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Introduction 

 The Lagunitas Creek Watershed located in Western Marin County serves as critical spawning habitat 

for the largest and most stable population of Central Coast Coho Salmon (Oncorhynchus kisutch) in California 

(Moyle et al. 2008). The Central Coast Coho Salmon are considered an Evolutionary Significant Unit (ESU) and 

are listed as critically endangered under the Endangered Species Act (ESA). The Lagunitas Creek Watershed 

also supports a Distinct Population Segment (DPS) of Steelhead Trout (Oncorhynchus mykiss) which are 

considered threatened under the ESA (NOAA 2013 Steelhead Trout).  

Lagunitas Coho and Steelhead 

 The Lagunitas Creek Watershed (LCW) originates on the northern slope of Mt. Tamalpias and flows 

northwest until it empties into Tomales Bay. The LCW encompasses an area of roughly 69,646 acres and 

contains approximately 35 miles of Coho Salmon habitat, and approximately 37 miles of Steelhead trout 

habitat (NOAA 2008 Lagunitas Creek Watershed).   

 Central Coast Coho Salmon hatch and emerge from redds during late winter or early spring where 

they will spend about one year and grow into juveniles. After one year in the stream, the juveniles experience 

a physiological smolting process before migrating to the ocean the following spring. During the smolt stage, 

juveniles slough off scales and parr markings and grow larger to become ready for life in the ocean.  After 

approximately one year and six months in the ocean, adults migrate upstream to their birth locations to 

spawn and die (NOAA 2013 Coho Salmon).  

 Steelhead Trout have a slightly different life history from Coho Salmon. Steelhead fry generally hatch 

later in the spring and spend anywhere between one and two years in the stream before undergoing the 

smolting process and migrate to the ocean. Steelhead generally spend anywhere from six months to two years 

in the ocean before migrating upstream to spawn. One distinct difference between Steelhead and Coho is that 

Steelhead can make several spawning trips back and forth from the ocean (Pincetich, Bouley, and Stiener 

2008). 

San Geronimo Creek Headwaters 

 Originating on the western slope of White’s Hill in western Marin County, the San Geronimo Creek 

Watershed (SGCW) encompasses an area approximately 5,995 acres and flows 4.5 miles to its confluence with 

Lagunitas Creek.  This sub-watershed contains twelve tributaries including Woodacre creek, Larsen creek, 

Montezuma creek, and Arroyo/El Cerrito/Barranca creek complex. These are the four major tributaries to San 

Geronimo creek and serve as critical spawning habitat for Coho and Steelhead. (NOAA 2008 Lagunitas Creek 

Watershed).   
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Figure 1. The Lagunitas Creek Watershed located in western Marin County is comprised of nine sub watersheds including the San 

Geronimo Creek Watershed originating at White’s Hill east of Woodacre. The San Geronimo Creek Watershed serves as critical 

spawning habitat for Central Coast Coho Salmon and Steelhead trout.  

 The LCW Coho and Steelhead have experienced dramatic declines in abundances during the last 

several decades due to various human-induced and natural factors. The population of ESU Central Coast Coho 

Salmon that occur in the LCW has dropped from 125,000 spawning adult Coho to just 5,000 (Catham 2009). 

Given the complexity of salmonid life history, no single factor has contributed to their decline but instead, a 

combination of factors such as habitat loss, stream channel alteration, erosion, spawning habitat degradation, 

migration barriers, pollution, climate variability, and invasive species (NOAA 2013 Coho Salmon).Within the 

LCW, major habitat loss from the construction of reservoirs can be attributed as a significant factor to the 

decline of Coho and Steelhead. For instance, there are seven impassible dams in the LCW and two major 

reservoirs –Nicasio Reservoir and Kent Lake. These two reservoirs have reduced the available salmonid 

spawning habitat in the LCW by approximately 24% and reduced the total miles of Coho spawning habitat 

from 85 miles to 35 miles. (NOAA 2008 Lagunitas Creek Watershed).    
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Figure 2. The current available Coho habitat in the LCW has been reduced by 24% due to the construction of Kent Lake and Nicasio 

Reservoir.  

 

 Encompassing only 9% of the entire LCW, the SGCW supports roughly 40% of the LWC spawning Coho 

Salmon. This is critical considering that 48% of the SGCW is under private ownership with up to 40% of private 

properties and structures occurring within 100 feet of the San Geronimo creek and its tributaries. A large 

amount of salmonid habitat degradation in the SGCW can be attributed to the encroachment of residential 

development on stream floodplains and riparian areas. In addition, the large amount impervious surfaces such 

as roads, driveways, and rooftops, as well as inadequate septic tanks associated with urban development 

contribute to high velocity stream flows and non-point source pollution. These developments have caused 

stream bank failure, incised stream channels, stream bed erosion, and the presence pesticides, vehicle fluids, 

and fecal bacteria to occur in the streams (Catham 2009).   
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Figure 3. The San Geronimo Creek headwaters- which serve as critical spawning habitat for Coho Salmon and Steelhead trout- are 

occupied by dense residential housing developments that have affected the stream morphology and biology.  

 

Salmon Protection and Watershed Network (SPAWN) 

 SPAWN is a community-based non-profit organization located in western Marin County that formed in 

1996 as an effort to increase public support and funding for salmonid habitat restoration and protection 

projects within the LCW. Over the years SPAWN has worked to create partnerships with public agencies and 

private property owners to protect and restore salmonid habitat. One such private partner is the San 

Geronimo Golf Course (SGGC) located in the upper San Geronimo Valley.  SPAWN and the SGGC have worked 

together on previous habitat improvement projects including invasive plant removal, enhanced fish passages, 

floodplain restoration, and bank stabilization.  

 As part of a grant from the California Department of Fish and Wildlife, SPAWN has undertaken a new 
project with the SGGC that addresses invasive aquatic species control in golf course ponds. The San Geronimo 
creek and its Larsen creek tributary intersect the SGGC and run adjacent to ponds that contain known 
populations of invasive fish including black crappie (Pomoxis nigromaculatus), and largemouth bass 
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(Micropterus salmoides), invasive American bullfrogs (Lithobates catesbeianus), and invasive parrot’s feather 
plant (Myriophyllum aquaticum). During a storm event, these ponds overflow into San Geronimo creek and 
Larsen creek, introducing these invasive species into the LCW. 
 The focus of this report is to discuss options for the eradication, control, and containment of 

largemouth bass, black crappie, American bullfrog, and parrot’s feather in SGGC ponds; make management 

recommendations for their eradication based on relevant scientific findings; and determine estimated cost 

and potential success of the treatments.  

San Geronimo Golf Course Hydrologic Conditions 

 The SGGC is located at 5800 Sir Francis Drake Boulevard in western Marin County. San Geronimo creek 

meanders through the southern portion of the golf course where ponds 5, 6, and 7 border its floodplains. 

Pond 6 receives a small amount of runoff from Sir Francis Drake Boulevard and the surrounding fairways. 

