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Abstract  

This research paper investigates various environmental factors and their effects on O. 

mykiss (Steelhead Trout) in Southern California. The goal of the research is to establish a lasting 

solution to slow the decline of O. mykiss in Southern California’s many watersheds that feed into 

the Pacific Ocean. Secondary data analysis was used to investigate possible solutions for 

mitigating the effects of the changing environment on watersheds that retain an O. mykiss 

population in Southern California. The main solution investigated was the use of an 

augmentation system with special consideration towards drought as a possible solution for 

slowing the decline of the O. mykiss population. Two watersheds in Southern California were 

compared using the scientific method of testing an experimental group and using a control group. 

Malibu Creek with the variable of an augmentation system, and Topanga Creek which acted as a 

control with no variable acting upon it. Both watershed’s O. mykiss populations and water level 

in cubic feet per second (abbreviated as CFS) were compared as higher water levels correlate to 

higher O. mykiss individuals. Results indicated that an augmentation system as seen in Malibu 

Creek is not a reliable solution in conserving the O. mykiss in Southern California as many 

variables impact their survival in Malibu Creek. 

Keywords: steelhead trout, drought, augmentation, environmental factors, Southern California, 

Topanga Creek, Malibu Creek.  
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Introduction 

Background 

 O. mykiss (Steelhead Trout) is an anadromous species of fish, meaning they spawn in 

freshwater and mature in the ocean for two to three years (NOAA, 2016). Juvenile rainbow trout 

denoted by the name fry. O. mykiss are more commonly known as rainbow trout which are the 

freshwater, non-anadromous variant of  O. mykiss. Rainbow trout go through a physical 

transformation called smoltification to become ocean-going fish. Smoltification is a 

physiological change involving changing skin color and altered body shape as well as an 

increased amount of Sodium, Potassium, and ATP synthase in the gills to survive in saltwater 

environments (Bradley et. al., 1988).  

 

Figure 1. This diagram illustrates the signs of smoltification on Oncorhynchus mykiss when they transform from 

freshwater to ocean-going form. This is characterized by spots on the fins and a red lateral stripe along with an 

increased skin reflectance.  

The process of smoltification varies among individuals and may occur in some O. mykiss but not 

others. Most anadromous fish, such as coho salmon (Oncorhynchus kisutch) and sockeye salmon 

(Oncorhynchus nerka), spend their lives in the ocean and return to their natal stream where they 
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spawn and die. However, O. mykiss can migrate multiple times in their lifetime to spawn in their 

natal creek, making them a unique species of fish. Adult O. mykiss make their runs between 

December and April, spending the summer and fall in the ocean to mature (California 

Department of Pesticide Regulation, 2019). They tend to prefer colder climates such as along the 

Oregon and California coastline. However, O. mykiss can also be found in Southern California 

and even as far as to the US- Mexican border (Dagit et. al., 2017).  

 

Figure 2. This map of Southern California illustrates the region of California where O. mykiss are referred to as 

the Southern California DPS or distinct population segment. Their population starts at the Mexican-US border and 

extends just below San Luis Obispo. 

Causes of Their Decline 

O. mykiss were a popular sportfishing target to many anglers in the mid-1900s when the 

population began to rise and the west coast began to become urbanized. Their decline was 
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recognized by the Department of Fish and Game and the species was put under the endangered 

species act in 1997 as a result of a study conducted the year prior which showed that their 

population was under threat (Dagit et. al., 2017). There is an estimated 500 total adult O. mykiss 

left in Southern California (Dagit et al., 2017). This number continues to decline as O. mykiss are 

becoming increasingly affected by both environmental and human-induced changes. O. mykiss 

are generally known to be a resilient fish and their adaptation abilities give them the chance in 

surviving an ever-changing ecosystem such as Southern California. However, O. mykiss are 

unable to fight the decreasing water levels which have been seen over the past years due to 

drought in Southern California (NOAA, 2016). There are many environmental factors that affect 

O. mykiss survival, but the most prominent factors include, overgrazing by livestock, 

urbanization, pollution, overfishing, negative genetic variation caused by hatchery fish, major 

stream blockages such as dams and bridges, and the most prominent factor, drought (Katz et al., 

2012). 

