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MCBCP Arroyo Toad Monitoring Program:                           

3-Year Trend Analysis for 2003- 2005 

By Cheryl S. Brehme, Sara L. Schuster, Carlton J. Rochester, Stacie A. Hathaway, and Robert N. Fisher 

Abstract  

In 2003, we implemented a new monitoring program for the endangered arroyo toad (Bufo 

californicus) on Marine Corps Base Camp Pendleton (MCBCP). To address the problems associated 

with large variations in adult toad activity, we employed a spatial and temporal monitoring approach 

that tracks the presence of arroyo toad breeding populations by documenting the presence of eggs and 

larvae. Sites were surveyed up to four times per year to calculate and account for imperfect detection 

probabilities. We also continued night surveys for adult toads from the monitoring program 

implemented by Dan Holland in 1996. This report details the results and analyses of the first three years 

of the spatial monitoring program and a decade of adult count transects. 

During this study, three years of highly variable rainfall had large impacts on arroyo toad 

breeding and breeding habitat. After a normal rainfall year in 2003, minimal rainfall in 2004 resulted in 

the complete lack of breeding and recruitment within the San Mateo and San Onofre watersheds, which 

were largely or completely dry. In 2005, twice the normal rainfall created huge surges in all watersheds. 

Scouring of stream and river channels substantially reduced aquatic vegetative cover and washed away 

portions of adjacent banks and floodplains. 

In tracking both the proportion of area with surface water and the proportion of wet area 

occupied by breeding toads, we found that even though surface water availability was highly variable 

(44-95%), the overall extant of breeding toads in wetted areas was relatively stable (77-95%) with no 

significant change over the three year period. The night survey count data from 1996 to present also 

shows that arroyo toad activity has had extremely high annual variability (ranging +/- 44% of mean), 

but has been relatively stable over the last decade.  

We found the probability of detecting arroyo toad larvae was positively associated with low flow 

shallow water and negatively associated with non-native species. These two variables were correlated 

with one another. During the arroyo toad breeding season, non-native species were associated with deep 
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and faster flowing water. Since the amount of low flow shallow water was highly variable within each 

season, this factor was predictive of detecting tadpoles on a given survey, but not of annual occupancy. 

For annual occupancy and adult counts, we found compelling evidence that arroyo toad 

dynamics differ among the watersheds according to hydroperiodicity. Arroyo toad counts for both the 

ephemeral San Onofre and San Mateo watersheds are positively correlated with the amount of seasonal 

rainfall. This rainfall relationship was not present in the predictably seasonal Santa Margarita River 

watershed where arroyo toad dynamics appear to have been largely driven by non-native species. Two 

equally probable PAO models indicated that the most significant predictors of arroyo toad presence 

were the absence of crayfish and/or low numbers of non-native species. In the first model, the odds that 

arroyo toads occupied a site were 11.6 times lower when crayfish were present. In the second model, the 

odds that arroyo toads occupied a site ere 2.9 times lower when any of the following types of aquatic 

non-natives were observed; crayfish, bullfrog, mosquitofish, and large non-native predatory fish. This 

effect was cumulative, so that we were 70 times less likely to find arroyo toad larvae at a site containing 

all four non-native types. 

We expect the effects of urbanization, occurring largely outside the base, may be a primary 

threat to the arroyo toad in MCB Camp Pendleton. The increased impervious surface area results in 

altered runoff patterns that can change ephemeral systems to perennial systems and create deeper 

entrenched channels with faster water flow. This may result in reduced availability of shallow pools 

required for arroyo toad breeding, as well as support the successful colonization of many aquatic non-

native predators that require permanent or near permanent water. We expect these effects to be 

particularly relevant for the Santa Margarita watershed and Cristianitos sub-watershed. We are also 

concerned about the negative impacts of the proposed south-foothill toll road on arroyo toad populations 

in lower San Mateo Creek and Cristianitos Creek. The resulting loss of habitat, road mortality, 

decreased water quality, and altered hydrology, among other factors, put 10% of the total arroyo toad 

population on MCB Camp Pendleton at risk of extirpation.  

For ongoing species management, we recommend control of non-native aquatic species, 

especially crayfish and bullfrogs. We also recommend ongoing management of invasive riparian plants, 

monitoring and analysis of effects of ground water pumping, particularly in lower San Mateo Creek, 

modeling impacts of off-base development plans on the San Mateo and Santa Margarita watersheds, and 

continued education and enforcement of steps to minimize the impact of training activities in arroyo 

toad habitat. 
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Introduction 

The primary mission for Marine Corps Base Camp Pendleton (MCBCP) is "to operate an 

amphibious training Base that promotes the combat readiness of operating forces by providing facilities, 

services, and support responsive to the needs of Marines, Sailors, and their families" (MCB Camp 

Pendleton Strategic Plan 2002). In addition, MCBCP has committed to fulfill stewardship and 

regulatory requirements for the natural resources on base. This includes monitoring and management for 

the endangered arroyo toad as described in the MCBCP Integrated Natural Resources Management Plan 

(October 2001). The U.S. Geological Survey (USGS) was contracted to develop a science based 

monitoring program for the arroyo toad on MCBCP in 2002 (Atkinson et al. 2003) and implemented 

this monitoring program in 2003. In this report, we analyze trends in arroyo toad occupancy, breeding, 

and adult activity from 2003 through 2005. We also analyze how these trends relate to environmental 

conditions and other variables within and among years. 

The Arroyo Toad 

The arroyo southwestern toad (Bufo californicus), hereafter referred to as the arroyo toad, is a 

specialized amphibian that is endemic to the coastal plain and mountains of central and southern 

California and northwestern Baja (Jennings and Hayes 1994). It primarily inhabits low gradient streams 

and rivers that are composed of sandy soils and contain sandy streamside terraces (Sweet 1992, 1993, 

Barto 1999). Reproduction is dependent upon the availability of shallow, still, or low flow pools in 

which breeding, egg laying, and larval development occur. These habitat requirements are largely 

dependent upon natural hydrological cycles and scouring events (USFWS 1999, Madden-Smith et al. 

2003). 

Breeding and larval development within MCB Camp Pendleton typically occur between March 

and July (Holland et al. 2001), depending upon weather conditions. Females produce a single egg clutch 

each year. Upon fertilization, arroyo toad larvae (tadpoles) emerge in 12 to 20 days and persist in 

breeding pools 65 to 85 more days. Newly metamorphosed toads may remain by the breeding pools for 

a few weeks to several months before dispersing to upland habitat to over-winter. As with most 

amphibians, the survivorship of developmental stages has been reported to be very low (Sweet 1992). 

The lifespan of the toads is not known, but thought to be approximately five to six years (Sweet 1992, 

1993, R. Fisher personal communication).  
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Currently, the arroyo toad is known to only occupy an estimated 25% of its previous habitat 

within the United States (Jennings and Hayes 1994). The decline of the arroyo toad has been largely 

attributed to extensive habitat loss, human modifications to water flow regimes, and the introduction of 

non-native predators. It was listed by the U. S. Fish and Wildlife Service (USFWS) as endangered in 

December of 1994. A Recovery Plan for the arroyo toad was then published in 1999 (USFWS).  

Study Site 

Marine Corps Base Camp Pendleton (MCBCP) is located on approximately 125,000 acres, 

within the physiographic province of California known as the Peninsular Range. The landscape is 

characterized by a narrow, sandy shoreline, seaside cliffs, coastal plains, low hills, canyons, and 

mountains that rise to elevations of over 5,900 feet. Habitats include oak woodlands, coastal sage scrub, 

native and non-native grasslands, coastal dunes, riparian forest/woodland/scrub, as well as wetlands. 

MCBCP is bordered by the cities of San Clemente, Oceanside, and Fallbrook to the northwest, 

southeast, and east, while the Cleveland National Forest and the Pacific Ocean border the northern and 

western portions. To date, the base is largely undeveloped and encompasses the largest remaining 

expanse of undeveloped coastline and coastal habitat in southern California. Many species that were 

once common throughout the Peninsular Range now find their refuge within the borders of MCBCP. 

This is true for the arroyo toad, which populates three of MCBCP’s major watersheds: 1) Santa 

Margarita, 2) San Onofre, and 3) San Mateo. These represent three of the 22 currently occupied 

watersheds among Monterey, San Luis Obispo, Santa Barbara, Ventura, Los Angeles, Orange, 

Riverside, San Bernardino, and San Diego Counties and support the only known remaining coastal 

populations of the arroyo toad in the United States (USFWS 1999).  

MCB Camp Pendleton has a Mediterranean climate with relatively warm, dry summers and mild 

winters. The rainy season typically falls between October and April, with the most rainfall occurring in 

January, February and March. The amount of yearly rainfall averages 274 mm (10.8 inches), but is 

highly variable among years largely due to the influence of the El Niño-Southern Oscillation (ENSO) 

cycle. The cycle is driven by temperatures in the Pacific Ocean. Warm ocean temperatures create wetter 

than normal conditions (El Niño) and cool ocean temperatures create drier than normal conditions (La 

Niña). 

The Santa Margarita River is a large fourth order stream that flows through Camp Pendleton, 

with its watershed covering almost 475,000 acres. There are two main factors expected to affect current 

and future water flow in this river. First is continued off-base urban development in the upper drainage 
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basin. Increased impermeable surface area in the basin is predicted to increase peak and total water 

discharge by 50%, resulting in larger and more frequent floods and wetter lowland conditions (Steinitz 

et al. 1996). Second, in March of 2002, a Cooperative Water Resource Management Agreement was 

made between MCB Camp Pendleton and the Rancho California Water District (RCWD). In order to 

mitigate the impacts of increased outpumping of underground water in the upper watershed, the RCWD 

agreed to release a minimum amount of water at the Temecula gorge to simulate flows modeled from 

1931-1996. Even in drought years during summer months, this agreement guarantees a minimum flow 

of 3 cubic feet per second. Due to the size of the watershed and these other factors, this river is expected 

to have increasingly higher volumes of flow during all years. In years of normal to high rainfall, this 

change in hydrology may result in significantly lower numbers of suitable breeding pools for the arroyo 

toad. In contrast, during drought years, this river may provide the only suitable breeding habitat for 

arroyo toads on MCBCP.  

The San Mateo and San Onofre watersheds are relatively small (87,700 and 27,500 acres) and 

are comprised primarily of second and third order streams. With little runoff, they are typically dry from 

July to October. In drought years, they can remain dry all year around. According to model simulations, 

discharge in these basins is predicted to remain the same or decline in the future (Steinitz et al. 1996). 

These watersheds may account for most of the breeding and recruitment of arroyo toads at MCBCP in 

wet or normal rainfall years, but have little or no recruitment in periods of drought.  

 

Within MCBCP, specific threats to arroyo toad populations may include: 

1. Alteration of natural hydrology, increased siltation, and decreased water quality due to 

increased upstream development in urban areas (e.g., Fallbrook, San Clemente, Murrietta, Temecula) 

and within MCBCP (south-foothill toll road). These threats are particularly imminent for the San Mateo 

watershed (Cristianitos Creek) and the Santa Margarita River (Steinitz et al. 1996). 

2. Potential alteration of hydrology and lack of surface water from excessive groundwater 

pumping for agriculture and human needs, particularly in the lower San Mateo watershed (per Holland 

et al. 2001). 

3. Loss of habitat due to excessive exotic vegetation (e.g. Giant Reed (Arundo donax), 

Tamarisk (Tamarix sp.), non-native grasses (e.g. Bromus sp., Avena sp.) which can hinder animal 

movement and/or stabilize stream banks. 

4. Excessive predation by exotic predators (e.g. bullfrogs (Rana catesbeiana), crayfish 

(Procambarus sp.)). 
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5. Loss of foraging or breeding habitat due to potential on base development, toll road 

development, or intense training activities. 

6. Direct (crushing) and indirect (siltation, soil compaction) mortality due to training 

activities that occur during the breeding season. 

 

Population Monitoring 

In order to census populations of the arroyo toad, a monitoring program was first implemented 

on MCBCP from 1996 to 2000 (Holland et al. 2001). Eight 1 km long transects were established on the 

three occupied watersheds. Night surveys for juvenile, sub-adult, and adult toads were conducted an 

average of four times per year on these transects. Mean and median survey counts were used to look for 

trends in arroyo toad populations, however, the large night-to-night variation made it difficult to assess 

temporal trends in population size. To better assess population sizes, a capture-recapture program was 

implemented. Passive integrated transponders (PIT tags) were used to individually mark the animals 

(Holland et al. 2001). Unfortunately, after three years of effort, the overall recapture rate (including 

multiple recaptures of the same individual) was too low (20.8%) to perform any meaningful abundance 

analysis, as the population estimate variances were too large. In order to collect enough data to narrow 

these large variances, a more intense monitoring program would need to be performed.  

In order to better track trends in arroyo toad populations on MCBCP, a spatial and temporal 

monitoring approach was designed (Atkinson et al. 2003). The log-linear modeling program, 

PRESENCE, is used to calculate annual estimates of proportion area occupied (PAO) by the arroyo 

toad, as well as the probabilities of detection, colonization, and extinction over time (MacKenzie et al. 

2002, 2003). Because the probability of detecting a species on any single survey is typically not perfect, 

site occupancy can be underestimated. In this model, site occupancy is determined after correcting for a 

detection probability calculated from data obtained on multiple visits. Percent site occupancy can then 

be used as a metric to monitor long-term trends in populations. This model also allows for analysis of 

site and survey specific covariates. These covariates can be environmental and habitat variables that 

vary (survey specific) or do not vary (site specific) with each survey visit. These include variables that 

may affect detection probabilities, such as weather and water variables, and others that are directly 

related to land use and management activities, such as the presence of non-native plant and aquatic 

species, military activities on site, water quality, and human impacts to the hydrological regime. Thus, 

impacts of these activities can be assessed over time to make more informed management decisions on 
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base. This approach is currently being implemented across the country as part of the U.S.G.S. 

Amphibian Research and Monitoring Initiative (http://armi.usgs.gov). This program does not directly 

track trends in population abundance. 

A workshop to devise the arroyo toad monitoring protocol reported here was conducted on 

August 27, 2002 with arroyo toad experts from the USGS, U.S. Fish and Wildlife Service, MCBCP, 

U.S. Forest Service, California Department of Fish and Game, and the Universities of California, at San 

Diego and Davis. The discussion points, consensus, and complete theoretical protocol are detailed in 

Atkinson et al. (2003). In summary, suitable habitat within the three major watersheds on MCBCP 

(Santa Margarita, San Mateo, and San Onofre) were divided into 60 linear 1.5 km segments (“blocks”) 

which were then subdivided into six linear 250m survey segments (“sites”) (Table 1, Figure 1). The 

average slope of a survey site is 1.9% with a range of 0 to 12%. One randomly chosen site within each 

block is surveyed yearly (permanent). The other sites are surveyed on a five-year rotating basis. This 

way, at least 60 sites are surveyed yearly while the entire watershed is surveyed every five years. An 

important protocol decision was to survey for egg clutches and tadpoles during the breeding season 

rather than to survey for adult toads. This increases probability of detection as, under normal conditions, 

eggs and tadpoles are easily observable during the day for up to three months in time. In 2003, a 

supplemental study confirmed that tadpoles were twice more likely to be detected than adults (Brehme 

et al. 2003). In addition, the presence of eggs and/or tadpoles directly indicates the nearby presence of 

reproductive adults.  

This protocol requires the presence of water. Thus, in drought years, some areas may not be 

surveyed. Even with sufficient rains, breeding may not occur if the rains are unseasonably late. Sweet 

(1992) attributed the lack of arroyo toad breeding in the Los Padres National Forest in 1990 to cool dry 

weather in the winter and spring of that year. It was hypothesized that the dry period delayed foraging 

and vitallogenesis (egg formation). As a result, most female toads apparently did not have mature 

clutches until after most males had ceased calling. Thus, the percent site occupied model is limited to 

breeding activity only. It should be noted that successful recruitment cannot be confirmed with this 

survey method. 

In order to compare this new approach and provide continuity with the 1996-2000 monitoring 

efforts, eight blocks were designed to overlay the same transects where count data would also be 

collected (Figure 2). These blocks are surveyed at night for arroyo toad adults three times throughout 

the breeding season. The night surveys were designed to compare adult counts to the 1996-2000 data 
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and to gather information on individual toads that were originally PIT tagged from 1998-2000 (Holland 

et al. 2001).  

 TABLE 1. ARROYO TOAD OCCUPANCY MONITORING:  LOCATION AND NUMBERING OF 
SURVEY BLOCKS AND SITES  

Watershed River/Creek1
Length of potential 

habitat (km)
No. blocks 

(1.5 km each)
No. sites2 

(250 m each)
Designated3 block/site 

names

San Mateo 32.3 21.5 129.0 39A-60F
Lower San Mateo Creek 4.5 3.0 18.0 39A-41F
Upper San Mateo Creek 12.8 8.5 51.0 42A-50C
Cristianitos Creek 4.2 2.8 17.0 51A-53E
Talega Creek 10.8 7.2 43.0 53F-60F

San Onofre 18.0 12.0 72.0 27A-38F
Lower San Onofre Creek 9.0 6.0 36.0  27A-32F
Upper San Onofre Creek 4.5 3.0 18.0  33A-35F
South Fork San Onofre Creek 1.2 0.8 5.0 36A-36E
Jardine Canyon Creek 3.3 2.2 13.0 36F, 37A-38F

Santa Margarita 39.0 26.0 155.9  1A-26F
Lower Santa Margarita River 15.0 10.0 60.0  1A-10F
Upper Santa Margarita River 14.5 9.7 58.0  11A-20E (-12F)
Deluz Creek 7.2 4.8 29.0  12F, 21A-25D
Roblar Creek 2.3 1.5 9.0 26A-26F, 20F, 25E, 25F

Total 89.3 59.5 356.9 1A-60F

1"upper" and "lower" designations are arbitrary and primarily based upon location within MCBCP, stream order, and/or vegetation 
characteristics.
2 six sites are designated within each block.  They are labelled with the block number followed by the letter A, B, C, D, E, or F.
3 Because not all waterways of the defined potential breeding habitat were perfectly divisible into a whole number of 1.5 km blocks, some 
blocks were split up between the upper end of creeks within the same watershed. 
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FIGURE 1. LOCATION OF SURVEY BLOCKS AND SITES  FOR ARROYO TOAD EGGS AND 
LARVAE WITHIN MCB CAMP PENDLETON 
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FIGURE 2. LOCATION OF NIGHT SURVEY BLOCKS FOR JUVENILE, SUB-ADULT, AND 
ADULT ARROYO TOADS WITHIN MCB CAMP PENDLETON 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Red lines = 1996-2000 survey blocks 

Blue lines= 2003-2005 survey blocks 
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Methods 

Survey Methods 

We describe three survey methods conducted for arroyo toad monitoring from 2003 through 

2005, 1) initiation of breeding surveys, 2) day surveys for presence of arroyo toad larvae, and 3) night 

count surveys for juvenile, sub-adult, and adult arroyo toads. General methods and changes to the day 

protocol implemented in 2004 are highlighted in this section. Detailed field protocols for both the day 

and night surveys are included as Appendices 1 and 2. Subsequent data analyses, results and discussion 

sections will also be presented individually for these three survey types.  

Initiation of Breeding  

The purpose of this survey technique is to determine when arroyo toad breeding has begun. 

Once breeding has been detected, we can then schedule subsequent day surveys for egg clutches and 

larvae at the appropriate time.  

