquatic habitat from tidal (marine) flows. Although suit-
able habitat is limited, the re-establishment of this metapopulation can be achieved. Planning team members have been and are currently 
coordinating with landowners in this area for the long-term objective of enhancing key areas in order to provide suitable conditions for 
the potential translocation of SCLTS larvae into one or more suitable freshwater habitats. Additionally, planning partners are continuing 
to work with agricultural landowners in this area for the purpose of retiring degraded farmable lands for conversion into suitable habitats 
for the SCLTS. Priority actions include:

•	 Conduct research to determine if population is extirpated through field surveys and eDNA. 

•	 Retire agricultural land and convert to suitable upland habitat for adults, adjacent to or within dispersal distance of existing or po-
tential breeding habitat.

•	 Investigate opportunities and secure conservation easements or land acquisition on historica or potential breeding and upland hab-
itats. 

•	 Implement upland and aquatic habitat restoration on Packard Ranch and/or other adjacent properties.

•	 Conduct predator management and habitat enhancement actions on Packard Ranch and/or other nearby habitats for the goal of 
decreasing or eliminating bullfrog populations and/or breeding habitat.

•	 Create new breeding ponds outside anticipated sea level rise which are supported by suitable, or potentially suitable upland habitat.	

•	 Enhance upland habitat and dispersal corridors through removal of invasive plant species and revegetation with appropriate native 
species within dispersal distance of aquatic breeding habitat. Priority non-native species include Eucalyptus spp., Acacia spp., pam-
pas/jubata grass, broom spp.

•	 Conduct SCLTS larval translocations to suitable breeding ponds.

Potential new breeding site within McClusky Metapopulation  (K. Camara)
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Upper Elkhorn Area
The Upper Elkhorn Area contains extensive amounts of high-quality upland and dispersal habitats. The key factor limiting SCLTS per-
sistence in this Area is the lack of suitable freshwater breeding habitats that are in close proximity to upland habitats. Thankfully, a key 
planning partner (ESF) owns or manages large swaths of high quality habitat in this Area. Through several site visits and preliminary 
studies, we have identified key locations for pond creation. This network of pond creation sites is intended to establish self-sustaining 
populations of the species and would enable the reconnection of breeding populations within the historic Elkhorn Metapopulation.      

figure 5. Upper Elkhorn Area



20

Amphibian Recovery Strategy for Northern Monterey County

1.	 Create network of new breeding habitats (Figure 5)   

A high priority for this region is to create a series of ponds on protected lands that 
are within dispersal distance from Oxbow Pond (aka Carneros Floodplain). The only, 
presumably reliable SCLTS breeding site in the Upper Elkhorn Area, Oxbow Pond, 
which is impacted by invasive predators due to flooding from Carneros Creek, could 
be supplemented by the creation of ponds in Renteria Valley and the adjacent El Cha-
misal property (Elkhorn Highlands) to the west. The establishment of breeding sites 
within Renteria Valley and the Elkhorn Highlands will provide long-term sustain-
ability of the species in this Area. Additionally, this network of ponds will facilitate 
the dispersal of the species towards the Moro Cojo and Lower Elkhorn Areas. Priority 
sites on lands owned or managed by ESF include but are not limited to:

Renteria Valley
Cattle Dip Pond 

Located 0.8 miles to the west of Oxbow Pond. This existing concrete cattle 
trough should be modified through partial filling and adding a synthetic liner to 
provide breeding habitat.

Green Point Pond 

Create a pond approximately 4,000’ to the west of Cattle Dip Pond. This site is 
adjacent to pristine oak woodland habitat and will ensure the sustainability of 
the Upper Elkhorn Area population. A small lined pond, with an embankment 
and structures to manage hydroperiod, should be created in a mesic clearing 
adjacent to an existing high-quality oak woodland corridor that extends parallel 
to Renteria Valley. 

Rush Pond

Located 2,000 ft south of Cattle Trough and Green Point ponds, a small lined 
pond along the Renteria Valley drainage should be constructed. This pond should 
be created below existing high-quality wetland vegetation to avoid impacting na-
tive species. 

Pig Pond

Located 2,000 ft south of Rush Pond, Pig pond was likely a historic sediment ba-
sin that is vegetated predominantly with willows. Below the basin embankment, 
wetland vegetation has become well-established and the groundwater level is just 
below the soil surface, providing optimum conditions for pond creation.

