
Figure 2-34 

Source: EIP Associates (2003)
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Figure 2-35

Source: EIP Associates (2003)
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Relative weight values greater than 95 percent of the index are considered to represent fish in 
“good condition.”  Graph B suggests that there may be a reduction in relative weight with fish 
age.  The relative weights of one-year-old fish ranged from a low of 65 percent to a high of 144 
percent.  Seven of the 17 one-year-old fish (41 percent) had relative weights less than 95 percent 
of the standard weight.  Of the five two-year-old fish measured, three fish (60 percent) were less 
than 95 percent.  For three-year-old fish, five of the eight fish measured (62 percent) were less 
than 95 percent of the standard weight.  All three of the fish over three years of age were well 
below the standard weight.  The numbers of fish in each age class is small so caution is advised 
in interpreting the relative weight data.  The decline in relative weights with age, if real, may be 
due to a more limited food supply for the larger fish (i.e., absence of larger zooplankton species 
and aquatic insects). 
 
Comparison to Other Lakes 
 
The growth and biomass statistics for the Lake Elsinore black crappie population were compared 
to similar statistics for other crappie populations in North American waters.  Because most 
crappie collected were one, two, or three years of age, accounting for 91 percent of all crappie 
captured in the 2003 survey, these fish were used for the growth comparison.   
 
Table 2-24 summarizes the growth rate of black crappie in various waters at the time the first, 
second, and third annuli are formed (i.e., the total length of fish by the time they reach the 
beginning of their second, third, and fourth growing seasons).  Data from Lake Elsinore are only 
available for one year and a limited number of fish (N=35) were captured, so caution is advised 
in interpreting the comparative statistics.  Except for the black crappie growth rates in Oregon, 
one and two-year-old crappie from Lake Elsinore show growth rates (in 2003) that are less than 
the mean growth rates for same-age fish from other North American waters.  Once Lake Elsinore 
crappie reach age three the differences in growth become less obvious, and Lake Elsinore fish 
exhibit growth rates that are similar to the mean rate for all North American waters combined.  
Only the warmer southern states support crappie populations with higher mean growth rates than 
Lake Elsinore fish. 
 
Figure 2-34, Graph B, illustrates the length-weight relationship for black crappie in Lake 
Elsinore in comparison to six other North American waters.  For these specific examples, the 
weights of crappie for given lengths from Lake Elsinore are typically less than crappie weights 
from the other waters.  The differences become more pronounced the larger the fish are.  The 
illustration in Graph B is consistent with the relative weight analysis presented in Figure 2-35, 
Graph B. 
 
Appendix A, Table A-1, summarizes the black crappie biomass estimates collected from North 
American reservoirs.  The crappie data in Table A-1 has been condensed in Table 2-21 
(previously presented) to provide a comparison with the 2003 Lake Elsinore biomass estimate.  
Lake Elsinore currently has a small crappie population.  The lake currently supports an estimated 
crappie biomass of much less than one pound per acre.  Typically, crappie populations do not 
comprise a major proportion of the total biomass of fish communities in lakes.  Biomass ranges 
for black crappie are generally less than 10 pounds per acre.   
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TABLE 2-24 
 

COMPARISON OF BLACK CRAPPIE GROWTH RATES 
 IN NORTH AMERICAN WATERS BASED ON  

THE TOTAL CRAPPIE LENGTH AT THE FIRST, SECOND, AND THIRD ANNULI 

Location 

Range of Mean 
Total Lengths at 

First Annulus 
(Mean of Means)

(mm) 

Range of Mean 
Total Lengths at 
Second Annulus 
(Mean of Means) 

(mm) 

Range of Mean 
Total Lengths at 
Third Annulus 

(Mean of Means) 
(mm) Reference 

Lake Elsinore, California 
(2003) 111 134 217 

EIP Associates 
(2003) 

Various California waters 
71-249 
(149) 

107-310 
(215) 

122-188 
(264) Carlander (1977) 

Various Oregon waters 
56-132 

(78) 
66-170 
(138) 

79-237 
(135) Carlander (1977) 

Various Iowa waters 
82-229 
(147) 

127-295 
(192) 

135-305 
(205) Carlander (1977) 

Various Kansas waters 
66-351 
(157) 

127-264 
(181) 

185-269 
(209) Carlander (1977) 

Various Florida waters 
124-234 

(176) 
188-254 

(225) 
231-267 

(251) Carlander (1977) 

Various Texas waters 
104-246 

(185) 
163-305 

(236) 
163-315 

(259) Carlander (1977) 

Various Tennessee waters 
65-259 
(203) 

147-333 
(230) 

178-387 
(258) Carlander (1977) 

All North American waters 
combined 

48-351 
(143) 

66-381 
(188) 

79-429 
(218) Carlander (1977) 

 
Summary of Status 
 
The black crappie population in Lake Elsinore is small; however, some limited successful 
reproduction appears to be occurring.  The relative weights of one year old fish are better than 
those of older fish.  These older fish may be food-limited.  In general, the black crappie 
population of Lake Elsinore has a lower growth rate when compared to other North American 
populations, once again suggesting a food limitation.  The persistence of crappie in Lake 
Elsinore is a positive indication that improvements in water quality and food supply, along with 
the development of more crappie habitat should increase the crappie population. Consequently, 
the FMP includes measures to specifically enhance the crappie population. 
 