The advertisement call of the arroyo toad is a unique clear, whistling trill lasting between four 

and nine seconds (Sweet 1992). Arroyo toad females lay eggs at the males calling site in linear 

envelopes ranging from 10 to 35 feet in length and contain approximately 5000 eggs (Sweet 1992). The 

egg clutches are very similar to those of the western toad, Bufo boreas. However, the western toad 

primarily lays its eggs in deeper water (13-29 cm) on submerged vegetation. Arroyo toad eggs are 

usually laid in shallow water (1.5-14 cm) away from any vegetation. Due to this microhabitat 

association, Sweet (1992) suggests that eggs can be safely identified to species by microhabitat alone. 

However, the species determination cannot be absolute until confirmed by subsequent identification of 

larvae. For the purposes of this survey, breeding is confirmed after detection of calling males followed 

by observation of egg clutches in pools characteristic of the arroyo toad.  

In February to early March, typically when mean temperatures start to warm to approximately 

15°C (60°F), we start monitoring for breeding across the base. Every few weeks, we check each 

watershed for positive breeding conditions (presence of low flow shallow water along river/creek edges 

and/or pooling water within the channels) and the presence of egg masses. We also begin our night 

count surveys during this time and actively listen for calling males. Once calling arroyo toad(s) are 

documented, we continue to monitor the base for egg strings until breeding is confirmed.  

 11



Presence Surveys 

Once initiation of breeding is confirmed, day surveys are scheduled at all wetted permanent and 

year specific sites (5-yr rotation, Atkinson, et al. 2003). These surveys are conducted in order to 

document the presence of arroyo toad eggs and/or larvae, which directly indicates the presence of 

breeding adults. One to four surveys per site per year were conducted. The number of surveys depended 

upon site designation and whether arroyo toad eggs or larvae were detected on the first visit (Table 2). 

In 2004, we implemented some minor changes in the distribution and number of repeat surveys per site 

in an attempt to increase the precision of parameter estimates and our ability to fit logistic models to the 

data (Brehme et al. 2004). 

TABLE 2. PRESENCE SURVEYS: SURVEY FREQUENCY IN 2003 VS. 2004-5 

Year(s)
Number 
of Sites Site Type*

Frequency 
(surveys per 

year) Notes

2003 16 permanent & 5-yr rotation 
(intensive)

4 2 sites within each of 8 blocks (coupled)

104 permanent & 5-yr rotation  1-2 2nd survey only if not detected on first

2004-5 16 permanent (intensive) 4 not coupled- 8 new sites randomly chosen
44 permanent 2
60 5-yr rotation  1-2 2nd survey only if not detected on first

* "permanent" = surveyed yearly, "5-year rotation" = surveyed every 5 years

 

 

 

 

 

 

 

We attempted to survey all habitat in a spatially and temporally stratified order to avoid issues of 

autocorrelation. However, because breeding (i.e. water flow) conditions are not uniform across the base, 

there may be some temporal order to the surveys among watercourses. Therefore, initial surveys were 

scheduled in the order of past breeding patterns. These patterns largely correspond to hydroperiod 

length, from the shortest (lower San Onofre, Talega, Cristianitos, and Roblar Creeks) to the longest 

(Santa Margarita River). Temporal trends in breeding patterns across the base are further discussed in 

the Results section, Arroyo Toad: Initiation of Breeding. Repeat surveys were conducted from one week 

to one month after the initial survey and closer to the latter if tadpoles were not detected on the first 

survey.  

All surveys were conducted with two field biologists trained in identification of arroyo toad eggs 

and larvae. For each survey site, biologists slowly walked upstream and carefully scanned the waters for 
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arroyo toad eggs and larvae. Upon finding the first egg clutch or larvae, presence was recorded. The 

pool containing the egg clutch or larvae was characterized. Subsequent arroyo toad eggs and larvae 

encountered along the site length were not recorded, as presence was already established. While walking 

the site length, all other aquatic species observed were also recorded. Upon completing the site, if no 

arroyo toad eggs or tadpoles were found, the biologists went back to what represented the most likely 

potential arroyo toad breeding pool within the site to search for an additional 10 minutes. If no arroyo 

toad eggs or larvae were found, the unoccupied pool was characterized. There are also several other 

landscape and water attributes that were recorded at each site (Table 3). These were updated in 2004 in 

an attempt to better characterize the channel and water flow conditions for use with a wider range of 

species and analyses.  

A sub-sample of arroyo toad larvae and adults were digitally photographed as vouchers. A sub-

sample of other nonsensitive aquatic species that were incidentally encountered were also photographed 

and/or preserved in 95% ethanol as voucher specimens in accordance with CDFG Permit SC-4186 and 

accompanying USGS/USFS Memorandum of Understanding. All vouchers are stored at the 

USGS/WERC/BRD specimen repository in the San Diego Field Station. The field protocol is provided 

in Appendix 2.  

Night Count Surveys 

We conducted three surveys per year on each of the eight 1-km transects to count juvenile, sub-

adult, and adult arroyo toads. The transects were first surveyed in early February to early March, when 

nighttime temperatures started to warm to approximately 15°C (60°F), then resurveyed each successive 

month. All surveys were conducted with two field biologists trained in identification of arroyo toad 

adults. At least 30 minutes after sunset, survey teams slowly walked the stream and streamside 

floodplains or terraces using Kohler© headlamps or flashlights to search for and count adult arroyo 

toads. All toads found on land were measured (snout to urostyle length) and scanned for PIT tags using 

an Avid Mini Tracker©. The field protocol is provided in Appendix 3.  
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TABLE 3. PRESENCE SURVEYS: COVARIATES RECORDED IN 2003 VS. 2004-5 

2003 2004-5

Landscape attributes
Presence of Sand (>10m) Proportion of channel with sand
Presence of Sandy terraces (>10m) Proportion of 2nd level (flood plain/ terrace/ or 

upland) with sand
Presence of channel braiding (>10m) *
Habitat Quality Rating (based on above variables) *
* Entrenchment ratio (bank width/ flood plain width)

Water conditions
* Water temperature
* Water depth (at thalweg)
* Wetted channel width
* Surface water velocity
* Water chemistry (pH, conductivity, dissolved oxygen)

Vegetation
Presence of non-native aquatic/ riparian plants 
(record species)

Presence of non-native aquatic/ riparian plants (record 
species)

* Channel vegetation type
*     Percent cover- aquatic submerged/floating veg
*     Percent cover- aquatic emergent vegetation
*     Percent cover- algal mat
* 2nd level: Presence of floodplain/terrace or upland
*     Vegetation type
*     Percent cover- herb layer
*     Percent cover- shrub layer
*     Percent cover- tree layer

Pool characterization
Percent cover- sand Percent cover- sand
* Percent aquatic submerged/floating vegetation
* Percent aquatic emergent vegetation
Percent overhead cover Percent overhead cover
Water temperature Water temperature
Pool depth Pool depth
Pool turbidity Pool turbidity

Other
Presence of other native & non-native aquatic 
animals (record species)

Presence of other native & non-native aquatic animals 
(record species)

* no data taken
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Data Analyses 

We analyzed arroyo toad breeding presence data from the day surveys using the loglinear 

modeling program PRESENCE (MacKenzie et al. 2002, 2003). During the surveys, we also collected a 

large amount of environmental, landscape, and water covariate data. For data analyses, however, it is 

important to carefully formulate a priori hypotheses on what factors may affect the detection 

probability, occupancy, and/or colonization and extinction probability of the species of interest. This 

prevents issues with ‘data dredging’ such as high probabilities of Type II errors that may lead to 

incorrect conclusions and inferences (Burnham and Anderson 2002). In order to understand multivariate 

patterns and to reduce our number of possible covariates, we first ran Pearson and Spearman rank tests 

for all covariates to determine which were correlated. If two or more covariates were highly correlated 

(i.e. Bonferroni adjusted p<0.05 and r>0.25), we chose the single variable that we thought was most 

likely to directly affect arroyo toad occupancy and/or detectability. Before running any models, we then 

generated our a priori hypotheses from our reduced set of covariates (Table 4). 

In summary, our a priori expectation was that the probability of detecting arroyo toad eggs 

and/or tadpoles would be greater when the water conditions were favorable for breeding (low flow-

shallow water index). We expected they would be harder to detect when there was a large amount of 

aquatic vegetation (aquatic vegetation index) and in the presence of known predators and/or competitors 

(crayfish, mosquitofish, large predatory fish, bullfrogs), although this relationship could be temporarily 

positive as it is expected that predators are attracted to areas of high prey densities. We hypothesized 

that several factors would affect probabilities of occupancy and colonization. Arroyo toads are known to 

prefer wide channels (entrenchment ratio) with high sand cover (sand cover index), low vegetative 

cover (aquatic vegetation index) and open floodplains or terraces (flood plain/terrace vegetative cover 

index). They may require a minimum hydroperiod to breed successfully, which may influence their 

continued occupancy or colonization in future years (hydroperiod; current year, previous year). 

Conversely, very long hydroperiods may increase the numbers of exotic aquatic species 

(predators/competitors) and thus have a negative or nonlinear effect. The possibility that detection and 

colonization/extinction probabilities would vary by year was also tested for all parameters.  

We approached model building in a stepwise manner. First, we focused on modeling detection 

probabilities. Then, we selected the best models from that analysis to use in modeling first year  
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TABLE 4: A PRIORI PAO MODEL HYPOTHESES 

Covariate Definition Correlated Variables
Hypothesized 
Effect

Year Year of survey n/a n/a

*Low flow shallow water index  Proportion of site containing 
low flow shallow water

Channel velocity, discharge, 
dissolved oxgen (DOsat)

Positive

*Aquatic vegetation cover index Total cover of submergent, 
emergent, algae mat

Component variables 
correlated

Negative

Presence of predators and/or 
competitors (tested individually)

Western toad, crayfish, 
mosquitofish, bullfrog, non-
native species index (sum of 
last 4 species)

Species data: detected, not 
detected. Non-native Index 
is sum of crayfish, 
mosquitofish, predatory fish, 
and bullfrog detections.

Negative

Year Year of survey n/a n/a

*Entrenchment ratio Confinement of channel: flood 
prone width ÷ bank width 
(lesser value= more confined)

Flood prone width, bank 
width

Negative

*Channel sand cover index Proportion of channel with 
sand

Flood plain sand cover Positive

*Aquatic emergent vegetation 
index

Yearly estimates of total cover 
from emergent vegetation

Aquatic submergent 
vegetation index, aquatic 
cover index

Negative

*Disturbance level index Level of disturbance from 
training activities (artillery, 
troops, heavy equipment) 

n/a Negative

Hydroperiod (current year & 
previous year)

Hydroperiod (months wet) for 
water year (July-June) 

n/a Both

Presence of predators and/or 
competitors (tested individually)

Western toad, crayfish, 
mosquitofish, bullfrog, non-
native species index 

see above Negative

* Covariate data collected in 2004 and 2005 only

Initial Presence/ Absence (Ψ) and Colonization/Extinction (γ, ε)

Detection probability/ Activity (ρ)

Landscape/Vegetation Index Values (0= 0%, 1= 1-10%, 2= 11-25%, 3= 26-50%, 4= 51-75%, 5= 76-100%)
Disturbance Index Values (0= none, 1= low, 2= high)
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occupancy, colonization and extinction probabilities. For this, each parameter covariate was tested 

individually and then together if warranted. We used Akaike’s Information Criterion (AIC) and model 

selection procedures described by Burnham and Anderson (2002) to rank and compare models. Models 

that showed evidence of overfitting (i.e. no convergence was reached, a variance-covariance matrix was 

unable to be produced, standard error of a parameter estimate was greater than the parameter estimate) 

were not evaluated. Since the PRESENCE software is currently not capable of calculating model fit 

parameters for multi-season data (i.e. dispersion or c-hat) which can be used to calculate adjusted quasi-

AIC and standard error values (MacKenzie and Bailey 2004, Darryl MacKenzie pers. comm.), we used 

the small sample corrected AIC (AICc) to compare models: 

 

AICc = AIC + 2 (K(K+1)/(n-K-1))  

where n= sample size and K is the number of parameters in the model. The sample size was set to 60, 

the number of permanent survey sites, to further increase the weight of the number of parameters, 

thereby favoring the most parsimonious model. Since there is no model fit parameter (dispersion or c-

hat) to adjust standard errors that may be underestimated, the unadjusted values presented should be 

interpreted with caution.  

In 2004, we incorporated the measurement of several water flow and landscape variables that 

were not part of the survey data in 2003 (see table 3, Atkinson et al 2002, Brehme et al 2004). Analysis 

of multi-season datasets in PRESENCE requires that covariate values exist for all values of the response 

variable (arroyo toad detection). Thus, we built two sets of models; one set for all three years of data 

(2003 to 2005) and a second for the two-year data set (2004 and 2005). 

We used multiple linear regression to analyze the night count survey data from 1996-2001 

(Holland et al. 2001) combined with our 2003 to 2005 data. The dependent variable was counts of 

arroyo toads for each site survey, which we square root transformed to approximate a normal 

distribution. We used binary coding to represent the categorical explanatory variables; hydroperiod 

(ephemeral/ perennial), year, and site, along with quantitative rainfall data. There were not sufficient 

degrees of freedom to analyze all variables in the same model, so we used a forward selection approach 

to model building. We validated the final model chosen by our statistical program by exploring models 

with different subsets of variables and comparing parameter estimates and significance values. We were 

confident that when the subset variable models gave similar estimates, our final model was a good 

representation of the data. Analyses were performed using Systat 10 and SPSS 11.0 statistical software. 
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Results  

Weather and Watershed Patterns  

During the first three years of arroyo toad monitoring, seasonal rainfall totals in San Diego 

County (October to September) ranged from one-half to twice the historical mean level of 10.8 inches. 

The rainfall totals were 269, 130, and 572 millimeters (10.6, 5.2, and 22.5 inches) for 2003, 2004, and 

2005, respectively. Both 2003 and 2005 had warmer than normal Pacific Ocean temperatures (National 

Weather Service 2006).  

The highly variable rainfall resulted in greatly different hydroperiods within and among the 

watersheds. The proportion of each watershed that had surface water at the onset of breeding season 

(March-April) and the range of months when surface water was present are shown in Figure 3. Varying 

surface water availability directly influences arroyo toad breeding, larval development, and the chance 

of metamorphoses. 

 

FIGURE 3. PROPORTION OF EACH WATERSHED WITH SURFACE WATER AND MONTHS 
WITH WATER PRESENT FROM 2003-2005  

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 18



 

In addition to presence of surface water, the timing and quantity of rain, along with channel 

characteristics, affect the frequency, magnitude, and duration of flow events, which in turn affect 

channel morphology and stream habitat (USEPA 1997, McMahon et al. 2003). These measures varied 

widely among years and among watersheds, with 2005 showing extraordinarily intense stream 

flashiness and heavy flows (Table 5). All values were calculated from daily USGS water gauge data 

(http://waterdata.usgs.gov). Data was limited to active USGS gauges located at the upper portions of the 

Santa Margarita River and San Mateo Creek and at the lower portion of San Onofre Creek. 

TABLE 5. RAINFALL AND STREAM HYDROLOGY CHARACTERISTICS 

2002-3 2003-4 2004-5

Seasonal Rainfall (mm) 269 130 572

Santa Margarita River (gauge 11044300 -1.3 mi. upstream from MCBCP border)

frequency (no. of pulses > 100 ft3/sec) 5 3 13
duration (no. of days  > 100 ft3/sec) 14 5 52
magnitude(maximum discharge ft3/sec) 2500 662 4000

San Mateo Creek (gauge 11046300 -0.4 mi. downstream from mouth of Devils canyon at MCBCP border)

frequency (no. of pulses > 100 ft3/sec) 3 0 9

duration (no. of days  > 100 ft3/sec) 8 0 56

magnitude(maximum discharge ft3/sec) 816 72 2410

San Onofre Creek (gauge 11046250 -0.3 mi. upstream from mouth)

frequency (no. of pulses > 100 ft3/sec) 2 0 3
duration (no. of days  > 100 ft3/sec) 2 0 16
magnitude(maximum discharge ft3/sec) 341 54 1600

1 ft3 = 0.0283 m3

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The extraordinary flows in 2005 resulted in major channel scouring throughout the base. 

Channel measurements taken in the Santa Margarita River in 2004 and 2005 provide evidence that a 

significant portion of the flood plain was washed away, creating a wider more incised river channel with 

less vegetative cover. On average, the width of the river channel increased by 55%, from 28 to 43 

meters, resulting in a subsequent 50% decrease in floodprone width and corresponding entrenchment 

ratio (11.7 to 5.6). The emergent vegetation cover also decreased from a median range of 11-25% to 1-

10%. As these landscape measurements were added to the protocol in 2004, when San Mateo and San 
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Onofre watersheds were completely dry, we do not have numerical comparisons for those watersheds 

between 2004 and 2005. However, photographs taken at the same locations in 2003 and 2005 clearly 

show major scouring took place in these systems as well. Photographs taken in all three watersheds 

before and after the 2005 scouring are shown in Figure 4.  

 

FIGURE 4. EFFECTS OF 2005 RAIN EVENTS ON CHANNEL MORPHOLOGY AND 
VEGETATION 

 

 

 

 

 

 

 

 

 

 

San Mateo Creek 2004 vs. 2005 (Site 44C) 

 

 

 

 

 

 

 

 

 

 

San Onofre Creek 2004 vs. 2005 (Site 32B) 
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Lower Santa Margarita River 2004 vs. 2005 (Site 6E) 

 

 

 

 

 

 

 

 

 

 

Mid Santa Margarita River 2004 vs. 2005 (Site 12C) 

 

 

 

 

 

 

 

 

 

 

Upper Santa Margarita River 2004 vs. 2005 (Site 18C)

 21



Vegetation 

Native and non-native riparian vegetation varied within and among the watersheds (Table 6). 

Most areas were dominated by mulefat riparian scrub or southwestern willow scrub. Mulefat riparian 

scrub is dominated by mulefat (Baccharis salicifolia) with a lesser component of willow (Salix sp.), 

cottonwood (Populus fremontii), and/or sycamore trees (Platanus racemosa). This vegetation is often 

found in the channel and floodplain where it is commonly associated with coarse alluvial soils and 

subject to regular disturbance events (i.e., episodic flooding, scouring). This vegetation was dominant 

along the floodplains and terraces of the San Onofre and San Mateo watersheds. If the willow was 

dominant over mulefat, the vegetation was characterized as southern willow scrub (Zedler et al. 1997), 

which is often found on flood plains and terraces subject to less frequent water inundation or 

disturbance events. This vegetation was dominant along terraces of Santa Margarita River. In 2003 and 

2004, the upper Santa Margarita River also had large amounts of aquatic emergent vegetation in the 

channel and floodplains, including dense cattails (Typha latifolia) and sedges (Carex sp.) along the river 

margins. It appeared that these species had a stabilizing effect on the riverbanks, as they were typically 

associated with deep narrow portions of the river. These were significantly reduced after the 2005 

scouring events (Figure 4). 

