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INTRODUCTION 

The Copper Fire· in Los Angeles County began Wednesday, June 5, 2002 and was 
_·contained Tuesday, June 11,2002. It covered just over 20,000 acres. Within San 
Francisquito Canyon, the fire burned two wetted reaches of San Francisquito Creek, 
(Saint Francis Dam and Drinkwater; Figures 1-3). These reaches currently support 
populations of the endangered California red-legged frog (Rana aurora draytonii) (herein 
referred to as CRLF) .and the threatened unarmored three-spine stickleback (Gasterosteus 
aculeatus williamsoni) (herein referred to as UTS). Following the fire, these reaches 
were immediately surveyed to assess the effects of the burn upon the resident populations 
of both CRLF and UTS, and their habitat. Our assessment led to several management 
procedures, which were employed to alleviate further deterioration of habitat from a 
predicted increase in runoff and debris during seasonal rains. This report will discuss the 
present and future effects of the Copper Fire on those CRLF and UTS populations within 
the specified reaches, and gauge the success of the management procedures (construction 
of a sediment catchment basin and the three artificial pools installed prior to the 2002 
rainy season). 

Background 
From fall of 1999 to the present, the U.S. Geological Survey (USGS), Western 
Ecological Research Center has been monitoring the CRLF and UTS populations in the 
San Francisquito Canyon watershed. Both species are listed under the Endangered 
Species Act, as endangered and threatened respectively (USFWS, 1996), and critical 
habitat for both species has been designated within the watershed (USFWS, 2000). Our 
data suggest that during this time, both CRLF and UTS populations in this area, have 
remained relatively stable (Ervin et al., 2001; Hitchcock et al., 2002; Hitchcock et al., 
2003). . 

The Saint Francis Dam reach currently supports both CRLF and UTS populations·, while 
the Drinkwater Reach currently supports only UTS. Within the Saint Francis Dam reach, 
CRLF occur in a 1200m reach of the main drainage of San Francisquito Canyon. The 
CRLF occurs here in a series of perennial pools immediately above and below the Saint 
Francis Dam. The small size of this occupied area makes these frogs extremely 
vulnerable to extirpation through natural or anthropogenic causes. This isolated 
population is estimated to have between 231 and 525 breeding adults, making this the 
largest of only three relic populations of CRLFs in Southern California (south of Los 
Padres Forest) (USGS, 2003). A second area, Drinkwater reach, has also been closely 
monitored because it is occupied by UTS and has potential CRLF habitat. UTS are 
monitored in both of these reaches since these are the only two perennial populations 
within the Angeles National Forest. 

On June 10, 2002, USGS joined the U.S. Forest Service (USFS) as part of the Burned 
Area Emergency Response Team (BAER) to assess the potential impacts of the Copper 
Fire on sensitive riparian resources at the Saint Francis Dam and Drinkwater reaches of 
San Francisquito Canyon. After the June assessment it was determined that immediate 
action was needed to prevent or reduce the post-fire effects on the CRLF and UTS. The 
fear was that the absence of vegetation in the canyon would allow heavy rains to scour 
the channel and fill the pools with ash and debris left by the fire (Hitchcock et al., 2002). 
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To prevent or reduce the amount of silt build-up in the channel two immediate actions 
were implemented. In October 2002, three additional pools were constructed further 
upstream from the Dam Reach pools; referred to as artificial 1, 2, and 3 (Figures 4-6). 
The8e pools were constructed about 50m southeast of the main channel to provide the 
frogs with additional habitat in the event that heavy rains and lack of vegetation caused 
scouring and silt deposition within the channel.· Additionally, a sediment catchment basin 
was also constructed in late October approximately 2km upstream from Dam Reach 
(Figure 7). The basin was created by removing about 30,000 cubic yards of substrate and 
was designed to retain sediment and debris upstream of Saint Francis Dam and 
Drinkwater Reaches (Figure 8). To determine the effectiveness of these actions, we 
monitored the artificial pools for frogs, and measured pool morphology within the reach 
before ·and after seasonal rains. 