Bluegill 
 
Two subspecies of bluegill are known to occur in California waters: the northern bluegill and the 
southern bluegill (Figure 2-36).  Northern bluegill are native to most of eastern North America 
and have been widely introduced into California (Moyle 2002).  Southern bluegill are native to 
Florida and Georgia and have been introduced into reservoirs mostly in southern California (Dill 
and Cordone 1997).  Bluegill can hybridize with green sunfish and may also be able to hybridize 
with redear sunfish and pumpkinseed (Lepomis gibbosus) (Moyle 2002). 
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Figure 2-36

Source: USFWS (2003)

Bluegill (Lepomis macrochirus)�
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Habitat Preferences 
 
Bluegill prefer warm, shallow lakes, reservoirs, ponds, and streams at lower elevations, but they 
are able to survive and reproduce under a wide range of environmental conditions.  They are 
often associated with rooted aquatic plants, where they can find cover and food.  They are 
seldom found in waters deeper than 16 feet.  Bluegill are also associated with assemblages of 
non-native species including: largemouth bass, green sunfish, redear sunfish, various catfishes, 
golden and red shiners, common carp, inland silversides, and western mosquitofish (Moyle et al. 
1973; Brown 2000). 
 
Life History 
 
Reproduction and Rearing  
 
Bluegill can spawn in water temperatures ranging from 17-31°C.  Spawning is optimum between 
24-27°C.  There are three types of male bluegill: parental, satellite, and sneaker (Gross 1979; 
1991; Dominey 1980, 1981).  Each type of male is genetically determined.  Parental males are 
typically the largest individuals, measuring 15-20 cm FL or more, and are generally five years 
old or older.  The males construct nests in shallow water on the bottom gravel, sand, or mud by 
excavating materials with vigorous fanning movements of their fins.  Nests are built in colonies, 
but individual males will continue to defend the area immediately around their own nest from 
other males and from egg predators such as catfish and minnows.  Females will spawn with 
multiple parental males within a colony.  Females will lay about a dozen eggs at each spawning 
site and as many 2,000-50,000 eggs during the season.  Males will court and spawn with many 
females in succession, so a single nest can contain thousands of embryos (Gross 1991).  All 
spawning within a colony usually occurs within a single day.  Parental males will continue to 
defend their nests while embryos develop and during the first days after hatching.   
 
Satellite males mimic females so they can deceive parental males and enter parental male nests 
while spawning is taking place to fertilize some of the unfertilized eggs in the nest.  Sneaker 
males are smaller, inconspicuous males that hang out on the edge of the colony and dash in to 
spawn opportunistically with the parental females.   
 
Food and Feeding  
 
Bluegill are highly opportunistic feeders and will feed on midges, mayflies, caddisflies, 
dragonflies, planktonic crustaceans, flying insects, snails, small fish, fish eggs, and crayfish.  
Their diets can change depending on the season and abundance of food items.  Threadfin shad 
are an important part of the diet in the winter for some populations of bluegill (Moyle 2002).   
 
Growth Rate, Size, and Longevity  
 
Bluegills usually mature at one or two years of age (Schloemer 1939; James 1946; Cross 1951).  
The maximum known age for bluegill is 11 years, but most fish live one to four years 
(Schloemer 1939; Carlander 1977).  Bluegill can reach 4-6 cm in length during their first year, 
and can grow 2-5 cm in each subsequent year (Moyle 2002).  Intraspecific competition can limit 
individual growth in some situations, resulting in large populations of stunted fish (Moyle 2002). 
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Limiting Factors 
 
Water Temperature Tolerance  
 
Bluegill are tolerant of a broad range of water temperatures.  They can survive winter 
temperatures of 2-5°C and they have been known to survive summer water temperatures as high 
as 40-41°C for short periods of time (Houston 1982).  The optimal temperature for growth is 
27-30°C (Houston 1982).  No growth occurs below 10°C or above 30°C (Anderson 1959; Emig 
1966).  The upper incipient lethal water temperature for bluegill is 35°C (Reynolds and Casterlin 
1976).  The optimal water temperature for successful embryo development is 22-27°C (Banner 
and Van Arman 1973), and the optimal temperatures for fry growth range from 25-32°C (Hardin 
and Bovee 1978).  Fry will not survive temperatures below 11°C or above 34°C (Banner and 
Van Arman 1973).  
 