Sandhill Pond

Approximately 3,000 feet to the south, ESF has been working to reduce erosion 
and stabilize the Sandhills property, which had been historically farmed. As part 
of their efforts, a ditch has been installed across the middle of the property to 
capture surface flows. This ditch could be re-configured to create a      lined pond 
for breeding. If an additional pond could be sited south of the Sandhills property 
(site TBD), it is possible that the Upper Elkhorn and Lower Elkhorn SCLTS 
populations could be re-connected. 

Green Point Pond.  (K. Camara)

Good Understory  (K. Camara)

Pig Pond  (K. Camara)
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Elhorn Highlands
Hidden Pond

Located on the El Chamisal property, this pond appears to currently provide 
suitable conditions for freshwater amphibian breeding. The valley in which this 
pond is located (Renteria Valley), occurs within an area known as the Elkhorn 
Highlands, and is surrounded by high quality upland and dispersal habitats for 
the SCLTS. This pond is located in a prime location in terms of potentially facil-
itating movement of SCLTS among several of the ponds discussed in this docu-
ment. This pond’s suitable water conditions in combination with supporting high 
quality upland habitat makes this site a key location to introduce SCLTS.

Wallis Pond

Approximately 0. 22-mile north of Hidden Pond is a site that is fed hydraulically 
by surface flows from an existing drainage. The creation of Wallis Pond at this site 
would facilitate use of expansive, high-quality habitat by the SCLTS in this area.

2.	Improve/maintain quality of existing breeding habitats

As mentioned above, the only known SCLTS breeding site in the Upper Elkhorn 
Area is Oxbow Pond, which is threatened by invasive predators resulting from regular 
flooding events emanating from Carneros Creek. At this site, land management or in-
frastructure to protect Oxbow Pond from Carneros Creek flood flows may be needed. 

•	 Retain engineering firm, specializing in ecological restoration, to provide hydro-
logic analysis to determine flood level threats and evaluate alternative infrastruc-
ture to protect existing breeding habitat. 

•	 Install or other devices to protect breeding habitat from invasive predators, while 
a long-term solution is developed.

•	 Conduct land management activities to enhance existing on-site wetlands for the 
purpose of retaining suitable hydrology for SCLTS breeding.

•	 Address off-site sediment and nutrient sources through property acquisition or 
landowner coordination to improve water quality of Oxbox Pond. 

•	 Investigate opportunities and secure conservation easements or land acquisition 
on existing breeding sites and implement restoration activities, as appropriate. 

3.	 Improve/Maintain upland habitat used by adults to support 
new or existing breeding sites. 

•	 Control and/or eradicate non-native invasive plant species within dispersal dis-
tance (1 mile) of aquatic breeding habitat. Priority non-native species include Eu-
calyptus spp., Acacia spp., pampas/jubata grass, broom spp. Although the majori-
ty of pond creation sites have been identified by their locations as being supported 
by suitable upland habitat; an existing Eucalyptus grove near Green Point Pond 
should be prioritized for removal. This action would greatly assist in ceasing the 
spread of Eucalyptus further into Renteria Valley.

•	 As agricultural fields lack the temporary cover needed for migration and disper-
sal, retirement of marginal or abandoned agricultural land and conversion to 
upland  habitat is recommended. In cases, where retirement is not feasible, best 
management practices (BMPs) should be employed. BMPs inlcude not farming 
steep slopes to reduce sediment loss, creating vegetative buffers to protect sensi-
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tive habitat, and supporting organic production to limit the use of herbicides and 
pesticides.

•	 Identify lands that are within the dispersal range of existing or potential breeding 
ponds for protection and restoration.  Communicate with willing sellers for both 
easements and fee acquisition and identify funding sources to complete transac-
tions.

4.	 Ensure species connectivity through the enhancement or 
creation of dispersal corridors 

•	 Improve oak woodland and riparian habitat between Oxbow Pond and Cattle 
Dip Pond to increase connectivity for SCLTS migration.

•	 Improve oak woodland and riparian habitat between Sandhills Pond and Pig 
Pond to increase connectivity for SCLTS migration.

•	 Seek property acquisition opportunities outside of the anticipated tidal influence 
to improve the oak woodland and riparian habitat south of the Sandhill Property 
and north of the Rookery Pond complex, to encourage migration and genetic 
exchange between the Upper and Lower Elkhorn populations.

•	 Build a long-term stewardship fund for the perpetual care of the acquired habi-
tats.