Overgrazing livestock became an issue when corporate livestock companies had 

unrestricted grazing rights for thousands of acres of delicate riparian habitats (Charnley et al., 

2018). Riparian habitats are defined as environments where land meets water such as a river 

bank. Livestock tend to favor riparian habitats and graze along stream banks (Charnley et al., 

2018). This creates the foundation for a variety of issues including erosion and stream pollution. 

Streambank erosion is caused when livestock graze and trample the vegetation along a stream 

bank causing a loss of underground structure created by plant roots which is a fundamental 

foundation of the soil (Charnley et. al., 2018). The loss of vegetation then alters the framework 

due to the lack of underground soil structure of the stream and releases a variety of debris 
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including silt and soil into the stream which can be detrimental to aquatic organisms. Erosion 

creates wider stream banks and shallower waters which changes the entire ecosystem and can 

become uninhabitable to native aquatic organisms (Katz et al., 2012). 

 Eutrophication of streams can also occur when an excess of nutrients enters the water 

and promotes rapid algae growth and a decrease in available oxygen in the water (Anderson et. 

al., 2002). In this case, eutrophication is caused by waste produced by livestock which can enter 

a stream and promote eutrophication (Glibert et al., 2016). Harmful algae bloom or (HAB) 

buildup not only consumes the majority of available oxygen in the water but it also blocks out 

sunlight which feeds the native aquatic plant species in the process of photosynthesis (Anderson 

et. al., 2002). Water temperature can also increase as a result of eutrophication (Anderson et. al., 

2002). Other factors that influence cultural eutrophication are fish hatcheries which sometimes 

release their waste into streams, uncontained sewage which is the result of under-maintained 

pipes that leak sewage into streams, and leakage of nitrogenous compounds from fertilizers used 

in agriculture (Andreatta et. al., 2011). Eutrophication causes the formation of a HAB layer on 

the surface of the water can trap sunlight within a stream which then raises the water temperature 

(Andreatta et. al., 2011). Raised water temperatures along with the over-consumption of oxygen 

from HAB alter the ecosystem and cause sensitive native species to diminish . In recent years, 

agricultural companies have relied heavily on urea-based fertilizers which are rich in nitrogen 

and were an easy way to mass produce crops (Glibert et al., 2016). It was believed that these 

fertilizers were safe to the environment and that they would be consumed and then absorbed by 

the earth. However research done on urea usage and its effects on coastal eutrophication proved 

that the urea fertilizers were easily able to enter the water and promote the cultivation of HAB 
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species (Glibert et al., 2006). Urea based fertilizers were also shown to promote a shift in 

phytoplankton species growth that is more noxious and detrimental to both aquatic species and 

humans (Andreatta et. al., 2011). Increased water temperatures as a result of drought have 

accelerated the growth of algae in watersheds due to both the lack of flowing water and the more 

suitable habitat it creates for algae and bacteria which can be detrimental to O. mykiss health and 

their survival (Sloat et. al., 2013) 

The Pacific Northwest became heavily urbanized at the beginning of the 19th century and 

the construction of buildings, dams, and bridges significantly altered the stream networks (Katz 

et. al., 2012). The construction of buildings using concrete restricts water from directly entering 

the earth but redirects it to other areas which may cause flash floods. In addition, pollution can 

easily enter a watershed through the storm drain systems which can cause a variety of issues 

including eutrophication and toxification (Anderson et. al., 2002). The most obvious 

manifestation of urbanization is the increase in buildings and other man-made structures and the 

corresponding loss of vegetation, land clearing, soil compaction, riparian corridor encroachment, 

and modifications to the surface water drainage network which all are effects of urbanization 

(May et al., 2006). The larger a city is, the more pollution enters a stream and intoxicates the 

aquatic species (Katz et al., 2012). Many of the consequences of urbanization on watersheds 

include extensive changes in basin hydrologic regime, channel morphologic features, and 

physicochemical water quality (May et al., 2006).  