Dissolved Oxygen Tolerance  
 
Maximum growth and reproduction occurs in waters with moderate levels of dissolved oxygen, 
between 4-8 mg/L; however, they can survive DO levels of less than 1 mg/L (Baker 1941; 
Cooper and Washburn 1946; Moss and Scott 1961; Petrosky and Magnuson 1973). Bluegill will 
avoid DO levels of less than 1.5-3.0 mg/L (Whitmore et al. 1960).   
 
pH Tolerance  
 
Bluegill can tolerate a pH range of 4.0-10.3 (Trama 1954; Ultsch 1978). 
 
Total Suspended Solids Tolerance – No data available 
 
Salinity Tolerance  
 
Bluegill prefer freshwater, but are known to occur in the San Francisco Bay estuary at salinities 
of up to 5,000 mg/L.  Salinity levels greater than 12,000 mg/L are lethal (Peterson et al. 1987).   
 
Current Status in Lake Elsinore 
 
Bluegill are not common in Lake Elsinore, but they are the second most abundant sunfish, 
following the black crappie.  Figure 2-37 illustrates the size distribution of the 15 bluegill 
captured during seining in the spring 2003.  The size distribution indicates that all of the fish 
captured were from the same year-class and are three years of age (these fish were produced in 
2000).  No older fish were captured.  This is not necessarily surprising because bluegill typically 
live from only one to four years.  No successful reproduction appears to have occurred since 
2000.  Because all of the bluegill are from the same year-class and the sample size is small, there 
is no strong length-weight relationship (Figure 2-38).  Three-year-old bluegill ranged in fork 
length from 117-148 mm (mean = 131 mm) and weights ranged from 25-75 grams (mean = 49 
grams). 
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Figure 2-37

Source: EIP Associates (2003)
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Figure 2-38 

Source: EIP Associates (2003) 
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To evaluate well-being of the bluegill population in Lake Elsinore the following analyses were 
completed: 
 

● Relative condition of bluegill in the Lake Elsinore population; 
 
● Relative weight of the Lake Elsinore bluegill population; and 

 
● Comparison of the Lake Elsinore bluegill population to other bluegill populations 

in North American lakes. 
 

Relative Condition 
 
Figure 2-39, Graph A, illustrates the Kn values for the bluegill population in Lake Elsinore.56  
The reader is cautioned to remember that the bluegill sample size is small (N=15) and only fish 
believed to be three years of age are represented.  The relative condition value of 1.0 represents 
the “average” fish in the Lake Elsinore bluegill population.  As seen in Graph A, relative 
condition is highly variable for the bluegill population with condition values ranging from a low 
of 0.73 to a maximum of 1.36. Some fish are relatively robust in form, while others are not.  To 
interpret this information further the relative weight data must be reviewed. 
 
Relative Weight 
 
Figure 2-39, Graph B, illustrates the Wr values for the Lake Elsinore bluegill population in 
comparison to the standard weight of bluegill in North American waters.  The standard weight 
(Ws) equation for bluegill, based on total length (TL) is (Hillman 1982): 
 
 log10(Ws) = -5.374 + 3.316log10(TL). 
 
Relative weight values greater than 95 percent of the index are considered to represent well-fed 
fish in “good condition.”  Relative weights range from a low of 62 percent to a high of 119 
percent.  Seven fish (47% of the total) have relative weights equal to or greater than 95 percent 
of the standard.  Several bluegill are borderline, while four fish (27% of the total) are clearly 
significantly less than the standard.  These data indicate that about one-half of the bluegill 
population has weights for a given length that represent well-fed fish in “good condition.”  The 
other one-half of the population may not be finding sufficient food for good growth. 
 
Comparison to Other Lakes 
 
The growth and biomass statistics for the Lake Elsinore bluegill population were compared to 
similar statistics for other bluegill populations in North American waters.  Because all of the 
bluegill collected were believed to be three years of age, growth statistics for three year old fish 
were compared.   
 

                                                 
56  Fork length (FL) was measured in the field and converted to total length (TL) for comparison with bluegill 

populations in other waters.  The conversion formula used was: TL=1.0565 FL (Carlander 1977). 



