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NOTE TO READER: 

This report is an account of survey activities conducted by the Biological Monitoring 
Program for the Western Riverside County Multiple Species Habitat Conservation Plan 
(MSHCP). The MSHCP was permitted in June 2004. Reserve assembly is ongoing and is 
expected to take 20 or more years to complete. The Conservation Area includes lands 
acquired under the terms of the MSHCP and other lands that have conservation value in the 
Plan Area (called public or quasi-public lands in the MSHCP). In this report, the term 
“Conservation Area” refers to these lands as they were understood by the Monitoring 
Program at the time the surveys were conducted. 

The Monitoring Program monitors the status and distribution of the 146 species 
covered by the MSHCP within the Conservation Area to provide information to Permittees, 
land managers, the public, and the Wildlife Agencies [i.e., the California Department of Fish 
and Wildlife (CDFW, formerly California Department of Fish and Game) and the U.S. Fish 
and Wildlife Service]. Monitoring Program activities are guided by defined conservation 
objectives for each Covered Species, other information needs identified in MSHCP Section 
5.3 or elsewhere in the document, and the information needs of the Permittees. A list of the 
lands where data collection activities were conducted in 2017 is included in Section 7.0 of the 
Western Riverside County Regional Conservation Authority (RCA) Annual Report to the 
Wildlife Agencies.  

The primary author of this report was the 2017 Herpetology Program Lead, Robert 
Packard. This report should be cited as: 

Biological Monitoring Program. 2018. Western Riverside County MSHCP Biological 
Monitoring Program 2015-2017 Vernal Pool Survey Report Survey Report. Prepared for the 
Western Riverside County Multiple Species Habitat Conservation Plan. Riverside, CA. 
Available online: http://wrc-rca.org/about-rca/monitoring/monitoring-surveys/. 

 While we have made every effort to accurately represent our data and results, it 
should be recognized that data management and analysis are ongoing activities. Any reader 
wishing to make further use of the information or data provided in this report should contact 
the Monitoring Program to ensure that they have access to the best available or most current 
data.  

Please contact the Monitoring Program Administrator with questions about the 
information provided in this report. Questions about the MSHCP should be directed to the 
Executive Director of the RCA. Further information on the MSHCP and the RCA can be 
found at www.wrc-rca.org. 

Contact Information: 

Executive Director    Monitoring Program Administrator  
Western Riverside County   Western Riverside County MSHCP 
Regional Conservation Authority  Biological Monitoring Program 
Riverside Centre Building   4500 Glenwood Drive, Bldg. C 
3403 10th Street, Suite 320   Riverside, CA 92501 
Riverside, CA 92501    Ph: (951) 248-2552 
Ph: (951) 955-9700 

http://www.wrc-rca.org/
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INTRODUCTION 
The Western Riverside County MSHCP covers three fairy shrimp and one 

amphibian species that require vernal pools for all, or a portion, of their life cycles: the 
federally endangered Riverside fairy shrimp (Streptocephalus woottoni), the endemic 
Santa Rosa Plateau fairy shrimp (Linderiella santarosae), the federally threatened vernal 
pool fairy shrimp (Branchinecta lynchi), and western spadefoot (Spea hammondii, 
formerly Scaphiopus hammondii), a state species of special concern. The Plan requires 
confirmation of occupancy for those species at ≥ 75% of respective Core Areas (Table 1) 
as measured every eight years (Dudek & Associates 2003). Additionally, the species 
objectives for western spadefoot require maintaining successful reproduction (i.e., 
presence of egg masses, tadpoles, juvenile toads) at ≥ 75% of conserved breeding 
locations as measured once every eight years.  

Vernal pools, also known as temporary wetlands, ephemeral pools, and spring 
ponds, are non-flowing precipitation-fed water bodies that characteristically form during 
the wet season (i.e., winter months) and periodically lose all or most of their water 
volume and surface area during the remainder of the year (Bauder 2005). The biological 
community is adapted to seasonal drying and, as a result, typically lacks fish and 
bullfrogs, thus providing a safer environment for aquatic invertebrates and amphibian 
reproduction (Colburn 2004) than typical wetlands. 