Hatchery-raised O. mykiss are an issue for multiple reasons. One major factor that 

negatively impacts native O. mykiss is interbreeding between native and hatchery fish. Native O. 

mykiss are genetically different in every stream (Katz et. al., 2012). They have adapted to their 
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particular environment and interbreeding throws off the genetic variance. Interbreeding makes it 

harder for the offspring to survive because they do not possess the alleles that their parents have 

which they have adapted over centuries. In addition, hybrid species may arise due to inbreeding 

which throws off the gene pool (Berejikian at al., 2004). Hatchery fish are usually more resilient 

than native O. mykiss which means they consume vital resources and there is more competition 

for native O. mykiss against the hatchery-raised O. mykiss (Berejikian at al., 2004).  

Stream blockage is another major factor that heavily influences O. mykiss survival rates. 

Dams and other major stream barriers are used to prevent flooding and for hydroelectric energy 

generated by the controlled movement of water through dams to generate kinetic energy (U.S. 

Department of the Interior Bureau of Reclamation, 2005). However, dams and other obstructions 

have a major impact on O. mykiss because it cuts off their annual anadromous movement to 

spawn (Dagit et. al. 2009). Stream obstructions prevent O. mykiss from accessing parts of a 

watershed where they would have initially traveled which therefore changes the environment for 

the fish and may sometimes make the watershed uninhabitable.  
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Figure 3. This chart outlines the life cycle from fry to adult in O. mykiss. O. mykiss is in its freshwater variant in the 

river. They grow and mature until they move to an estuary where they complete their smolt to become the ocean 

going variant of O. mykiss. 

The most prominent factor affecting O. mykiss is drought. Drought conditions became 

severe in the early 2000s and its effects can still be seen today even though drought conditions 

have lessened in recent years. Southern California relies heavily on imported water from 

Sacramento and Colorado river systems and augments it in order to mitigate the effects of 

drought (MacDonald et. al., 2008). Drought conditions are inevitable and are a result of climate 

change. Climate change causes an increase in latent atmospheric energy which in turn, speeds up 

the hydrological cycle and dries up streams faster than the O. mykiss can spawn (Marlow, 2018). 

It was common for streams to dry up in the summer months and flow in winter months when 

drought conditions were not acting on the environment. This is why O. mykiss would make their 
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runs in winter months because rainfall allowed passage to their spawning grounds. However, 

drought conditions create an almost year-long dry river bed making it extremely difficult for O. 

mykiss to return to their natal spawning grounds in freshwater.  

Malibu Creek 

Malibu Creek is the largest watershed in the Santa Monica Mountains and it is one of the 

biggest in California. As part of Los Angeles Department of Water and Power’s discharge 

permit, the Tapia Water Reclamation Facility is required to augment flows to Malibu Creek once 

flows drop below 2.5 cubic feet per second(Orton et. al., 2005). Malibu Creek’s water flow is 

monitored by a downstream measurement station, specifically the F-130 station which provides 

Tapia Water Reclamation Facility with data to augment flows to the creek (Orton et. al., 2005). 

Malibu Creek’s year-long flow provides many aquatic and terrestrial species including O. mykiss 

with a substantial and reliable habitat. In the early 1900’s urban and suburban development 

became more prevalent in Southern California. Residents mostly relied on pumping groundwater 

and using dams to acquire a substantial water supply. By the 1950s, water levels dropped to 

≈0.35CFS (Orton et. al., 2005). To counter the decreased water levels, the Tapia Water 

Reclamation Facility was built in 1965. Increased urban development in Malibu leads to an 

elevated amount of harmful bacteria that entered Malibu Creek and settled in Malibu Lagoon 

(Orton et. al., 2005). Once enough water built up in Malibu Lagoon, the lagoon would breach, 

resulting in bacteria-filled lagoon water mixing with ocean water which posed a danger for 
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beachgoers and surfers at Surfrider Beach Malibu (Orton et. al., 2005). 

 

Figure 4. Map showing the Malibu Watershed. The red line indicates the current distribution of O. mykiss while the 

yellow line indicates initial distribution.  