 



Figure 2-39

Source: EIP Associates (2003)
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Table 2-25 summarizes the growth rate of bluegill in various waters at the time the third annulus 
is formed (i.e., the total length of fish by the time they reach the beginning of their fourth 
growing season).  Data from Lake Elsinore are only available for one year and a limited number 
of three year old fish (N=15) were captured, so caution is advised in interpreting the comparative 
statistics.  In general, the growth rate data suggests that while growth rates in Lake Elsinore are 
moderate, they are well below the rates that would be expected in a productive bluegill 
population.  For example, while the mean growth at the third annulus for the Lake Elsinore 
population was 138 mm TL, somewhat higher than the rates in more northern populations found 
in Ohio, Minnesota, and Michigan, the largest bluegill captured in Lake Elsinore was only 
156 mm, much smaller than the upper end of the mean population lengths attained in most North 
American waters for this age of fish. 
 

TABLE 2-25 
 

COMPARISON OF BLUEGILL GROWTH RATES IN NORTH AMERICAN WATERS 
BASED ON THE TOTAL BLUEGILL LENGTH AT THE THIRD ANNULUS 

Location 

Range of Means of Total Lengths at 
Third Annulus 

(Mean of Means) 
(mm) Reference 

Lake Elsinore, California (2003) 138 Unpublished data EIP (2003) 

Various Texas waters 
124-130 

(127) Carlander (1977) 

Various Ohio waters 
81-229 
(131) Carlander (1977) 

Various Minnesota waters 
86-288 
(133) Carlander (1977) 

Various Michigan waters 
94-216 
(134) Carlander (1977) 

Various Wisconsin waters 
57-231 
(144) Carlander (1977) 

Various Iowa waters 
102-224 

(149) Carlander (1977) 

Various Tennessee waters 
107-182 

(155) Carlander (1977) 

Various Indiana waters 
89-233 
(156) Carlander (1977) 

Various Illinois waters 
124-208 

(158) Carlander (1977) 

Various Oklahoma waters 
89-190 
(166) Carlander (1977) 

Various California waters 
147-249 

(180) Carlander (1977) 

All North American waters combined 
73-288 
(151) Carlander (1977) 

 
Figure 2-38, Graph B, illustrates the length-weight relationship for bluegill in Lake Elsinore in 
comparison to five other North American waters.  For these specific examples, the weights of 
bluegill for given lengths from Lake Elsinore are comparable to other populations showing 
moderate, but not exceptional, length-weight relationships.  The illustration in Graph B is 
consistent with the relative weight analysis presented in Figure 2-35, Graph B. 
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Appendix A, Table A-1, summarizes the bluegill biomass estimates collected from North 
American reservoirs.  The bluegill data in Table A-1 has been condensed in Table 2-
21(previously presented) to provide a comparison with the 2003 Lake Elsinore biomass estimate.  
Lake Elsinore has a very small bluegill population.  The lake currently supports an estimated 
bluegill biomass of much less than one pound per acre.  Typically, the biomass estimates for 
bluegill populations range from 5 to 40 pounds per acre, with a few exceptional biomass levels 
being recorded (i.e., Lake Altus, Oklahoma).  
 
Summary of Status 
 
The bluegill population in Lake Elsinore is small and routine reproduction does not appear to be 
successfully occurring.  Of the bluegill captured during the 2003 survey, about one-half had 
suitable weights for their respective lengths when compared to relative standard weight.  The 
remaining fish were underweight for their lengths.  The growth rate of the bluegill population is 
moderate, but tends to be on the low side when compared to other North American waters.  Few 
large bluegill are present in Lake Elsinore. 
 
The collective data suggest that the bluegill population could be enhanced by providing 
improvements to the physical habitat structure in the lake, particularly spawning habitat and 
rearing habitat.  Improvements to water quality and carp control will also contribute to the 
development of a larger bluegill population. 
 
Redear Sunfish 
 
Redear sunfish, or simply redear (Figure 2-40), are native to the southeastern United States from 
Florida to Mississippi.  They have been widely stocked throughout the warmer regions of the 
United States since the 1950s (Moyle 2002).   
 
Habitat Preferences 
 
Redears prefer deep, warm waters, quite ponds, lakes, river backwaters and sloughs, and other 
suitable waters with substantial beds of aquatic vegetation.  Adults are found mostly in waters 
deeper than seven feet (Moyle 2002). 
 
Redear sunfish are not as common in California as bluegill and green sunfish because they 
require somewhat warmer waters (Moyle 2002).  Redear growth is usually slower in riverine 
environments than in lacustrine environments (Jenkins et al. 1955).   
 
Life History 
 
Reproduction and Rearing 
 
Spawning takes place during the summer months when water temperatures reach 21-24°C (Emig 
1966; Christophel 1988).  Males nest in colonies and defend small areas around their own nests.   
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Figure 2-40

Source: USFWS (2003)

Redear Sunfish (Lepomis microlophus)
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The nests are constructed by the males in shallow depressions in the bottom sand, gravel or mud.  
Females will lay between 9,000-80,000 eggs and spawn repeatedly.  After the eggs are fertilized, 
the male remains above the nest guarding and fanning the eggs until they hatch, typically 6-10 
days later.   
 