Surveys were conducted by Monitoring Program biologists in the winters of 
2015-2016 and 2016-2017 (i.e., the surveys straddled the end of one calendar year and 
the beginning of the next calendar year), the results of which are presented here. 
Biologists scouted and surveyed vernal pools throughout western Riverside County 
during the winter of 2015-2016. During the winter of 2016-2017, following above-
average rainfall for the region (NOAA, http://www.noaa.gov/), our survey effort focused 
on searching for vernal pools within the Conservation Area in locations not previously 
surveyed, assessing the suitability of new pools for Covered Species, and documenting 
species presence within Core Areas and other potentially suitable habitat in the MSHCP 
Conservation Area. Additionally, we expanded on the scope of previous survey efforts to 
include some pools that do not strictly follow the definition of vernal pools given above, 
due to their more permanent nature or the presence of some flowing water, in order to 
capture additional potential habitat for breeding western spadefoot.  

Goals and Objectives 
1. Locate ephemeral pools, and other pools with suitable fairy shrimp and spadefoot 

toad habitat, within species-specific Core Areas and other conserved areas. 
a. Use historical records, anecdotal information, and satellite imagery to 

identify these areas. 
b. Track rainfall patterns and scout suitable areas to determine whether pools 

are present. 

2. Survey suitable habitat and document presence of fairy shrimp species and 
presence and reproduction of western spadefoot where pools are found. 
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Table 1. Core Areas for covered vernal pool species. 

 Fairy Shrimp  

Location Riverside 
Santa 
Rosa 

Vernal 
Pool 

Western 
Spadefoot  

Alberhill X*    
Anza Valley    X 
Badlands    X 
Banning Bench    X 
Hemet   X X 
Highgrove    X 
Lake Elsinore X    
Lake Mathews/Estelle Mountain    X 
Lake Skinner/Diamond Valley Lake    X 
Murrieta    X 
Murrieta (township of Wildomar) X    
Potrero ACEC/Soboba    X 
Proposed French Valley/Skinner† X    
Sage/Vail Lake    X 
Salt Creek     X 
San Jacinto Mountains    X 
San Jacinto River    X 
San Jacinto Wildlife Area/Lake Perris     X 
Santa Rosa Plateau Ecological Reserve  X* X X X 
Skunk Hollow (and Johnson Ranch†) X  X X 
X = Species-specific Core Area 
*Despite their Core Area designations, the USFWS Biological Opinion for the MSHCP reports that Alberhill and the Santa 
Rosa Plateau have never supported a known Riverside fairy shrimp population (USFWS 2004, pg. 239). 
†Proposed by the Biological Monitoring Program as a result of Vernal Pool Core Area mapping efforts in 2016. 

METHODS 
Protocol Development 

We based our vernal pool survey protocol on the U.S. Fish and Wildlife Service 
Interim Survey Guidelines to Permittees for Recovery Permits Under Section 10(a)(1)(A) 
of the Endangered Species Act for the Listed Vernal Pool Branchiopods (USFWS 1996). 
Changes to the protocol since 2015 include eliminating pool depth measurements and 
ambient weather data, and developing a tablet-compatible digital datasheet. 

Study Site Selection 
Because the presence of vernal pools varies annually depending on rainfall, we 

searched for vernal pools at locations using historical records, Regional Conservation 
Authority (RCA) Management Program habitat assessments, a vernal pool map generated 
by Sally Brown of USFWS, anecdotal information, scouting trips, and potentially 
appropriate locations identified using satellite imagery. Using this information, we 
conducted visual assessment surveys between 12 - 22 January 2016 and 3 - 22 November 
2016, after recent rains were sufficient to fill potential pools. These visual surveys 
consisted of locating any pools ≥ 3 cm deep as measured 1 m from the edge of the pool, 
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measuring the dimensions of the pool, recording location coordinates, and noting if any 
fairy shrimp or tadpoles were observed. 

We scouted for vernal pools in the following seven locations: RCA properties in 
Calimesa, Bautista Canyon, the Box Springs Mountains, Perris, the Tenaja Corridor west 
of the Santa Rosa Plateau, Rouse Ridge in the San Jacinto Mountains, and Wilson Valley. 
We found suitable pools in all but the Calimesa area. During these two winter periods, we 
surveyed vernal pools in Perris, Murrieta, the Paloma Valley, the Multi-Species Reserve 
around Lake Skinner, the El Sol property near Temecula, Wilson Valley, Rouse Ridge, 
Bautista Canyon, the Badlands, Potrero ACEC, the Banning Bench, the Estelle Mountain 
Preserve, Lake Elsinore, the San Jacinto River, the Box Springs Mountains, the Santa 
Rosa Plateau, Hemet, and the Tenaja Corridor. Skunk Hollow and Johnson Ranch 
properties near Lake Skinner were surveyed by Center for Natural Lands Management 
(CNLM) biologists. Please contact CNLM for the full report for those locations; 
summary results of CNLM surveys are reported below. The Shiang property in Menifee 
is being managed for spadefoot by RCA’s Management Program. Their report and their 
incidental observations contributed to our results. 