Of the non-native species recorded, mustard, fennel (Foeniculum vulgare), and non-native 

grasses (Bromus sp., Cynodon dactylon, and others not identified to species) were the most widespread 

occurring in all major drainages and watersheds. Giant reed (Arundo donax) was significantly reduced 

due to recent removal efforts; however, new growth is present in scattered patches along parts of the San 

Onofre and San Mateo watersheds with large contiguous stands recently observed along the lower Santa 

Margarita River. Similarly, tamarisk was also observed along portions of the San Mateo and Santa 

Margarita watersheds and appeared to be slightly increasing in densities in 2005. Watercress (Rorippa 

nasturtium-aquaticum), an aquatic emergent plant has also become well established along the Santa 

Margarita River. Other non-native plants observed included exotic thistle (Centaurea sp., Cirsium sp., 

Cyanara sp., other), castor bean (Ricinis communis), palm tree (Palmaceae), tree tobacco (Nicotiana 

glauca), hemlock (Conium sp.), and periwinkle (Vinca sp.). Patch size classes and locations of the most 

common species among years are presented in Table 6. 
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 TABLE 6. VEGETATION AND NON-NATIVE PLANT OBSERVATIONS  

Year Lower Upper
Crist-
ianitos Talega Lower Upper Jardine Lower Upper Deluz Roblar

Vegetation Block 39-41 42-50 51-53 54-60  27-32  33-36  37-38  1-10  11-20  21-25 26
Dominant Type Riparian/Upland 2003 MRS MRS MRS MRS MRS MRS MRS SWS SWS SWS SWS

2004 d CSS d d d d SWS SWS MRS d

2005 MRS MRS MRS MRS MRS MRS NNG SWS SWS SWS MRS

Dominant Type Channel 2003 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
2004 d MRS d d d d OWC OWC OWC d

2005 OWC OWC OWC OWC OWC OWC OWC OWC OWC OWC OWC

Median Percent Cover in Channel 2003 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
2004 d 1-10% d d d d 11-25% 25% 1-10% d

2005 1-10% 1-10% 1-10% 1-10% 1-10% 1-10% 1-10% 1-10% 1-10% 1-10% 1-10%

Non-native Plants Block 39-41 42-50 51-53 54-60  27-32  33-36  37-38  1-10  11-20  21-25 26
Giant reed 2003 F F S S

2004 d d d d d L d

2005 F S S F F L S

Tamarix 2003 S S L F F F
2004 d d d d d L F F d

2005 F F L L F S

Watercress 2003
2004 d d d d d L L L d

2005 S S L S L

Non-native thistle 2003 F S S S S F
2004 d d d d d d

2005 F

Castor bean 2003 F
2004 d d d d d F d

2005 S S S

Fennel 2003 F F F S L S S L L L S
2004 d F d d d d F F d

2005 L S F S F S L L S S F

Mustard 2003 L L L L L L L L L L L
2004 d d d d d L S L d

2005 L L L L L L L L S L S

Tree tobacco 2003
2004 d d d d d d

2005 S F F F

Palm tree 2003
2004 d d d d d d

2005 F F

Non-native grasses 2003 S L L L L L L L L S
2004 d d d d d S S S d

2005 L L L L L L L L L L L
d = dry throughout year, day surveys not conducted, n/a = specific data type not collected in 2003

Vegetation Codes: MRS = mulefat riparian scrub, SWS = southern willow scrub, OWC = open water/ channel, CSS = coastal sage scrub, NNG = non-native grassland

Size Classes: F = few plants, S = scattered patches, L = large contiguous stands (largest size class recorded among surveys is presented)

Watershed- creek/river

San Mateo San Onofre Santa Margarita
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Non-target Aquatic Species 

We documented larvae and adults of many non-native aquatic species in MCBCP (Table 7), 

including bull frog (Rana catesbeiana), mosquitofish (Gambusia affinis), bullhead catfish (Ameiurus 

sp.), green sunfish (Lepomis cyanellus), bass (Micropterus sp.), crayfish (Procambarus clarkii), Asian 

clam (Corbicula fluminea), and beaver (Castor canadensis). All of these species were detected in the 

Santa Margarita River. Mosquitofish, bullfrog, and green sunfish were also detected in the uppermost 

portion of San Mateo Creek within MCBCP, which can be perennial in wet years. Mosquitofish were 

the only non-native species found in Talega and Cristianitos Creeks. No non-native aquatic species were 

detected in the ephemeral San Onofre watershed or Roblar Creek from 2003 to 2005.  

We also documented larvae and adults of several non-target native aquatic species (Table 8). 

The Pacific tree frog (Pseudacris regilla), California tree frog (Pseudacris cadavarina), western toad 

(Bufo boreas), and two-striped garter snake (Thamnophis hammondii) were the most widespread, 

occurring in most or all drainages of the three watersheds. We observed arroyo chub (Gila orcutti) all 

three years along the Santa Margarita River and adjacent Deluz Creek.  

The California newt (Taricha torosa) was largely isolated to Roblar Creek, particularly 

associated with a perennial plunge pool that exists approximately 750 m from the confluence of Deluz 

Creek. Detections of this species were variable among years due to the combination of fire and flood 

events. In 2003, we observed 24 newts at the Roblar pool and creek, including two pairs in amplexus. 

The Roblar pool completely filled with sediment from post-fire erosion in 2004 and we subsequently 

found only a single newt in nearby Deluz Creek. In 2005, water scouring recreated the pool and we 

subsequently observed 37 newts, one newt larvae, and one egg mass at the Roblar pool and creek. 

Infrequently, we observed spadefoot toads or larvae along upper San Mateo Creek, Cristianitos 

Creek, and Jardine Canyon. This species is not included in the table because they are known to 

primarily live and breed in upland areas, rather than creeks and rivers.  
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TABLE 7. NON-NATIVE AQUATIC SPECIES OBSERVATIONS 

 

Common Name Scientific Name Year Lower Upper
Crist-
ianitos Talega Lower Upper Jardine Lower Upper Deluz Roblar

Amphibians Block 39-41 42-50 51-53 54-60  27-32  33-36  37-38  1-10  11-20  21-25 26
Bullfrog Rana catesbiana 2003 X X X X

2004 d X d d d d X X X d

2005 X X X
Fish

Mosquitofish Gambusia affinis 2003 X X X X X X
2004 d X d d d d X X X d

2005 X X X X

Bullhead Catfish Ameiurus sp. 2003 X X
2004 d d d d d X d

2005 X

Common carp Cyprinus carpio 2003 X
2004 d d d d d X d

2005 X X

Green sunfish Lepomis cyanellus 2003 X X
2004 d X d d d d X d

2005

Bass Micropterus sp. 2003 X X
2004 d X d d d d X X d

2005
Invertebrates

Asian clam Corbicula fluminea 2003 X
2004 d d d d d X d

2005

Crayfish Procambarus clarkii 2003 X X
2004 d d d d d X X X d

2005 X X
Mammal

Beaver Castor canadensis 2003 X
2004 d d d d d X d

2005

d = dry throughout year, although some species may have been found during night surveys

San Mateo San Onofre Santa Margarita

Watershed- creek/river 
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TABLE 8. NON-TARGET NATIVE AQUATIC SPECIES OBSERVATIONS 

Common Name Scientific Name Year Lower Upper
Crist-
ianitos Talega Lower Upper Jardine Lower Upper Deluz Roblar

Amphibians Block 39-41 42-50 51-53 54-60  27-32  33-36  37-38  1-10  11-20  21-25 26
Western toad Bufo boreas 2003 X X X X X X X X X

2004 d X d X X d X X d

2005 X X X X X X X X X X

California tree frog Hyla cadavarina 2003 X X X
2004 d X d d d d X X d

2005 X X X X X X X X

Pacific chorus frog Hyla regilla 2003 X X X X X X X X X X X
2004 X X X d X X d X X X d

2005 X X X X X X X X X X X

California newt Taricha torosa 2003 X
2004 d d d d d X d

2005 X
Fish

Arroyo chub Gila orcutti 2003 X X
2004 d d d d d X X d

2005 X X
Reptile 

Two-striped garter Thamnophis hammondii 2003 X X X X X X X X
2004 d X X d X d d X d

2005 X X X X X X X X

d = dry throughout year, although some species may have been found during night surveys

Watershed- creek/river

San Mateo San Onofre Santa Margarita

 

 

 

 

 

 

 

 

 

 

 

 

 

Arroyo Toad: Initiation of breeding 

Mean air temperatures warmed to approximately 15°C (60°F) in January, March, and February 

of 2003, 2004, and 2005, respectively (National Climate Data Center 2006). Rainfall peaked in 

February of each year and arroyo toads began breeding consistently in mid-March when the rainfall 

largely subsided. Breeding dates were based upon the following observations. In 2003, we first observed 

egg masses and two to three week old tadpoles on April 1st and 10th along the San Mateo watershed 

(upper and lower San Mateo Creek, Talega Creek). In 2004, when the San Mateo and San Onofre 

watersheds were largely dry, two to three week old tadpoles were documented on April 1 at a single 

pool in Cristianitos Creek. In 2005, we recorded a pulse of early breeding on January 31 in Talega and 

Cristianitos Creeks after several abnormal days of warm weather and rainfall. However, breeding on a 

much larger scale was documented to start in early to mid-March of that year as egg masses and 

hatchlings were observed in Cristianitos Creek on March 16, followed by 2 to 3 week old tadpoles on 
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March 30. Two-3 week old tadpoles were also observed in lower San Mateo and San Onofre Creeks on 

March 30 and April 4 of that year. Arroyo toad breeding was not temporally homogenous across the 

base. In all 3 years, we observed that the timing of breeding largely followed a hydroperiod gradient, 

with toads laying eggs at the earliest dates in the lower order streams with the shortest hydroperiod 

(typically between mid-March to mid-April in Talega, lower San Onofre, lower San Mateo, and 

Cristianitos Creeks) with an approximate one month delay before laying eggs along the largely 

perennial Santa Margarita River (mid-April through May/June). Periods of breeding on MCBCP were 

taken from egg mass records and from back-calculating ages of young larvae. These periods are 

presented overlaying monthly rainfall and mean, mean minimum, and mean maximum temperatures 

from 2003 to 2005 (Figure 5).  

FIGURE 5: ARROYO TOAD BREEDING PERIODS AND CLIMATIC DATA 
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Arroyo Toad: Proportion Area Occupied (PAO) 

The proportion of arroyo toad habitat on MCBCP that contained surface water during breeding 

season was highly variable among years (44- 95%). Similarly, the percentage of habitat occupied by 

breeding toads was highly variable (34-90%). Normalizing the data for available surface water resulted 

in a more stable metric for arroyo toad occupancy on base (77-95%). Using this metric, we found a 

15.4% (95% CL; 8.5 to 22.3) overall decline in occupied habitat from 2003 to 2004, followed by a 23.2 

% (95% CL; -1.5 to 47.8) increase in 2005. Over the first three years of monitoring, there was an 

insignificant 4.2% (95% CL; -5.3 to 13.7) increase in occupancy (Table 9, Figure 6).  

From 2003 to 2005, the mean percentage of habitat occupied by breeding toads was more 

variable along the ephemeral watersheds, San Mateo (0-97.9%) and San Onofre (0-91.2%), than the 

predictably seasonal Santa Margarita watershed (81.4- 99.5%). In the ephemeral watersheds, no 

breeding was documented in 2004 because of dry conditions. In comparing the wet years, 2003 and 

2005, there were no significant changes in occupancy in these watersheds. In all years, the Santa 

Margarita River contained water during the spring months (predictably seasonal). In 2004, there was an 

insignificant decrease in occupied breeding habitat of 4.0% from 2003, followed by a significant 22.1% 

increase in 2005 (Table 9, Figure 7). 

TABLE 9. TRENDS IN ARROYO TOAD OCCUPANCY WITHIN AND AMONG WATERSHEDS  

2003 2004 2005
All MCBCP Arroyo Toad Habitat

% Area wet  78.9 44.4 94.9
% Area Occupied (se) 72.0 (2.8) 34.2 (3.4) 90.1 (2.3)
% Wet Area Occupied (se) 91.1 (3.5) 77.1 (7.6) 95.0 (2.5)
Detection Probability (average, se)

Among Watersheds

Santa Margarita
% Area wet  100.0 96.2 100.0
% Area Occupied 84.8 (5.9) 78.5 (7.3) 99.5 (2.1)
% Wet Area Occupied 84.8 (5.9) 81.6 (7.6) 99.5 (2.1)

San Mateo
% Area wet  68.2 4.9 86.4
% Area Occupied 66.7 (4.4) 0.0 74.5 (5.5)
% Wet Area Occupied 97.9 (6.5) 0.0 86.2 (6.4)

San Onofre
% Area wet  44.4 0.0 100.0
% Area Occupied 40.4 (3.9) 0.0 91.9 (6.2)
% Wet Area Occupied 90.9 (8.7) 0.0 91.9 (6.2)

                         88.5 (0.02)
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FIGURE 6. TRENDS IN ARROYO TOAD OCCUPANCY ON MCBCP  

MCBCP Arroyo Toad Habitat
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FIGURE 7. TRENDS IN ARROYO TOAD OCCUPANCY AMONG WATERSHEDS  

Santa Margarita Watershed
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Due to the increased number of environmental covariates recorded since 2004, we generated 

PAO models over two different time spans; 1) 2003 to 2005 three year models and 2) 2004 to 2005 two 

year models. For each set of predictive models, covariates that significantly explain variability in 

detection probability (ρ), occupancy (ψ), and colonization (γ) of arroyo toad larvae are presented. All 

models included extinction (ε) calculated as a function of colonization (ε =1-γ), because convergence 

could not be reached when the two parameters were estimated separately. 

2003-2005 Three Year Models  

Two similar models best explained the variability in arroyo toad observations and accounted for 

94% of total model weights (Table 10). In both, the non-native species index was the strongest predictor 

of detecting arroyo toad larvae (ρ). The non-native species index ranges from 0-4 and represents a count 

of the following species (or groups of species) observed within a 250 m site: mosquitofish (GAAF), 

bullfrog (RACA), large predatory fish (includes bass, catfish, bluegill, green sunfish, and common carp-

PFISH), and crayfish (PRCL). On any given survey, the probability of detecting toad eggs and larvae 

decreased an average of 2.3 times for each additional aquatic non-native species/group, so at a site 

where we found all four non-native species/groups, we were 30.0 times less likely to find arroyo toad 

larvae. The average probability of detecting arroyo toad larvae if they were present was 0.88 (se= 0.02). 

TABLE 10. ARROYO TOAD 3-YEAR OCCUPANCY MODEL COMPARISON 2003-2005 

PARAMETERS: OCCUPANCY= PSI (ψ), COLONIZATION= GAMMA (γ), EXTINCTION= 1-GAMMA, DETECTION PROBABILITY= P (ρ) 

Model AIC AICc delta AIC AIC wgt
Model 

Likelihood No.Par. (-2*LogLike)
psi(PRCL03),gam(SEASON),eps=1-gam,p(NONNATINDEX) 376.88 378.56 0.10 0.50 1.00 6 364.88 best models
psi(NNI03),gam(SEASON),eps=1-gam,p(NONNATINDEX) 377.11 378.79 0.33 0.44 0.89 6 365.11 in green
psi(.),gam(SEASON),eps=1-gam,p(NONNATINDEX) 382.59 383.77 5.31 0.03 0.06 5 372.59
psi(PRCL03),gam(SEASON),eps=1-gam,p(PRCL) 382.90 384.58 6.12 0.02 0.05 6 370.90
psi(.),gam(.),eps=1-gam,p(NONNATINDEX) 386.71 387.48 9.02 0.00 0.00 4 378.71
psi(.),gam(SEASON),eps=1-gam,p(PRCL) 388.33 389.51 11.05 0.00 0.01 5 378.34
psi(PRCL03),gam(SEASON),eps=1-gam,p(SEASON) 391.33 393.62 15.16 0.00 0.00 7 377.33
psi(NNI03),gam(SEASON),eps=1-gam,p(SEASON) 391.48 393.77 15.31 0.00 0.00 7 377.48
psi(.),gam(.),eps=1-gam,p(PRCL) 396.77 397.54 19.08 0.00 0.00 4 388.77
psi(.),gam(SEASON),eps=1-gam,p(SEASON) 400.58 402.26 23.80 0.00 0.00 6 388.58 ρ & γ vary by year
psi(.),gam(.),eps=1-gam,p(BUBO) 402.35 403.12 24.66 0.00 0.00 4 394.35
psi(.),gam(.),eps=1-gam,p(SEASON) 403.98 405.16 26.70 0.00 0.00 5 393.98 ρ varies by year 
psi(.),gam(.),eps=1-gam,p(PFISH) 407.98 408.75 30.29 0.00 0.00 4 399.98
psi(.),gam(.),eps=1-gam,p(GAAF) 409.17 409.94 31.48 0.00 0.00 4 401.17
psi(.),gam(.),eps=1-gam,p(RACA) 414.77 415.54 37.08 0.00 0.00 4 406.77
psi(.),gam(.),eps=1-gam,p() 419.41 419.86 41.40 0.00 0.00 3 413.41 null model

Note: Other covariates tested for psi & gamma: Disturbance Index, Aquatic Vegetation Cover Index, Entrenchment Ratio, Upland Veg 
Cover, Hydroperiod same year, Hydroperiod previous year, Sand Cover, Non-native Species Index (same year), PRCL presence. Models 
are not shown if AIC values were less than the control or if models showed evidence of very poor fit (no convergence, no covariance 
matrix, standard errors > parameter estimates). 
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Initial occupancy (ψ) for arroyo toads in 2003 was best explained by the presence of crayfish 

(model weight 0.47) and/or the non-native species index (model weight 0.42). The odds that arroyo 

toads occupied a site were 11.6 times lower when crayfish were present and 2.9 times lower for each 

additional aquatic non-native species/group, so that at a site with all four non-native species/groups, we 

had 70 times less odds of finding arroyo toad larvae. 

The model including year (SEASON) was superior to the model that assumed colonization (γ) 

was constant over time (ΔAICc~4), indicating the rate of colonization/extinction was not constant over 

the three year period. From 2003 to 2004, the odds were 3.3:1 of an unoccupied site becoming occupied 

(probability 0.77). From 2004 to 2005, the odds increased to 19:1 (probability 0.95).  

2004-2005 Two Year Models  

The larger number of landscape and water variables collected in 2004 and 2005 allowed us to 

test an expanded set of hypothetical models, however, the overall data set was smaller (2 vs. 3 years) 

and only simple models were able to fit the data in PRESENCE (Table 11). Of these, a single model in 

which low flow index is predictive of arroyo toad detection probability (ρ) emerged as most predictive 

of the data (model weight 1.0). The low flow index represents a measure of the amount of low flow 

shallow water (or appropriate breeding habitat) present within a 250 m site. The index ranges from 0-5 

as a percentage of site length from 0 %, 1-10%, 11-25%, 26-50%, 51-75%, and 76-100%, respectively. 

For these analyses, the 0 and 1 indices were combined into the 1 index (0-10%) due to low numbers of 0 

values. From 2003 to 2004, the odds of detecting a toad averaged 2.14 (se=0.12) fold higher for each 

increase in the low flow index, so at a site that contained 75 to 100% low flow shallow water, we had 

21.0 times higher odds of finding to find arroyo toad larvae than a site that contained less than 10%. 

