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Final Report

Introduction:

Amphibian populations are in decline around the world.  One known cause of amphibian declines is the spread of nonnative species that either prey on native amphibians or out compete them.  Several studies have demonstrated that exotic crayfish are detrimental to amphibians in the Santa Monica Mountains.  California newts (Taricha torosa) and California treefrogs (Hyla cadaverina) are both species of special concern in California.  These two amphibians are often found with the more widespread Pacific treefrog (Hyla regilla).  All have been shown to be negatively impacted by the widespread introduction of the red swamp crayfish (Procambarus clarkii).  Red swamp crayfish are known to attack adult amphibians and to prey on the eggs and larvae of all three species of native amphibians.
Trancas Creek is a perennial coast stream of moderate gradient and consists of mainly step-pool reaches.  The stream resides primarily on National Park Service property and has been the subject of several ecological studies.  Trancas Creek is a unique stream in the Santa Monica Mountains because it currently contains both crayfish and three native stream-breeding amphibians.  Many streams that contain crayfish do not contain amphibians.  Crayfish invasion into Trancas Creek has likely been a recent phenomenon and amphibians have not yet been completely eliminated.  If crayfish are not removed or their densities greatly reduced, local extinction of amphibians in Trancas would likely occur. 
Invasive Crayfish Removal:

Beginning in June 2007, Trancas Creek was surveyed for nonnative crayfish and amphibians.  The number of crayfish observed and all amphibian activity was recorded.  The following week approximately 100 crayfish traps were baited and distributed throughout three regions of the stream, each approximately 150 meters in length.  Either a natural stream barrier (i.e. waterfall) or a temporary stream barrier (mesh fence) was located at the beginning and end of each section to prevent crayfish from moving into regions designated for restoration.  A complete survey of the restoration regions was performed biweekly, during which crayfish traps were emptied.  Any crayfish seen outside of the traps were netted by field workers.  Captured crayfish were counted, sexed, measured, and then transported back to the laboratory where they were frozen and later donated to a wildlife rehabilitation center to use as food for animals at the shelter.  Weekly surveys and removals continued through the end of Feb 2008, and monthly surveys were performed from August through November.  The same protocol was followed during 2004 and 2005.  Throughout the winter and spring of 2007-2008 students have continued to monitor crayfish numbers and have found virtually no crayfish. A total of 12,592 total crayfish were removed from Trancas Creek in 2007 and the beginning of 2008.
During this most recently funded time period, Pepperdine students spent approximately 540 hours monitoring amphibians and removing crayfish from Trancas.  An additional 416 crayfish were removed from the stream.  These recent removals were important because rainfall events and intense trapping in 2007 and early 2008 greatly reduced crayfish numbers.  Without sustained trapping crayfish are quickly able to rebound in numbers.  In summer and fall 2008 significantly fewer crayfish were trapped than in 2007 because of ongoing successes in keeping crayfish numbers depressed (Table 1).  Our hope is that this additional trapping will keep crayfish numbers depressed for the spring of 2009 when local amphibians begin breeding again.

Analysis of Methods:

The use of natural and manmade barriers appeared to be effective in preventing crayfish from moving into the restoration areas. The collapsible minnow traps used to catch crayfish were the most effective means of removal.  One problem that occasionally occurred with the traps was the accidental capture of native amphibians or aquatic garter snake.  Although this rarely happened, it prompted the stream workers to ensure that the traps were not completely submerged in the stream to allow the accidentally captured animals a way to breathe until they could be removed. Another problem was the effectiveness of the traps. Crayfish are able to crawl out of the traps and are not as attracted to the bait after several hours. This was rectified by having regular removal of crayfish and a change in trapping technique. After the trapped crayfish were removed each trap was re-baited. A period of at least 15 minutes was waited after the re-baiting to again check the traps for crayfish. Thus each trap was checked at least twice each trip to Trancas. This technique increased the number of trapped crayfish drastically and helped inhibit crayfish growth.  Removing crayfish by hand nets was also an effective way of removing the crayfish that were not caught in the traps.  The intensity of trapping and time of year that it took place was key in providing a safe environment for the amphibians to breed and develop successfully.  
This type of restoration is important for several reasons.  Dr. Lee Kats and his Pepperdine lab have been following California newts carrying pit tags since 1994.  When the newts are recaptured, it is frequently in the exact same pool from previous years.  Due to this high level of breeding site fidelity that these long-lived amphibians exhibit, it is important to continue removing crayfish in streams where crayfish and amphibians still coexist because the amphibians will not move to streams that are not yet invaded.  This type of restoration is probably only applicable in first and second order streams because larger streams would probably have a crayfish population that would be hard to impact.  
Public Education and Outreach:

Community involvement has been a significant part of this three-year project.  The Trancas field workers have been accompanied by numerous volunteers on trips to the stream, including high school students, Pepperdine faculty members, National Parks Service employees, and homeowners in the surrounding area.  In September 2003 Dr. Lee Kats delivered a presentation to the Malibu West Homeowners Association regarding the project, and in April 2004 he gave a similar presentation to Malibu residents at a Pepperdine University gathering.  Many residents were interested in becoming involved in the removal efforts as volunteers, and have kept in contact with members of the lab.  An article entitled “Local university and homeowners association work to eradicate the non-native predator to save frogs and newts” was published in the April 14th issue of the Malibu Times regarding the public involvement.  In August 2004 four of the student workers accompanied by Dr. Kats presented a poster entitled “Seasonal removal of invasive stream predators to protect sensitive amphibian populations” at the 89th Annual Ecological Society of America Meeting held in Portland, Oregon.  

In 2005 the lab was awarded the P.I.E. (Public Involvement Education) Grant by the Santa Monica Bay Restoration Commission.  The goal of this grant is to further educate the community about the current and potential impacts that invasive aquatic species, such as crayfish and mosquitofish, can have on the biodiversity of local streams.  Using specific information gathered from the Trancas Creek Project, members of the lab, in conjunction with a certified educator, have produced an education program to be used in local schools and at public gatherings which combine age-appropriate PowerPoint® presentations with supplemental information sheets, school activities and evaluation instruments.  The program emphasizes the dependence of native amphibians on mountain stream habitats and the disruption caused by introduced predators.  The program has been presented to 18 classes (ranging from elementary to high school) and 12 civic events by students from Pepperdine University.  These presentations have continued to the present and Pepperdine students involved with this restoration project have made presentations to four class presentations already this year.
In addition, this outreach program has been described in detail and will be published in the Council on Undergraduate Research Quarterly in the Fall of 2008 (see previous attachment to SMBRC).
Conclusion:

The Trancas amphibian restoration project has proved successful.  Prior to crayfish removal (2002 and before) there were virtually no observation of newt adults, eggs or larvae.  In addition, there were virtually no observations of California treefrog larvae.  Since the crayfish removal project began in 2003 amphibian numbers are the highest that we have seen anywhere in the Santa Monica Mountains.  Dr. Lee Kats has been recording amphibian observations in Trancas Creek since 1995 and the data on amphibians in 2005 are the highest he has ever recorded.  The number of newt egg masses observed (887) is more than anyone has recorded in the Santa Monica Mountains.  Dr. Kats’ research team has surveyed amphibians in the Santa Monica Mountains for over 10 years in several different streams and they have never recorded more than 300 newt egg masses.  It is too early in the amphibian breeding season in 2008, but preliminary surveys indicate that crayfish numbers remain low and that this should be another high productivity year for local amphibians.
The next steps are exciting and critical. Rains have assisted in the removal of many crayfish and have opened an opportunity to potentially extract the entire crayfish population from Trancas.  By continuing the removal of lingering crayfish, the growth can be severely stunted or even stopped.  If removed, Trancas Creek will revert back to its original state so that many generations to come can enjoy this beauty of nature.
In addition, the outreach program to the local community and local schools has been significant.  Local Malibu residents near Trancas and school children in Malibu have been presented with considerable information about the negative impacts of nonnative species on local streams.  Many of these citizens have also participated in the removal of nonnative crayfish.

Table 1
	Year 2007
	
	 2008 (this grant period)

	Month
	Crayfish Captured
	Crayfish Captured

	June
	1,237
	247

	July
	669
	98

	August
	1,353
	58

	September
	2,805
	13

	October
	2,933
	

	November
	3,076
	

	December
	512
	

	January
	0
	

	February
	7
	

	Total
	12,592
	416
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Juvenile newts representing new cohort resulting from crayfish removal
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Student removing and re-baiting trap
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Trap used to capture crayfish
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Close-up of a captured crayfish
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Students removing crayfish while performing a stream survey
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Figure 1: Crayfish Removed