Survey Methods 
We conducted surveys between 25 January and 1 March 2016, and 18 January 

and 12 April 2017. Pools were scheduled to be surveyed at least three times 
approximately every two weeks, per the protocol, or until pools dried up or all target 
species were detected. At least two surveyors conducted visual and dip net sampling in 
daylight hours around the perimeter of each vernal pool. Survey time per site varied from 
5 min to 271 min (mean = 40.7 min), depending on the size of the pool and the presence 
and abundance of aquatic species. We recorded the following data at the beginning of 
each survey: date, observer initials, time, water temperature, pH, conductivity, total 
dissolved solids, salinity, length and width of the pool, and date of the last rain event. 
Dissolved oxygen parameters were not taken due to malfunctioning equipment. We 
identified all amphibians and fairy shrimp to species, when possible. We were also 
interested in documenting the occurrence of versatile pool fairy shrimp (Branchinecta 
lindahli), as they are known to co-occur with other fairy shrimp species, and are a good 
vernal pool indicator species.  

We collected up to three voucher specimens per sex of every fairy shrimp species 
at all pools where they were detected, but only when the number taken was less than 10% 
of the estimated population of the pool, and when the species had not previously been 
collected at that pool. We collected specimens with dip nets and/or dip-cups and placed 
them in small plastic vials containing 95% ethanol for preservation. At least two 
Monitoring Program biologists confirmed identification of each voucher specimen. 
Specimens are kept at the Biological Monitoring Program for training purposes. For a 
more complete description of survey methods, see the Western Riverside County MSHCP 
Biological Monitoring Program Vernal Pool 2017 Survey Protocol, available from the 
Biological Monitoring Program. 

Training 
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Prior to survey efforts, surveyors and volunteers attended a training session where 
they were trained by the survey lead on our vernal pool survey protocol, fairy shrimp and 
tadpole identification, and invertebrate identification. We trained surveyors to identify 
local fairy shrimp species (including a discussion of key distinguishing characteristics 
between species) and other aquatic biota via field guides, taxonomic keys, and preserved 
specimens. Surveyors passed an in-house quiz covering all local species of fairy shrimp 
before participating in survey efforts (2017). Additional training included a California 
Anostraca and Notostraca Identification class held by Mary Belk in San Diego (2013 and 
2015) and a training session in the field where surveyors identified Santa Rosa Plateau 
fairy shrimp, vernal pool fairy shrimp, and most other common vernal pool invertebrates 
(2016). 

RESULTS 
Monitoring Program biologists detected Riverside fairy shrimp at one pool at the 

Multi-Species Reserve, one pool in the Paloma Valley, one pool at the El Sol Property 
near Temecula, and one pool in Murrieta (Figure 1, Table 2). CNLM biologists surveyed 
Skunk Hollow and two other pools at Johnson Ranch where they detected Riverside fairy 
shrimp. Riverside fairy shrimp were found in 2 of 5 Core Areas (40%), thus not meeting 
monitoring objectives in 2017; additionally, we found them in one pool at the proposed 
French Valley/Skinner Core Area. 

We detected vernal pool fairy shrimp at six pools at the Santa Rosa Plateau. 
CNLM biologists detected this species at Skunk Hollow and one other pool on Johnson 
Ranch. Vernal pool fairy shrimp were detected in 2 of 3 Core Areas (67%), thus not 
meeting monitoring objectives in 2017. Lastly, we detected Santa Rosa fairy shrimp in 
four pools at the Santa Rosa Plateau. Monitoring objectives for the Santa Rosa Plateau 
fairy shrimp were met in 2017. 

Breeding evidence for western spadefoots (eggs, tadpoles, or metamorphs) was 
detected at one pool on the El Sol property, at two pools along the San Jacinto River in 
Perris, one pool at Potrero ACEC, two pools at the San Jacinto Wildlife Area, one pool in 
the Badlands, three pools in the Paloma Valley, one pool in Bautista Canyon, two pools 
in the Box Springs Mountains, nine pools at the Estelle Mountain preserve, one pool in 
the San Jacinto Mountains on Rouse Ridge, one pool in Murrieta, five pools at the Multi-
Species Reserve, and one pool in Wilson Valley (Figure 2, Table 3). CNLM biologists 
detected evidence of breeding in two pools on Johnson Ranch (Kim Klementowski, pers. 
comm). RCA Management Program biologists detected breeding evidence at two 
additional pools in the Paloma Valley. Western spadefoot breeding evidence was detected 
in 33 pools, including 11 of their 16 Core Areas (69%). 