The implementation of the Tapia Water Reclamation Facility helped regulate the amount 

of water that entering the lagoon to keep it from overflowing its bacteria filled contents into the 

ocean. However, during the planning of the construction of the facility, there was no mention of 

the regulated water levels effects on aquatic species such as O. mykiss (Orton et. al., 2005). The 

facility had been built partially for the purpose of regulating the water level so that the lagoon 

would not breach and overflow along with taking grey water from the Malibu District and 

recycling it for further use in people’s homes. After the water is recycled through Tapia, some of 
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it returns to the Malibu District and some of it goes into Malibu Creek as discharge (Orton et. al., 

2005). 

 

Topanga Creek 

Topanga Creek is a 50 ㎢ coastal watershed which drains into the ocean through Topanga 

Lagoon. The creek connects to the ocean in winter months when rainfall is abundant and is 

usually cut off during the summer months. Topanga Creek is fed only by rainwater and urban 

runoff and enters into Topanga Lagoon. It is important to mention that Topanga Lagoon is 

significantly smaller in size as compared to Malibu Lagoon. It is also important to mention that 

the Topanga Creek watershed is significantly smaller than the Malibu Creek watershed. Topanga 

Creek is an unaugmented creek, therefore, it does not experience a consistent flow of water and 

experiences dry seasons especially in summer months when water flow is finite. Dry seasons 

sometimes strand and isolate O. mykiss and other aquatic organisms in pools where non-flowing 

water collects. This sometimes increases death rates of O. mykiss if the pools are not connected 

in winter months when rainfall makes the creek flow again. These effects are amplified by 

drought and can have serious effects on the O. mykiss population. 
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Figure 5. Map showing the Topanga Creek watershed. The red indicates the distribution of O. mykiss within the 

creek. The distribution has not changed at any point in contrast to the Malibu watershed. 

 

Purpose 

The purpose of this paper is to investigate the effects of the changing environment on O. 

mykiss population in Southern California watersheds and to determine whether or not an 

augmentation system is a suitable method of mitigating these effects. The O. mykiss population 

has suffered greatly in the past decade due to Southern California’s severe drought and efforts by 

NOAA to create a recovery plan. However, an augmentation system as discussed in this paper 

has not been suggested in the attempt to reduce the impact of changing climate on O. mykiss. 
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Research Question 

The overarching research question for this paper is how can the effects of drought be 

mitigated to assist the reintroduction of the declining Oncorhynchus mykiss in Southern 

California watersheds?  

 

Hypothesis 

Alternative: The implementation of an augmentation system in vulnerable watersheds will create 

a more suitable habitat for Oncorhynchus mykiss and will correlate to an increased survival rate 

and population size. 

Null: The implementation of an augmentation system in vulnerable watersheds has no effect on 

Oncorhynchus mykiss survival rates and population sizes. 

 

Methods 

Article Search 

The research design was conducted using secondary data analysis. Research papers were 

obtained from various online databases including but not limited to EbscoHost, Google Scholar, 

Plos ONE, Research Gate, and ScienceDirect. Secondary data was obtained through a mentor 

who works for NOAA and directly from the NOAA database along with data from LVMWD’s 

monitoring devices F-130 located in Malibu Creek and F-54C located in Topanga Creek. Other 

secondary data came from RCDSMM on O. mykiss counts for both Topanga Creek and Malibu 

Creek. The research design method of secondary data analysis was suiting to the study because it 
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allowed for more of an analyzation approach rather than a primary data collection method. The 

majority of the data in this report comes from secondary data sources such as the ones mentioned 

above. The data range is from 1930 to current day. The data range is very large in order to show 

changing water levels and O. mykiss population in Southern California watersheds. It is 

important to note that the majority of the review is based off of raw secondary data sources 

therefore data obtained from articles is not present in this paper. 

Scientific Method 

Topanga Creek was used as a control in this theoretical study because it does not have an 

augmentation system in place. It is a naturally flowing creek and is only fed by rainfall and urban 

runoff. Topanga Creek was ideal for this study due to its close proximity and relatively similar 

environment to Malibu Creek. Malibu Creek was used as an experiment as a result of its 

augmentation system in place which is facilitated by the Tapia Water Reclamation Facility. 

Malibu Creek and Topanga Creek both sustain a population of O. mykiss as well making both 

even better candidates for this study.  