Although this model outperformed all other models, models that included non-native species index as a 

predictor of ρ were second best (ΔAICc~14) and still far superior than the null model (ΔAICc~18). In 

these models, the odds that arroyo toads were detected averaged 2.3 (se=0.18) fold less for each 

additional aquatic non-native species/class, so in a site containing all four non-native species/classes, we 

we had 29.0 times lower odds of finding arroyo toad larvae. 
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TABLE 11. ARROYO TOAD 2-YEAR OCCUPANCY MODEL COMPARISON 2004-2005 

PARAMETERS: OCCUPANCY= PSI (ψ), COLONIZATION= GAMMA (γ), EXTINCTION= 1-GAMMA, DETECTION PROBABILITY= P (ρ) 

Model AIC AICc
delta 
AICc AICc wgt

Model 
Likelihood No.Par. (-2*LogLike)

psi(.),gam(.),eps=1-gam,p(LOWFLOW_INDEX) 231.51 232.28 0.00 1.00 1.00 4 223.51 best model
psi(.),gam(SAND),eps=1-gam,p(NONNATIVE_INDEX) 245.80 246.98 14.70 0.00 0.00 5 235.80
psi(.),gam(.),eps=1-gam,p(NONNATIVE_INDEX) 246.64 247.41 15.13 0.00 0.00 4 238.64
psi(.),gam(.),eps=1-gam,p(BUBO) 252.11 253.15 20.87 0.00 0.00 4 244.11
psi(SAND),gam(.),eps=1-gam,p(SEASON) 251.97 252.88 20.60 0.00 0.00 5 241.97
psi(.),gam(.),eps=1-gam,p(PRCL) 254.99 255.76 23.48 0.00 0.00 4 246.99
psi(.),gam(.),eps=1-gam,p(SEASON) 255.03 255.79 23.51 0.00 0.00 4 247.03 ρ varies by year 
psi(.),gam(.),eps=1-gam,p(PREDATORYFISH) 255.49 256.25 23.97 0.00 0.00 4 247.49
psi(.),gam(.),eps=1-gam,p(CHANNELVEG_COVER) 256.14 256.91 24.63 0.00 0.00 4 248.14
psi(SAND),gam(.),eps=1-gam,p(.) 260.79 261.56 29.28 0.00 0.00 4 252.79
psi(.),gam(.),eps=1-gam,p(RACA) 261.28 262.05 29.77 0.00 0.00 4 253.28
psi(.),gam(.),eps=1-gam,p() 263.92 264.37 32.09 0.00 0.00 3 257.92 null model
psi,gamma(),eps(),p() 265.84 266.61 34.33 0.00 0.00 4 257.84

Note: Other covariates tested for psi & gamma: Disturbance Index, Aquatic Vegetation Cover Index, Entrenchment Ratio, Upland Veg 
Cover, Hydroperiod same year, Hydroperiod previous year, Sand Cover, Non-native Species Index (same year), PRCL presence. Models 
are not shown if AIC values were less than the control or if models showed evidence of very poor fit (no convergence, no covariance 
matrix, standard errors > parameter estimates). 
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We explored the relationship between non-native species index, crayfish presence and low flow 

index. We found that crayfish and other non-native species were more likely to be found in sites with 

deeper and faster flowing water (lesser proportions of low flow water). Crayfish presence is a 

component of the low flow index, so these measures are not independent. However, crayfish presence 

was not significantly correlated with non-native species index (Spearman r= 0.3, p=0.624.). PAO 

models and regression analyses showed that the amount of low flow water is a significant predictor of 

both crayfish presence and number of non-native species (Table 12, Figure 8). For each ordinal increase 

in the low flow index, the odds of detecting crayfish were reduced by1.9 (se=0.19). Therefore, the odds 

of detecting crayfish were 13.0 times greater when there was less than 10% low flow shallow water in a 

site than when there was 100%. Similarly, for each ordinal increase in the low flow index, there was an 

average corresponding decrease of 0.38 (se=0.03) in the non-native index. We observed an average of 

2.3 non-native species/groups when the site contained ≤10% low flow shallow water in comparison to 

0.4 observed when the site contained 100% low flow shallow water. 
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TABLE 12. CRAYFISH (PRCL) OCCUPANCY MODELS 2004-2005 

Model AIC AICc delta AICc AICc wgt
Model 

Likelihood No.Par. (-2*LogLike)
psi(.),gam(.),eps=1-gam,p(LOWFLOW) 159.05 159.82 0.00 1.00 1.00 4 151.05
psi(.),gam(.),eps=1-gam,p() 170.35 170.81 10.99 0.00 0.00 3 164.35
psi,gamma(),eps(),p() 171.33 172.10 12.28 0.00 0.00 4 163.33
1 group, Constant P 222.54 222.76 62.94 0.00 0.00 2 218.54

*model with p (season) did not converge

 

 

 

 

 

FIGURE 8: RELATIONSHIP BETWEEN LOW FLOW SHALLOW WATER AND NON-NATIVE 
SPECIES INDICES 
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Bubble Plot: Size of bubbles correspond to number of surveys with specific values of indices 
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The relationship among arroyo toad presence and indices of non-native species and low flow 

water are displayed graphically in Figure 9. The large majority of sites where arroyo toad eggs and/or 

larvae were detected contained at least 76% (190 meters) of available low flow shallow water and ≤1 

non-native species/groups. In contrast, when arroyo toads were not detected, water flow values and 

numbers of non-native species were more evenly distributed. These figures include all surveys within 

and among years. 

 

FIGURE 9: ARROYO TOAD PRESENCE IN RELATION TO LOW FLOW SHALLOW WATER 
AND NON-NATIVE SPECIES INDICES 
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Arroyo Toad: Trends in Adult Counts from 1996 to 2005 

Adult count data may be interpreted as a combined function of both arroyo toad abundance and 

activity patterns. From 2003 to 2005, we surveyed each of the eight 1-km transects established by 

Holland et al. (2001) three to four times per year. Combining these data, we found that evening counts 

of adult toads continued to be highly variable both within and among transects. From 1996 to 2005, 

there was an average of 7.8 adult arroyo toads (>4 cm in length) observed per survey per site with 

annual variability peaking at +/- 44% of the mean. Over the entire ten year period, there was an 

insignificant decrease of 5.4% (r2= 0.005, p=0.868), indicating that despite extreme short term 

fluctuations, there were no detectable long term trends in arroyo toad activity over the past decade 

(Figure 10). 

Using all of the individual count data, we tested for main and interactive effects from site, year, 

rainfall, and hydroperiod using forward stepwise multiple regression. Regression models containing 

site, hydroperiod, and rainfall explained 25.1% of variability in toad counts (F7,208=11.32, p<0.0001). 

Year was not a significant predictor, site accounted for 22.2% of the total variability (Total F5,208 = 55.05, 

range of p-values <0.0001-0.0534), and 3.1% of the total variability was explained by a very significant 

hydroperiod*rainfall interaction (t1,208= 4.17, p<0.0001). This interaction revealed that the effect of 

rainfall on arroyo toad counts is dependent upon hydroperiod. In sites containing predictable seasonal 

water flow (upper and lower Santa Margarita), rainfall was not a predictor of toad counts. In the 

ephemeral creeks, rainfall was a positive predictor of arroyo toad counts, as successively higher 

numbers of toads were observed in years with more rainfall. The regression lines and plots of the 

interaction between hydroperiodicity and rainfall are shown in Figure 11.  

We also continue to follow the yearly trends in the number of toads observed during evening 

surveys within each site (Figure 12). These data are presented overlaying seasonal rainfall totals. The 

positive association between arroyo toad counts and rainfall in the ephemeral creeks and lack of 

association in the Santa Margarita River is also apparent in most of the graphs. There is also a lack of 

association noticeable in the DeLuz Creek transect. The hydroperiodicity of DeLuz Creek, a tributary of 

the Santa Margarita River, is intermittent falling between predictably seasonal and ephemeral. 
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FIGURE 10. OVERALL TRENDS IN MEAN NUMBER OF ADULT COUNTS FROM 1996 TO 2005 

  

 

 

 

 

 

 

 

 

FIGURE 11. EVENING ACTIVITY/COUNTS OF ADULT ARROYO TOADS IN RELATIONSHIP 
TO RAINFALL AND HYDROPERIOD.
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FIGURE 12. INDIVIDUAL SITE TRENDS IN MEAN NUMBER OF ADULT COUNTS IN 
COMPARISON TO SEASONAL RAINFALL 
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 Upper Santa Margarita River (13)
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Ephemeral Water

Year

 

0

5

10

15

20

25

30

35

100

200

300

400

500

600

1996 1997 1998 1999 2000 2003 2004 2005

R
ai

nf
al

l (
m

m
)

 

 

 

A
du

lt 
C

ou
nt

s/
 k

m

 

 

 

 

 

 Seasonal rainfall 
Adult counts per survey
Mean +/- 90%CI

 

 39



 Lower San Onofre Creek (29)
Ephemeral Water

Year

1996 1997 1998 1999 2000 2003 2004 2005

R
ai

nf
al

l (
m

m
)

100

200

300

400

500

600

A
du

lt 
C

ou
nt

s/
 k

m

0

5

10

15

20

25

Seasonal rainfall 
Adult counts per survey
Mean +/- 90%CI

 

 

 

 

 

 

 

 

 

 

 

 Upper San Onofre Creek/ Jardine (32)
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 Cristianitos Creek (53)
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Arroyo Toad: Pit-tagged Toad Recoveries  

During our night surveys in 2003, we recaptured five adult arroyo toads that had been originally 

PIT-tagged between 1998 and 2000 (Holland et al. 2001, Holland and Sisk 2001). Two individuals were 

captured in Cristianitos Creek, and one each in lower San Mateo Creek, Deluz Creek, and upper Santa 

Margarita River. According to the size (snout-to-urostyle length) at the time of marking, size upon 

recapture, and year the animal was PIT-tagged, we estimated the toads to be at least 4 to 5 years old at 

the time of recapture (Brehme et al. 2003). No PIT-tagged toads from the Holland study were 

recaptured in 2004 or 2005. These results are consistent with survivorship estimates of 5 and 6 years by 

Samuel Sweet (1991) and a recent skeletochronology study of arroyo toads by the USGS (R. Fisher 

pers. comm.). 

Discussion 

Trends in arroyo toad occupancy within MCBCP 

The Mediterranean climate and influence from the ENSO cycle in southern California is typified 

by highly variable annual rainfall. In drought years, there may be no surface water available in the 

ephemeral creeks, while in high rainfall years there can be extensive flooding and scouring events. 

These conditions were all represented in our first three years of monitoring. Although the arroyo toad is 

reported to require permanent or predictably seasonal streams to support breeding populations (Sweet 

and Sullivan 2005), two of the watersheds representing 56% of arroyo toad habitat within Camp 

Pendleton are largely intermittent to ephemeral, only flowing in response to rain events. Thus, breeding 

and recruitment in these creeks only occur in normal to high rainfall years. This results in extreme 

annual variability in arroyo toad breeding activity and spatial distribution on base.  

In tracking both the proportion of area wet each year along with the proportion of wet area 

occupied by breeding toads, we found that even though surface water availability was highly variable 

(44-95%), the overall extant of toads breeding in wet areas was relatively stable (77-95%) with no 

significant change when assessed over the three year period. In addition, the night survey count data 

from 1996 to present, also shows that arroyo toad activity has had extremely high annual variability (+/- 

44% of mean), but no significant change over the last decade.  

By analyzing 2-year models with a greater number of covariates, we found the probability of 

detecting arroyo toad larvae was positively associated with low flow shallow water and negatively 

 42



associated with non-native species. These two variables were correlated with one another, so that during 

the arroyo toad breeding season, non-native species were associated with deep and faster flowing water. 

The amount of low flow shallow water was highly variable within each season. This factor was 

predictive of detecting tadpoles on a given survey but not predictive of annual occupancy. 

In both annual occupancy and adult counts, arroyo toad dynamics appear to differ between the 

ephemeral watersheds and the predictably seasonal Santa Margarita River watershed. Linear regression 

results show that arroyo toad counts were significantly associated with the amount of rainfall for the 

ephemeral San Onofre and San Mateo watersheds, but not for the Santa Margarita watershed. In years of 

low rainfall, toads in the ephemeral systems likely spend little to no energy on breeding and spend less 

time foraging above ground to avoid desiccation, possibly explaining the lowered animal counts and 

reduced breeding distribution. In wet years, the toads breed early to increase the chances of larval 

metamorphosis before the surface water dries. This was evident by the earlier breeding documented in 

these ephemeral watersheds (mid-March and a January breeding event in 2005).   

In contrast, the Santa Margarita River is predictably seasonal to perennial. Arroyo toads breed 

yearly regardless of rainfall patterns. Our monitoring data indicate that breeding typically occurs later in 

the river, from mid-April through June, depending upon surface water flow and the availability of 

shallow pooling water. There was a significant 27% increase in arroyo toad occupancy in this watershed 

in 2005. Since the river dried for several months in 2004, we suspect that non-native aquatic species 

were negatively impacted, as most require perennial water for survival (Gasith and Reth 1999, Adams 

2000). This may have lowered predation levels of arroyo toad adults, eggs, and larvae, resulting in their 

increased survivorship and increased spatial distribution. This hypothesis is supported by our occupancy 

models as well as the reduced number of non-native species observed along the river in 2005. Although 

lack of convergence did not allow us to model the effect of hydroperiod on colonization and extinction 

parameters, the occupancy models for wet habitat did indicate that crayfish and the number of non-

native species had the largest negative impact on arroyo toad occupancy and detectability. This is the 

most relevant for the largely perennial Santa Margarita River, which harbors the largest densities and 

numbers of invasive aquatic species on base that are known to depredate amphibian eggs and/or larvae 

(see Future Concerns). We expect that the scouring out of aquatic vegetation by the 2005 floods also 

created more open breeding habitat for the toads.  

Therefore, arroyo toads in the lower order watersheds appear to be primarily influenced by 

stochastic processes (i.e. amount of rainfall), while those in the Santa Margarita Watershed are primarily 

influenced by deterministic processes (i.e. predation, competition, habitat alteration). If this is the case, 
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we may expect the occupancy and abundance of toads in the San Mateo and San Onofre watersheds to 

be more highly variable among years (Ross et al. 1985, Death and Winterborn 1994, Therrault and 

Kolasa 2000). Early trends in our occupancy data and the night survey counts (combined Holland et al 

2001 and USGS) show that annual variability is in fact much higher in these ephemeral watersheds. 

These populations are at increased risk of extirpation from a prolonged drought and may be more 

dependent upon dispersal from more stable sites for recolonization. In contrast, we should also expect 

less temporal variability and increased population persistence within the Santa Margarita River. 

Variability in both arroyo toad occupancy and adult counts has been relatively low in this watershed. 

However, the threat of extirpation of amphibians by non-native species predation and associated habitat 

loss is an immediate and well-documented threat (See Future Concerns and Management 

Recommendations; review by Kats and Ferrer 2003). Diseases, especially chytridomycosis, could also 

influence arroyo toad population dynamics in the future. 

It is important for us to understand the change in the spatial extant and abundance of toads over 

both the short term and the long term on MCB Camp Pendleton. As we have discussed, in such widely 

variable populations, threat of extirpation can lie in both extraordinary short term stochastic events (i.e. 

disease, weather and water extremes, excessive predation) or longer term responses to negative 

environmental conditions (habitat loss, stream channelization, water pollution, predation/competition 

with invasive species). Often, no one factor alone is responsible, but occurs because of a combination of 

stressors (Carey et al. 2003, Bridges and Little 2005). By understanding the factors that have the 

greatest influence on the arroyo toad, we can take early management action to lessen the chances of 

extirpation. 

Evaluation of PAO monitoring program 

In employing a spatial monitoring approach, we hoped that proportion area occupied (PAO) 

would be a more stable metric than species abundance or activity, so that we could better track long-

term population trends in addition to annual variability (Atkinson et al. 2002). The first three years of 

data support this assumption, as the relative range in proportion of wet area occupied (0.77-0.95) was 

1.6-times lower than the range of average adult counts over the same period (4.4-9.3). Precision of 

annual PAO estimates were also substantially better, averaging 5.4% of the overall mean in comparison 

to 29.0% of the overall mean for adult counts. Even when the standard errors are normalized to account 

for the difference in number of surveys per year, the adult count error term is still over twice as large as 

that for PAO (12.1%). As expected, estimates of population change using data from multiple years were 
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smaller than between any two years and the overall change in PAO estimates from 2003 to 2005 was 

insignificant (+4.20%, se= 0.48). 

From a conservation and management perspective, in adopting a PAO metric as a representative 

index for tracking the health of arroyo toad populations, there is also an underlying assumption that 

proportion area occupied is somehow correlated to overall abundance. Thus, we may expect that when 

toad populations are more abundant over the landscape, they are present in a larger proportion of 

locations within the landscape. Nielson et al. (2005) proposed that this relationship is strong at higher 

animal densities, in landscapes with patchy resources, and for species with low territorial behavior (i.e. 

territory is resource driven). We do not yet have the dataset required to evaluate these hypotheses for the 

arroyo toad using night survey counts. A more appropriate treatment would involve the collection of 

some type of arroyo toad abundance data during the PAO surveys. This could serve as a second method 

to track trends in arroyo toad numbers and be used to model effects of larval abundance on detection 

probabilities (Royle 2004). In addition, the relationship between abundance and probability of detection 

can be exploited to estimate arroyo toad abundance (Royle and Nichols 2003). We propose to add and 

evaluate several indices of larval toad abundance to the day survey protocol. These are detailed in the 

Recommendations section.  

The study design allowed us to evaluate the relationship of environmental and landscape 

variables to arroyo toad breeding and detection. This is a particularly strong benefit to the monitoring 

design, as significant relationships may be used to make informed habitat and predator-control 

management decisions. Our significant results with number of non-native species, crayfish presence, 

and amount of low flow shallow water on arroyo toad parameters are good examples of this. However, 

even with the highly significant results, PAO models of the MCBCP data were somewhat limited. For 

the most part, particularly with the two-year dataset of 2004-2005, we were unable to evaluate models 

that are more complex or those with more than two or three covariates. Arroyo toad occupancy and 

detectability was so high among years, that there was relatively little variability to model. We believe 

that this is why we were not able to model the effect of hydroperiod on colonization and extinction 

probabilities for the 3-year dataset, as lack of convergence is a sign of overfitting. Darryl MacKenzie 

(pers. comm.) suggests the most powerful modeling abilities occur with occupancy values between 0.2 

and 0.8 and detectability of 0.5 or more. Therefore, we expect the current program will be better at 

detecting causes of species decline versus growth. Addition of lesser quality habitat and shorter survey 

site lengths (i.e. 100 m vs. 250 m) could be potential approaches to reducing occupancy levels for the 

model.  
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Future Concerns 

We expect the effects of urbanization, occurring largely outside the base, may be a primary 

threat to the arroyo toad in MCB Camp Pendleton. The effects of urbanization on stream hydrology are 

well-documented (USEPA 1997, McMahon et al. 2003, Riley et al. 2005). The increased amount of 

impervious surface area around watersheds will increase the magnitude and duration of water flow and 

the number of extreme flow events. Water runoff from domestic uses can significantly increase 

aseasonal and year round water flow. In turn, these altered runoff patterns affect channel morphology 

and riparian habitat, typically changing ephemeral systems to perennial systems and creating deeper 

entrenched channels with faster water flow. This may directly reduce the availability of shallow pools 

required for arroyo toad breeding as well as support the successful colonization of many aquatic non-

native predators that require permanent or near permanent water (Riley et al. 2005).  