When at capacity, pond 6 overflows into pond 5, which overflows through a culvert that travels under San 

Geronimo Valley Drive. From here, the water travels down a storm gutter before emptying directly into the 

San Geronimo creek behind private residences. Pond 7 receives runoff from the surrounding fairways and 

when at capacity, overflows through a small culvert that transports the water under a cart path before 

emptying into a rock-lined swale that diffuses into the San Geronimo creek south of Roy’s pools. Pond 8 at the 

far eastern edge of the golf course receives a very small amount of runoff from Sir Francis Drake Boulevard but 

primarily serves as a holding pond for newly purchased water that is later pumped to ponds 4 and 5 when 

needed for irrigation. (Ponds 4, 5, and 8 are used for irrigation and are linked through a series of pumps that 

can transport water among these three ponds). Pond 8 does not have an overflow culvert and simply fills to 

capacity and spills over its banks during a large storm event. However, water is usually pumped to ponds 4 or 

5 before pond 8 could overflow and flood the adjacent fairways.  

 

Figure 5. The southern portion of the San Geronimo Golf Course is bisected by the San Geronimo Creek that flows year round. The 

creek receives water from the ponds during a storm event either from outflow culverts or overland flow. Sections of streams that are 

exposed are represented in blue, while sections that are buried in culverts are represented in red.   

 On the back side of the SGGC, Larsen creek, originating in Roy’s Redwoods flows under Nicaso Valley 

Road and empties directly into pond 3. During a storm event, pond 3 overflows into pond 4, which overflows 
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through a culvert and empties directly into Larsen creek approximately 207 meters southwest of the pond. 

Bullfrogs, largemouth bass, and parrot’s feather have been found at this outlet. Pond 1 in the southwest 

corner of the SGGC, receives runoff from the surrounding course and overflows through a culvert that empties 

into an ephemeral drainage which spills into San Geronimo creek after crossing under Sir Francis Drake 

Boulevard. Pond 2- located adjacent to W Nicasio Road-receives runoff from the road, residential surfaces, 

and two unnamed ephemeral drainages. This pond has an outflow culvert that flows into a drainage ditch that 

connects with Larsen creek south of the pond.  Bullfrogs have been found in this pond- which naturally dries 

up in late fall- indicating that bullfrogs living in this pond migrate to other water bodies during this time.  

 

Figure 4. The northern section of the San Geronimo Golf Course contains intermittent and perennial streams that interact with the 

ponds to create a variety of hydrologic scenarios. Sections of intermittent and perennial streams that are exposed are represented in 

blue, and sections that are buried in culverts are represented in red.  

 

The SGGC ponds range in sizes from less than half an acre to just over two acres. Due to the 

complexity of the course’s irrigation regime and the collection of recent rainfall, the water levels in these 

ponds can fluctuate greatly throughout the year. In spring, at the end of the rainy season, all the ponds are 

usually at or near capacity. As the summer progresses, the water levels in ponds 1, 2, and 3 are greatly 

reduced. Pond 2 is the only pond on the course that completely dries. Ponds 1 and 3 generally dry up in 

certain areas but usually keep water in their deepest sections.  Ponds 4, 5, and 8 see fluctuations in water 

levels as irrigation water is transferred among them. These ponds generally fill near capacity after new water 

has been purchased by the third week of every month. Ponds 6 and 7 are simply used for aesthetics and 

undergo moderate fluctuations in water levels throughout the year but generally retain most of their water as 

long as the course is irrigated.   
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Table 1: San Geronimo Golf Course Pond Sizes and Depths at Maximum Capacity 

Pond Number Pond Size in Acres  Pond Depth in Meters 

1 0.84 acres 1.15 

2 0.24 acres 1.07 

3 0.43 acres 1.28 

4 1.83 acres 2.32 

5 2.01 acres 2.18 

6 0.76 acres 1.20 

7 0.19 acres 1.48 

8 0.43 acres 1.76 

 

Biology and Natural History of Invasive Species 

Largemouth bass 

 The largemouth bass (Micropterus salmoides) is native to the eastern United States and has been 

introduced throughout the western United States including California. Largemouth bass mature and spawn as 

early as their first year in the southern extent of their range, but are slower to mature farther into their 

northern ranges. Largemouth bass fry feed primarily on small crustaceans and insects, juveniles mostly feed 

on small fishes and insects, and adults feed on fishes, insects, and crayfish. (Stomach contents of largemouth 

bass indicate that during times of water level drawdowns, largemouth bass prey heavily on juvenile fishes 

(Heman et al. 1969). Largemouth bass typically spawn during mid-to late spring when water temperatures 

reach 12.00C -15.50C. Incubation time is short and generally ranges between 2 and 7 days. Largemouth bass 

will nest on a variety of substrates including gravel, mud, roots, vegetation, and sand. Nests are constructed by 

adult males and are found at water depths ranging from 0.15 to 7.5 meters.  Lakes and ponds with extensive 

shallow areas and emergent vegetation, but deep enough to support winter survival and refuse from summer 

temperatures are preferred habitats for Largemouth bass. Largemouth bass generally do not inhabit 

headwater streams with gradients (> 4 m/km) but are found in rivers with slow moving waters where a high 

percentage (>60%) of deep pool and backwater habitats are available. Largemouth bass are found to be 

intolerant of turbidity where suspended solids reduce growth and reproductive success (Stuber et al. 1982).   
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Black crappie 

 The native range of black crappie (Pomoxis nigromaculatus) extends from the southern Ontario, 

through the Great Lake states and Minnesota, south to northeastern Mexico and the Gulf States, and east to 

the Carolinas. The black crappie has been widely distributed outside of its native range including California. 

Black crappies typically mature and spawn at ages one to two and generally live up to four years. They spawn 

once a year, generally spring through summer when water temperatures are between 170 and 310C. 

Incubation lasts between one to five days depending on the water temperature. Nests can be found in shallow 

areas between one and three meters and generally occur on substrates including mud, sand, gravel, and 

vegetation. Black crappies are opportunistic feeders and can change their diet according to the type of food 

available.  Black crappie fry generally feed on zooplankton and small insects, while juveniles and adults 

primarily feed on insects, small fishes, and plant material. They usually inhabit shallow shoreline areas in lakes 

or ponds with a large amount of vegetative cover, but usually seek out deeper areas to overwinter or retreat 

from summer heat. Black crappies are generally not found headwater streams but can inhabit pools and 

backwater habitats of slow moving streams and rivers. Adults have been understood to occupy rivers with a 

high percentage (>60%) of deep pool and backwater habitats but not occupy rivers with gradients (>0.5 

m/km). Black crappie can tolerate moderately turbid waters but reproduce most successfully in clear waters 

(Edwards et al. 1982).  

American bullfrog 

 The American bullfrog (Lithobates catesbeianus) has a native range that extents from Nova Scotia to 

Florida, west across the Great Plains, and up to the Rocky Mountains. They have been introduced however, 

across the world including Puerto Rico, eastern Asia, southern Europe, the Caribbean, and throughout the 

western United States including California. Bullfrogs generally inhabit shallow, permanent water bodies such 

and ponds and lakes, but can also be found in slow moving backwater sections of streams and rivers. 

Individual frogs generally emerge from hibernation in early spring when air temperatures range between 190 C 

and 240C, and when water temperatures are at least 130C. Young frogs usually emerge from hibernation 

before older, larger frogs. Bullfrogs are generally found near the shoreline during the spring but move farther 

into the water as air temperatures rise during summer and fall. Male choruses attract females to mate 

generally occur in the spring and early summer. Individual females may produce up to 20,000 eggs generally 

once, but sometimes twice a year. With such prolific clutch sizes, ponds can be repopulated if only a few frogs 

breed. Egg development occurs when water temperatures are between 150C and 320C. Bullfrogs occur as 

larvae (tadpoles) anywhere between 79 days and 3 years depending on the temperature and the amount of 

food available. Competition and cannibalism can occur when water levels drop and habitat decreases. 