METHODS 

Habitat Assessment and Stream Morphology 
To calculate changes in pool morphology measurements were recorded for 11 and 5 
pools at Saint Francis Dam and Drinkwater Reaches, respectively. (A greater number of 
pools were measured in Dam Reach because more pools were available here). 
Morphological measurements were also made at 5 pools in two additional sites, Fish 
Canyon and Warm Springs, which served as experimental controls. (Figure 9, Table 1). 
Similar terrestrial habitat and perennial water resembling San Francisquito Creek made 
Fish Canyon and Warm Springs suitable experimental controls. 

Stream morphology enabled us to look at the depth profiles of the individual pools in 
perennial and/or intermittent creeks. Initial measurements were made in August 2002. 
Once the pool was selected, a survey spotting scope was set up at a location that provided 
a view of the entire pool. Three lines were then selected to transect the pool at 
approximately the upper, middle and lower portions of the pool (Figure 10). One transect 
was always placed across the deepest spot within a pool where silt and debris would most 
likely accumulate or most scouring would occur (e.g., across hollows and ridges of the 
stream bottom, or across a bend in the creek, because deposition generally occurs on the 
inside of a bend and scouring on the outside of a bend). Rebar was placed to mark the 
end of each transect line, and directly under the spotting scope above any high-water 
marks. Where there was no place to pound in a rebar stake (e.g., rock wall present), 
orange spray paint was used to mark the ends of each transect by making an "X" on the 
rock. A meter tape was then run across each transect. The tape always started at the 
downstream transect, running from right to left. Once the tape was in place, an initial 
depth measurement, our zero point, was taken at rebar stake 1 (the first rebar on the 
downstream side of the pool, on the right-hand side of the creek as you look upstream). 
Following the zero point measurement, we took depth measurements at 1m intervals 
across each transect, beginning at 1m (Figure 11). Each height measurement was 
recorded to the nearest centimeter. If a rock or submerged tree was located at one of the 
meter marks, we deviated slightly to either side of the meter mark to obtain an accurate 
depth measurement (i.e., so as not to measure the height of the rock but rather the depth 
of the pool). After completing transect measurements, a sketch was drawn showing pool 
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proximity to others, perimeter shape, identifying miscellaneous features (e.g., large rocks, 
downfall, patches of vegetation, steep slopes), and transect locations. These sketches 
were converted to a schematic diagram of each creek to help relocate transects in June 
2~3 for post-rain measurements (Figures 12-15). 

The changes in· pool morphology were compared between burned and non-burned sites 
by calculating the _difference in transect measurements from 2002 to 2003. Fll'St, all of 
the data were standardized using an initial measurement to zero all subsequent points so 
that they were comparable. Variables were then calculated for the change in area per 
pool and the greatest change in depth per pool. The data for 2002 and 2003 were graphed 
(Figure 16). Pool variation between 2002 and 2003 was then calculated by creating a 
trapezoid between the two lines (Figure 17). The area of each ttapezoid was calculated as 
follows: 

0.5 * [(dl,2002-dl,2003 )+ (~-d2,2003)]* w 

where w=width of trapezoid = 1 meter 
d1.2002= depth at point 1 in 2002 
d1,2003= depth at point 1 in 2003 
~= depth at point 2 in 2002 
~= depth at point 2 in 2003 

Once all trapezoid areas were calculated statistical comparisons were made between 
burned and non-burned sites using an analysis of variance (ANOV A). In the ANOV A, 
transects were considered sub-samples within each pool, and pools were considered the 
experimental units. The two burned reaches (Dam and Drinkwater) were contrasted with 
the non-burned reaches (Fish Canyon and Warm Springs) using a contrast analysis. 