Invasion by non-native species is a major cause of biodiversity loss in our few remaining native 

habitats. Many of the invasive species in our area are deliberately brought in for landscaping, agriculture 

or other human uses. However, they frequently escape and become dominant, causing immense damage 

to natural plant and animal communities. Numerous studies have implicated invasives to be causes of 

local amphibian extirpations and significant species declines (i.e. Fisher and Shaffer 1996; see reviews 

by Kats and Ferrer 2003, Beebee and Griffiths 2005). Invasive species can harm amphibians by 

competing for resources, depredating native species, and carrying disease. Kats and Ferrer (2003) 

question whether native amphibians and invasive predators can co-exist in the long term. They propose 

that co-existence is a temporary condition that may only reflect a 'recent' invasive species colonization. 

They predict that it is only a matter of time, after the introduction of invasive species, that amphibian 

populations are reduced to such low numbers that they will ultimately disappear.  

The non-native aquatic species documented in MCBCP thrive in areas with increased water 

flow, depth, and longevity. These species (catfish, bass, green sunfish mosquitofish, crayfish, and 

bullfrogs) are all known to prey upon amphibian eggs, larvae, and/or adults (Sweet and Sullivan 2005). 

The mosquitofish may be a significant predator of arroyo toad eggs (Grubb 1972) and alter the physical 

and biological characteristics of arroyo toad breeding pools (Hurlbert et al. 1972). Crayfish are 

opportunistic omnivores known to eat amphibian eggs and tadpoles (Fernandez and Rosen 1996, Saenz 

et al. 2003) and have been associated with declines in some native fish and amphibian populations 

(Warburton et al. 2003, Riley et al. 2005). Finally, bullfrogs are known to prey upon juvenile and adult 

toads in the wild and may be responsible for declines in several amphibian populations (Moyle 1973, 

Sweet 1993, Jennings and Hayes 1994, Griffin 1999).  
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The Santa Margarita River is the first and primary concern. This is where we have documented 

the majority of non-native species in all three years of monitoring. Since the discharge of water into the 

Santa Margarita drainage basin is guaranteed even in drought years (CWRMA 2002) and is predicted to 

increase into the future (Steinitz et al. 1996), we expect invasive aquatic species to be an ongoing 

problem in this watershed. Drying cycles typically result in local extirpation of many non-native aquatic 

species (Gasith and Resh 1999). These cycles represent the natural hydrology of the river in which the 

surface water dries by mid-September until the rainfall in late winter/early spring (Steinitz et al. 1996, 

USGS-WRD 2006).  

The Cristianitos Creek sub-watershed in the northern part of the lower San Mateo watershed is 

also a concern with regard to urbanization and stream alteration. The northern portion of the Cristianitos 

Creek sub-watershed is currently being developed at a rapid rate and that will further increase with the 

proposed Orange County Southern Subregion Natural Community Conservation Plan (SSNCCP). At the 

northern border to MCBCP, this creek has already experienced an increase in hydroperiod from its 

natural ephemeral state and has become choked with aquatic emergent vegetation. We expect the 

discharge to continue to increase in this creek with the resulting threats of channelization, decreased 

water quality and invasive aquatic species. 

A final concern is the proposed Foothill-south Toll Highway that would run adjacent and across 

lower San Mateo Creek and adjacent to Cristianitos Creek (Federal Highway Administration 2005). The 

impact of this highway is a threat to all arroyo toad populations along its path in Camp Pendleton. First, 

an unknown amount of individual toads and toad habitat (upland and wetland) would be destroyed upon 

construction and siltation from construction activities may cause substantial recruitment losses. The 

highway will alter the runoff patterns and therefore the hydrology of these creek systems, likely 

increasing overall discharge and stream flashiness. Impacts from vehicles would include road mortality, 

water contamination, and noise pollution. Road mortality in sections without barrier fencing could 

severely decrease survivorship. Barriers may also impede upland movements for overwintering toads, 

keep toads from certain habitats, and result in increased energy expenditures for toads moving farther 

distances to use underpasses. However, we expect that their positive impacts in reducing road mortality 

would outweigh the negative. The proposed wildlife corridors could become population sinks due to 

potential high predation pressures at these bottlenecks. Pollutants from vehicles, such as trace metals, 

hydrocarbons, and lead, could significantly reduce water quality, to which amphibians are especially 

sensitive. The call of the male arroyo toad is a soft high-pitched trill that would be very difficult, if not 

impossible, to hear above traffic noise. This would significantly decrease the probability of females in 
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finding males for mating. In addition, road and vehicle lights are likely to affect toad behavior, although 

this has yet to be studied. According to the proposed foothill-south location, we estimated that this road 

would negatively affect at least 9 km or 10% of the total arroyo toad population on base. It is unknown 

whether the arroyo toad populations will be able to persist with these cumulative impacts in the long 

term. 

Recommendations 

Management: 

Management recommendations address our future concerns as well as ongoing habitat and 

species management practices. 

1. Continue eradication efforts of non-native aquatic species, particularly crayfish and 

bullfrogs in the Santa Margarita River, which are suspected of having the greatest impact on arroyo toad 

populations. This effort would involve active removal of these predators. We suspect that crayfish, 

overwintering bullfrog tadpoles, and bullfrog adults would be easiest to control during the late summer 

or fall, when deeper perennial pools become smaller and more isolated. 

2. Continue eradication efforts of non-native plant species, particularly those that alter the 

natural hydrology of the arroyo toad occupied watersheds such as giant reed and tamarisk. This is 

expected increase available habitat for the arroyo toads by opening up the vegetation allowing for toad 

movement. By destabilizing stream banks, restoration of natural stream flow dynamics on which the 

toad is dependent should occur. Removal of watercress may be needed in the future as the river becomes 

perennial.  

3. Beaver dams were documented on the upper Santa Margarita in 2003 and 2005. These 

dams can increase water levels potentially resulting in a reduction of adjacent breeding pools and 

creation of suitable habitat for invasive aquatic species. These dams may also inhibit upstream and 

downstream movement of larvae and adult toads. Continuation of the exotic beaver removal program is 

recommended.  

4. Investigate whether the pumping of ground water for agriculture, domestic, and industrial 

use is at sustainable levels. This may be especially important in the San Onofre and San Mateo 

watersheds where loss of surface water due to pumping may greatly reduce the hydroperiods for these 

ephemeral streams. As a result, this may result in lack of arroyo toad breeding and recruitment success 

in affected areas documented in the spring of 2000 in lower San Mateo Creek (Holland et al. 2001).  
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5. Continue to manage nighttime training activities in riparian areas during the early 

breeding season (February- April) to avoid and/or minimize direct trampling of active adult arroyo toads 

by vehicles and/or troops.  

6. Continue to manage training activities in wet areas during the larval development period 

(March-July) to avoid direct take of arroyo toad larvae and juveniles. To minimize loss, if training 

activities cannot be avoided, we recommend confining training to small area(s) and to minimize 

activities on the immediate stream edges and banks where larvae and juveniles aggregate. 

7. Avoid and/or minimize habitat loss of uplands, where adult toads over-winter, within a 

kilometer of known arroyo toad breeding areas. 

8. Continue to educate MCBCP training personnel in the identification and basic biology of 

the arroyo toad. Stress that good environmental stewardship includes the avoidance of toads and their 

habitat when possible. 

9.  Support the creation of models and mitigation measures for the impacts of the Orange 

County Southern Subregion Natural Community Conservation Plan (SSNCCP), Santa Rosa plateau 

development and the proposed Foothill-south Toll Highway on the hydrology of the San Mateo 

watershed within the base.   

10.  Support the creation of models and mitigation measures for the impacts of the Western 

Riverside County Multiple Species Habitat Conservation Plan (MSHCP) and the North San Diego 

County MSCP Subarea Plan on the hydrology of the San Margarita watershed within the base, with 

special attention to shallow water habitat. 

Protocol: 

We recommend adding two components to the current field protocol: 

1. Index of arroyo toad larval abundance. This measure is needed to 1) model any 

relationship between detection probability and abundance, and 2) to investigate the relationship between 

abundance and spatial distribution. An abundance index is quite challenging for toad larvae (tadpoles) 

because the number of tadpoles is not consistently related to number of adult breeding toads. This is due 

to a combination of high reproductive output and high rate of mortality. For example, a single clutch of 

between 2,000 to 10,000 eggs, can be represented by 1000 tadpoles after 1 week, 400 tadpoles after 2 

weeks, and 10 tadpoles after 4 weeks, and so on. Therefore, raw counts of tadpoles may have little 

utility in estimating toad abundance. We propose adding the following measures to the day survey 

protocol to evaluate for use as an abundance index:  
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Total Count of tadpoles 0, 1-10, 11-25, 26-50, 51-100, 101-250, 251-500, >1000
Percent of Reach with tadpoles* 0, 1-10, 11-25, 26-50, 51-75, 76-100%
Percent of tadpoles: Early stage 0, 1-10, 11-25, 26-50, 51-75, 76-100%
Percent of tadpoles: Mid stage 0, 1-10, 11-25, 26-50, 51-75, 76-100%
Percent of tadpoles: Late stage 0, 1-10, 11-25, 26-50, 51-75, 76-100%

2. Swab a representative number of arroyo toad adults and larvae for chytrid fungus. This 

would be done yearly across all watersheds in order to monitor for disease outbreaks and mortality 

events. Samples will be sent to Dr. David Green, at the USGS National Wildlife Health Center in 

Madison, WI, for analyses. 
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Purpose 
This document details the protocol for conducting daytime surveys for Arroyo toad eggs 
and larvae on MCB Camp Pendleton.  These surveys comprise the main portion of the 
program for long term monitoring of Arroyo toad presence and reproduction on base.   
 


Background/ Introduction 
 
In order to better track trends in arroyo toad populations on MCBCP, a spatial and 
temporal monitoring approach was designed (Atkinson et al. 2003) using a 
presence/absence model (MacKenzie et al. 2002) that calculates site occupancy.  Because 
the probability of detecting a species on any single survey is typically not perfect, site 
occupancy can be underestimated.  In this model, site occupancy is determined after 
correcting for a detection probability calculated from data obtained on multiple visits.  
Percent site occupancy can then be used as a metric to monitor long term trends in 
populations (MacKenzie et al. 2003).  This model also allows for analysis of site and 
survey specific covariates.  These covariates can be any environmental and/or habitat 
variables that vary (survey specific) or do not vary (site specific) with each survey visit.  
These include variables that may affect detection probabilities, such as weather and water 
variables, and/or others that are directly related to land use and management activities, 
such as presence of non-native plant and/or aquatic species, military activities on site, 
water quality, and human impacts to the hydrological regime.  Thus, impacts of these 
activities can be assessed over time to make more informed management decisions on 
base.  This approach is currently being implemented for the U.S. Geological Survey’s 
Amphibian Research and Monitoring Initiative (http://armi.usgs.gov).  Because only 
presence/absence data are collected, trends in population abundance are not monitored 
with this methodology. 


A workshop to devise the arroyo toad monitoring protocol reported here was conducted 
on August 27, 2002 with arroyo toad experts from the USGS, U.S. Fish and Wildlife 
Service, MCBCP, U.S. Forest Service, California Department of Fish and Game, and the 
Universities of California, at San Diego and Davis.  The discussion points, consensus, 
and complete theoretical protocol are detailed in Atkinson et al. (2003).  In 2003, 
potential arroyo toad habitat was mapped on the ground by representatives of USGS 
(Cheryl Brehme) and MCBCP (Robert Lovich).  Very little habitat was excluded on 
MCBCP due to past records of species occurrence throughout the three major watersheds.  
Upper endpoints were chosen on the border of MCBCP property and lower endpoints 
were located at the approximate ending of fresh water habitat at the mouth of each 
watershed.  This resulted in the identification of 89 km of potential arroyo toad breeding 
habitat.  This habitat is comprised of 39 km of the Santa Margarita watershed (lower and 
upper Santa Margarita River, De Luz Creek, Roblar Creek), 18 km of the San Onofre 
watershed (lower and upper San Onofre Creek, a small portion of the South Fork of San 
Onofre, and Jardine Canyon Creek), and 32 km of the San Mateo watershed (Lower and 
Upper San Mateo Creek, Cristianitos Creek, and Talega Canyon Creek).  This allowed 
for the designation of 60- 1.5 km survey blocks.  Each 1.5 km block is divided into 6 site 
lengths of 250 m. One site length within each block is surveyed yearly (permanent), 


 1







while the other site lengths are surveyed on a five year rotating basis.  This way, the 
entire watershed is surveyed every five years, while 60 randomly stratified site lengths 
are surveyed yearly.  An important protocol decision was to survey for egg clutches and 
tadpoles during the breeding season rather than to survey for adult toads.  This increases 
probabilities of detection, because barring flooding, drying, or considerable predation 
events, eggs and tadpoles are easily observable during the day for up to three months in 
time.  Also, the presence of eggs and/or tadpoles directly indicates the nearby presence of 
reproductive adults.   


This protocol does require the presence of water.  Thus, in drought years, some areas may 
not be surveyed.  Even with sufficient rains, breeding may not occur if the rains are 
unseasonably late.  Thus, the percent site occupied model is limited to breeding activity 
only.  Also, it should be noted that successful recruitment cannot be confirmed with this 
survey method. 


Referenced Documents 
Representative Field guides: 
 
Holland, D.C. and C.C. Swift. 2000. Exotic aquatic species on MCB Camp Pendleton, 


California: Control and management. Report to AC/S Environmental Security. 
Contract M 0068-97-P-1987 


Lightner, J. 2004. San Diego County Native Plants. San Diego Flora, San Diego , CA. 
230 pp. 


Moyle, P.B. Inland Fishes of California. 2002. University of California Press. Berkeley 
and Los Angeles, CA. 502 pp. 


Stebbins, Robert C. 2003. Field guide to western reptiles and amphibians 3rd edition. 
Houghton-Mifflin, Boston. 544 pp. 


 


Referenced Literature: 
 
Atkinson, A. J., B. S. Yang, R. N. Fisher, E. Ervin, T. J. Case, N. Scott, and H. B. 


Shaffer. 2003. Marine Corps Base Camp Pendleton Arroyo Toad Monitoring 
Protocol: 1. Summary of results from a workshop on August 27, 2002; 2. 
Monitoring protocol and targeted studies. U.S. Geological Survey Technical 
report prepared for Marine Corps Base Camp Pendleton. 42 pp.  


Brehme, C.S., Atkinson, A. J., and R.N. Fisher. 2003. MCB Camp Pendleton arroyo toad 
monitoring results, 2003. Prepared for Wildlife Management Branch, AC/S 
Environmental Security, MCB Camp Pendleton. 


MacKenzie, D. I., J. D. Nichols, G. B. Lachman, S. Droege, J. A. Rooyle and C. A. 
Langtimm. 2002.  Estimating site occupancy when detection probabilities are less 
than one.  Ecology 83(8):2248-2255. 


MacKenzie, D. I., J. D. Nichols, J. E. Hines, M. G. Knutson, and A. B. Franklin. 2003.  
Estimating site occupancy, colonization, and local extinction when a species is 
detected imperfectly.  Ecology 84(8):2200-2207. 
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Equipment 
 
General: 
 
1.Map 
2. Compass 
3. Flashlight/Headlamp 
4. Extra Food 
5. Extra Clothes 
6. Sunglasses 
7. First-Aid Kit 
8. Pocket Knife 
9. Waterproof Matches 
10. Firestarter 
11. Water/Filter/Bottles (Gatorade or similar product in powder form) 
12. Whistle 
13. Insect Repellents 
14 Sunburn Screen (and hat) 
15. Reflective Blanket 
16. Cell Phone 
 
Survey Specific (Daytime tadpole presence surveys): 
 
1. Federal I.D Card 
2. BK Radio with CPEND frequencies (Channel 11) 
3. Copy of protocol/ Maps (Topo and CPEND)/Excel sheet with Lat/Long Data  
4. Personal Digital Assistant with CPEND field forms 
5. Backup paper CPEND field forms  
6. GPS unit with survey points downloaded (or accompanying list of coordinates) 
7. Thermometer (for air & water temp) 
8. Digital Camera 
9. Field key(s) for aquatic species 
10. Extra batteries (AA, AAA, D) 
11. Fiberglass survey tape (=> 3m) 
12. Ruler (12 inch with metric) 
13. penny 
14. Tissue materials (vials, scissors, microfuge tubes, 10ml & 50 ml conicals, 70% ethanol 


solution, Sharpie permanent Marker) 
15. Water Quality Test kit (pH meter, pH standards (4, 7, 10), Conductivity meter, Conductivity 


standard (1 mS/cm), Dissolved oxygen meter) 
16. Dip net 
17. Range finder 
18. waders/ water shoes 
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Maps 


Santa Margarita Watershed with Roads and Survey 
Blocks/Sites 
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San Mateo and San Onofre Watersheds with Roads and 
SurveyBlocks/Sites
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Paper Data Form 
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Definitions 


Landscape/ Stream 


(Most material in this section is directly taken or adapted from Fitzpatrick, et al. 1998.  “Revised 
Methods for Characterizing Stream Habitat in the National Water-Quality Assessment Program” 
USGS Water-Resources Investigations Report 98-4052. 
 
Bank—The sloping ground that borders a stream and confines the water in the natural channel 
when the water level, or flow, is normal. It is bordered by the flood plain and channel. 
 
Bankfull width-- is the width of the channel between the top of the natural banks. Bankfull level 
is the point at the top of the channel where under yearly high flow conditions, the water level 
would be even with the top of the banks, or in a floodplain river, at the point just before water 
would spill over onto the floodplain.  Signs of bankfull depth include vegetation changes, changes 
in the bank/channel substrate, and presence of drifted material “nests”. 
 
Channel—The channel includes the thalweg and streambed.  Bars formed by the movement of 
bedload are included as part of the channel. 
 
Entrenchment Ratio- the ratio of the width of the flood-prone area to the bankfull surface width 
of the channel. 
 
Flood plain—The relatively level area of land bordering a stream channel and inundated during 
moderate to severe floods. The level of the flood plain is generally about the stage of the 1- to 3-
year flood. 
 
Flood prone width- The width measured at an elevation which is determined at twice the 
maximum bankfull depth (1 to 50 year flood- Rosgen 1994). 
 
Pool—A small part of the reach with little velocity, commonly with water deeper than surrounding 
areas. 
 
Riffle—A shallow part of the stream where water flows swiftly over completely or partially 
submerged obstructions to produce surface agitation. 
 
Run—A relatively shallow part of a stream with moderate velocity and little or no surface 
turbulence. 
 
Terrace—An abandoned flood-plain surface. A terrace is a long, narrow, level or slightly inclined 
surface that is contained in a valley and bounded by steeper ascending or descending slopes, 
and it is always higher than the flood plain. A terrace may be inundated by floods larger than the 
1-to 3-year flood. 
 
Thalweg—The line formed by connecting points of minimum streambed elevation (deepest part 
of the channel)(Leopold and others, 1964). 
 