Bullfrogs are opportunistic feeders that will eat anything they can catch and swallow.  Bullfrog diets largely 

consist of insects, snails, fish, frogs, tadpoles, reptiles, and even small mammals and birds.  Bullfrog tadpoles 

are non-selective filter feeders whose diets consist of algae and diatoms.  Eutrophic water bodies with large 

amounts of food and plant cover for adults and juveniles seem favorable for bullfrog development. Permanent 

water must be present for all life stages of the bullfrog to survive, but adults can migrate to other water 

bodies if water levels drop below habitable levels (Graves and Anderson 1987).   
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Parrot’s Feather 

 Native to South America, parrot’s feather (Myriophyllum aquaticum) was first brought to the United 

States for use in aquariums and water gardens. It is widespread throughout the country including the western 

United States and California. It is also found throughout the world with populations reported in South Africa, 

Japan, New Zealand, Australia, and England. Parrot’s feather is a perennial, submerged aquatic plant that can 

tolerate large fluctuations in water levels. Reproduction is believed to be asexual and spread through 

vegetative means only either from stem fragments or rhizome spreading. Only female plants are understood 

to be present in the United States with male plants only found in South America. Growth of parrot’s feather is 

most rapid from early spring through mid-fall. During this time a canopy can form up to 2 feet above the water 

surface (Wersal and Madison2010). Its emergent shoots form thick mats of woody stems that can grow in 

water as deep as six feet. Once fragmented, these emergent shoots can become rooted in moist soil and form 

new plants. Due to the vigor of the plant and the rapid colonization of fragments, removal is difficult and 

solutions for control are limited (Bossard et al. 2000). 

 

Effects of Invasive Species on Native Salmonids 

 Each of the non-native species described above occur in the SGGC ponds. During storm events, five of 

the ponds overflow through outflow culverts that empty directly into Larsen creek or San Geronimo creek, 

allowing the exotic species direct transport into critical habitat for Coho and Steelhead. When given the 

opportunity, introduced largemouth bass and black crappie can become resident in salmonid streams and 

prey heavily upon fry and juvenile Coho salmon, particularly in degraded streams with poor quality Coho 

habitat (Stuber et al. 2982; Edwards et al. 1982).Non-native bullfrogs also prey on juvenile salmonids which 

however, only make up a small percentage of bullfrog diets (Jancowski 2013), but still pose an unnecessary 

threat to native salmonids. If established in pools and backwater habitats, parrot’s feather can slow down 

stream flow and reduce the amount of dissolved oxygen content in the water (Cillers 1999). These invasive 

species have been seen in stream bodies within the Lagunitas Creek Watershed and have the potential to 

cause severe damage to salmonid populations and habitats.  
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Status of Invasive Species at Golf Course Ponds 

 Largemouth bass, black crappie, American bullfrog, and parrot’s feather have occupied the golf course 

ponds for nearly a decade and their source is unknown to the SGGC staff. The golf course has not before 

attempted to control largemouth bass, black crappie, or American bullfrog, but have attempted to control 

parrot’s feather using Renovate® aquatic herbicide. The golf course treated parrot’s feather once a year for 

two consecutive years in 2010 and 2011 at a cost of approximately $200 dollars per year. The herbicide 

treatments reduced the parrot’s feather to “desirable” levels but were discontinued because of the costs of 

the CAG990005 permit (Muller 2013). Herbicide applications occurred in pond 4 during the fall when the 

water levels were low. Herbicide applications have not occurred since 2011.  

 In order to assess the magnitude of species infestations, and estimate the abundances of the invasive 

species present at the SGGC, comprehensive species surveys were done at each pond throughout May 2013. 

Survey methodologies and data results are summarized in subsequent sections.   

American Bullfrog 

 Each golf course pond was surveyed three times within a two week period in order to determine the 

presence and relative abundance of bullfrogs and other amphibians in each pond. We expected that bullfrogs 

would not be distributed evenly across all eight ponds due to variations in water levels –either natural or 

artificial- different patterns of emergent vegetation, and the presence or absence of other wildlife.  The 

surveys began approximately half an hour after sunset when frogs became most active. Before the surveys 

began, air temperature, water temperature, general weather, and time of night were recorded at each pond. 

Audio calls were recorded first by listening to each pond for at least three minutes and individual calls were 

recorded. In addition to documenting individual calls, an audio call index value was also recorded for each 

pond. Index values ranging from one to three were used to represent varying levels of calling. For example, an 

audio call index value of one was recorded when individual calls could be distinguished and there was no 

overlap between them; an audio index value of two was recorded when individual calls could be distinguished 

but some overlap existed; and an audio index value of three recorded used when calls were constant and 

continuously overlapping in chorus. This method was used to determine the relative number of sexually 

mature male bullfrogs as well the presence and abundance of native Pacific tree frogs- which are very difficult 

to spot so audio calls are the most reliable method of survey.  Following the audio survey, a visual survey was 

done by walking the perimeter of the shoreline using bright flashlights to spot and count individual frogs in the 

water. This allowed for the identification of adults, tadpoles, fish, snakes, and other animals that would not be 

witnessed by audio surveys alone.  
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Table 2. Greatest bullfrog and Pacific tree frog audio indices of each pond: See table 3 below for descriptions 

of each index value 

Pond Number Pacific Tree Frog Call Index1  Bullfrog Call Index1 

1 2 3 

2 1 1 

3 1 1 

4 1 1 

5 1 1 

6 2 1 

7 1 1 

8 0 2 

 

Table 3.  Frog Call Index Values 

1. Audio Call Index Values:                            
                   1= individual calls can be counted; there is space between calls 
 
                   2= calls of individuals can be distinguished, but some call overlap 
 
                   3= chorus: calls are constant, continuous, and overlapping                                                   
                  

 

 Each pond had bullfrogs present but the variation among ponds was great. The pond with the greatest 

number of bullfrog adults was pond 1 with a total of 102 individuals. Pond 5 had the next greatest number of 

adult bullfrogs with 64, followed by pond 8 with 54 adults, then pond 6 with 53 adults, pond 3 with 20 adults, 

pond 2 with 7 adults, pond 4 with 5 adults, and lastly, pond 7 with 3 adults. Bullfrog tadpoles were abundant 

in every pond and in such large numbers that it was unrealistic to count. The pond with the greatest number 

of Pacific tree frog audio counts was pond 5 with 8 individuals, followed by pond 1 with 7 individuals, then 

pond 6 with 6 individuals, then pond 7 with 3 individuals, ponds 3 and 4 both had 2 individuals, pond 2 had 1 

individual, and pond 8 had no calling Pacific tree frogs. These numbers are small and certainly underestimate 

the actual amount of Pacific tree frogs in each pond but do serve as indicators of presence or absence. These 

estimates of visual and audio counts represent the greatest number of frogs observed during a single night of 

surveying.  

 These bullfrog visual surveys did include a bias towards recording individuals only visible at the 

shoreline and near the surface. Therefore, individuals that were submerged in thick vegetation, or occupied 

the deepest sections of the ponds were less likely to be counted. To mitigate this bias, we surveyed the ponds 

in early spring when air temperatures ranged between 190C to 240C and male choruses would be most active. 