Food and Feeding 
 
Redear sunfish feed mostly on aquatic invertebrates, especially snails, clams, dragonfly larvae, 
midges, and mayfly larvae.  They generally feed near the bottom and will seldom feed on the 
surface (Chable 1947; Swingle and Smith 1947; Cole 1951).  
 
Growth Rate, Size, and Longevity 
 
Redear sunfish are reported to mature at one year of age (Schoffman 1939; Lopinot 1961; 
Dinnen 1968).  Growth rates of redear sunfish are highly variable; however, in their native range, 
they become mature at lengths of 13-18 cm TL when they are one or two years old (Wilbur 
1969).  The maximum recorded age is eight years old (Carlander 1977). 
 
Limiting Factors 
 
Water Temperature Tolerance – No data available 
 
Dissolved Oxygen Tolerance – No data available 
 
pH Tolerance – No data available 
 
Ammonia Tolerance – No data available 
 
Total Suspended Solids Tolerance 
 
Growth is unaffected in waters with low turbidities (< 25 mg/L) (Jenkins et al. 1955; Buck 
1956).  Reproduction and growth can be inhibited in water that is too turbid (Moyle 2002). 
 
Salinity Tolerance  
 
Redear are highly tolerant of saline environments.  In their native range, they live in marshes 
with seasonal salinities of up to 5,000-12,000 mg/L (Jenkins and Burkhead 1994) and have been 
known to tolerate salinities up to 20,000 mg/L (Peterson 1988). 
 
Current Status in Lake Elsinore 
 
The redear sunfish is extremely rare in Lake Elsinore.  Only one individual was captured during 
seining in 2003.  This specimen was 135 mm FL and weighed 54 grams.  This fish may be two 
or three years of age.  The California Department of Fish and Game did not capture any redear 
sunfish during gill netting and electrofishing in 2002.  The redear population is not reproducing 
successfully and may not persist in the lake. 
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Summary of Principal Conclusions Related to the Current Fish Community 
 
The extensive set of fisheries data collected from Lake Elsinore in 2003 indicates that the fish 
community of Lake Elsinore was not a thriving, self-sustaining community capable of producing 
an adequate number of sport fish to meet angling demand.  The principal conclusions from this 
evaluation of the fish community are: 
 

● The fish community of Lake Elsinore is dominated by the common carp.  During 
the spring of 2003, there were between 800,000 and 1,700,000 carp in the lake, 
which translates to a biomass estimate of between 530-1,100 pounds per acre.  
The foraging behavior of the carp has directly adversely affected every fish 
species in the lake, with the exception of the threadfin shad, a pelagic species.  
The primary impacts to other fishes are:  1) competition for food; 2) predation on 
eggs during spawning and rearing and 3) habitat destruction; 

 
● The channel catfish population is of low density with about four fish per surface 

acre.  The catfish population is growing moderately well with the exception of 
fish older than three years, indicating a food limitation for these older age classes; 

 
● Of the four sunfish species in Lake Elisnore, the small largemouth bass 

population appears to be in relatively good condition.  The black crappie 
population is also small.  Younger crappie have reasonable growth rates, but older 
fish do not.  The bluegill population does not appear to be reproducing or 
surviving well.  Redear are virtually non-existant in the lake.  Limited successful 
recruitment to the black crappie population appears to be occurring; 

 
● The abundance of the threadfin shad population is dramatically reduced from the 

levels reached prior to the 1998 die-off.  Shad are believed to be the second most 
abundant fish in the lake; and 

 
● The chemical and physical characteristics of the lake are significant impediments 

to development of a stable, thriving fish community, carp impacts aside. 
 

Wildlife 
 
Lake Elsinore supports a variety of terrestrial wildlife species, particularly water birds 
(waterfowl, shorebirds, wading birds) which are the focus of this discussion.  Other wildlife 
groups do not directly influence the fish community and are not examined. 
 
Waterfowl 
 
Waterfowl (used herein to included all aquatic foraging birds) are of interest because some 
species are fish predators and other species forage on non-phytoplankton aquatic vegetation.  
Lake Elsinore was heavily utilized by a variety of waterfowl during prehistoric times, based on 
the excavations at the occupation site near the lake’s outlet (Strand 1997).  Avian bones from the 
site included birds in the families Ardeidae (herons), Anatidae (geese and ducks), and Raillidae 
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(rails).  Specific species found at the site include:  Canada goose, pintail, cinnamon teal, and 
American coot. 
 