Wadeable—Sections of a stream where an investigator can wade from one end of the reach to 
the other, even though the reach may contain some pools that cannot be waded. 
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Fig. 1.  Diagram showing landscape/ stream attributes 
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Identification of Landscape/Stream Attributes 
 Several reach measurements require an understanding of some basic geomorphic 
concepts and definitions because the measurements are based on identifying the boundary 
between the flood plain, bank, and channel. The boundaries between these features are 
important because they are morphological indicators that can be associated with flood and 
sediment characteristics. The first step in defining the boundaries between flood plain, bank, and 
channel is to have a clear definition of each geomorphic feature.  
 The flood plain (fig. X.) is generally a flat to gently sloping depositional surface adjacent 
to a stream channel and is under construction by the modern stream. The surface of and the 
sediment under the flood plain relate to the activity of the present river (Wolman and Leopold, 
1957). The elevation of this "active" flood plain under construction is considered here to be the 
same as bankfull stage, as originally defined by Wolman and Leopold (1957). The change in the 
bankfull stage along the reach (flood-plain gradient) represents the water-surface gradient during 
bankfull flow. The flood plain is subject to periodic flooding approximately every 1 to 3 years 
(Wolman and Leopold, 1957; Wolman and Miller, 1960; Leopold and others, 1964), although 
considerable variability in the recurrence interval of floods has been found among different 
streams (Williams, 1978). It is important to note that not all streams have flood plains, especially 
those with steep gradients, those that are geologically young, or those that are downcutting. 
 Terraces (fig. X) are abandoned flood plains that formed when the stream flowed at a 
higher level than at present. Terraces are no longer related to the modern hydrology of the 
stream (Ritter, 1978); however, terraces also may be adjacent to the channel and be difficult to 
distinguish from the flood plain if little is known about the stream hydrology. Sometimes a terrace 
can be distinguished from the flood plain by its morphologic and sedimentologic characteristics if 
flow and sediment characteristics have changed over time. 
 In general, banks are defined by the steep or sloping ground that borders a stream and 
confines the water in the natural channel when the water level, or flow, is normal (fig. X). Banks 
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are located between the channel and flood plain. The channel of a perennial stream is the surface 
that is wholly or partly covered by flows below the mean discharge. 
 The presence of bars and shelves (fig. 2) may complicate distinguishing the boundary 
between channel and bank. Shelves may be present in high gradient mountain streams and may 
be depositional or erosional. Shelves are usually considered to be part of the bank (Hupp, 1986). 
If the flood plain contains trees, a shelf sometimes can be distinguished from a flood plain by the 
presence of shrubs and the absence of trees (Hupp and Osterkamp, 1985). Bars may be part of 
the channel or bank and are formed by deposition of suspended load and(or) bedload. Bars can 
form in the middle or near the sides of a channel and typically are covered by flows slightly larger 
than low flow. Typically, they are devoid of woody vegetation and composed of relatively coarse-
grained sediment (Hupp and Osterkamp, 1985). Point bars, which form on the inside bend of a 
meandering stream, usually extend through part of the channel and most of the bank (fig. XA). 
 In stable reaches with a wide flood plain, the boundary between flood plain and bank may 
be easy to determine. However, in many cases the boundary between flood plain and bank is not 
easy to determine if flood characteristics are unknown, even for experienced geomorphologists. 
Thus, several types of indirect evidence are used to determine the bankfull stage and ultimately 
determine the height of a bank. These indicators rely on sedimentary and vegetative 
characteristics, as well as regional or State empirical relations and(or) gaging-station data. 


 


 


 


 


 


 


 
 


Fig. 2.  Examples of the relative position of geomorphic features, bankfull stage, and bank angle 
from (A) a bend in a meandering stream, and (B) a straight reach. 


Field Indicators of Bankfull Stage 
1. Point bars—Point bars are accumulations of sediment on the inside of meander bends (Ritter, 
1978) (fig. XA). This sediment is deposited laterally by the stream and represents active building 
of the flood plain. Usually, the texture of the point-bar sediment is different from sediment in the 
bank (may be coarser or finer). The top of the point bar (top of the laterally accreted sediment) 
provides a minimum estimate for bankfull stage (Knox, 1985). 


2. Slope changes—There may be several changes in slope along a line drawn perpendicular from 
the direction of streamflow in the channel bed to the flood plain and terraces. Bankfull stage is at 
first point where the slope changes from vertical to more horizontal.  In unstable, incised streams 
or in streams with shelves, there may be several such breaks in slope, so caution must be used.  


3. Vegetation patterns—Patterns in the types and density of riparian vegetation can be helpful in 
distinguishing the boundary between bank and flood plain (Hupp and Osterkamp, 1985; 
Harrelson and others, 1994). Sudden changes in density as well as changes from herbaceous 
and(or) shrub vegetation to trees may be an indication (Schumm, 1960). Identifying the lower limit 
of mosses and lichens on rocks or banks also may be helpful (Harrelson and others, 1994). 
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Recent catastrophic floods may alter significantly the vegetation; therefore, an understanding of 
the flood history of the reach also is important. 


4. Undercut banks—In streams with undercut banks topped with dense, herbaceous perennial 
vegetation, the top of the undercut beneath a dense root mat is usually slightly below bankfull 
stage (Harrelson and others, 1994). This method is best used as a last resort in steep channels 
lacking flood plains.  


Entrenchment 
Directly from: Rosgen, D.L. 1994. A classification of Natural Rivers.  Catena 22:169-199 
 
 An important element of the delineation is the interrelationship of the river to its valley 
and/or landform features. This interrelationship determines whether the river is deeply incised or 
entrenched in the valley floor or in the deposit feature. Entrenchment is defined as the vertical 
containment of river and the degree to which it is incised in the valley floor (Kellerhals et al., 
1972). This makes an important distinction’of whether the flat adjacent to the channel is a 
frequent floodplain, a terrace (abandoned floodplain) or is outside of a flood-prone area. A 
quantitative expression of this feature, “entrenchment ratio” was developed by the author so that 
various mappers could obtain consistent values. The entrenchment ratio is the ratio of the width 
of the flood-prone area to the bankfull surface width of the channel. The flood-prone area is 
defined as the width measured at an elevation which is determined at twice the maximum bankfull 
depth. Field observation shows this elevation to be a frequent flood (50 year return period) or 
less, rather than a rare flood elevation.  
 Entrenchment ratios of l- 1.4 represent entrenched streams, 1.41-2.2 represent 
moderately entrenched streams and ratios greater than 2.2 are slightly entrenched (well-
developed floodplain). These categories were empirically derived based on hundreds of streams.  
 
 
Fig 3. Examples and calculations of channel entrenchment 
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Vegetation 


Adapted from the Camp Pendleton Integrated Natural Resources Management Plan (October 
2001).  Appendix M Plant Communities of Camp Pendleton. 


 


Oak Woodland  
Engelmann oak (Quercus englemanii) and/or coast live oak (Q. agrifolia) are the dominant trees 
forming an open canopy. The understory is generally annual or perennial grasslands or coastal 
sage scrub. 


Cottonwood-Willow Riparian Woodland 
Cottonwood-willow forest is a tall, broad-leafed, winter deciduous forest found along rivers and 
streams, and is dominated by cottonwood (Populus fremontii, P. balsamifera trichocarpa) and the 
tree willows (Salix goodingii, S. lasiolepis, S. laevigata). Other common species found in this 
habitat include Baccharis salicifolia (mule fat), Artemisisa douglasiana (mug wort), Platanus 
racemosa (sycamore), and several nonnative species like Conium maculatum (poison hemlock) 
and Xanthium strumarium (cockle burr). There is little understory vegetation beneath a dense, 
mature canopy. 


Sycamore-Alder Riparian Woodland 
Sycamore-alder riparian woodland is an open, tall, winter-deciduous, streamside woodland 
dominated by sycamore (Platanus racemosa) and alder (Alnus rhombifolia). Sycamores do not 
generally form a closed canopy, rather they appear as scattered clumps in a shrubby thicket of 
evergreen and deciduous species. 


Vegetation associated with sycamore woodlands includes: Sambucus mexicana (Mexican 
elderberry), Artemisia douglasiana (mug wort), Toxicodendron diversilobum (poison oak), and 
Rubus ursinus (blackberry bramble), and a host of nonnatives: annual grasses, Nicotiana glauca 
(tree tobaco),Brassica nigra (black mustard). 


Southern Willow Scrub 
Southern Willow Scrub is a dense, winter deciduous vegetation dominated by several willow 
species (Salix lasiolepis, S. goddingii, S. laevigata, and S. exigua) with scattered cottonwood 
(Populus fremontii) and sycamore (Platanus racemosa) trees. Salix exigua (<20 ft, 6 m), S. 
lasiolepis (<30 ft, 9 m) and Baccharis salicifolia (mule fat, <15 ft, 5 m) constitute the shrubby part 
of the habitat, with the mature willows (<65 ft, 20 m) forming the tall canopy. Associated 
understory herbaceous species include Toxicodendron diversilobum (poison oak), Ambrosia 
psilostachya (rag weed), Artemisia douglasiana (mugwort), and many nonnative species such as 
Urtica diocia (stinging nettle), Conium maculatum (poison hemlock), and Xanthium strumarium 
(cockle burr). Where the willow canopy is very thick there is little understory vegetation.  


Mulefat Riparian Scrub 
This herbaceous riparian scrub community typically occurs on coarse alluvial soils in intermittent 
streambeds and on flood plains. It is generally species-poor, being dominated by Baccharis 
glutinosa (mulefat), and often represents an early stage in the establishment of cottonwood- or 
sycamore-dominated riparian forests or woodlands (Holland 1986). Other characteristic species 
present include sandbar willow, arroyo willow, poison oak (Toxicodendron diversilobum), and 
stinging nettle (Urtica holosericea).  


Diegan Coastal Sage Scrub 
Diegan coastal sage scrub is dominated by low (< 6 ft, 2 m), soft-leaved, drought-deciduous 
shrubs and is typically found on drier sites and steeper slopes of coastal southern California.  


Species such as Salvia mellifera (black sage), Artemisia californica (California sagebrush), 
Mimulus aurantiacus (monkeyflower), Eriogonum fasciculatum (California buckwheat), Lotus 
scoparius (deerweed), and/or Salvia apiana (white sage) dominate the shrub canopy. Occasional 
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individuals of the taller, leathery-leaved species, Malosma laurina (laurel sumac) and Rhus 
integrifolia (lemonadeberry) are not uncommon. The canopy tends to be more open in Mixed 
Sage than in other coastal sage subtypes. Native bunchgrasses, Nassella lepida and Melica 
imperfecta, occur in the understory and nonnative annual grasses (Avena and Bromus species) 
and forbs (Centaurea melitensis, Brassica, and Erodium spp.) are often abundant. The twining 
perennial, Calystegia macrostegia, is frequently present in shrub canopies and a rare succulent 
plant species, Dudleya multicaulis (many-stemmed dudleya), can be observed in some mixed 
sage scrub stands.  


Native Perennial Grassland 
The needle grasses, Nassella pulchra and N. cernua, are the dominant and characteristic native 
perennial grasses, but there are also fourteen other native perennials and three nonnative 
perennial grasses present on the Base. Nonnative annual grasses are also a significant 
component of most perennial grasslands and include a number of species of Bromus, Vulpia, and 
Avena. The most common native forb is Sisyrinchium bellum (blue eyed grass), although a 
number of native species such as Dodecatheon clevelandii (shooting star) and members of the 
lily family including showy mariposa lilies (Calochortus spp.) and chocolate lilies (Fritillaria) are 
locally abundant. Common nonnative forbs include Erodium spp. (stork’s bill fillaree) and Brassica 
(tansey mustard). Fennel, Foeniculum vulgare, is the most obvious of exotics, growing in good 
years over 6 ft (2 m) tall, and often achieving considerable abundance. 


Nonnative Annual Grassland 
Dominated by one to several of the following exotic grasses: Bromus diandrus (ripgut), Bromus 
madritensis rubens (foxtail chess), Bromus mollis (soft chess), Avena barbata (slender oat), 
Avena fatua (wild oat), Hordeum spp. (wild barley), and Lolium multiflorum (Italian ryegrass).  


These areas often have extensive cover of various nonnative forbs such as Foeniculum vulgare 
(fennel), Erodium spp. (stork’s bill filaree), Brassica nigra (black mustard), Hirschfeldia incana 
(shortpod mustard), Hypochoeris glabra (cat’s ear), and Sonchus oleaceus (sow-thistle). 


Freshwater Marsh 
This vegetative community is dominated by perennial, emergent monocots up to 4-5 meters (13-
16 ft) tall and often consisting of uniform, dense stands with closed canopies. Freshwater marsh 
occurs in wetlands that are permanently flooded by standing freshwater lacking a significant 
water current (Holland 1986). Prolonged saturation of such areas permits the accumulation of 
deep, peaty soils. Characteristic species include woolly sedge (Carex lanuginosa), yellow 
nutsedge (Cyperus esculentus), cattail (Typha spp.), bulrush (Scirpus spp.), and southern 
mudwort (Limosella aquatica). 


Coastal freshwater marsh communities occur in scattered locations along the immediate coast, in 
coastal valleys near river mouths, and around the margins of rivers, creeks, lakes and springs. 


Southern Coastal Salt Marsh/Brackish Marsh 
Brackish marsh is found where freshwater dilutes seawater. 


Three major subdivisions of salt marsh have been recognized at Camp Pendleton (Salata 1981; 
Hollis et al. 1988). The pickleweed type is characterized by pure stands of the low shrub, 
Salicornia virginica, at lower more frequently flooded elevations; Frankenia grandifolia (alkali 
heath) is a co-dominant at higher elevations. With increasing elevation, a pickleweed/saltgrass 
association is found in which S. virginica co-dominates with Distichlis spicata. Highest elevations 
in the marsh are dominated by Salicornia subterminalis and a mixture of upland grass species 
such as Bromus hordeaceus, B. madritensis, Hordeum glaucum, and Parapholis incurva.  
Disturbed areas support exotic species such as Carpobrotus edulis, Nicotiana glauca, Sonchus 
oleraceus, and Brassica nigra. 


Open Water/Channel 
No or almost no vegetation within channel 
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Survey Protocol 


Pre-survey procedures: 


At lab or office: 
1. Make sure prior approval has been given to survey the days sites.  If the area within MCBCP 


is sensitive, used for training and/or exercises, you will have a designated call sign such as 
“Toad Survey 1”.  


2. Check all field equipment against equipment list 


3. Download start and end coordinates for all survey sites into your GPS unit.  (instructions for 
downloading into Garmin units in appendix X)  


4. Calibrate pH and conductivity meters (calibration instructions for YSI 85, ECTestr Low, and 
pHTestr 2 in Appendix X) 


On base: 
5. Federal ID’s are required to get onto the base 


6. Once on base, turn on Dissolved Oxygen meter (YSI85) as it will need to equilibrate at on site 
for 15 minutes prior to calibration.  


Calling in to Long Rifle: 


7. If/when entering a sensitive area, you will need to call MCBCP security and request 
permission to enter.  You will then need to check in every hour, on the top of the hour, during 
the survey.  After the survey you will inform them that you are leaving.  


BLOCK MILITARY AREA DESCRIPTION
 1-10 NONE LOWER SANTA MARGARITA


11,12,21,13 INDIA MID/UPPER SANTA MARGARITA
14-20 HOTEL /BORDER NWS UPPER SANTA MARGARITA
21-25 HOTEL/GOLF DELUZ CREEK


26, 25EF,20F GOLF ROBLAR CREEK


28EF,29 ALPHA 2 LOWER SAN ONOFRE
30,31 AREA 52 LOWER SAN ONOFRE
32,36 ALPHA 3 UPPER SAN ONOFRE
33-35 FIRING RANGES 210B,C,D,E UPPER SAN ONOFRE


36F,37,38, JARDINE CANYON (BETW. QUEBEC& WHISKEY IMPACT AREAS) JARDINE CANYON


39-41 STATE BEACH LOWER SAN MATEO
42,43 BRAVO 3 MID SAN MATEO
44A-D ALPHA 1 MID SAN MATEO


44EF,45,46 BRAVO 1 MID SAN MATEO
47-49,50A-C YANKEE UPPER SAN MATEO
51,52,53A-D AREA 63 CRISTIANITOS


53EF,54 AREA 64 TALEGA CANYON
55-57 ADJACENT TO BRAVO 1/BRAVO 2 ON BORDER TALEGA CANYON
58-60 CHARLIE TALEGA CANYON  
7.a. Set radio to channel 11, press PTT (Push-to-talk) button 


7.b. Request to enter example:  “Long Rifle, Long Rifle, this is TOAD SURVEY 1 (Call sign) 
requesting permission to enter ALPHA ONE (MCBCP area) 


7.c. The controller will ask for the number of vehicles, the number of people, and your last 
name.  Example response:  “Long Rifle, Long Rifle, this is TOAD SURVEY 1 (Call sign), 
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we have 2 persons in one vehicle.  The last name is SIERRA-MIKE-INDIA-TANGO-
HOTEL (Smith). 


7.d. Checking in example:  “Long Rifle, Long Rifle, this is TOAD SURVEY 1 (Call sign) radio 
check from ALPHA ONE (MCBCP area). 


7.e. Departure example:  “Long Rifle, Long Rifle, this is TOAD SURVEY 1 (Call sign) 
requesting permission to leave ALPHA ONE (MCBCP area). 


To acknowledge radio controller during conversation, can say “copy” and “roger that”.  
Typically the upper Santa Margarita (Block >13), DeLuz and Roblar creeks are out of radio 
range.  Therefore check in before you get to site and state “ Please be informed that we are 
typically out of radio range in the survey area”.  They will usually tell you to try, but to make 
sure you call in when departing. 


 


Table 1. Phonetic Alphabet: 


 


Phonetic Alphabet  


Alpha  Kilo  Uniform  0   Zero  


Bravo  Lima  Victor  1   Wun  


Charlie  Mike  Whiskey  2   Too  


Delta  November  Xray  3   Tree  


Echo  Oscar  Yankee  4   Fower  


Foxtrot  Papa  Zulu  5   Fife  


Golf  Quebec     6   Six  


Hotel  Romeo  .   Decimal  7   Seven  


India  Sierra  .   Stop  8   Ait  


Juliet  Tango     9   Niner  


  "Lima" should be pronounced "LEE-mah", not with a long "i". 


Navigate to Site/ Calibrate DO meter: 


8. Use your GPS unit to navigate the vehicle(s) closest to the beginning of the site by selecting 
the “GO TO” button for the beginning lat/long for the reach.   If you have 2 vehicles, you may 
want to park one at the end of the last site, so that you can survey some/all assigned sites 
and return in the second vehicle. 


9. At the vehicle, calibrate the dissolved oxygen meter at ambient temperature  (Instructions for 
YSI 85 meter in Appendix X) 


10. On foot, navigate to the start point of the site.  Since the coordinates were figured using a 
topographical mapping program (TOPO), you may need to adjust your position, perpendicular 
to the start coordinate from the channel, so that you are in the middle of the main channel.   
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Survey Protocol: 


11. At the start of the survey day, fill out the CPNAT CONTROL cover form with survey type and 
observers (see entry information below). 


12. At the start point of each 250 meter survey site: 


12.a. Start a CPNAT Control form for the CPEND p-098 project.   


12.b. Record that you are conducting a DAY survey 


12.c. Enter in the site (survey block) and subsite (survey site) information. 


 


CPNAT SURVEY DATA  


Survey ID: Automatic 
Name: Automatic 
Date: Automatic 
Survey Type: Choose Day 
Observer: Add for each observer: 


  Observer ID#: Choose name 
  Task:  Choose one (Observer, Recorder, Observer and Recorder) 


Site Visit:  Click Field  
****NOW SITE SPECIFIC FORM WILL APPEAR ON HANDHELD**** 


 


12.d. Measure air temperature and fill out the weather form (below). 


12.e. Take a photo of the site facing upstream 


 
 
SITE FORM 


Survey Name: Automatic  (Example “44A_2/18/05_Day”) 
Lats & Longs:  Gives you start and end GPS coordinates and name of drainage. 
Start time: Click on –No Time- Automatically fills in time 
Weather:    


  Weather Condition: Enter weather condition 
 Site Photo: Check box for Yes and take photo of site facing upstream. 
  # of Photos: Fill in number of photos taken of habitat at site (update  
 
  
13. When water is encountered, usually at the start of the survey site, you will measure and 


record a number of water quality and stream measurements> 


Water Quality Measurements:( 


14. Turn on YSI Model 85 Meter and let finish self test (1 minute).  Remove probe from body and 
put in water (swish around a bit).  Wait until temperature reading has stabilized. By pressing 
the mode button to move among measurement types.  