Between theses temperatures, bullfrogs are generally found near the shoreline and only move farther into the 

water as air temperatures rise during summer and fall (Graves and Anderson 1987). These numbers represent 

our best attempts at estimating the relative abundance of bullfrogs in each pond. 
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Figure 6. Bullfrog audio and visual counts taken after three nights of surveying; the quantities represent the greatest amount of 

bullfrogs observed during a single night.  

 

 

Figure 7. Pacific tree frog audio counts after three nights of surveying; these estimates represent the greatest number of tree frogs 

observed during a single night. 
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Parrot’s Feather  

 Ponds 3, 4, 5, 6, and 7 have parrot’s feather present but pond 4 has the heaviest infestation. Since the 

latest Renovate® application in fall 2011, parrot’s feather in pond 4, has rebounded to 100% absolute cover 

along the perimeter of the shoreline. As mentioned previously, the overflow culvert from pond 4 into Larsen 

creek has a small patch of parrot’s feather in the wetland upstream of the creek. Pond 3 has parrots feather 

occurring along the southern and western shoreline and only occupying roughly 25% absolute cover of the 

pond shoreline. Smaller, more isolated populations of parrot’s feather occurring in ponds 5, 6, and 7 are 

clustered in small patches and represent <5% of the absolute cover of along shoreline. Unfortunately, parrot’s 

feather is easily transferred among these water bodies due to water exchange from pumping operations, 

overflow during storm events, and waterfowl excrement.  In order to completely eradicate parrot’s feather 

from these ponds altogether, stringent removal measures must occur congruently. 

 

Table 4. Parrot’s feather Infestations in Golf Course Ponds (from left to right- Pond 3, Pond 4, Pond 5) 

   
 

Largemouth bass and black crappie 

 Single census angling surveys using a half-inch fly lure were conducted at each pond for one to two 

hours on May 23, 2013. Each pond was fished around the perimeter and in the center with numerous casts at 

each location. Fish caught were identified, measured, tagged by a scissor clip in the upper caudal fin, and 

released. The only ponds with fish in them were ponds 4 and 8. This was surprising given that ponds 3, 5, 6, 

and 7 are perennial ponds with suitable shoreline and deep pool habitats. It was not surprising that ponds 1 

and 2 did not have fish given that they are intermittent and dry up somewhat or completely during the late 

fall.  

 Six black crappies were caught at pond 8- four were caught along the western shoreline and two were 

caught along the eastern shoreline. No tagged fish were re-captured. The largest black crappie caught in this 

pond totaled 150 mm, and the smallest was 98 mm. The average length of black crappies caught in this pond 

was 126 mm.  The R statistics program and protocols for single census closed mark-recapture abundance 

estimates were used to calculate the relative abundance of black crappie in pond 8. Estimates of single census 

closed mark-recapture abundance estimates for black crappie in pond 8 are between 18 and 175 individuals 

(CI 95%) (Ogle 2012).  
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 Largemouth bass caught in pond 4 were identified, measured, and tagged in the upper caudal fin the 

same way as was done in pond 8. A total of 29 largemouth bass were caught in pond 8, and only one was 

recaptured. Thirteen fish were caught along the northern and eastern shorelines and sixteen fish were caught 

along the southern and western shorelines. The biggest largemouth bass caught in pond 4 totaled 463 mm 

long, and the smallest was 86 mm. The average length of largemouth bass in pond 4 was 302 mm. The same R 

statistics protocols for singe census closed mark-recapture abundance estimates used in pond 8 were used to 

estimate relative abundance of largemouth bass in pond 4. Estimates of single census closed mark-recapture 

abundance estimates for largemouth bass in pond 4 are between 65 and 310 individuals (CI 95%) (Ogle 2012).  

Table 5. Summary of Angling Survey Statistics at Golf Course Ponds 

Pond 
Number 

No. Black crappies 
Caught and Tagged 

No. Recaptured No. Largemouth 
Bass Caught and 
Tagged 

No. Recaptured Avg. Length 
(mm) 

Relative Abundance  
(CI 95%) 

4 0 0 29 1 310 65 to 310 individuals*  

8 6 0 0 0 126 18 to 175 individuals* 

  *These relative abundance estimates do not reflect a robust and precise assessment of fish stock. For legal 

reasons, angling surveys were the most accessible method of conducting fish surveys, but do represent our 

best attempts at estimating the relative abundance of fishes in the golf course ponds.   

Additional Wildlife 

 Each pond contained wildlife other than the species discussed in the sections above. Ponds 1, 3, 5, and 
6 had mating pairs of mallards with 3 to 4 ducklings per pair. One western pond turtle and one muskrat were 
observed in pond 5. Lastly, ponds 1 and 6 contained a pair of American coots (Fulica americana).  

 

Literature Review  

 The management scenarios and pest control recommendations described in this report were 

developed using analyses of scientific literature, references to best management practices (BMPs), and 

conversations with state Fish and Wildlife officials. The following sections describe the processes of literature 

review and the results of the subsequent analyses.  

 A comprehensive framework was developed to determine the most efficient and effective treatment 

methods used to eradicate, reduce, and contain invasive largemouth bass, black crappie, American bullfrog, 

and parrot’s feather. The framework consisted of searching through scientific publications and analyzing the 

data. 

Types of Literature Searched  

 Scientific studies that were designed to test the efficacy of reduction and elimination of fish, frog, and 

aquatic plant species were searched using environmental periodical databases, such as Web of  Science, 
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JSOTR, EBSCO, Wiley, Bioline, Proquest, and Taylor & Francis Journals. These databases were searched using 

keywords such as: invasive fish, fish elimination, pond reclamation, fyke netting, trawl netting, electrofishing, 

seine netting, fish barrier, angling, water level drawdown, rotenone, American bullfrog control, parrot’s 

feather control, aquatic plant control, and nuisance fish. The results yielded papers in numerous ecological 

and environmental journals including, North American Journal of Fisheries Management, Journal of Aquatic 

Animal Health, Transactions of the American Fisheries Society, Progressive Fish-Culturist, Journal of 

Freshwater Ecology, Journal of Great Lakes Research, Lake and Reservoir Management, Ecological 

Applications, Biological Conservation, Neobiota, Ecological Research, and Restoration Ecology. Publications 

from the United States Fish and Wildlife Service (USFWS), Natural Resource Conservation Service (NRCS), and 

State Fish and Wildlife departments of Missouri, Nebraska, Michigan, Wisconsin, and California were also 

searched for relevant information.  Existing best management practices (BMPs) from the Western Washington 

Water Quality Control Board, and interviews with California Fish and Wildlife officials were used as resources 

that helped shape the parameters and feasibility of this project.  

Literature Selection Criterion  

 Scientific publications were first identified as being relevant based on their titles and authors. Relevant 

studies were screened first based on their abstracts, then again based on their study design.  To determine if a 

publication were to be included in the literature review and subsequent analysis, it had to fit into each of 

these study parameters listed below.   

 Study design was experimental opposed to observational 

 There was a control or benchmark 

 Identification of cohort was prospective (known ahead of time) 

 Outcome was prospective (as a result of intervention) 

The scientific publications included in the literature review consisted of controlled before and after studies, 

comparison studies, and non-randomized controlled studies.  