5.	 Increase genetic diversity and subsequently genetic fitness 
through captive propagation and larval translocations

The Service and CDFW are currently working on a plan to authorize the transloca-
tion of SCLTS larvae between known and potential breeding sites throughout Mon-
terey and Santa Cruz Counties. It will likely be necessary to translocate individuals 
to new ponds in this area, not only to establish populations, but to also ensure high 
genetic diversity and subsequently increased fitness of these populations. Once the 
translocation plan is approved translocations will be conducted in accordance with 
stated priorities.

Prior to translocation plan approval there will likely be cases where SCLTS larvae are 
imperiled due to lack of appropriate hydrology or salinity threats. These individuals 
would be moved on a case by case basis to suitable locations as determined by the 
Service and CDFW.

A formal translocation plan has been drafted by the Service and CDFW to support 
the introduction of larvae into Monterey County Ponds.      

6.	Evaluate population recovery and inform adaptive manage-
ment through research and monitoring, including eDNA.

While it will be important to monitor all existing and created ponds to determine 
species presence/ absence, it is particularly critical to conduct aquatic monitoring and 
terrestrial surveys at Oxbow Pond. Aquatic sampling surveys in 2019 have demon-
strated that a SCLTS population persists. Last noted in 2013, larvae were not detected 
during sampling in 2015 and 2016. Pit trapping can also provide information on 
species dispersal patterns, which assists with siting ponds and dispersal and upland 
habitat locations. 
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Lower Elkhorn Area
The Lower Elkhorn Area contains a variety of high- and low-quality upland and dispersal habitats for the species. As in the Upper Elk-
horn Area, the key factor limiting SCLTS persistence in this Area is the lack of suitable freshwater breeding habitats that are supported 
by suitable upland habitats. Thankfully, key planning partners (ESF and ESNERR) owns or manages large swaths of habitat in this Area. 
Through several site visits and preliminary studies, we have identified key locations for pond creation and upland habitat enhancement. 
This network of pond creation sites would establish self-sustaining populations of the species and would enable the reconnection of 
breeding populations within the historic Elkhorn Metapopulation.     

Figure 6. Lower Elkhorn Area
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1.	   Create network of new  breeding habitats (Figure 6)

A high priority for this region is to create a network of ponds on protected lands that 
are within dispersal distance of existing breeding sites, including Lower Cattail Pond.  
Lower Cattail Pond has historically been one of a few presumably consistent breed-
ing locations for the SCLTS in Monterey County. Regrettably, during the winter 
2017-2018, a tide-gate failure resulted in the loss of this site, as tidal (marine) water 
infiltrated the pond. ESNERR is currently seeking funds to address the tide-gate 
failure and are prepared to implement the planned repairs in 2019. If repairs are im-
plemented in 2019, Lower Cattail Pond is likely to become suitable breeding habitat 
for the species again within 1 to 3 years.  Continued maintenance and repairs may 
allow this historical salt marsh to be managed as a freshwater impoundment indefi-
nitely, but given the cost of such efforts and the risk of periodic failure, especially in 
the face of sea level rise, we cannot depend on the reliability of this site. Priority pond 
creation sites on lands owned or managed by ESNERR and ESF include but are not 
limited to:

Owl Canyon Pond

Approximately 400 ft north of Lower Cattail Pond, an adult SCLTS was ob-
served in Owl Canyon in 2013. Once the eucalyptus has been removed from this 
area and restored with native vegetation, a pond in Owl Canyon would create a 
stepping stone between the Cattail Complex and the Rookery Complex.

Long Valley Pond

The pond creation site is located within dispersal distance (0.6 mile) south of 
Upper and Lower Cattail Ponds, on lands that are owned and managed by 
ESNERR. A pond at this location would be free from salinity threats and would 
further assist in supporting the Lower Elkhorn population at ESNERR over the 
long term. An abundance of high quality upland habitat exists at this location 
and prime recruitment conditions are anticipated upon the creation of a suitable 
pond at this location. 

“Five Fingers” Pond(s)      

Migrating individuals from Long Valley Pond(s) would be in dispersal distance to 
an area known as the “Five Fingers” area, owned by ESNERR. Breeding habitats 
could be created in this area (Springer, Yazwin and Avila parcels) by creating small 
blockages in existing drainages to create a series of wetland habitats that presum-
ably occurred here in the past. The creation of one or more breeding habitats in 
this area would facilitate the reconnection of the Lower Elkhorn and Moro Cojo 
populations.