Currently, Lake Elsinore provides resting and foraging habitat for the birds listed previously, as 
well as: white pelican, double crested cormorant, common merganser, ring-billed gull, great blue 
heron, black-crowned night heron, black-necked stilt, Caspian tern, least sandpiper, western 
sandpiper, mallard, pied-billed grebe, and belted kingfisher.  The bald eagle has been sighted 
infrequently at the lake.  Many of birds found at Lake Elsinore are piscivores.  Threadfin shad 
are the principal prey. 
 
Economic and Fiscal Conditions 
 
Located along the Interstate-15 corridor in western Riverside County, the City of Lake Elsinore 
(City) is Riverside County’s 12th-largest city, with a population of approximately 28,900 in 2000 
(California Department of Finance 2002).  Situated in the Lake Elsinore Valley and 
encompassing Lake Elsinore, the City serves as a convenient stopping or supply point for 
recreationists visiting the lake and other recreation sites such as Canyon Lake and the Cleveland 
National Forest.  Its economy and fiscal conditions are, therefore, affected by levels of 
recreational activity at the lake and other nearby recreation sites. 
 
The following description of existing conditions focuses on aspects of the economy of the City 
that could be affected by changes in recreational activities, primarily sport fishing, associated 
with the FMP for the lake.  Specifically: 1) employment and income conditions for the economic 
sectors directly affected by recreation-related activity; 2) tax revenues from sources potentially 
affected by changes in sport fishing-related expenditures, such as sales tax and transient 
occupancy tax revenues, and from user fees and 3) recreation activity at the lake, related 
spending, and impacts on the local economy.  
 
Employment and income levels are characterized using 2000 data available from secondary 
sources through the IMPLAN economic input-output model data base (Minnesota IMPLAN 
Group 2003).  Generally, the underlying sources for the IMPLAN employment and income data 
include U.S. Department of the Census County Business Patterns data, U.S. Department of Labor 
ES-202 data, and Bureau of Economic Analysis Regional Economic Information System data 
(Minnesota IMPLAN Group 2000).  For Lake Elsinore, the data reflects IMPLAN-generated 
estimates for the area within the combined 92530 and 92532 zip codes, which includes the City 
of Lake Elsinore and adjacent unincorporated areas north and southwest of the City. 
 
Data used to characterize existing fiscal conditions were collected for the 2000-2001 fiscal year 
(FY).  Recreation activity at the lake, related spending, and impacts on the local economy reflect 
conditions in 2000 and are based on existing sources of primary and secondary data.  
 
Economic Conditions 
 
Employment 
 
According to the California Employment Development Department (2003), Lake Elsinore’s 
resident civilian labor force totaled approximately 11,030 persons in 2000, representing 15.3 
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percent of Riverside County’s resident labor force.  Unemployment within the county averaged 
6.1 percent during that year, which was slightly higher than the countywide rate of 5.5 percent.  
 
Within the larger Lake Elsinore area (i.e., the area within the combined boundary of zip codes 
92530 and 92532), employment totaled an estimated 14,700 full-and part-time jobs in 2000.  As 
Table 2-26 shows, the sectors most sensitive to changes in recreation-related spending, including 
food stores, automotive dealers and service stations, apparel stores, eating and drinking 
establishments, miscellaneous retail stores, hotels and lodging places, and amusement and 
recreation services, accounted for an estimated 4,020 full- and part-time jobs in 2000, or 27.4 
percent of area-wide jobs in that year.  Of these sectors, the eating and drinking places sector is 
the most important to the area economy, generating an estimated 946 full- and part-time jobs, or 
over 6.4 percent of area-wide jobs, in 2000.  The food store sector generated 815 jobs, or 5.6 
percent of total employment. 
 
Personal Income 
 
As measured by employee compensation, proprietary income (i.e., payments received by self-
employed persons as income) and other property income (i.e., payments from interest, rents, 
royalties, dividends, and profits), area-wide income totaled an estimated $681.7 million in 2000 
(Table 2-26).  Income from employee compensation accounted for the largest share of area-wide 
income, generating an estimated $398.9 million in payments. 
 

TABLE 2-26 
 

2000 EMPLOYMENT AND INCOME LEVELS FOR THE LAKE ELSINORE AREA1 

Industrial Sector Employment2 
Income3 

(millions) 
Boat repair and marinas 46 1.4 
Food stores 815 $38.1 
Automotive dealers and service stations 291 $14.7 
Apparel and accessory stores 484 $10.5 
Eating and drinking places 946 $17.9 
Miscellaneous retail 426 $12.4 
Hotels and lodging places 255 $7.0 
Amusement and recreation services 757 $14.0 
All other sectors 10,661 $565.7 
TOTAL 14,681 $681.7 
Notes: 
1 Includes estimated employment and income within the 92530 and 92532 zip code areas, including the City of Lake Elsinore. 
2 Represents average annual full-time and part-time jobs from the IMPLAN data base. 
3 In 2000 dollars.  Represents employee compensation, proprietor income, and other property income from the IMPLAN data base. 
Source: Minnesota IMPLAN Group 2003. 