In addition to comparing cross-sectional areas, we also looked for changes in depths of 
each pool. The deepest point per transect was calculated for each year, and change in 
depth was calculated as: 

Chg_depth = dep~-dep~ 

(i.e., the change in position of the deepest point was simply calculated as the absolute 
difference between the location of the deepest transect point in 2002). Statistical 
comparisons were made for changes in depth for 2002-2003 using ANOV A. 

Population Monitoring 
CRLF surveys were conducted between January and August to monitor the status of the 
population. These surveys consisted of egg mass, tadpole, and adult surveys. CRLF egg 
mass surveys were conducted throughout the breeding season (January-April). Egg mass 
surveys were conducted during the day by walking slowly upstream while taking care not 
to disturb too much sediment. When egg masses were found, their locations were flagged 
and numbered, and general observations were recorded on the development of the larvae 
within each egg mass. Tadpole surveys consist of dip netting each pool in which egg 
masses had been found in previous months. Up to 20 tadpoles per pool were caught with 
dip nets and placed in a 5-gallon bucket filled with water from the pool. Body length, 
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proximity to others, perimeter shape, identifying miscellaneous features (e.g., large rocks, 
downfall, patches of vegetation, steep slopes), and transect locations. These sketches 
were converted to a schematic diagram of each creek to help relocate transects in June 
2~3 for post-rain measurements (Figures 12-15). 
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transects were considered sub-samples within each pool, and pools were considered the 
experimental units. The two burned reaches (Dam and Drinkwater) were contrasted with 
the non-burned reaches (Fish Canyon and Warm Springs) using a contrast analysis. 

In addition to comparing cross-sectional areas, we also looked for changes in depths of 
each pool. The deepest point per transect was calculated for each year, and change· in 
depth was calculated as: 

Chg_depth = dep~- dep~ 

(i.e., the change in position of the deepest point was simply calculated as the absolute 
difference between the location of the deepest transect point in 2002). Statistical 
comparisons were made for changes in depth for 2002-2003 using ANOV A. 

Population Monitoring 
CRLF surveys were conducted between January and August to monitor the status of the 
population. These surveys consisted of egg mass, tadpole, and adult surveys. CRLF egg 
mass surveys were conducted throughout the breeding season (January-April). Egg mass 
surveys were conducted during the day by walking slowly upstream while taking care not 
to disturb too much sediment. When egg masses were found, their locations were flagged 
and numbered, and general observations were recorded on the development of the larvae 
within each egg mass. Tadpole surveys consist of dip netting each pool in which egg 
masses had been found in previous months. Up to 20 tadpoles per pool were caught with 
dip nets and placed in a 5-gallon bucket filled with water from the pool. Body length, 
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total length, and Gosner stage were recorded for each tadpole, and mouthparts were 
checked for abnormalities, after which the tadpole was placed into a second 5-gallon 
bucket of pool water. Tadpoles were released back into the pool from which they were 
caught after. all tadpoles had been processed. Surveys for adults were conducted at night 
by walking slowly upstream with spotlights while looking for eye shine. Frogs were 
captured, weighed, and measured in accordance with USGS protocols (USGS, 2003). 

UTS presence/absence surveys were conducted within San Francisquito Canyon in July. 
UTS presence is detected through visual or net (seine or dip-net) surveys. The stream 
channel was divided into lOOm segments. Each 1OOm segment was subject to 10 non
consecutive seine or dip net hauls. If conditions were not suitable for netting, visual 
surveys were conducted. Visual surveys consist of a ten-minute active search for the 
presence of UTS. 

RESULTS 

Three methods were used to determine if the sediment catchment basin and artificial 
pools were successful. FII'St, we determined if there was a difference in cross-sectional 
area and depth between burned (Dam, Drinkwater) and non-burned (Fish Canyon, Warm 
Springs) reaches. Second, we used field observations to confirm changes in pool 
morphology. Third, we established the importance and success of the artificial pools 
excavated outside the primary stream channel by conducting presence/absence surveys 
for frogs, eggs and tadpoles. 