Unnamed Minhoto Wetland Owned by ESNERR

A new pond could be created in the saddle between Elkhorn and Moro Cojo on Min-
hoto property, near where the wetland complex crosses under Moonglow driveway. 
The pond would immediately benefit both CTS and CRLF, as well and would facili-
tate the reconnection of the Lower Elkhorn and Moro Cojo populations.

Hix Pond

Currently located on ESF owned land, the proposed Hix Pond site would provide reli-
able breeding habitat for the SCLTS and CTS populations that are currently utilizing 
Howell Pond for breeding. This pond would be located 450 ft upstream of Howell 
Pond, outside of tidal influence. This small pond would be constructed in a low-lying 
drainage swale, adjacent to pristine oak woodland habitat to the south. Long Valley.  (K. Camara)

Hix Property (K. Camara)

Iniquez Property.  (K. Camara)
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Long Valley 

Reconnaissance surveys of ESF owned and managed properties located 1.6 miles 
east of ESNERR resulted in the identification of potentially four pond creation 
sites within an area known as Long Valley, which is distinct from the Long Valley 
Pond site referred to above. This large swath of land (1600 acres) is bisected by a 
natural drainage and contains abundant and high-quality oak woodland habitat. 
The creation of suitable breeding habitat in this area would provide sustainability 
reassurances for the SCLTS and other sensitive amphibians by facilitating the 
utilization of this prime habitat. 

No Name, Tire Track, Acacia, and Packard Ponds

These four pond sites were identified along the existing drainage within Long 
Valley. These areas are bounded by high-quality upland habitat and provide open 
areas for prime pond creation sites. Further investigation of these sites to deter-
mine existing hydrological conditions is needed; although, it is presumed that 
these ponds would require artificial lining to retain suitable hydrology to facili-
tate amphibian breeding.

2.	Improve/maintain quality of existing breeding habitats

Improving existing breeding sites, in conjunction with creating new breeding sites, is 
key to SCLTS recovery.  A number of existing ponds on ESF and ESNERR land can 
be improved to encourage and improve amphibian breeding, including:

Lower Cattail Pond 

As mentioned above, as the only historically consistent breeding site for SCLTS 
in the Lower Elkhorn Area, repair of the outlet structure is a high priority to pre-
vent continued salt water intrusion. As the source population, this pond should 
be maintained until SCLTS are documented breeding for at least 2 consecutive 
years in one or more ponds within dispersal distance. 

Upper Cattail Pond 

Out of the influence of sea level rise, Upper Cattail Pond has been a consistent 
breeding site for CRLF and is located just upstream of Lower Cattail Pond. We 
believe that this pond is critically important to maintain the existing population 
of SCLTS in this area. Upper Cattail Pond should be inspected and maintained 
annually to ensure that existing infrastructure remains functional. In addition, 
the liner should be inspected before the first rainfall, water levels monitored 
during dry down and supplemental water added, as needed, to allow for success-
ful metamorphosis. Additional plantings or the placement of large wood in the 
pond will help provide cover for breeding amphibians.

Lower Cattail.Pond  (K. Camara)

Upper Cattail Pond (K. Camara)

Long Valley Property  (K. Camara)
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Visitor Center Pond

Located  0.3 mile south of the Cattail Complex of ponds, Visitor Center Pond 
provides suitable breeding habitat for SCLTS, although the species has not been 
found here. Successful utilization of Visitor Center Pond for breeding SCLTS 
would facilitate dispersal to other locations at ESNERR. Thick native vegeta-
tion, such as California blackberry, California wildrose, and poison oak should 
be planted within the native and non-native grasslands adjacent, south of this 
pond. Additionally, the addition of herbaceous vegetation and/or downed wood 
or other refugia should be installed in the adjacent oak woodland that is located 
immediately north of the pond.

Rookery Complex

The Rookery Complex includes Main Rookery Pond, Middle Rookery Pond, and 
Swimming Pool Pond. SCLTS breeding was noted in Main Rookery in 2002. 
However, successful breeding has not been noted since then and CRLF breeding 
ceased in 2006, although CRLF larvae were found in Swimming Pool Pond 
during sampling efforts in 2019.  This is likely due to tidal seepage through the 
earthen berm.  Measures to arrest tidal influence, such as repairing the berm, 
replacing the culvert and/or construction a new berm to impound freshwater in 
the upper portion of the pond, should be employed. Water quality conditions 
may be limiting successful amphibian breeding at Main Rookery and Swimming 
Pool Ponds. Practices to address the low pH should be implemented to improve 
habitat for amphibian breeding.