 The types of interventions that were analyzed in the literature included intensive angling, fyke netting, 

seine netting, trawl netting, gill netting, drop netting, pop netting, benthic sleds, electric barrier, backpack 

electrofishing, boat electrofishing, live traps, shooting, explosives, water level drawdown, physical barrier, and 

pesticides. Interventions specific to parrot’s feather included biological control, increased water levels, 

shading, cutting, herbicide, and water level drawdown.  Some literature evaluated combinations of multiple 

interventions.  

 The publications included in the analysis focused Largemouth bass, black crappie, American bullfrog, 

and parrot’s feather but also included bluegill, common carp, walleye, ruffe, northern pike, bigmouth buffalo, 

gizzard shard, smallmouth bass, Columbia spotted frog, black carp, and submersed macrophytes related to 

parrot’s feather.  
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Data Collection and Analysis 

 Seventy-four scientific publications were first identified as relevant based on their titles and authors. 

Fifty were screened by their abstracts, and forty-four met the study parameters and were included in the 

literature analysis. Data from each chosen publication were extracted, recorded, and analyzed independently. 

For each outcome, a detailed data collection form was used to record study details (start and end dates, 

location, study design), intervention details (methods of catch, unit of effort input, duration of catch), and outcome 

details (number of individual specimens caught, and the number of species caught). For each of these outcome 

details, statistical figures (arithmetic mean, p-values, standard deviation, confidence intervals, etc.) were also 

recorded.   

Assessment of Quality of Evidence  

 The quality of evidence across studies was assessed with the GRADE approach (Guyatt 2008), defining 

the quality of evidence for each outcome as "the extent to which one can be confident that an estimate of 

effect or association is close to the quantity of specific interest" (Higgins 2008). The quality rating across 

studies had four levels: high, moderate, low, or very low. Factors that decrease the quality of evidence include 

limitations in design, unexplained or inconsistent results, imprecision of results, or high probability of 

publication bias. Factors that can increase the quality level of a body of evidence include a large magnitude of 

effect and low probability of publication bias. Studies included in the literature review were ranked from high 

to low based on their outcomes and study design. Data from each study were analyzed in narrative form and 

are summarized in the following section. Literature Included in the results summary can be referenced in the 

literature cited section at the end of this report.   

Literature Results Summary 

Largemouth bass and Black Crappie 

 Trap netting is a commonly used method by which fisheries managers try to reduce or eliminate 

populations of invasive or undesired fishes. Of the literature analyzed, minnow traps consistently yielded the 

lowest catch rates when compared to other trap methods of pop netting, drop netting, and fyke netting. The 

latter generally yielded the greatest catch rates of the trap netting methods, capturing on average 30% to 40% 

of the fish population (Basler et al. 2006; Bayle et al. 2011; Beall and Wahl 1959; Betross and Willis 1988; 

Czypinski 2011; Dembkowsk et al. 2012; Dewey 1992; Fago 1998; Grice 1958; Ruetz III et al. 2007; Threinen 

1956; Vaux et al. 2000). Fyke netting catches also yielded greater species diversity than pop netting, drop 

netting, and minnow trapping (Dewey 1992; Fago 1998). Other netting methods including bottom trawling, 

beach seining, and gill nets were also analyzed in the review. Compared to bottom trawling and gill netting, 

beach seining yielded the highest catch rates and species diversity rates, capturing on average 50 to 60% of 

the fish population (Bayley and Herendeen 2000; Beall and Wahl 1959; Betross and Willis 1988; Czypinski 

2011; Dewey 1992; Vaux et al. 2000). (Gill netting and bottom trawling generally captured between 15% and 
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24% of the fish population (Beall and Wahl 1959; Betross and Willis 1988; Czypinski 2011; Dewey 1992). When 

compared to fyke nets, beach seine netting on average yielded the greater catch rates with the least amount 

of sampling effort (Basler et al 2006; Beall and Wahl 1959; Dembkowski et al. 2012; Catalano and Allen 2010; 

Czypinski 2011; Fago 1998).  

 Boat electrofishing is another method used by fisheries managers to control fish populations. This 

method showed that average catch rates- with minimum 5,000-W AC EF unit- yielded on average, 80% of the 

fish population.  This method yielded greater catch rates and species diversity than seine netting (Basler et al. 

2006; Bayley and Herendeen 2000; Czypinski 2011; Dembkowsk et al. 2012). Backpack electrofishing (350-W 

AC) yielded on average 59% of the fish population in small lakes (Dembkowski et al. 2012; Dewey 1992; 

Czypinski 2011; Fago 1998; Vaux et al. 2000). Two drawbacks to electrofishing methods are that they are more 

labor intensive than non-electrofishing gears, and generally more expensive (Dembkowski et al. 2012).  

 Intensive angling showed consistently lower catch rates with lower species diversity than seine 

netting, trap netting, electrofishing, and pesticides (Brown and Ball 1943; Dembkowsk et al. 2012; Clemens 

1953; Coble 1988, Goedde et al. 2001; Vaux et al 2000). On average, 20-30 hours of angling captured between 

13% and 21% of the game fish population, but was selective towards capturing larger (>350 mm) game fish 

(Coble 1988; Goedde et al. 2001; Fago 1998).  

 Pond draining is a common and easy form of fish eradication. Maezono et al. 2005 found that ponds 

drained did not have any fish present when drained again two years later. Water level manipulation has also 

been shown to affect game fish populations. Stomach surveys of largemouth bass indicated that a 58% 

reduction in water body volume for two months caused largemouth bass to increase predation on juvenile 

fishes. Body size of largemouth bass increased by an average of 6.7 grams/lb and shoreline seine surveys 

showed great reductions in juvenile fish populations (Heman et al 1969).  

 Rotenone is a common piscicide used by fisheries managers and is understood to be very effective at 

killing up to 95% of adult game fish and pan fish (Bayley et al. 2000) but, has not caused the same mortality of 

fry and juveniles, which allows populations to rebound (Clemens 1953).  The resistance of fry and juvenile fish 

to rotenone likely has to do with the inability of rotenone to mix throughout the water column, creating areas 

of low concentrations where small fishes can survive (Clemens 1953). Combinations of chemical and physical 

removal treatments have proven to be more effective at eradicating fishes than simply chemical treatments 

alone (Meronek et al. 1996).  

 Unconventional forms of nuisance fish control that appeared relevant in the literature were the use of 

dynamite, electrical barriers, and graters (Goedde et al. 1981, Malone et al. 1962, Kevin, 1997; Berry 1995, 

Rischbieter 2002). Dynamite blasts of (40-70 lbs per square inch) are understood to be very effective at killing 

100% of adult and juvenile fishes from at least 30 meters away, but can be extremely detrimental to other 

desired wildlife (Keevin 1997). Electrical barriers have been shown to prevent up to 85% of nuisance fishes 

from escaping across the barrier (Verril and Berry. 1995) and graters (sharp metal cages at the exits of 

culverts) have been shown to keep nearly 100% of fish out of desired waters. Those that do pass through 

receive fatal injuries and usually do not survive (Rischbieter 2000). 
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 Interventions that attempt to fully eradicating nuisance fish have been proven to be more effective at 

reducing their long-term populations than thinning or partial elimination treatments (Meronek et al. 1996; 

Weidel et al. 2007).  