 
As shown in Table 2-26, the contribution of sectors serving recreationists totaled an estimated 
$116.0 million in income in 2000, accounting for 17.0 percent of area-wide income.  Reflecting 
its importance as a jobs-generating sector, the foods store sector generated the largest share of 
area-wide income (5.6 percent) among the recreation-related sectors, followed by the eating and 
drinking places sector (2.6 percent). 
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Fiscal Conditions 
 
Tax Revenues 
 
Annual spending on goods, services, and accommodations by recreationists visiting Lake 
Elsinore directly affects City revenue levels by generating sales and transient occupancy 
(lodging) tax revenues.  Among these potentially affected revenue sources, the sales tax 
generated the most-significant portion of total City general (i.e., non-dedicated) revenues, 
producing $4.2 million in revenue during fiscal year 2000-01, or 27.0 percent of general 
revenues (Table 2-27).  Transient occupancy taxes generated by the City’s 10 percent tax rate 
totaled approximately $117,700 during FY 2000-01, representing 0.8 percent of total general 
City revenues. 
 

TABLE 2-27 
 

CONTRIBUTION OF SALES TAX AND TRANSIENT OCCUPANCY TAX 
REVENUES TO TOTAL CITY OF ELSINORE GENERAL REVENUES 

 DURING FISCAL YEAR 2000-01 
Revenue Source Revenue Percent of Total Revenue 
Sales tax $4,231,400 27.0% 
Transient occupancy tax $117,700 0.8% 
Total general (non-dedicated) revenue $15,688,500 100.0% 
Sources: State Controller’s Office 2003. 

 
User Fee Revenues 
 
In addition to public revenues generated by sales and lodging taxes, boating and camping activity 
at Lake Elsinore generates revenues from user fees.  In 2000, daily lake use tickets sold to 
boaters generated $207,420 for the City of Lake Elsinore.  In addition, sales of 225 annual passes 
generated an estimated $12,400 in revenues. Public use of campground facilities at Lake Elsinore 
generated $100,002 in revenues in 2000 (City of Lake Elsinore 2001).   
 
Lake Activity, Spending and Related Economic Activity  
 
The estimated number of recreation visitor-days at Lake Elsinore in 2000 is shown in Table 2-28. 
A recreation visitor-day is defined as one person engaging in one or more recreation activities for 
any part of a day.  As shown, residents of the Lake Elsinore area, including the City of Lake 
Elsinore and the immediately surrounding area, account for an estimated 41,250 recreation 
visitor-days.  Of these, about 83 percent (34,100 visitor-days) is estimated to be boating-related. 
In terms of trip-related expenditures, local residents who recreated at Lake Elsinore are estimated 
to have spent about $1.16 million locally on goods and services in 2000. 
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TABLE 2-28 
 

RECREATION VISITOR-DAYS AT LAKE ELSINORE 
AND ASSOCIATED LOCAL SPENDING IN 2000. 

Local Residents Out-of-Area Visitors 
Type of 

Recreation 
Activity 

Number of 
Visitor-

days 

Local 
Spending per 
Visitor-day 

Local 
Spending in 

2000 

Number of 
Visitor-

days 

Local 
Spending per 
Visitor-day 

Local 
Spending in 

2000 
Boater days 
- campers 1,700 $17.20 $29,240 7,050 $20.43 $144,030 
- non-campers 32,400 $31.92 $1,034,210 115,300 $13.74 $1,584,220 
Subtotal 34,100 --- $1,063,450 122,350 --- $1,728,250 

Shore use days 
- campers 700 $12.64 $8,850 13,410 $14.02 $188,010 
- non-campers 6,450 $13.66 $88,110 31,520 $14.22 $448,210 
Subtotal 7,150 --- $96,960 54,930 --- $636,220 
TOTAL 41,250 --- $1,160,410 177,280 --- $2,364,470 
Notes: 
1 The number of recreation visitor-days was estimated based on boat launch and camping data compiled by the City of Lake Elsinore and 

presented in the Draft Program EIR on the Lake Elsinore In-Lake Water Quality Treatment Program (City of Lake Elsinore 2001).  To estimate 
the number of recreation visitor-days by local residents and by out-of-area visitors, assumptions were developed based on data from the Lake 
User Survey conducted by the City of Lake Elsinore and from conversations with the Director of the Lake & Aquatic Resources Department 
for the City of Lake Elsinore (Kilroy pers. comm.). 