Howell Pond

Aquatic sampling in 2019 resulted in the discovery of SCLTS larvae at Howell 
Pond. Howell Pond is known to support CTS breeding with documented occur-
rences in 2015 and 2016. This pond is currently subject to tidal influence, with 
varying salinity levels. Due the tenuous nature of this habitat, and the recent 
confirmation of SCLTS breeding, it is apparent that an additional pond should 
be created near Howell Pond, but outside of salinity threats, at the earliest avail-
able opportunity. Of additional importance regarding the retention of suitable 
breeding habitat at this location is the existence of abundant, high-quality upland 
habitat that supports this area. The north-facing slope of this valley is approxi-
mately 3000 ft of contiguous oak woodland habitat.   

Tonii Pond 

Located 1500 LF north of the Rookery Complex, Tonii Pond could be enhanced 
to extend the hydroperiod by improving the pond lining and establishing native 
cover, such as willows. This would extend the breeding range of SCLTS north.

Howell Pond (K. Camara)
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3.	 Improve/Maintain upland habitat used by adults to support 
new or existing breeding sites

•	 Remove key non-native invasive plant species within dispersal distance (1 mile) of 
aquatic breeding habitat. Priority non-native species include Eucalyptus spp., Acacia 
spp., pampas/jubata grass, broom spp. Other species in and near freshwater wetlands 
include velvet grass, tall fescue, hemlock, and Cape ivy and jubuta grass from riparian 
habitats.

•	 Provide additional refugia, including snags and downed wood, in degraded oak 
woodland habitat, until adequate understory can be established and maintained.

•	 As agricultural fields lack the temporary cover needed for migration and dispersal, re-
tirement of marginal or abandoned agricultural land and conversion to upland  habi-
tat is recommended. In cases, where retirement is not feasible, best management prac-
tices (BMPs) should be employed. BMPs inlcude not farming steep slopes to reduce 
sediment loss, creating vegetative buffers to protect sensitive habitat, and supporting 
organic production to limit the use of herbicides and pesticides.

Cattail Complex

As a priority breeding area that should be protected, the existing stand of Euca-
lyptus to the north of the Cattail Complex should be removed. This area should 
be revegetated with oak woodland species. In addition, the existing oak wood-
land habitat understory to the south should be enhanced with appropriate native 
understory. 

Owl Canyon

The existing stand of Eucalyptus in Owl Canyon should be removed prior to cre-
ation of a new breeding pond. This area should be revegetated with oak woodland 
species.

Rookery Complex

Restore oak woodland habitat where eucalyptus were recently removed.

Long Valley Ponds

Control hemlock in Long Valley, adjacent to the new ponds to enhance upland 
habitat.

4.	 Ensure species connectivity through the enhancement or 
creation of dispersal corridors 

•	 Improve oak woodland and riparian habitat between the Five fingers Pond(s) and 
increase connectivity for SCLTS migration from Moro Cojo Area.

•	 Protect existing oak woodland habitat on the south side of Long Valley, along 
with the creation of additional breeding ponds, which will be necessary in order 
to facilitate SCLTS movement from ESNERR to the Long Valley Area.  

•	 Seek property acquisition opportunities outside of the anticipated tidal influence 
to protect known or potential SCLTS habitats. ESF has an active land acquisition 
program that supports amphibian recovery and protect from development pres-
sure, particularly adjoining uplands.
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5.	 Increase genetic diversity and subsequently genetic fitness 
through captive propagation and larval translocations

A formal translocation plan is currently being drafted by the Service and CDFW to 
support the introduction of larvae into Monterey County Ponds, and will be utilized 
in combination with this document at the time of its release. 		

6.	Evaluate population recovery and inform adaptive manage-
ment through research and monitoring, including eDNA.

Track amphibian breeding and water quality conditions to inform adaptive manage-
ment of Reserve wetlands, including:

•	 Conduct spring dipnet surveys of all accessible freshwater wetlands in the Elk-
horn Metapopulation. 

•	 Conduct water quality monitoring at all Reserve ponds, as needed.

•	 Deploy and check coverboard opportunistically to detect the presence of the spe-
cies.

•	 Maintain master database of north Monterey County listed species sightings in 
Excel and GIS and annually upload new ones to CNDBB. 