American bullfrog 

 Attempts at eradicating American bullfrogs are mixed and can depend largely on the metamorphic 

survival rate, adult cannibalism, and the proximity to adjacent wetlands where colonization can occur (Louette 

et al. 2012; Govindarajulu et al. 2005). A common method of amphibian eradication involves using live traps 

baited with lights, fishing lures, or audio calls. Experiments using traps baited with lights and fishing lures 

caught 19 bullfrogs during 10 trap nights, and traps baited with audio traps caught 87 toads over 54 nights 

(Schwarzkopf and Alford 2007; Snow and Whitmer 2012). These non-lethal methods require little effort and 

can be set overnight. They can however be detrimental to desired wildlife that may be captured in the traps 

(Snow and Whitmer 2012). Double fyke nets set for 24 hours caught roughly 6% of the tadpole population 

(Louette et al. 2012), which has a lot of influence on the population growth rate (Doubledee et al. 2003; 

Govindarajulu et al. 2005). Other methods of bullfrog management include shooting, hand capture, and 

netting. These methods are very labor-intensive and have only been seen to reduce bullfrog populations to 

desired levels when done under extreme efforts when water levels are low (Doubledee et at. 2003; 

Govindarajulu et al. 2005; Snow and Whitmer 2012).  

 Pesticides including rotenone and permethrine have shown high (95%) mortality of tadpoles, but low 

(10%) mortality in juveniles and adults. Calcium hypochlorite, chlorine, caffeine, and chloroxylenol showed 

high mortality (>80%) of adults, but low mortality (<10%) of tadpoles (Snow et al. 2012; Billman et al 2012). 

Also, the use of trifluoromethyl and nitrophenol has been shown to cause high mortality (100%) of frog 

tadpoles and moderate mortality (30%) of adults (Kane and Johnson 1989).  

 Model-based approaches have also been used by managers to predict outcomes to treatments before 

they are applied. For instance, models show that simply draining ponds every year (without trapping, culling, 

or catching adults) can drive the population extinct within ten years. These predictions assume that bullfrog 

populations are not isolated and adults can colonize new areas (Doubledee et al. 2003; Govindarajulu et al. 

2005).  

Parrot’s feather 

 Options for controlling parrot’s feather are limited but the most common treatment for large-scale 

infestations is herbicide. In field trials, triclopyr, dichlobenil, endothal and glyphosate were applied to parrot’s 

feather to in order to reduce its cover (%) and biomass (g). Ten weeks after herbicide application, triclopyr, 

dichlobenil, and endoth all reduced the cover of parrot’s feather by 95%, but glyphosate reduced the cover by 

only 65%. Fifty five weeks after the treatments, triclopyr reduced the parrot’s feather cover by 70% and 

glyphosate by only 10% (Hofsrta et al. 2006). In trials where a second application of herbicide occurred eight 

weeks after the first, triclopyr, dichlobenil, endothal and glyphosate all reduced the cover of parrot’s feather 

by roughly 90% following the second application. Forty-six weeks following the second application however, 

dichlobenil, endothal, and glyphosate had reduced percent cover of parrot’s feather by only <10%, but 
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triclopyr had reduced parrot’s feather cover by 40% (Hofsrta et al. 2006). Other herbicide trials done by the 

Army Corps of Engineers in 1988 show that 2-4 D and Diquat maintained “excellent” control of parrot’s 

feather (Westerdahl and Gestinger 1988). Since quantitative results were not included in this report, 

management recommendations cannot be based on these findings.  

 Another method commonly used to control parrot’s feather is mechanical cutting and harvest. A 

relative of parrot’s feather Myriophyllum spicatum was used in mechanical cutting trials and showed that 123 

days after mechanical harvest of stems, biomass of M. spicatum was reduced 90%, but long term results 

showed that biomass of cut stems was greater than controlled trials after several months (Abernethy et al. 

1996). The authors mentioned that M. spicatum did not respond positively to cutting and resulted in a worse 

infestation than before (Abernethy et al. 1996). If mechanical removal is a selected method of control, it must 

be done using highly intensive efforts that can be cost prohibitive. The Washington State Noxious Weed 

Control Board relies on a truck-mounted crane to dig plants out from irrigation canals annually from August to 

December. This method costs an estimated $25,000 per year to dredge 10 miles of irrigation channels 

(Washington State Noxious Weed Control Board 1994).  

 Because of its origin in the amazon basin, parrot’s feather can tolerate large fluctuations in water 

levels; its rhizome can even stay viable and sprout after six weeks of drought (Doyle and Smart 2001; Hofstra 

et al. 2006; State of Washington 1998; Systma and Anderson 1989; White and Jurgans 1964). When compared 

to controlled trials, above-ground biomass (mg) and relative growth rates (mg per day) of parrot’s feather 

decreased with water levels ≥ 137cm, which may limit the amount of sunlight available for photosynthesis 

(Wersal and Madson 2010). Shading experiments have been applied to Eurasian watermilfoila (Myriophyllum 

spicatum) a relative of parrot’s feather. These shading trials concluded that M. spicatum covered by 100% 

shade for two months increased average length per shoot (mm), but decreased in overall plant biomass by 

60% (mg), and decreased shoot numbers by 40% when compared to controls (Barko and Smart 1990; 

Abernethy et al. 1996). Nutrient content in the water column has also been understood to affect the growth of 

parrot’s feather. Under mesocosm trials, a 1.80:0.01 N:P ratio resulted in greater plant biomass of parrot’s 

feather than controlled trials (Wersal and Madson 2010). These results suggest that parrot’s feather requires 

high levels of nitrogen to achieve invasive growth, so limiting nitrogen content in the water column should be 

considered when controlling parrot’s feather.   

 A pathogen (Pythium carolinianum) of parrot’s feather was found in an irrigation ditch in the 

Sacramento Valley, CA that was causing stem and root rot in the plants. Cultured in a laboratory and grown 

under incubation, an isolate of Pythium carolinianum was injected into the shoots of parrot’s feather and 

broadcasted manually over the plant in field trials. The stems inoculated with the pathogen were girdled and 

died, and parrot’s feather infected by broadcast in the field trials produced significantly less biomass than the 

controls (Burnhardt and Duniway 1984). Even though these results are promising, the pathogen Pythium 

carolinianumor and its isolates are currently not approved for use by the USDA.  

 An unconventional bio-control method has been used in South Africa to control parrot’s feather. A 

beetle, Lysathia sp. (Chrysomelidae), was released in South Africa in 1994, making it the first biological control 

agent in the world to be used against parrot’s feather. The beetle has had mixed effects on populations of 

parrot’s feather. For instance, during winter flooding, the beetle population declines and parrot’s feather is 
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usually submerged and cannot be defoliated. During summer however, when the beetle populations are high, 

the defoliation can cause prolonged damage to the plant. In some areas, the beetles have reduced the relative 

cover (%) of parrot’s feather from 50% to 20% over the course of three years (Cilliers 1999). This method of 

control however, is unlikely in North America.  

Invasive Species Management Recommendations  

 Given the biological and ecological complexity of each invasive species found at the golf course ponds, 

numerous treatment scenarios must be considered. Treatment options for each species have been selected 

based on their effectiveness, feasibility of success, and effort of implementation as discussed in the literature 

analysis. These treatment options are described in subsequent sections under the recommended 

management scenario. This management scenario serves as a blueprint but can be altered if necessary.   