14.a. Measure and record Dissolved Oxygen as a % and in mg/L 


14.b. Measure and record specific conductivity in microsiemens. 


15. If using ECTestr for conductivity:  Immerse probe in water and wait until reading is stabilized. 
Record specific conductivity in microsiemens 


16. Immerse the electrode of the pH Testr 2 into water and stir around a bit, once the reading is 
stabilized, Record: 
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17. Rinse off all probes with DI water and restore.   


 
Stream Measurements
18. Measure water depth in centimeters at thalweg (deepest/high flow portion of the main 


channel). It may be convenient to immerse a stick (or your leg) in the water and then 
measure the wetted length of the stick with measuring tape.  If water not wadeable, estimate 
depth at mid-channel to nearest meter 


19. Measure stream width in meters (wetted portion only) by using measuring tape or a 
rangefinder.  If water is braiding, record total width of wetted portion only. 


20. Record surface water velocity in meters per second.  Put stick/branch in water at mid-
channel.  Time for 2 to10 seconds, depending upon the speed of the water (slow water= 10 
seconds/ fast moving water= 5 seconds) and mark the distance moved.  If the stick moves a 
short distance, measure with tape.  If stick moves a longer distance, can use rangefinder to 
determine the distance traveled.  (1cm=.01m.).  Do this 3 times and record the average of the 
3 measurements. 


 
WATER  
 Water Present:  Y or N 
 Water temperature: Enter temperature 
 pH: Enter pH   
 Conduct(1): Enter Specific Conductance (ºC will be flashing on and off- YMI 85) 
 DO mgL: Enter Dissolved Oxygen (mg/L) 
 DO % Sat: Enter Dissolved Oxygen % (For calibration: multiply altitude (m) by   
  0.033 for 100’s of feet. 
 Channel Water Depth Max, m:  Enter depth of water at the thalweg of the main channel. 
 Wetted Channel Width:  Enter wetted width of channel (Note: if channel is braiding, add  
                     width of wetted braids to figure total stream width) 
 Number of braids:  Fill in the number of water braids- separate streams of water flow. 
 Velocity (m/s): Enter water velocity in meters per second.  
 Bottom: Enter dominant bottom substrate of channel 


Wet Length of Survey Site:  Fill out at end of survey 
 Low Flow/Shallow Water:  Fill out at end of survey 
 Remarks:  Record any relevant or unusual notes pertaining to water 
 


  
21. Start slowly walking up the stream channel, either in the water or immediately adjacent to the 


water.  You will be looking for the following things: 


21.a. Arroyo toad eggs and tadpoles 


21.b. Other aquatic species including all other anuran eggs, adults, and tadpoles, 
snakes, newts, fish, crayfish, belostamid beetles, asian clams, beavers and beaver sign. 


21.c. Non-native vegetation in water or along stream (Arundo, Tamarix, watercress, 
mustard, etc.) 


22. Also look up every so often (50 meters) and take a mental note of the dominant native 
vegetation types and cover in channel, on floodplain (if present) and on terrace/ upland (if 
present or within view).  This information will be recorded at the end of the reach. 
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Non-target Animal Records 


23. When you encounter any life stage of an aquatic animal species (other than Arroyo toad) or 
Arroyo toad metamorphs.  Record the species and its age class in the animal form.  If it is an 
unknown, either collect it in a plastic container with water and bring back to the lab/office or 
take several pictures at different angles (top, bottom, and side) so that it can be identified 
back at the lab/office.  Record each species/age class combination one time only within the 
reach.   


 
ANIMALS:  
 Click on Add 
 Date and Time:  Automatic 
 Lat/Long:  OPTIONAL.  Perform GPS grab of animals' location or input NAD 83   
  coordinates manually. 
 Type: Pick Type  
 Species: Pick Species 
 Age: Choose one: A/ J/ Metamorph/ tadpole/ egg mass.   
 Total Count:  Fill out total number.  


Disposition: R-release, D-dead, E-escape, C-collected. (CR-Pick more than 1?) 
  Tissue: Enter Yes or No 
 Photo: Enter Yes or No  
  # of Photos (if entered Y): Enter number of photos 
 Notes: any notes.   
 
 


Arroyo Toad Records/ Pool Characterization 


24. The first time you encounter an Arroyo toad egg clutch or tadpole(s), you will characterize the 
pool using the POOL subform and enter the animal record within the pool form.   


25. Record the GPS coordinates at the pool. 


26. Record the pool type:  Natural- within main channel, Natural- outside main channel, Road rut, 
Dirt Road crossing, or Arizona (paved) Road crossing. 


27. The water measurements for the pool are recorded in the water subform within the Pool form.   


28. Take the temperature of the water with a thermometer until reading is stable and record.   


29. Measure the depth of the water right next to the eggs or tadpoles.  If there are lots of 
tadpoles, measure the depth next to the point of greatest tadpole density. 


30. Measure surface water velocity in meters per second.  Put small stick/branch in pool, time for 
10 seconds, mark the distance moved, and measure with ruler or measuring tape.  Do this 3 
times and record the average of the 3 measurements. (1cm=.01m, if stick moves 8 cm in 10 
seconds- the speed would be 0.08 m/s) 


31.  Do a visual estimate of water transparency.  An easy method is to set a penny in the bottom 
of the pool.  Record the following  


 Clear= can see the year on penny clearly in bottom of pool. 
 Moderate/ Translucent= Cannot see year, but can see outline of penny. 
 Opaque= cannot see year or outline of penny. 
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32.  Record the dominant substrate of the bottom of the pool; Clay/silt, sand, gravel, 
pebble/cobble, boulder/bedrock  


33. The vegetation characteristics of the pool are recorded in the Vegetation subform within the 
Pool form.   


34. Estimate the percent of vegetative cover over pool.  This would be from plants growing on the 
bank, but hanging over and shading the pool. 


35. Estimate the percent vegetative cover of aquatic plants (floating/submerged) and algae in the 
pool 


36. The animal records for the pool are recorded in “Animals” subforms within the Pool form.   


37. Using “Animals” forms, record the Arroyo toad eggs and/or tadpoles AND any other aquatic 
species that are within the same pool (as described in Step #23 and proceeding data entry 
Information box). This is even if you have already recorded the same species along the 
channel.  This record will be tied to the pool only. 


38. For arroyo toad tadpoles, also record: 


38.a. Age classes observed.  Choose one or more: 


38.a.i. Stage 1: Primarily black  (age: 0 to 26 days- X Gossner Stage 18 to 30/31) 


38.a.ii. Stage 2: Primarily tan with no obvious limbs (age 24 to 60 days. X Gossner 
Stage 30/31 to 38/39) 


38.a.iii. Stage 3: Primarily tan with hind limbs and tail (age 60 to 85 days. X Gossner 
Stage 39 to 44) 


39. For arroyo toad metamorphs, also record and photograph any abnormalities or deformities. 


 


POOL (Subform) : 
Pool Name: Automatic 
Pool Type: Choose one: Natural -in main channel, Natural-outside main channel, Road 


rut, Dirt Road Xing, Arizona Xing  
 Lat/Long:  Perform GPS grab of animals' location or input NAD 83    
 coordinates manually. 
 
 WATER (Subsubform) 
  Water temp, C: Enter temp 
  Pool Depth, cm: Enter Depth of pool at point near tadpoles and/or   
   eggs. 


Velocity (m/s): Enter water velocity in meters per second.  
  Bottom: Enter dominant bottom substrate of channel 
  Remarks:  Record any relevant or unusual notes pertaining to water 
 


VEG COVER (Subsubform) 
  Sand Cover: Enter % from Drop down list  
  Cover- AquaFlt/SubVeg:  Enter % cover of aquatic floating and submerged  
   vegetation from Drop down list 
  Cover- Aqua Emerg Veg:  Enter % cover of aquatic emergent vegetation from  
   Drop down list 
  Cover- FltAlgaeMat:  Enter % cover of floating algae mat from Drop down list 
  Notes: Enter in any pertinent notes 
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POOL (Subform), continued : 
  


ANIMALS:  
  Click on Add 
  Date and Time:  Automatic 
  Lat/Long:  Automatic from pool GPS grab 
  Type: Pick Type  
  Species: Pick Species 
  Age: Choose one: A/ J/ Metamorph/ tadpole/ egg mass.   
  *Tadpole Stages: Enter one or more: Stage 1: Primarily black, Stage 2, Primarily  
   tan with no limbs, Stage 3: Primarily tan with limbs. 
  Total Count:  Fill out total number.  


Disposition: R-release, D-dead, E-escape, C-collected. (CR-Pick more than 1?) 
   Tissue: Enter Yes or No 
  Photo: Enter Yes or No  
  # of Photos (if entered Y): Enter number of photos 
  *Deformities:  For metamorphs and adults, note and photograph any deformities  
   observed 
  Notes: any other notes.   
 
 *Specific Fields for Arroyo Toads only 
 
 
 
    


At end of Reach, Landscape and Vegetation Characterization 


40. If no tadpoles or eggs seen after end of reach, return to best looking pool and search for  5 
more minutes. If no arroyo toad tadpoles or egg masses are observed, fill in information for 
best looking pool- Steps # 23 – 31. 


41. At the end of the reach, you will record information on the landscape, vegetation, cover, and 
non-native plants. 


41.a. In the WATER subform, record whether there was water on the reach, and if so, 
the % of reach with water, and % of reach containing shallow low-flow water (to include 
side pools, on side of channel, within main channel, isolated pools) 


41.b. In the PLANT subform, enter in any non-native plants observed (ex.  tamarix, 
arundo, fennel, watercress, non-native grass, other) with a size class for each species (a 
few plants, scattered small patches, large contiguous stands) 


41.c. Measure the channel and flood prone width using a rangefinder, record in the P-
098LVW subform.  See "Definitions" section for definitions of these landscape variables. 


41.d. Also in the P-098LVW subform, record the % of sand, the dominant vegetation 
community, and estimated average % cover for the herb, shrub, and tree layers for the 
channel, the floodplain (if present), and the terrace/upland (if present and no floodplain) 
for the entire reach.  See Appendix X for definitions of vegetation community types.  See 
"Definitions" section for definitions of the channel, flood plain, and terrace/upland. 


41.e. Enter end time of survey reach in Site Subform 
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LANDSCAPE AND VEGETATION: 
      Landscape  


Channel Width: Enter channel width at bankfull height.  Use tape or rangefinder   
  to measure  (see definitions) 
 Flood Prone Width: Enter width (m) at 2X bankfull height. 
 Entrenchment Ratio:  Automatic (Flood Prone width/ Channel width) 
  


Vegetation:  
Level 1 (Channel) 


  Vegetation Community: Enter vegetation type from drop down list (see   
   definitions, p. X) 
  Sand Cover: Enter % from Drop down list  
  Cover- AquaFlt/SubVeg:  Enter % cover of aquatic floating and submerged  
   vegetation from Drop down list 
  Cover- Aqua Emerg Veg:  Enter % cover of aquatic emergent vegetation from  
   Drop down list 
  Cover- FltAlgaeMat:  Enter % cover of floating algae mat from Drop down list 
  Notes: Enter in any pertinent notes 
 
 Level 2 (Flood Plain) 
 
  Flood Plain Present?: Enter Y/N.  If no flood plain, skip section and move to  
   terrace/upland 
  Vegetation Community: Enter vegetation type from drop down list (see   
   definitions, p. X) 
  Sand Cover: Enter % from Drop down list  
  % Cover- Herb Layer:  Enter % cover of herb layer (grasses/ forbs/ herbs) from  
   Drop down list 
  % Cover- Shrub Layer:  Enter % cover of shrubs (life form) from Drop down list 
  % Cover- Tree Layer:  Enter % cover of trees (life form) from Drop down list 
  Notes: Enter in any pertinent notes 
 
 Level 3 (Terrace/ Upland) Only Record data if no flood plain 
 
  Terrace/ Upland Present (or viewable)?: Enter Y/N.  If no, skip rest of section. 
  Vegetation Community: Enter vegetation type from drop down list (see   
   definitions, p. X) 
  Sand Cover: Enter % from Drop down list  
  % Cover- Herb Layer:  Enter % cover of herb layer (grasses/ forbs/ herbs) from  
   Drop down list 
  % Cover- Shrub Layer:  Enter % cover of shrubs (life form) from Drop down list 
  % Cover- Tree Layer:  Enter % cover of trees (life form) from Drop down list 
  Notes: Enter in any pertinent notes 
 
PLANTS:  


Plant Species: Pick Non-native plant species from drop down list.  If not on list,   
 choose “Other” and write in species.  See plant field guide for project for 


 identification and list of invasive non-native plant species. 
 Size Class: Choose one: a few plants, scattered small patches, large contiguous   
  stands 
 Notes: Any notes or species name if “Other”. 
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WATER  
 Water:  Y/N 
 Wet Length: Estimate % subsite that is wet. (0%, 1-10%, 11-25%, 26-50%, 51-75%, 75- 
  100%) 


% of Reach with Low Flow Shallow water:  Enter % length of reach containing   
  low flow shallow water- could be along sides of channel vs. mid channel. 
  
End time: Enter end time 
 


 


 
42. Repeat steps 11- 33 of protocol for each 250m survey reach. 


 
___________________________________________________________________ 
___________________________________________________________ 


Post-survey Procedures: 


43. QA/QC Data fields 


44. Properly process any voucher specimens, get positive species identifications if needed. 


45. Make sure pH, conductivity and DO meters are calibrated and properly stored. 


46. Label photographs and send to project lead 
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Appendix 1.  Calibration Procedures for YSI 85 
(DO/Conductivity), Oakland pHTestr 2, and Oakland ECTestr Low 
(Conductivity) 


YSI, Incorporated Model 85 12- Conductivity Instructions 
IMPORTANT: System calibration is rarely required because of the factory calibration of the YSI 
Model 85. However, from time to time it is wise to check the system calibration and make 
adjustments when necessary. 


1. Always use clean, properly stored, NIST traceable calibration solutions (see Accessories and 
Replacement Parts). When filling a calibration container prior to performing the calibration 
procedures, make certain that the level of calibrant buffers is high enough in the container to 
cover the entire probe. Gently agitate the probe to remove any bubbles in the conductivity cell. 


2. Rinse the probe with distilled water (and wipe dry) between changes of calibration solutions. 


3. During calibration, allow the probe time to stabilize with regard to temperature (approximately 
60 seconds) before proceeding with the calibration process. The readings after calibration are 
only as good as the calibration itself. 


4. Perform sensor calibration at a temperature as close to 25°C as possible. This will minimize 
any temperature compensation error. 


Follow these steps to perform an accurate calibration of the YSI Model 85: 


1. Turn the instrument on and allow it to complete its self-test procedure. 


2. Select a calibration solution that is most similar to the sample you will be measuring. 


•  For fresh water choose a 1 mS/cm conductivity standard (YSI Catalog# 3167) 


•  For brackish water choose a 10 mS/cm conductivity standard (YSI Catalog # 3168) 


3. Place at least 3 inches of solution in a clean glass beaker. 


4. Use the MODE button to advance the instrument to display conductivity. 


5. Insert the probe into the beaker deep enough so that the oval-shaped hole on the side of the 
probe is completely covered. Do not rest the probe on the bottom of the container -- suspend it 
above the bottom at least 1/4 inch. 


6. Allow at least 60 seconds for the temperature reading to become stable. 


7. Move the probe vigorously from side to side to dislodge any air bubbles from the electrodes. 


8. Press and release the UP ARROW and DOWN ARROW buttons at the same time. The CAL 
symbol will appear at the bottom left of the display to indicate that the instrument is now in 
Calibration mode. 


9. Use the UP ARROW or DOWN ARROW button to adjust the reading on the display until it 
matches the value of the calibration solution you are using. 


10. Once the display reads the exact value of the calibration solution being used (the instrument 
will make the appropriate compensation for temperature variation from 25°C), press the ENTER 
button once. The word “SAVE” will flash across the display for a second indicating that the 
calibration has been accepted. 


The YSI Model 85 is designed to retain its last conductivity calibration permanently. Therefore, 
there is no need to calibrate the instrument after battery changes or power down. 
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Waterproof pHTestr 1 & 2 Instructions 
Before you Begin:  Remove electrode cap. To condition electrode,immerse electrode in electrode 
storage solution,buffer or tap water for at least 30 minutes. DO NOT use de-ionized water. 


Calibration should be done regularly, typically every day that the Testr is used. 


pHTestr 2: Calibrate at three points (pH 4, 7, 10). 


1. Press ON/OFF button to switch unit on. 


2. Dip electrode 1/2" to 1" into chosen buffer(pH 4, 7, or 10). 


3. Press CAL button to enter Calibrate (CA)mode. ‘CA’ flashes on the display. Then, a pH value 
close to the pH buffer value will flash repeatedly. 


4. After at least 30 seconds (about 30 flashes) press the HOLD/CON button to confirm calibration. 
The display will show ‘CO’ and then switch to the buffer value reading. 


5. Repeat with other buffers if necessary (pHTestr2 only). Rinse electrode in tap water before 
dipping into next buffer. 


NOTE: Testr life is dependent on meter and electrode care. If the electrode is exposed to 
materials that contaminate the reference junction, electrode life will be shortened. 


Waterproof ECTestr Instructions (Conductivity) 
Before you Begin:  Remove electrode cap. Soak electrodes for a few minutes in alcohol to 
remove oils. 


Tester is factory calibrated. However, to ensure accuracy, calibrate on a regular basis.  Select a 
calibration standard appropriate for your Testr: ECTestr Low: from 200 to 1990 µS 


1. Open battery compartment lid (end with lanyard loop). The two white buttons are Increment 
(INC) and Decrement (DEC) calibration keys. 


2. Rinse electrode in deionized water, then rinse it in calibration standard, then dip it into a 
container of calibration standard. 


3. Switch unit on (ON/OFF key). Wait several minutes for display to stabilize. 


4. Press the INC or DEC keys to adjust reading to match the calibration standard value. 


5. After 3 seconds without a key press, the display flashes 3 times, then shows “ENT”. 


The tester accepts calibration value; returns to measurement mode. 


6. Replace battery cap. 


TDS or Conductivity Testing 


1. Remove electrode cap. Switch unit on( ON/OFF key). 


2. Dip electrode into test solution. Make sure sensor is fully covered. 


3.Wait for reading to stabilize (Automatic Temperature Compensation corrects for temperature 
changes). Note reading. 


4. Press ON/OFF to turn off Tester. Replace electrode cap. Note: Tester automatically shuts off 
after 8.5 minutes of nonuse. 


Tester Maintenance 


• To improve performance, clean the electrodes by rinsing them in alcohol for 10-15 minutes. 
Remove white plastic cup insert to clean viscous solutions. 


• Replace all batteries if low battery indicator appears, or if readings are faint or unstable. 


• If you experience drift, periodically let electrode fully dry. 
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YSI, Incorporated Model 85 12- Dissolved Oxygen Instructions 
To accurately calibrate the YSI Model 85 you will need to know the approximate altitude ofthe 
region in which you are located. 


1. Ensure that the sponge inside the instrument's calibration chamber is wet. Insert the probe into 
the calibration chamber. 