Data Comparison 

Once data was gathered using secondary data analysis, a comparison between Malibu 

Creek and Topanga Creek water levels in CFS will be done in order to show the varying water 

levels in both creeks. The F-130 water monitoring device measures water level in cubic feet per 

second and transmits the data to the Tapia Water Reclamation Facility to assess whether 

augmentation to the stream is required. The data is transmitted to the facility from F-130 in a 

spreadsheet and graphical form. The F-54C water monitoring device is located in Topanga 

Creek. It takes water level data daily in cubic feet per second and transmits the data to LVMWD 
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for research purposes. Data on water level from Topanga Creek from early time periods before 

drought years will be compared to water level data in drought years to show the effect of drought 

on the water level. The water level in Malibu Creek will be assessed in years before and after 

Tapia Water Reclamation Facility was built to show an augmentations effects on the water level. 

In addition, a comparison between water levels in both Topanga Creek and Malibu Creek will be 

drawn to show the effects of an augmentation system on the water level in order to show the 

difference between the water levels in both creeks. Finally, O. mykiss counts from Topanga 

Creek and Malibu Creek will be compared in order to show the effectiveness of an augmentation 

system on O. mykiss population numbers. A t-test will be conducted in order to test the 

alternative hypothesis and show the variation in both creek’s O. mykiss populations.  

 

Results 
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Fig. 6 Graph showing the Malibu Creek water level and Topanga Creek water level in CFS on a one year 

interval. 

 

 

Comparison between Malibu Creek and Topanga Creek from 2015-2016 which was one of the 

driest periods in Southern California history. The peaks in the graph represent periods of rainfall 

when water level was increased. Topanga Creek mimics these spikes because both watersheds 

experienced rainfalls. However, although Topanga Creek correlates to Malibu Creek in terms of 

rainfall, there is more water throughout the year while Topanga stays relatively dry.  

Table 1. Comparison between average water levels in years 2009-2016 and 1959-1966 in Topanga Creek 

Month 2009-2016 1959-1966 

January 2.86 6.34 

February 5.71 16.52 

March 4.18 1.87 

April 1.25 3.39 

May 1.06 0.56 

June 0.51 0.23 

July 0.40 0.10 

August 0.30 0.07 

September 0.24 0.06 

October 0.44 0.06 

November 0.43 7.04 

December 2.91 8.19 
Comparison of water level averages in an attempt to show the significant impact drought 

has on Topanga Creek. Values for winter months in 1959-1966 have more water than in years 
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2009-2016. For example, averages taken in December show that Topanga Creek had an 

estimated 2.91 CFS in 2009-2016 while 1959-1966 averages show that water level was averaged 

at 8.19 CFS. 

Table 2. Timeline of water level from 1960-1969 showing CFS before and after augmentation 

Month 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 

Jan 0.3 1.1 0.4 1.5 0.2 65.8 176.1 16.1 63.6 6.4 

Feb 0.3 425.2 2.9 0.8 0.3 37.6 27.8 6.8 448 20.1 

Mar 0.3 26 2.9 0.9 0.6 13.9 21.3 74.5 103.7 56.4 

Apr 0.2 6.1 2 1 21.1 6.7 47 9 34.3 5.9 

May 0.2 2.9 1.3 0.5 2 3.9 12.1 4.3 15.4 4.1 

Jun 0.1 2.2 0.8 0.3 0.8 2.3 4.1 2.9 9.8 3.4 

Jul 0 0.8 0.3 0.2 0.4 1.3 2.6 1.7 6 2.3 

Aug 0 0.4 0.3 0.1 0.3 1 1.9 1.4 4 2.1 

Sep 0 0.2 0.2 0.1 0.1 1 1.6 1.5 5.3 3.9 

Oct 0 0.2 0.1 0.1 0.2 1.1 1.4 1.9 4.7 3.1 

Nov 0.4 0.3 0.5 0.1 194.8 15.9 75.9 2 5.6 58.7 

Dec 1.5 0.3 0.4 0.2 292 111.9 26.2 2.7 4.5 142.4 
Water level between the years 1960-1969 in Malibu Creek. November of 1964 marks the 

beginning of augmentation and there on water level stays above 1 CFS. Years before are shown 

to have significantly less water level as it stays close to 0 CFS. 