Management Recommendations for Golf Course Ponds 

 Beginning in late fall when golf course ponds are at their lowest volumes, water will be pumped out of 

each pond using an 8 horse power gasoline-powered water pump (trash pump)with a pumping capacity of 425 

gallons per minute. The ponds will be pumped consecutively and independently starting with ponds 3, 4, 6, 5, 

7, 8, 2, and 1. (This order was developed with input from the superintendent of the SGGC to in order to 

continue golf course irrigation while pumping occurs). Before each pond is pumped, three foot high nylon drift 

fencing will be placed around the shoreline of each pond with the bottom fit flush to the ground. This will be 

done to securely contain all the bullfrogs in each pond and prevent them from escaping to other water bodies 

during the draining process. As each pond is drained and the water levels get lower, bullfrogs will concentrate 

heavily in the diminishing water. People will also walk the perimeter of the drift fencing to capture frogs that 

may be trying to escape. During this time, people with dip nets will catch individual frogs and place them in 

coolers (or buckets with lids) with dry ice. The high levels of CO2 and the extremely low temperatures will 

cause the frogs to freeze or suffocate. Euthanized frogs may be donated to schools for dissection, or be 

disposed of in the garbage.  Any other species including pacific tree frogs, western pond turtles, muskrats, or 

coast range newts that are found in the ponds during this time will be collected and transported outside of the 

fenced area into another water body. (It is worth noting that pacific tree frogs and coast range newts are 

adapted to late fall drying regimes and might not be found in the ponds but instead may be buried 

underground until winter rains return). Live traps are not encouraged in this scenario because of the 

possibility that desired species caught in the traps might become injured when left overnight.  

 Water from ponds 1 and 2 will be pumped into their respective drainage ditches where overflow 

would naturally occur. Water from pond 3 will be pumped into pond 4, which will then be pumped through 

the overflow culvert and emptied into the wetland upstream of Larsen creek. Before pond 4 is pumped, the 

small group of bullfrogs in the pools at the wetland above Larsen creek needs to be captured. Since the pools 

are small, it is feasible to catch the few bullfrog adults using dip nets. After this small group of bullfrogs has 

been captured, pond 4 can be pumped. Water from pond 6 will be pumped into pond 5, which- along with 

water from pond 7- will be emptied into the floodplain areas adjacent to San Geronimo Creek, allowing as 

much water as possible to be absorbed into the floodplain. Water from pond 8 will also be pumped into the 

floodplain area along San Geronimo creek after being carried through a hose across the fairway. The ponds 
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will be pumped and left dry overnight in order to completely kill the largemouth bass, black crappie, and 

bullfrog tadpoles. Hoses from the pumps will be supported by a ladder or stool that will set them above the 

drift fence. The intake valve of the pump will have a grate cover over it so fishes, tadpoles, and bits of parrot’s 

feather do not get unintentionally pumped out of the ponds and transported into Larsen creek or San 

Geronimo creek. The pumping capacity of 425 gallons per minute should drain ponds 1, 2, and 7 within a two-

hour period. Ponds 3, 6, and 8 will likely be drained over the course of a four- hour period, and ponds 4 and 5 

will likely take up to twelve hours to drain completely. During each pumping day, people will be catching 

bullfrogs while pumps are running. With only one pump, the entire process will likely take between seven and 

ten days.  

 A comprehensive and adaptive approach to parrot’s feather control is encouraged. In ponds 5, 6, and 

7- with minimal parrot’s feather- isolated infestations can be dug out by hand once ponds are drained. These 

plants can be placed in plastic trash bags and disposed of properly into garbage containers. For larger 

infestations of parrot’s feather in ponds 3 and 4, herbicide applications of triclopyr will be applied twice a 

year, with a second application of herbicide will be applied six weeks after the first. It is important during 

application of herbicide that ponds 3 and 4 do not overflow into Larsen creek before triclopyr has broken 

down. Close attention to weather forecasts must be made to be sure rains heavy enough to overflow the 

ponds do not occur at least four days after application. In order to apply herbicide to parrot’s feather in ponds 

3 and 4, the general permit-number CAG990005 for the discharge of pesticide for aquatic weed control will be 

required along with a notice of intent, and annual fee of $1,389. (The permit must be completed a year in 

advance before it can be issued).Three consecutive years of dual herbicide applications are recommended for 

parrot’s feather infestations in ponds 3 and 4. Over the course of three years, the CAG990005 permit with 

notice of intent only needs to be completed once, but the annual fee must be paid each year. SPAWN likely 

has the capacity to file for the permit using internal resources.   

 In addition to triclopyr application twice a year for three consecutive years, a piece of 100% shade 

fabric (35ft x 50ft) will be placed tightly over a section of parrot’s feather and secured down using rebar 

stakes. This shade fabric will be fastened down when pond 4 is drained in the fall during the first herbicide 

application. It is important that this section of parrot’s feather covered by the shade fabric does not receive 

any herbicide applications after the fabric is installed. This method is designed to test the efficacy of shade 

treatment in reducing the biomass, and cover (%) of parrot’s feather on a large scale, as proven effective by 

small scale studies described in the literature analysis. The advantage of this approach is that it is a permanent 

treatment that does not require regular applications. The drawback however, is the high cost of the fabric. (To 

cover the entirety of pond 4 with shade cloth, costs are estimated at $18,500, which includes manufacturing 

and delivery. An alternative to the shade fabric could be black plastic however, since plastic is less durable it 

could get ripped or torn, allowing parrot’s feather to grow through it). Monitoring stations will be set up along 

the shorelines of ponds 3 and 4 to evaluate the cover (%) of parrot’s feather for both the shade and herbicide 

treatments. Pictures and quantitative evaluations of absolute cover (%) will be collected monthly at each 

monitoring station. After three years of subsequent monitoring, a decision will need to be made whether to 

continue additional herbicide treatments, or expand on other options including shading. A decision tree 

provided below can be used to determine management options for parrot’s feather. 
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Monitor absolute cover 
(%) of parrot’s feather 

monthly for three years

Yes

Does 100% shade 
fabric reduce absolute 
cover (%) of parrot’s 

feather to desired 
levels?

Is it practical to remove 
remaining parrot’s  
feather manually?

No

Return monthly to 
remove any new 

infestations

Drain pond and dig 
out remaining 

parrot’s feather

Expand 100% shade 
fabric to remaining 

parrot’s feather 
infestations 

Continue with 
Herbicide 

applications?

Continue herbicide 
applications  twice a 

year until parrot’s 
feather is not present 

in the ponds 

Return monthly to 
remove any new 

infestations

Return monthly to 
remove any new 

infestations

Return monthly to 
remove any new 

infestations in adjacent 
waters

Keep parrot’s feather 
contained with culvert 
guard and prevent new 

infestations from 
establishing in adjacent 

waters

Yes

No

No

Yes

Figure 8. Decision tree of parrot’s feather management options following three years of semi-annual herbicide 

treatments.  

 A preventative measure for containing parrot’s feather, American bullfrog, largemouth bass, and black 

crappie (should these species return to the ponds) is by placing a cage guard over overflow culverts. These 

cages-in the shape of a cylinder -can be placed over the opening of a culvert. This design allows for water to 

pass through the cage should any debris get caught on it. This design will catch fragments of parrot’s feather 

and prevent the spread of fishes and bullfrogs into the creeks that could otherwise be swept in during a storm 

event. These culvert guards will need to be maintained regularly.  Only ponds that overflow directly into 

creeks will need these cages; which are ponds 1, 4, and 5.  