We detected versatile fairy shrimp, which is not a Covered Species, in 20 pools 
across eight sites during vernal pool surveys in these two winter periods. CNLM 
biologists also detected versatile fairy shrimp at Johnson Ranch, co-occurring with vernal 
pool fairy shrimp. Almost all of the occupied pools we found contained a single species. 
The exceptions in 2017 were the pools at the Santa Rosa plateau, which held both Santa 
Rosa Plateau and vernal pool fairy shrimp, and the El Sol pool which held both Riverside 
and versatile fairy shrimp.  
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Figure 1. Vernal pool survey locations and covered fairy shrimp detections in the 2015/2016 and 2016/2017 rainfall seasons. Survey detections include data from partnering organizations.
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MSHCP Biological Monitoring Program
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Table 2. Fairy shrimp species targeted in our 2015-2017 vernal pool surveys. Shading indicates designated 
Core Areas for each species. Dates are of the latest survey or detection. Parenthetical dates indicate 
detections that occurred prior to the current reporting period (2015–2017) and do not count toward meeting 
the 2017 use objective. 

Core Area 
Vernal Pool 

Survey 

Riverside 
Fairy 

Shrimp 

Vernal Pool 
Fairy 

Shrimp 

Santa Rosa 
Plateau Fairy 

Shrimp 

Versatile 
Fairy 

Shrimp* 

Alberhill 2014 N/A N/A N/A 2014 

Lake Elsinore 2017 (2010) No No 2017 

Murrieta†  2017 2017 No No 2011 

Salt Creek No N/A N/A N/A N/A 

Santa Rosa Plateau 2017 (2009b) 2017 2017 No 

Skunk Hollow 2017c 2017c 2017c No 2017c 

Non-core Areas      

San Jacinto Wildlife Area 2008 No No No 2017 a 

El Sol 2017 2017 No No No 

Multi-Species Reserve 2017 2017 No No No 

Estelle Mountain 2017 No 2010 No 2017 

San Jacinto River 2016 No No No No 

Hemet 2017 No No No 2017 

Mystic Lake 2010 No No No No 

Menifee 2017 No No No 2017 a 

Potrero Valley 2017 No No No 2017 

Banning Bench 2017 No No No No 

Johnson Ranch 2017 2017 2017 No 2017 
†Described by Dudek & Associates (2003) as Murrieta, but is located within the township of Wildomar 
* Not a Covered Species 
a Incidental observation 
b Reported by UC Davis biologists 

c Reported by CNLM biologists 
 

Several notable observations were made by Monitoring Program biologists during 
the vernal pool survey efforts, including an isolated pool on Rouse Ridge in the San 
Jacinto Mountains at 1158 meters (3799 feet) which we surveyed; we also observed large 
cannibalistic spadefoot tadpoles in at least one pool at the Multi-Species Reserve. 
Additionally, San Diego fairy shrimp (Branchinecta sandiegonensis), a non-covered but 
federally endangered species, was discovered by Monitoring Program biologists in 
Murrieta in 2017. The pool has been under restoration for Riverside fairy shrimp 
recovery since 2003, but there are no historical records for San Diego fairy shrimp in this 
area. The origin of this population remains in question. 
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Table 3. Western spadefoot detections during 2008-2017 survey efforts. Dates are of the most recent 
survey detection. 

Core Areas and Conserved 
Breeding Locations 

Vernal Pool 
Surveys Adults Tadpoles Eggs 

 
Metamorphs 

Murrieta 2017 No 2017 No No 

Hemet 2010 No 2010 No No 

Salt Creek No N/A N/A N/A N/A 

San Jacinto River 2016 No 2016 No No 

Santa Rosa Plateau 2017 2017 No No No 

Lake Skinner/Diamond 
Valley Lake 2017 2017 2017 2017 No 

Skunk Hollow/Johnson Ranchb 2017 2017 2017 2017 No 

San Jacinto Wildlife Area/Lake 
Perris 2013 No 2017 a No No 

Lake Mathews/Estelle Mountain 
Preserve/Lee Lake 2017 No 2017 No No 

Badlands 2009 2009 2017 a No No 

Potrero Valley/Soboba 2017 No 2017 No No 

Banning Bench 2017 No No No No 

Wilson Valley/Sage/Vail Lake 2017 No 2017 No No 

San Jacinto Mountains Yes No Yes Yes No 

Anza Valley No N/A N/A N/A N/A 

Highgrove 2017 No 2017 2017 No 

Additional Locations      

Bautista Canyon 2017 2013a 2017 N/A Yes 

Paloma Valley 2009 2009 2017a No No 

Menifee Pools 2010 No No No No 

Lake Elsinore 2017 No No No No 
a Incidental observation 
b Reported by CNLM biologists 
 

DISCUSSION 
We focused 2015-2017 vernal pool survey efforts on locating Covered fairy 

shrimp species and western spadefoot in species-specific Core Areas and other sites 
across the Conservation Area where potentially suitable habitat occurs. 