Table 3. O. mykiss population comparison between Malibu Creek and Topanga Creek in 2012 

2012 Months Topanga Creek O. mykiss Count Malibu Creek O. mykiss Count 

January 21 5 

February 13 6 

March 40 8 

April 51 2 

May 55 0 
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June 54 2 

July 49 0 

August 22 0 

September 37 0 

October 25 0 

November 36 1 

December 19 0 
This count included both anadromous and non-anadromous variants of O. mykiss so year 

long populations are predicted. There is no correlation to the data sets as some peaks in O. 

mykiss counts in one watershed do not correlate to peaks in the other. 

Table 4. O. mykiss population comparison between Malibu Creek and Topanga Creek in 2013 

2013 Months Topanga Creek O. mykiss Count Malibu Creek O. mykiss Count 

January 20 1 

February 8 0 

March 17 10 

April 54 1 

May 115 0 

June 137 0 

July 176 0 

August 115 0 

September 169 0 

October 98 0 

November 90 0 

December 76 2 
As mentioned above, there is no correlation between the data sets as one watershed’s O. 

mykiss population does not correlate with the other.  

Table 5. O. mykiss population comparison between Malibu Creek and Topanga Creek in 2014 
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2014 Months Topanga Creek O. mykiss Count Malibu Creek O. mykiss Count 

January 54 2 

February 70 0 

March 58 4 

April 48 1 

May 118 0 

June 135 0 

July 48 1 

August 24 0 

September 26 0 

October 27 0 

November 19 0 

December 15 0 
There is no correlation between O. mykiss counts in Malibu and Topanga Creeks. 
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Figure 7. Graph showing O. mykiss population in Topanga Creek in the years 2001-2015  

 

Decline of the O. mykiss population over a 14 year period. As drought conditions became 

more severe, the O. mykiss population declined significantly. Although O. mykiss is generally a 

very resilient fish, they have difficulty surviving in a creek with little to no water. 

Figure 8. T-test on O. mykiss population in Malibu Creek and Topanga Creek. 

Watershed Average Standard 
Deviation 

Variance n t-value 

Malibu Creek 1.28 2.41 5.81 36 7.64 

Topanga Creek 59.42 45.55 2074.42 36 7.64 

T-test reveals a p-value of 7.64 meaning that there is a significant difference between the 

populations. Variance was shown to also be very high meaning there is no pattern to the data. 

P-value was 3.841. 7.64<3.841 therefore there is a significant difference.  

 

Discussion 

When comparing the water level for Malibu Creek and Topanga Creek, it is easy to 

distinguish that Malibu Creek contains a significantly higher water level than Topanga Creek as 

shown by the first graph (Fig.6). The peaks in the graph represent increases in water level due to 

rainfall which correlate in both lines. Low points in the graph represent periods of no rainfall. No 

rainfall occurs during summer months and therefore low water levels are evident during these 

months. However, Malibu Creek maintains a certain water level while Topanga Creek runs dry 

even in the midst of severe drought years. This is due to the augmentation system which 
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maintains the flow of Malibu Creek. Drought years have significantly impacted on water levels 

for Southern California creeks, adversely damaging riparian habitats which organisms use to 

survive. Water levels in Topanga Creek were shown to be at a maximum flow rate of 16.52CFS 

during non-drought years while flow rate in drought years only peaked to a maximum flow rate 

of 5.71CFS. This shows droughts significant impact on overall water level making it difficult for 

O. mykiss to spawn and survive in lower water levels.  

Malibu Creek in 1960 was very similar to Topanga Creek in that they follow the same 

flow patterns of little to no water in summer month with peaking water levels in winter months 

due to rainfall. However, after the implementation of the augmentation system in 1965, there was 

a dramatic increase in the water level of Malibu Creek and its average water level jumped 

1.00CFS in 1962 to an average of 13.68CFS in 1967 showing that the augmentation system was 

effective at increasing the water level. However, when the O. mykiss population was compared 

between Malibu Creek and Topanga Creek, Topanga Creek was shown to sustain a significantly 

higher of O. mykiss than did Malibu Creek. In fact, the creek with less water without an 

augmentation system sustained a considerably higher number of O. mykiss than the creek which 

flowed year long and was fed by recycled water. There is a multitude of reasons for these results. 