In addition to monitoring the absolute cover (%) of parrot’s feather monthly, nighttime surveys for bullfrogs, 

and angling surveys for fishes should occur annually in the spring to be sure that treatments were effective 

and determine if additional treatment measures are needed.  
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Figure 9. A culvert cage can be a simple solution that prevents invasive species from washing into creeks during storm events. In order 

to be effective, the cage wire should have spaces small enough (two to three centimeters) to stop fragments of parrot’s feather and 

small fishes from spilling through the culvert. 

Table 6. Management Recommendation Summary 

Species  Management Option 

Largemouth bass  Drain ponds consecutively and 
independently in late fall starting with 
ponds 3, 4, 6, 5, 7, 8, 2, and 1. Fish 
mortality caused by drying. 

 Install culvert cage guard  

Black crappie   Drain ponds consecutively and 
independently in late fall starting with 
ponds 3, 4, 6, 5, 7, 8, 2, and 1.  
Fish mortality caused by drying. 

 Install culvert cage guard 

American Bullfrog  Install 3ft high drift fencing around each 
pond while being pumped. Manually catch 
frogs while water level drops and frogs 
become highly concentrated. Euthanize 
frogs using dry ice. 

 Install culvert cage guard 

Parrot’s feather  Herbicide application of triclopyr in ponds 
3 and 4. Second application six weeks 
later. Perform dual treatments for three 
consecutive years. Evaluate absolute cover 
(%) monthly.  

 Install 100% shade tarp to 35ft x 50ft 
section of pond 4 when drained. Evaluate 
absolute cover (%) monthly.  

 Install culvert cage guard 
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Equipment and Cost of Implementation 

 The estimates of equipment costs are based on quotes given by retailers, manufactures, and sales 

representatives. Costs could differ between retailers or manufactures but these estimates are based on the 

average prices found. The table below itemizes the equipment needed to carry out this project and the 

corresponding average retail cost of each item. (SPAWN does have access to a water pump internally so the 

estimated cost of renting the water pump could be waived). 

Table 7. Itemized list of equipment needed for the project with corresponding costs.  

Equipment Estimated Cost 

8 Horse Power Water Pump (Trash pump) (Sunbelt 
Rentals)  

$270/week; needed up to ten days.  
Total= $540 

Gasoline for the Water Pump $60.00 

4-5 Buckets (with lids), Coolers, Dip, Nets, Waders SPAWN has. No Cost 

20lbs of dry ice Total =$30.00 

1 Quart of Renovate 3
®

 Aquatic Herbicide (triclopyr)  
Total= $49.99 

1 Backpack Herbicide Applicator  San Geronimo Golf Course has. No cost 

Aquatic Herbicide Permit CAG990005 Annual Fee $1389/yr. for three years. 
Total= $4167 

¼ inch Wire Mesh for Culvert Cage Material for three 
culverts 

$13.98/role; need two roles. 
Total= $28.00 

3ft x 100ft Silt (Drift) Fence Material $33.00/role; need twelve roles. 
Total=$385 

35ft x 50ft 100% Shade Fabric (Shade Tree Fabrics 
800-972-8057 )  

One 35ft x 50ft section. If entire pond is covered, 
costs are estimated at ($18,500). 
Total= $650 

Public Signage around ponds $300 

*Crew of 5 people for 10 days N/A 

 Subtotal = $6,210 

* Cost of human labor not included in total cost estimate because of unknown hourly wages, and possible aid 

from volunteers.  

Feasibility of Success 

 Since this plan calls for the golf course ponds to be quickly pumped dry, there is little possibility that 

any largemouth bass or black crappie will survive. As mentioned previously, it is important that the intake 

valve of the water pump have a screen grater placed over it to be sure that no tadpoles, fry, or bits of plant 

material be unintentionally introduced into the creeks. If operations function as planned, it is completely 

feasible that 100% of the invasive largemouth bass, black crappie, and American bullfrog tadpoles will be 

killed.  

 The same feasibility of success with bullfrog adults will take more diligence and thoroughness. For the 

complete eradication of adult bullfrogs, several operations must be maintained. First, while the drift fence is 
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being installed along the shoreline, all adult bullfrogs must be ushered into the ponds within the boundaries of 

the fence. This should be easy considering that bullfrogs are frightened of humans and when approached will 

flee into the water. Once the drift fence is installed, it must be staked down tightly against the ground so that 

no spaces exist for rouge bullfrogs to escape. Second, while the ponds are being drained, and the hose it 

hoisted up and over the fence, it is important that no bullfrogs be able to climb along the hose and over the 

fence. Also, installation of the water pump could alter the position of the drift fence so after the pump is 

assembled, one final walk around the drift fence is necessary to ensure its security. While the pumps are 

operating and the ponds are being drained, bullfrogs could seek refuge outside of the water so handlers must 

be diligent and check for adult bullfrogs that may be hiding among thick vegetation. (Since bullfrogs are easily 

frightened, handlers should make loud noises, shake vegetation vigorously, and stir up water in order to flush 

bullfrogs into the water). It is very likely that bullfrogs will follow the receding water, so as the water level gets 

very low, the bullfrogs should be highly concentrated in the remaining water and be fairly easy to catch. Once 

each pond is dry and all known bullfrogs are believed to be captured, a final walk around of the drift fence is 

necessary to be sure that it remained secure during the entirety of the pumping operations and no bullfrogs 

escaped. If these directions are followed, it is feasible that 100% of the adult bullfrogs in these ponds will be 

captured and killed.  

 It is possible that bullfrogs living outside of the ponds in adjacent creeks could colonize the ponds 

once the eradication has been completed. It is for this reason that monthly monitoring should to occur in 

order to prevent new infestations of bullfrogs at the golf course ponds.  

 In order for parrot’s feather to be successfully controlled in these ponds, an adaptive approach must 

be employed. When herbicide applications of parrot’s feather occur, the applicator should use a 

biodegradable dye to be sure that he/she covered all exposed parts of the infestation. Also, it is critical that 

mixing the herbicide be done in accordance with the manufacture’s recommendations printed on the label.  In 

the case of the 100% shade tarp, it must be secured firmly into the pond bottom, covering the plants tightly to 

prevent anything from wedging the tarp off the plants. For the small infestations at ponds 5 and 7, the entire 

plants (including the root structures) must be carefully removed and disposed of properly, leaving no 

fragments behind that could colonize new areas. These recommendations are based on the best available 

science that can be put into practice in this setting. It is feasible that 100% of the parrot’s feather can be 

eradicated from the ponds in five to ten years if these stringent recommendations are followed.  

 In addition to these management practices, for success to be achieved across all these projects, 

routine and thorough monitoring must be conducted to ensure that if a species were to re-appear, mangers 

would be aware to prevent a large-scale re-infestation. An additional preventative measure of public signage 

at each pond that describes the ecological sensitivity of the ponds, and the desire to keep them free of 

invasive species, should be established. Public signs should be abundant and visible at each accessible location 

and describe that stocking ponds with fish is illegal. This measure will increase public awareness of the 

ecological sensitivity of each pond at the golf course. 

 The treatment recommendations for the ponds can occur as early as fall 2013, expect in the case of 

herbicide application of parrot’s feather-which can occur in fall 2014 at the earliest due to the permitting 

process. SPAWN can adjust the treatment schedule as needed.    
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