In 2017, due to above average rainfall, most pools across the Plan Area were 
filled with enough water and for a long enough duration for most vernal pool species to 
successfully reproduce. We found a few pools with breeding western spadefoot where we 
had surveyed unsuccessfully for them in years past. 
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From the winter of 2015/2016 to the winter of 2016/2017, we found evidence of 
breeding spadefoot at 11 of 16 (68.7%) conserved breeding locations, and detected 
adults, but no evidence of breeding, at one additional conserved breeding location. We 
detected adults, metamorphs, or tadpoles at four locations not specifically listed in the 
MSHCP as “conserved breeding locations” (Table 3). Additional surveys targeting 
conserved breeding locations will be necessary to address the objectives for this species.  

From 2007 to 2017 the Monitoring Program has detected Riverside fairy shrimp 
in four man-made pools, vernal pool fairy shrimp in one man-made pool, Santa Rosa 
fairy shrimp in two man-made pools, and western spadefoot in 11 man-made pools. With 
the loss of 90 percent of California’s vernal pools (Eriksen and Belk 1999), it is important 
to realize that vernal pool species will utilize man-made pools if they are constructed and 
maintained (Fisher et al. 2016). Road ruts were utilized by western spadefoot (19 pools), 
vernal pool fairy shrimp (two pools), and the non-covered versatile fairy shrimp. Stock 
ponds, road ruts, and other man-made pools account for 55% of the Riverside fairy 
shrimp detections, 50% of vernal pool detections, 50% of Santa Rosa fairy shrimp 
detections, and 84% of our spadefoot detections. 

Recommendations 
Future Surveys 

Surveys for covered fairy shrimp and western spadefoot should continue in 
species-specific Core Areas and non-core areas with vernal pools, given sufficient 
seasonal precipitation. Priority should be given to areas where we did not detect target 
species in previous years or where we have not yet surveyed. Furthermore, we should 
continue to conduct visual surveys to document the presence of vernal pools and assess 
potentially suitable habitat. 

Surveys for spadefoot in pools not strictly defined as vernal pools should also be 
conducted in applicable Core Areas and conserved breeding locations to determine 
presence and breeding activity for this species. This can be done with visual encounter 
surveys for egg masses and tadpoles during the breeding season, which is generally 
January through March (Dudek & Associates 2003). 

Conservation and Management 
Many of the pools where Riverside fairy shrimp have been located are man-made 

stock ponds or stream impoundments. This suggests that creating artificial pools in Core 
Areas for the species to facilitate their use of these pools may be a viable option in Core 
Areas where they have not been detected. However, this tactic should be delayed until a 
more thorough spatial and temporal assessment of all potential Riverside fairy shrimp 
locations has been completed, especially in light of the recent apparent discovery of the 
species at the Santa Rosa Plateau Ecological Reserve, a previously undocumented 
location. 

One pool containing Riverside fairy shrimp is on RCA-owned property next to 
Lake Skinner (called the Lake Skinner Investors Property) and straddles the boundary of 
the existing Conservation Area and land owned by the Metropolitan Water District. Any 
future construction activities on the land next to the existing water canal could jeopardize 
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the condition of this pool. We recommend continued communication with the 
Metropolitan Water District to ensure the continued existence of this pool. 

Core Area Definitions 
While Riverside fairy shrimp have not been found at the required number of Core 

Areas since we began surveys in 2007, in 2010 we detected the species at the Multi-
Species Reserve and El Sol, which are not listed as Core Areas. We recommend that 
Alberhill be removed as a listed Core Area for Riverside fairy shrimp and replaced with a 
new Core Area called French Valley/Skinner. This would include the MSR and the El Sol 
areas, both of which have detections of this species. We also recommend that the 
definition of the Skunk Hollow Core Area be expanded to include all of Johnson Ranch, 
as Riverside fairy shrimp, vernal pool fairy shrimp, and western spadefoot all occur here 
outside of the immediate Skunk Hollow pool itself. Johnson Ranch is contiguous with 
Skunk Hollow and ecologically similar, and both are conserved and managed by the same 
entity, CNLM.  
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