Habitat Assessment and Stream Morphology 
The graphs of the pool transects with measurements from 2002 and 2003 show that there 
was a great deal of pool-to-pool variation (Figures 18-19). For example, some pools in 
the burned area showed some filling, while others did not. This was confirmed in the 
field during several visits to the site throughout the season. On average, there was more 
pool filling in the burned reaches than in the non-burned reaches. Burned sites were 
significantly different from non-burned sites at the ten-percent level (change in area, 
P=0.0982; change in depth, P=0.0750). 

Population Monitoring 
A total of 28 egg masses were discovered during the course of the breeding season in 
2003 (Table 3). All egg masses were washed away in rain events during the rainy season. 
In fact, with each visit to Dam Reach we discovered that all prior egg masses had been 
washed away. There were no signs of any egg masses at the end of breeding. Dip
netting for tadpoles revealed that CRLF larvae were only in Artificial pool 1. On 
November 14, 2002, two weeks after the construction of the artificial pools in late 
October, adult CRLFs were discovered residing in Artificial pools 1 and 2. An adult 
CRLF was also detected in Artificial pool3 during a night survey, June 17, 2003. 

In July 2003, UTS were present in seven of the nine lOOm segments within Dam Reach. 
The vast majority of UTS were visibly infected with Ich (exotic parasite protozoan). 
UTS did not appear to be present in high densities(- 1 per m2

). No UTS were detected in 
any of the 20 1OOm segments in Drinkwater Reach. Approximately 300m of the 
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downstream portions of Dam Reach stream channel, which has been historically dry, was 
wet during the survey, and UTS were present in this habitat as well. 

DISCUSSION 

Habitat Assessment and Stream Morphology 
According to our analyses, there was a lot of pool-to-pool variation. The variation among 
pools was large compared with the variation between reaches. When statistically 
comparing burned and non-burned reaches we did find a significant difference at the 10% 
level. Although 10% is higher than the standard 5% level that is generally accepted for 
biological significance, we feel that this level of significance is still biologically 
meaningful to this system for two reasons. First, there was a visible difference in pool 
morphology at many of the pools from one year to the next. Therefore, the habitat 
structure was changed for the frogs. Second, during our many visits to the pools 
throughout the 2003 season we observed pools fill in completely and later flush out again 
in subsequent rain events (e.g., koi.pool, pool x; Figures 20-21). In addition to these 
analyses and observations, 30,000 cubic yards of sediment were removed to construct the 
basin, and after the rainy season the sediment catchment basin was nearly 90% full (Bill 
Brown, pers. comm.). Since our ANOV A was significant between burned and non
burned sites, we deduce that ( 1) more silt and debris did end up in the CRLF and UTS 
habitat than would have if the area had not burned because there was no vegetation to· 
catch it, and (2) had the catchment basin not been excavated, all of the silt and debris now 
settled in it would have presumably ended up downstream further altering the CRLF and 
UTS habitat. Therefore, our management treatments were effective (i.e., the RLF and 
UTS habitat was protected by creating the catchment basin). 

Population Monitoring 
We also conclude that the three artificial pools were a sound management tactic because 
(1) adult frogs were found within these pools shortly after excavation, and (2) although 
all egg masses observed during the breeding season were washed away in subsequent rain 
events (due to little or no vegetation to slow flow or catch debris}, tadpoles remained in 
Artificial pooll. No tadpoles were found in any other pools that had egg masses in 2003. 
Therefore, the only successful reproduction for 2003 was in Artificial pool 1. Without 
the artificial pools there may have been no recruitment this year. Therefore, the high 
flow, lack of vegetation, and increased debris were likely the causes of low recruitment 
this year. We have no evidence that the high flow and increased debris affected the adult 
population, because our nighttime surveys revealed adults within the same general areas 
where they were found before the fire. 