•	 Develop and test eDNA protocols to enhance detection of SCLTS presence in 
regional ponds.

•	 Conduct upland pitfall surveys to determine movement patterns, migration cor-
ridors and identification of critical occupied upland areas. 
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Moro Cojo Area
As stated above, the Moro Cojo Area is highly impacted as a result of intensive agriculture, residential and industrial development, in-
frastructure, and hydrologic alterations. Although this area is highly impacted, remaining habitat in the area provides opportunities for 
SCLTS persistence. This is particularly due to the efforts of partners including CDFW, ESF, and Coastal Conservation and Research, 
Inc (CCR), who have acquired properties in the watershed and CCWG, who has worked with private landowners to retire marginal 
farmland and restored wetland, upland and riparian habitat. At present, there are relatively few available options in terms of the creation 
of additional breeding sites, which is primarily due to the absence of supporting upland habitat and perpetually protected lands. We be-
lieve that the highest priority in this Area is to continue to enhance breeding and upland habitat at NMCHS and within the neighboring 
Moro Cojo Slough adjacent to the NMCHS.  

figure 7. Moro Cojo Area
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1.	 Create networks for new breeding habitat (Figure 7)  

A high priority for this region is to create a network of ponds on protected lands 
that are within dispersal distance of existing breeding sites. The lone, presumably 
consistent breeding site in this area is the Moro Cojo Slough, adjacent to and south 
of NMCHS, on both sides of Highway 156. The area north of Hwy 156 periodically 
faces high levels of salinity as a result of tidal influence and evaporation. In the short 
term, we believe it is important to work to sustain freshwater conditions at this site. 
Long-term sustainability efforts are currently underway at this location, consisting of 
the restoration of upland habitat at NMCHS and other upland areas in the Upper 
Slough, downstream of Castroville Blvd. The restoration of upland habitat at the 
NMCHS site would support Central Pond, which is the location that breeding was 
confirmed for the first time in 2019.  Priority pond creation sites include but are not 
limited to:

North Monterey County Parks Property near NMCHS

Investigate opportunities to develop breeding habitat on properties adjacent to the 
high school, particularly the county parks parcel to encourage SCLTS movement to 
the north rather than south toward tidally influenced areas.

Opportunistic Acquistion/Easement/Enhancement 

Explore future opportunities to acquire, dedicate conservation easements, or conduct 
habitat enhancement within parcels north of NMCHS, between the Moro Cojo Area 
and the Lower Elkhorn Area.

2.	Improve/maintain quality of existing breeding habitats

North Pond and South Pond@ NMCHS

In 2019, during aquatic sampling, SCLTS larvae were detected at Central Pond 
at the NMCHS. While SCLTS and CTS were documented on-site during winter 
drift fence studies in 2006-07 and 2007-08, spring aquatic surveys of the ponds 
in 2010 and 2018 did not document breeding. With SCLTS known to be on the 
property and with a supportive landowner (North Monterey County Unified 
School District), South Pond should be lined to extend the hydroperiod. North 
Pond should be excavated to create a larger depression and the bulrush and cat-
tails removed to increase open water habitat. 

CDFW Ponds     

The existing CDFW owned ponds, southwest of NMCHS, should be managed 
to encourage use by native amphibians. Predatory fish, bullfrogs, and other 
non-native predators should be eradicated. Hydro-period manipulation should 
also be investigated to encourage utilization by native amphibians. 

Investigate opportunities to enhance breeding habitats to encourage the migra-
tion of SCLTS to the north, outside of the current prediction of tidal influence.
Support efforts by CCWG to enhance freshwater resources that are located out-
side of anticipated sea level rise.

Central Pond.  (K. Camara)

North Monterey County High School (K. Camara)

North Monterey County High School  (K. Camara)
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Hwy 156 South Pond

While no upland habitat exists and despite it’s isolation, the pond south of Hwy 156 may bring important genetic material to 
the SCLTS population, as pit trap studies documented the animal in 2010/2011 (Mori 2017). An easement or acquisition of 
the site would protect the pond and installing an undercrossing  would be important for biological connectivity with NMCHS.

3.	 Improve/Maintain upland habitat used by adults to support new or existing breeding sites

•	 Remove key non-native invasive plant species within dispersal distance (1 mile) of aquatic breeding habitat. Priority non-native 
species include Eucalyptus spp., Acacia spp., pampas/jubata grass, broom spp. Other species in and near freshwater wetlands 
include velvet grass, tall fescue, hemlock, and Cape ivy and jubuta grass from riparian habitats.