Access to upper regions of the Malibu Creek watershed is cut off to O. mykiss by the Rindge 

Dam located just a few miles upstream of the lagoon. Much of O. mykiss initial distribution was 

in areas above the Rindge Dam so natal spawning grounds were cut off making Malibu Creek a 

poor habitat for O. mykiss. Malibu Creek is also fed by recycled water and the water that enters 

the creek is generally higher in temperature than the natural water temperature of Topanga 

Creek. Topanga Creek is also influenced by less human activity due to less urbanization in 
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Topanga Canyon which makes the habitat better for O. mykiss. Malibu Creek also has an 

increased amount of invasive species such as Smallmouth Bass and Bluegill which consume the 

resources that O. mykiss would have initially used and creates competition for nutrients between 

the species. In addition, Malibu Creek is fed by water that is most often more polluted than 

Topanga Creek.  

Conclusion 

Secondary data analysis and the T-test conducted on O. mykiss populations between 

Topanga Creek and Malibu Creek strongly support the null hypothesis. The augmentation system 

in place for Malibu Creek is an ineffective method of conserving the Malibu Creek O. mykiss. 

However, and augmentation system may not be disregarded as a solution to conserving the O. 

mykiss population in Southern California because if an augmentation system is more directed 

toward O. mykiss survival and not just the simple discharge of water into a creek, it could be 

beneficial in the future when more dry seasons arrive and deprive creeks of water. Malibu Creek 

is also a poor example of an augmentation system as there are many variables that prevent their 

survival. An augmentation system could be used as an emergency solution in conserving the 

riparian habitat of Southern California creeks along with providing a source of recycled water for 

people to make it more applicable to other watersheds. Legality is also a big factor influencing 

O. mykiss survival. Malibu Creek has a strict permit which is directed towards preventing Malibu 

Creek from breaching and only partially for O. mykiss conservation. The National Marine 

Fisheries Service (NMFS) is in the process of attempting to extend the permit to allow 

augmentation in order to minimize the effects of drought and other environmental factors on O. 
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mykiss. Therefore, further investigation of an augmentation system will prove beneficial to 

conserving the O. mykiss population in Southern California watersheds. 

 

 

Limitations 

There were some limitations in the process of this research paper. One being that water 

monitoring devices such as F-130 and F-54C sometimes broke down which left significant holes 

in the data for water levels in both Topanga Creek and Malibu Creek. This required working 

around the data and finding areas of data which were in the same time period so valid 

comparisons could be made. O. mykiss counts were also susceptible to inaccuracy due to the fact 

the fish are counted by a team of researchers and not all fish are always accounted for. Along 

with this, O. mykiss counts for Topanga Creek only began in 2004 and counts for Malibu  The 

data used in this paper is mostly unpublished data from LVMWD water level data and 

RCDSMM O. mykiss counts so obtaining data was difficult in the beginning of the process.  

 

Further Work 

O. mykiss is an extremely resilient fish, however they cannot fight the decreasing water 

levels that Southern California faces in this day and age. Further work would include researching 

the augmentation process and its possible benefits of implementing it into a watershed which is 

not as ecologically damaged as Malibu Creek. Further researching the process of augmentation 

would prove to be beneficial to understand what is necessary to create an augmentation system 

that is more considerate of O. mykiss survival. This includes considering environmental factors 



CONSERVING THE ONCORHYNCHUS MYKISS IN SOUTHERN CALIFORNIA WATER  25  

such as pollution, drought, stream obstructions, and negative genetic variation. Further work 

would also include finding a watershed which is candidate for a potential augmentation system in 

Southern California. This would require a certain criteria to be used to assess whether or not the 

watershed is in need of an augmentation system. Some of the criteria includes significant impact 

of drought on the watershed, natal O. mykiss population, no stream obstructions, secluded from 

urban areas to a certain extent. In addition to continuing research on an augmentation system 

more suited towards O. mykiss survival, researching ocean environment off the coast of Southern 

California where O. mykiss spends the majority of its life might be beneficial in monitoring their 

growth and development. This may also give a better insight to O. mykiss life cycles and provide 

a better understanding of their species as a whole. 
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