Previous surveys have resulted in the detection of UTS in high densities in the 
downstream portion of Drinkwater Reach. Failure to detect them during 2003 surveys is 
alarming, since surveys conducted immediately after the frre confrrmed that UTS had 
survived the frre and were present in high numbers. We intend to visit the reach twice 
more in the near future to confinn/deny the observed absence ofUTS within the 
Drinkwater Reach. Although UTS in Dam Reach are confronted with a widespread Ich 
infestation, they appear to be persisting. 
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Table 1. Pools Used in Stream Morphology Analysis. 

CREEK REACH POOL 

San Franclsqulto Creek 

Dam Reach 
Overpass 

Fallen Willow 

Long 

Boulder 

Dam 
# 12 
Dl 
# 15 
ManMade 1 
ManMade2 
Tadpole 

Drinkwater 
Overpass 
Mini Plunge 
OutFlow 
Crossing Branches 
RockQuary 

Warm Springs 
#0 
#4 
#S 
#6 

Fish Canyon 
#1 
#3 
#S 
#6 
#8 
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Table 2. Egg Mass Survey Summary. 

POOL SURVEY DATE 

1 J-Jm::QJ 18-E;b::QJ 20-MI[::QJ l~Am::QJ 

Long Pool 11 1 5 

AI 2 

#8 2 

#15 2 

ManMade#l 2 

Tad(!!le 3 

TOTAL=ll 15 1 12 0 
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Figure 1. Site Location. 
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Figure 2. San Francisquito, Dam Reach. 
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Figure 3. San Francisquito, Drinkwater Reach. 
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Figure 4. Artificial Pools 1 (top) and 2 (bottom) Immediately After Excavation (2002). 

12 



Figure 5. Artificial Pools 1 (top) and 2 (bottom), July 2003. 
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Figure 6. Artificial Pool3, July 2003. 
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Figure 7. Locations of Artificial Pools and Sediment Catchment Basin. 
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Figure 8. Sediment Catchment Basin (top and bottom), July 2003. 
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Figure 9. Location of Four Creeks Surveyed for Comparable Habitat. 
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Figure 10. Diagram of Pool Morphology Protocol Showing Placement of Transects. 
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Figure 11. Measuring Pool Transects: Holding the Stadia Rod at lm Intervals, While 
Person With Spotting Scope (not shown) Sites Measurements. 
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Figure 12: Schematic of San Francisquito Dam Reach. 

20 



Drmkwater Reach .... _'-

--. _, -..-. --... -
!'-
~--~ .......... _ 

Figure 13: Schematic of San Francisquito Drinkwater Reach. 
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Figure 14: Schematic of Warm Springs. 
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Figure 15: Schematic of Fish Canyon. 
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San Francisquito Comparison 2002 vs. 2003: Overpass Pool 

Distance (m) 
2 3 4 5 6 7 8 9 10 11 

- Tn1'112002 
• • • • • • • Tnrl12003 
-Tnrl2 2002 

-- -•-- -TrS\2 2003 
-Tn1'13 2002 

• • - • - • • Tn1'13 2003 

L--------- -- - -·-----·--__________________ ___. 

Figure 16. San Francisquito Stream Morphology Comparisons, 2002 vs. 2003, Overpass 
Pool. 
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Figure 17. San Francisquito, Dam Reach Overpass pool. Calculating a Trapezoid 
Between 2002 and 2003 Data. of Transect 2. 
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Figure 18. Average Change in Cross Sectional Area by Pool in 2002-2003. Positive 
Changes Indicate a Loss in Area. Negative Changes Indicate a Gain in Area. 
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l1gure 19. Avtnge Change in Depth ofCross-Sectioas by Pool Within Each Iteach 
(2002-2003).. Positive <llanges Indicate Depth Lost. Negative Clwlges IDdicate Depth 
Gained 
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Figure 20. Koi Pool Filled With Silt and Debris Deposits Following Post-Fire Rain 
Events. 
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Figure 21. Koi Pool Flooded to Pool X (two pools are separated by dry land for most of 
the year). 
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