•	 Investigate opportunities to collaborate with Monterey County Parks to restore upland habitat at their property located adjacent, 
east of NMCHS.

•	 Plant poison oak and other trespass reducing plants on properties subject to trespass and vandalism including the County Parks 
property.

4.	 Ensure species connectivity through the enhancement or creation of dispersal corridors 

North Monterey County High School

•	 Install a low barrier fence along Castroville Boulevard to direct SCLTS to North Monterey County Parks Property.

•	 Investigate opportunities to acquire or retire agricultural land and rural properties within Moro Cojo Slough, with a par-
ticular focus on the area north of NMCHS, in order to provide breeding habitat and/or dispersal corridors that facilitate 
connectivity with the Lower Elkhorn Area.

•	 Support efforts by CCWG to enhance dispersal habitats within Moro Cojo Slough.

•	 Identify potential dispersal corridors to Five Fingers. 

5.	 Increase genetic diversity and subsequently genetic fitness through captive propagation and 
larval translocations

A formal translocation plan is currently being drafted by the Service and CDFW to support the introduction of larvae into 
Monterey County Ponds. This Plan will be used concurrently to idenfity appropriate sites for larval translcoation.

6.	Evaluate population recovery and inform adaptive management through research and moni-
toring, including eDNA.

Track amphibian breeding and water quality conditions to inform adaptive management of moro cojo wetlands, including:

•	 Conduct spring dipnet surveys of all accessible freshwater wetlands in the moro cojo Metapopulation

•	 Conduct water quality monitoring at all ponds

•	 Deploy and check cover boards opportunistically to confirm the presence of the species

•	 Maintain master database of moro cojo area listed species sightings in Excel and GIS and annually upload new ones to 
CNDBB

•	 Develop and test eDNA protocols to enhance detection of SCLTS presence in regional ponds
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Priority Conservation Actions For CTS and 
CRLF
Upper Elkhorn Area
Explore restoration opportunities at Werner Lake, such as conducting dredging and veg-
etation management, to restore this major historic freshwater wetland and encourage 
amphibian breeding. Retain engineering firm, specializing in ecological restoration, to 
identify sediment sources and evaluate sediment delivery rates to determine the feasibility 
of creating breeding habitat.

Examine Porter Ranch uplands as potential habitat and mitigation lands for CTS.

Lower Elkhorn Area
Due to steep slopes and high rates of erosion, agricultural production was retired upon 
acquisition of the Iniguez Property by ESF and the parcel was restored with native grasses 
and oak trees. Located within dispersal distance of the Cattail Complex, Owl Canyon, 
and Howell Pond, this property along with adjacent properties that could be acquired in 
the future would provide valuable oak woodland habitat for SCLTS recovery. In addition, 
on-going observations of adult CTS make this area a prime location to construct future 
wetland habitat.      

Rana Pond

Rana Pond could be improved to provide habitat for CTS and CRLF.

Midden Pond

Midden Pond could be improved to provide habitat for CTS and CRLF.

Minhoto Freshwater Wetland Site

Owned by ESNERR, a new pond could be created in the saddle between Elkhorn 
and Moro Cojo on Minhoto property, near where the wetland complex crosses under 
Moonglow driveway. The pond would immediately benefit both CTS and CRLF 
within grassland, and could maybe facilitate the reconnection of the Lower Elkhorn 
and Moro Cojo populations.

 Granite Rock Pond

Located north of Dolan Road and owned by CC&R, the berm around Granite Rock 
Pond could be raised to pond additional water to support amphibian. Currently the 
pond is drained through an existing pipe before successful breeding could occur.

Moro Cojo

While no upland habitat exists and despite it’s isolation, hybridized CTS have been 
documented in the pond south of Hwy 156 (Mori 2017). An easement or acquisition 
of the site would protect the pond. 

California Red-legged Frog  (K. Camara)

California Red-legged Frog  (K. Camara)

California Tiger Salamander (K. Camara)
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figure 8.  CTS and CRLF Area



34

Amphibian Recovery Strategy for Northern Monterey County

References
_____.2013. Technical Report for the Recovery Project for the Santa Cruz long-toed Salamander and California Red-legged Frog 
in Larkin Valley, Santa Cruz, California.	