2. Turn the instrument on by pressing the ON/OFF button on the front of the instrument. 


Press the MODE button until dissolved oxygen is displayed in mg/L or %. Wait for the dissolved 
oxygen and temperature readings to stabilize (usually 15 minutes is required). 


3. Use two fingers to press and release both theUP ARROW and DOWN ARROW buttons at the 
same time. 


4. The LCD will prompt you to enter the local altitude in hundreds of feet. Use the arrow keys to 
increase or decrease the altitude. When the proper altitude appears on the LCD, press the 
ENTER button once. EXAMPLE: Entering the number 12 here indicates 1200 feet. 


 METRIC CONVERSION: 1 Meter = 3.28084 Feet = 0.0328 (100 Feet) 


 If altitude = 40 meters , then 40 X .0328 = 1.312 (100 Feet)>> Enter 1.312 


 


5. The Model 85 should now display CAL in the lower left of the display, the calibration value 
should be displayed in the lower right of the display and the current % reading (before calibration) 
should be on the main display. Make sure that the current % reading (large display) is stable, 
then press the ENTER button. The display should read SAVE then should return to the Normal 
Operation Mode. 


Each time the Model 85 is turned off, it may be necessary to re-calibrate before taking 
measurements. All calibrations should be completed at a temperature which is as close as 
possible to the sample temperature. Dissolved oxygen readings are only as good as the 
calibration. 
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Purpose 
 
This document details the protocol for conducting nighttime surveys for Arroyo toad 
adults on MCB Camp Pendleton.  Three surveys are conducted, approximately one month 
apart (February to June), at the onset of normal arroyo toad breeding activity on Camp 
Pendleton These surveys comprise and important portion of the program for long term 
monitoring of Arroyo toad and are a complement to the daytime surveys for tadpoles to 
document arroyo toad breeding on base.   


Background/ Introduction 
 
In order to census populations of the arroyo toad, a monitoring program was first 
implemented on MCBCP from 1996 to 2000 (Holland et al. 2001).  Eight 1 km long 
transects were established on the three occupied watersheds and surveyed at night for an 
average of four times per year for juvenile and adult toads.  A capture-recapture program 
was also implemented using PIT tags to mark the animals (Holland et al. 2001).   


In order to provide continuity with the 1996-2000 monitoring efforts while implementing 
our day survey protocol, we are continuing to survey these transects three times during 
the breeding season.  They also serve to document the initiation of arroyo toad breeding 
on the different watersheds.  This information is used to determine when to start the 
daytime surveys. 
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Equipment 
 
General: 
 
1.Map 
2. Compass 
3. Flashlight/Headlamp 
4. Extra Food 
5. Extra Clothes 
6. Sunglasses 
7. First-Aid Kit 
8. Pocket Knife 
9. Waterproof Matches 
10. Firestarter 
11. Water/Filter/Bottles (Gatorade or similar product in powder form) 
12. Whistle 
13. Insect Repellents 
14 Sunburn Screen (and hat) 
15. Reflective Blanket 
16. Cell Phone 
 
Survey Specific (Night-time tadpole presence surveys): 
 
1. Federal I.D Card 
2. BK Radio with CPEND frequencies (Channel 11) 
3. Copy of protocol/ Maps (Topo and CPEND)/Excel sheet with Lat/Long Data  
4. Personal Digital Assistant with CPEND field forms 
5. Backup paper CPEND field forms  
6. GPS unit with survey points downloaded (or accompanying list of coordinates) 
7. Thermometer (for air & water temp) 
8. Digital Camera 
9. Camp Pendleton field key for aquatic species 
10. Extra batteries (AA, AAA, D) 
11. Fiber glass survey tape 
12. Ruler (12 inch with metric) 
13. Tissue materials (vials, scissors, microfuge tubes, 10ml & 50 ml conicals, 70% ethanol 


solution, Sharpie permanent Marker) 
14. Pit-tag reader (capable of reading 125kH) 
15. Wheat-Lamp & Head lamp (night surveys)Dip net 
16. Range finder 
17. waders/ water shoes 
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Maps 


Santa Margarita Watershed with Roads and Survey 
Blocks/Sites 
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San Mateo and San Onofre Watersheds with Roads and 
Survey Blocks/Sites 
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Paper Data Form
 


Block Name Date Site Photo Observer1
Site Name Start Time End Time Observer2


Notes


Start Lat End Lat Slope Weather
Start Long End Long Start Sky
Start Elev End Elev Start Wind
Datum Drainage Start Air Temp


End Sky
Water End Wind


Water Present WNotes End Air Temp
Wet Length of Survey % Cloud Cover
Water Temperature Prior Precipitation


WTNotes
Moon Phase
Moon Visible


Animal


Wind Speed Sky Code
ID mph & indicator ID Description
0 <1 calm, smoke rises vertically 0 Clear or few clouds
1 2-3 light air movement 1 Partly cloudy or variable
2 4-7 light breeze 2 Cloudy or overcast
3 8-12 gentle breeze 3 Fog
4 13-18 moderate breeze 4 Mist or drizzle
5 19-24 fresh breeze 5 Showers or light rain
6 25-31 strong breeze 6 Heavy rain
7 32-38 near gale 7 Sleet or hail
8 >39 gale and above 8 Snow
9 No data 9 No data page of


Lat LongAir WaterID


Ph
ot


o Temperature NotesTotal 
Count


Deform-
ities R


ec
ap


C
al


lin
g


Channel Surface 
Water Velocity (m/s)


Species A
ge S
ex Length 


(mm)


Camp Pendleton AT Night Survey Form


Site 
Length


Wetted Channel 
Width (m)
Channel Water Depth 
(m)
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Survey Protocol 


Pre-survey procedures: 


At lab or office: 
1. Make sure prior approval has been given to survey the nights sites.  If the area within 


MCBCP is sensitive, used for training and/or exercises, you will have a designated call sign 
such as “USGS Toad Survey 1”.  


2. Check all field equipment against equipment list 


3. Download start and end coordinates for all survey sites into your GPS unit.  (instructions for 
downloading into Garmin units in appendix X)  


On base: 
4. Federal ID’s are required to get onto the base.  


Calling in to Long Rifle: 


5. If/when entering a sensitive area, you will need to call MCBCP security and request 
permission to enter.  You will then need to check in every hour, on the top of the hour, during 
the survey.  After the survey you will inform them that you are leaving.  (Block 40 does not 
require call in).  


BLOCK MILITARY TRAINING AREA DESCRIPTION
6 NONE LOWER SANTA MARGARITA


13 INDIA UPPER SANTA MARGARITA
23 HOTEL/GOLF UPPER SANTA MARGARITA
29 ALPHA 2 LOWER SAN ONOFRE
32 ALPHA 3 UPPER SAN ONOFRE
40 STATE BEACH LOWER SAN MATEO
44 ALPHA 1/BRAVO 1 MID SAN MATEO
53 AREA 63 CRISTIANITOS  


5.a. Set radio to channel 11, press PTT (Push-to-talk) button 


5.b. Request to enter example:  “Long Rifle, Long Rifle, this is TOAD SURVEY 1 (Call sign) 
requesting permission to enter ALPHA ONE (MCBCP area) 


5.c. The controller will ask for the number of vehicles, the number of people, and your last 
name.  Example response:  “Long Rifle, Long Rifle, this is TOAD SURVEY 1 (Call sign), 
we have 2 persons in one vehicle.  The last name is SIERRA-MIKE-INDIA-TANGO-
HOTEL (Smith). 


5.d. Checking in example:  “Long Rifle, Long Rifle, this is TOAD SURVEY 1 (Call sign) radio 
check from ALPHA ONE (MCBCP area). 


5.e. Departure example:  “Long Rifle, Long Rifle, this is TOAD SURVEY 1 (Call sign) 
requesting permission to leave ALPHA ONE (MCBCP area). 


To acknowledge radio controller during conversation, can say “copy” and “roger that”.  
Typically the upper Santa Margarita (Block >13), DeLuz and Roblar creeks are out of radio 
range.  Therefore check in before you get to site and state “ Please be informed that we are 
typically out of radio range in the survey area”.  They will usually tell you to try, but to make 
sure you call in when departing. 
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Table X. Phonetic Alphabet: 


 


Phonetic Alphabet  


Alpha  Kilo  Uniform  0   Zero  


Bravo  Lima  Victor  1   Wun  


Charlie  Mike  Whiskey  2   Too  


Delta  November  Xray  3   Tree  


Echo  Oscar  Yankee  4   Fower  


Foxtrot  Papa  Zulu  5   Fife  


Golf  Quebec     6   Six  


Hotel  Romeo  .   Decimal  7   Seven  


India  Sierra  .   Stop  8   Ait  


Juliet  Tango     9   Niner  


  "Lima" should be pronounced "LEE-mah", not with a long "i". 


 


 


Navigate to Site: 


6. Use your GPS unit to navigate the vehicle(s) closest to the beginning of the site by selecting 
the “GO TO” button for the beginning lat/long for the reach.   If you have 2 vehicles, you may 
want to park one at the end of the last site, so that you can survey some/all assigned sites 
and return in the second vehicle. 


7. On foot, navigate to the start point of the site.  Since the coordinates were figured using a 
topographical mapping program (TOPO), you may need to adjust your position, perpendicular 
to the start coordinate from the channel, so that you are in the middle of the main channel.   
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Survey Protocol: 


8. Once at the start point of the 250 meter survey site: 


8.a. Start a CPNAT form for the CPEND p-098 project.   


8.b. Enter in the site (survey block) and subsite (survey site) information. 


8.c. Enter in Survey Type (Night) and start time. 


8.d. Using a Kestrel 3000 Pocket Weather Station or equivalent, measure air temperature 
and humidity and fill out the weather form (below). 


 


CPNAT SURVEY DATA  
Date: Automatic 
Block: Block # (Example “44”) 
Site: Site # (Example “44A”) 
Survey Type: Night 


***Now Form will hide previous fields and show new fields specific to a night survey******* 
Survey Name: Automatic  (Example “44A_2/18/05_Night”) 
Lats & Longs:  Gives you start and end GPS coordinates and name of drainage. 
Start time: Automatic 
Observer: Add for each observer: 


  Observer ID#: Choose name 
  Task:  Choose one (Observer, Recorder, Observer and Recorder) 


Weather:    
  Weather Condition: Enter weather condition 
  Start air temperature: Record temperature 
  Start humidity: Record humidity 
  Moon Phase: Enter if known or Leave blank- will be entered from moon chart 
  Moon Visible: Enter Y or N 
 
 
 
When water is encountered, usually at the start of the survey site, you will record a number of 
stream measurements> 


 
Stream Measurements
9. Measure water depth in centimeters at thalweg (deepest/high flow portion of channel). It may 


be convenient to immerse a stick (or your leg) in the water and then measure the wetted 
length of the stick with measuring tape.  If water not wadeable, estimate depth at mid-channel 
to nearest meter 


10. Measure stream width in meters (wetted portion only) by using measuring tape or a 
rangefinder.  Iif water is braiding, record total width of wetted portion only. 


11. Record surface water velocity in meters per second.  Put stick/branch in water at mid-
channel.  Time for 2 to10 seconds, depending upon the speed of the water (slow water= 10 
seconds/ fast moving water= 5 seconds) and mark the distance moved.  If the stick moves a 
short distance, measure with tape.  If stick moves a longer distance, can use rangefinder to 
determine the distance traveled.  (1cm=.01m.).  Do this 3 times and record the average of the 
3 measurements. 
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WATER  
 Water Present:  Y or N 
 Water temperature: Enter temperature 
 Channel Water Depth Max, m:  Enter depth of water at the thalweg. 
 Wetted Channel Width:  Enter wetted width of channel (Note: if channel is braiding, add  
                     width of wetted braids to figure total stream width) 
 Velocity (m/s): Enter water velocity in meters per second.   
 Wet Length of Survey Site:  Enter % from Drop down list.  Fill out at end of survey 
 
 


Active Searching for Arroyo Toads and other Amphibians 


12. Start slowly walking up the stream channel, either in the water or immediately adjacent to the 
water.  You will be looking and listening for amphibians, particularly the Arroyo toad. 


12.a. Use the Wheat Lamp flashlight to search for toads in the water and on land.  You 
will be walking along the stream, searching for toads in the water and on the stream 
banks and terraces.  Two methods are used for searching: 


12.a.i. Eye shine:  Eye shine is created when light reflects off of an animals retina.  Hold 
the flashlight up to the level of your eyes and set up against your head.  Look slowly 
around back and forth, moving the flashlight with your head and moving the beam 
slowly from close to farther away in a zig-zag pattern.  Toad eyes will reflect an 
orange color while frogs will typically reflect a blue color.  Once you see eyeshine, 
move toward the animal while continuing to focus beam on eyes until you are close 
enough to observe entire animal.  Spiders and water droplets will also typically 
reflect a blue color, but can be distinguished from frogs and toads by their small 
size. 


12.a.ii. Visual Observation:  Arroyo toads are very cryptic and blend in incredibly well 
with their environment.  You will soon obtain a “search image” after some 
experience in surveying.  Walk slowly and move the flashlight back and forth from 
close to farther away in a zig-zag pattern.  Look for the profile of a toad on land or a 
toads head coming out of the water.  Also, watch for any movement.  You may see 
a toad because it hops or moves.  See the Camp Pendleton Project Field Guide for 
identification characteristics of toad and frog species. 


12.a.iii. Audible Calls:  Male arroyo toads emit a high pitched ascending whistly trill 
during breeding season in order to attract females.  This trill is easily distinguished 
from all other night calls on Camp Pendleton and can be used to document toad 
presence as well as breeding.  Other calls you may hear will be from; 1) the 
western toad, Bufo boreas (a soft chirping sound), 2) pacific tree-frog, Pseudacris 
regilla, typically a loud raspy 2-syllable “Rib-bit” which can vary substantially but is 
always loud and raspy, 3) the canyon tree frog, Hyla cadaverina, a shorter, single 
syllable, medium-high pitched call.  It is possible to also hear the spadefoot toad, 
Spea hammondii, although it is primarily an upland breeder, which produces a dry 
pulsing raspy trill.  We recommend listening to a frog call CD before going out on a 
survey, such as Frog and Toad Calls of the Pacific Coast (Davidson 1996).  
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Arroyo Toad  Records 


13. When you encounter an Arroyo toad (any life stage).   


13.a. Perform a GPS grab or record the lat/ long coordinates manually.  Only use NAD 
83/ WGS84.   


13.b. Record the animals' age, sex, length, and any other pertinent information in the 
ANIMALS subform. See form below and project field guide for definitions.   


13.b.i. Do not measure Arroyo toads if they are calling or in amplexus.  


13.b.ii.  If you encounter more than one toad of the same sex within a 10m diameter 
area, you may record multiple animals in the same form (see below).  If you find a 
large number of tadpoles or metamorphs, measure 3 to 4 representative individuals 
and count or estimate total number.   


13.b.iii. Take photos of at least first 3 arroyo toads per 250 m site length.  Also, take 
photos of anything you find interesting.  Toads or other amphibians calling or in 
amplexus (only if they are not disturbed by your presence, otherwise, move on), 
other species, evidence of disturbance, etc. 


13.c. If the animal is an adult, scan the posterior of the toad with a pit-tag reader (List 
type or equivalent able to read pit tag types list).  Toads along Camp Pendleton may 
have been pit-tagged in 1998-2000 (D.C. Holland Ref) or as part of other USGS studies 
on base (Telemetry, Skeletochronology).  If a number is found, record ID exactly. 


 
ANIMALS:  
 Click on Add 
 Date and Time:  Automatic 
 Lat/Long:  Perform GPS grab of animals' location or input coordinates manually. 
 Type: Pick Type "Frog" 
 Species: Pick BUMI (Bufo microscaphus.  Although this is currently an outdated species  
  name,  This 4-letter designation is used to keep continuity in the database and to  
  differentiate from Bufo canorus.) 
 Age: A/ J/ Metamorph/ tadpole/ egg mass.   
  A= adult. > XX mm, J= juvenile: X to X mm, M= metamorph. X to X mm. 
 Sex: M/F.  Choose one if an adult.  Males have a darker throat patch (slightly orange).   
  Females throat is same  color as rest of ventor (off-white). See also field guide. 
 Ln (mm):  Measure length from snout to urostyle.  Can usually do without picking up  
  animal. 
 Individual lengths:  Enter in lengths of other arroyo toads, if found within 10 m. 
 Recap:  N or Y  (Y only if pit-tag number is found upon scanning) 
 ID Number:  If Y above, record number of pit-tag 
 Total Count:  Fill out total number.   
 Count of Individual Length:  Automatic (should correspond with Total Count above) 
 Calling: Check Y is calling 
 Photo: Enter Yes or No  
  # of Photos (if entered Y): Enter number of photos 
 Deformities:  Take specific notes of any deformities (should also be photographed) 
 Notes: any notes.  Examples: In amplexus, in water but not calling, etc. 
 Air temperature (°C):  Record air temperature  
 Water temperature (°C):  Record only if in water 


Disposition & Tissue? 
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Non-target Animal Records 


14. When you encounter any life stage of an aquatic animal species other than Arroyo toad, 
record the species and its age class in the animal form.  If it is an unknown, either collect it in 
a vented plastic container with water and bring back to the lab/office or take several pictures 
at different angles (top, bottom, and side) so that it can be identified back at the lab/office.  
Record each species/age class combination one time only within the reach.  You may take 
more detailed information by choosing "SHOW ALL".  This would be very important if a rare 
species was observed, such as the red sided garter snake (Thamnophis cirtalis). 


 
 
ANIMALS:  
 Click on Add 
 Date and Time:  Automatic 
 Lat/Long:  OPTIONAL.  Perform GPS grab of animals' location or input NAD 83   
  coordinates manually. 
 Type: Pick Type  
 Species: Pick Species 
 Age: Choose one: A/ J/ Metamorph/ tadpole/ egg mass.   
 Total Count:  Fill out total number.   
 Calling: Check Y is calling 
 Photo: Enter Yes or No  
  # of Photos (if entered Y): Enter number of photos 
 Notes: any notes.  Examples: In amplexus, gravid, heard throughout reach, etc. 
 


 


At end of Reach 


15. At the end of each reach, record the following information. 


 


WATER  
 Water Present:  Y or N 
  Wet Length of Survey Site:  Enter % from Drop down list.  Fill out at end of survey 
 
Recent Disturbance:  Choose one or more  


 Fire (recent burn evident in or adjacent to riparian area) 
 Irregular color 
 Irregular smell 
 Light Vehicle Use (See tracks from bikes or light vehicle) 
 Heavy Vehicle Use (See tracks from heavy vehicles or numerous light vehicles) 
 Light  Foot Traffic (See scattered foot prints) 
 Heavy Foot Traffic  (See dense foot prints- i.e. over 10 people) 
 Training (Hear loud noises from aircraft or live fire exercises) 
 Beaver Dam 
 Firing Shells Light  (Small bullet shells found on ground) 
 Firing Shells Heavy  (Large bullet or bomb shells found on ground) 
 Other 
 None 
 
End Time:  Click on –No Time- and it will fill out automatically 
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___________________________________________________________________ 
___________________________________________________________ 
 


Post-survey Procedures: 


16. Review and QA/QC Data fields 


17. Properly process any voucher specimens, get positive species identifications if needed. 


18. Make sure pH, conductivity and DO meters are calibrated and properly stored. 


19. Label photographs and send to project lead 
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