_____.2016. Santa Cruz long-toed salamander Upland Habitat Use Study, Millsap Preserve, Santa Cruz County, California. Santa 
Cruz, CA. Prepared for: Resource Conservation District of Santa Cruz County, CA. Dated 27 May.

Biosearch Associates. 2003. Surveys for the Santa Cruz long-toed Salamander at McClusky Slough and Zmudowski State Beach, 
Monterey County, California.

Biosearch Environmental Consulting (Biosearch). 2017. Annual monitoring report (2017), Tucker pond habitat conservation plan & 
federal fish and wildlife permit TE-142277-0, Santa Cruz County, CA (draft). Santa Cruz, CA. Prepared for: The Ross Trust, Aptos, 
CA, and the U. S. Fish and Wildlife Service, Ventura, CA. Dated 31 Oct.

California Department of Fish and Game. 2010. Draft anta Cruz long-toed Salamander Conceptual Area Protection Plan (CAPP).

[CDPH and MVC] California Department of Public Health and Mosquito and Vector Control Association of California. 2010. Best 
Management Practices for Mosquito Control in California.

D’Amore, Antonia. 2007. Conservation of California Red-Legged Frogs: Distribution Correlates, Spatial Dynamics and Behavioral 
Interactions with an Invasive Species. ph. D. disseration, UC Santa Cruz. 

Fork, S., Woolfolk, A., Akhavan, A., Van Dyke, E., Murphy, S., Candiloro, B., Newberry, T., Schreibman, S., Salisbury, J. and Was-
son, K., 2015. Biodiversity effects and rates of spread of nonnative eucalypt woodlands in central California. Ecological Applications, 
25(8), pp.2306-2319.

Mazzacano, C., and S. H. Black. 2013. Ecologically Sound Mosquito Management in Wetlands. An Overview of Mosquito Control 
Practices, the Risks, Benefits, and Nontarget Impacts, and Recommendations on Effective Practices that Control Mosquitoes, Re-
duce Pesticide Use, and Protect Wetlands. viii + 63 pp. Portland, Oregon: The Xerces Society for Invertebrate Conservation.

Mori, Bryan. 2006. Caltrans State Route 156 West Corridor Project - California Tiger Salamander and Santa Cruz long-toed Sala-
mander 2006 Spring Survey Results. Monterey, CA.

Mori, Bryan. 2006. North Monterey County High School - California Tiger Salamander and Santa Cruz Long-toed Salamander 
2006-07 Winter Drift Fence and Spring Larval Surveys.  Monterey, CA.

Mori, Bryan. 2008. North Monterey County High School - California Tiger Salamander and Santa Cruz Long-toed Salamander 
2007-08 Winter Drift Fence and Spring Larval Surveys. Monterey, CA.

Mori, Bryan. 2017. Caltrans State Route 156 Corridor Santa Cruz long-toed Salamander 2010-11 Winter Drift Fence Study. Mon-
terey, CA.

Petranka, J. W. 1998. Salamanders of the United States and Canada. Smithsonian Institution Press, Washington and London.

Reed, R.J. 1979 Population study of the Santa Cruz long-toed salamander (Ambystoma macrodactylum croceum) at Valencia La-
goon 1977-1978, with notes on habitat occurrence in Santa Cruz and Monterey Counties. Final report to the California Department 
of Fish and Game, Sacramento.

Reed, R.J. 1980. Study of the Santa Cruz long-toed salamander (Ambystoma macrodactylum croceum) at Ellicott Slough, Santa 
Cruz County, California 1979-80. Final report to the U.S. Fish and Wildlife Service, San Francisco Bay National Wildlife Refuge, 
Hayward, California.

Stebbins, R.C. 2003. A field guide to western reptiles and amphibians. Houghton Mifflin Co., Boston, MA.

Talent, 1980. A Population of the Endangered Santa Cruz Long-toed Salamander, Amystoma Macrodactylum Croceum, from 
Monterey County. 

U.S. Fish and Wildlife Service. 2009. Santa Cruz Long-Toed Salamander (Ambystoma macrodactylum croceum), 5-Year Review: 
Summary and Evaluation.

U.S. Fish and Wildlife Service. 2013. Ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcodes=D0000



35

Amphibian Recovery Strategy for Northern Monterey County

Personal Communication 
Mitcham, C. 2019. U.S. Fish and Wildlife Service, Ventura Fish and Wildlife Office. Ventura, California.

Mori, B. 2019. Bryan M. Mori Biological Consulting Services, Watsonville, California.