2 Estimates of local spending per visitor-day were developed based on information from a U.S. Army Corps of Engineers study of recreation-
related trip spending for lakes throughout the nation (Propst et al. 1992). 

3 All values are in constant year 2000 dollars.   
 
Out-of-area visitors that recreated at Lake Elsinore in 2000 are estimated to account for about 
177,300 visitor-days.  Of these, about 70 percent (122,350 visitor-days) is estimated to be 
boating-related.  Trip-related expenditures by out-of-area visitors who recreated at Lake Elsinore 
in 2000 are estimated to have been about $2.36 million. 
 
Persons participating in sport fishing at Lake Elsinore are believed to account for between 5 and 
10 percent of the boating days and about 20 percent of the shore use days (Pat Kilroy, City of 
Lake Elsinore, pers. comm., 2003). Based on these estimates, the total number of sport fishing 
days at Lake Elsinore in 2000 is estimated at about 24,100.  
 
Spending by persons recreating at Lake Elsinore in 2000 generated jobs and personal income in 
the local economy (as defined by the 92530 and 92532 zip code areas).  As shown in Table 2-29, 
the estimated $3.5 million in local spending by residents and out-of-area visitors generated an 
estimated 49 full- and part-time jobs in the local area.  An estimated 39 of the recreation-related 
jobs were generated by the spending of out-of-area visitors to Lake Elsinore, while the remaining 
10 jobs were generated by the spending of local residents. As expected, most of the jobs 
generated by recreation-related spending are in the accommodations and eating and drinking 
sectors.  Recreation-related spending in 2000 generated about 17 jobs in the hotel, motel, and 
campground sector and about 10 jobs in the eating and drinking establishment sector (Table 
2-29).  The 49 jobs generated by the spending of Lake Elsinore recreationists represent about 0.3 
percent of the total jobs in the local area, including 6.6 percent of the jobs in the hotel, motel, and 
campground sector, and 1.0 percent of the jobs in the eating and drinking establishment sector. 
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Personal income generated by the spending of Lake Elsinore recreationists in 2000 was an 
estimated $1.7 million, including $1.3 million generated by out-of-area visitors and $0.4 million 
generated by local residents (Table 2-29).  The largest share of recreation-related personal 
income, totaling an estimated $0.5 million, is received by businesses in the hotel, motel, and 
campground sector.  The $1.7 million in personal income generated by Lake Elsinore 
recreationists in 2000 represents about 0.2 percent of total personal income in the local area, 
including 6.6 percent of the personal income in the hotel, motel, and campground sector and 1.0 
percent of the personal income generated in the eating and drinking establishment sector. 
 

TABLE 2-29 
 

ECONOMIC IMPACTS1 ON THE LOCAL ECONOMY 
 OF RECREATION ACTIVITY AT LAKE ELSINORE 

Local Residents Out-of-Area Visitors Total 

Sector Jobs2 
Personal 
Income3 Jobs2 

Personal 
Income3 Jobs2 

Personal 
Income3 

Food stores 1.5 $68,500 2.8 $130,500 4.3 $199,000 
Eating and drinking 
establishments 

 
2.1 

 
$39,100 

 
7.6 

 
$144,800 

 
9.7 

 
$183,900 

Service stations and fuel 1.2 $58,100 1.1 $53,300 2.3 $111,400 
Hotels, motels, and 
campgrounds 

 
0.7 

 
$18,600 

 
16.2 

 
$446,600 

 
16.9 

 
$465,200 

Miscellaneous retail 
sales/services 

 
2.3 

 
$65,600 

 
2.5 

 
$72,800 

 
4.8 

 
$138,400 

All other sectors 2.2 $126,600 8.8 $463,200 11.0 $589,800 
TOTAL 10.0 $376,500 39.0 $1,311,200 49.0 $1,687,700 
Notes: 
1 Includes estimated jobs and personal income within the 92530 and 92532 zip code areas, including the City of Lake Elsinore. 
2 Includes estimated full- and part-time jobs. 
3 In 2000 dollars.  Represents estimated employee compensation, proprietor income, and other property income. 
Source: IMPLAN model runs for the combined 92530 and 92532 zip code area. 
 
In addition to impacts on the local economy, recreation-related spending in the local area by 
persons recreating at Lake Elsinore generated an estimated $93,000 in sales tax revenue, 
including $12,400 in local tax revenues generated by the local 1 percent tax rate.  The $12,400 in 
revenue represents approximately 0.3 percent of the total sales tax revenue received by the City 
of Lake Elsinore during FY 2000-01.  Recreation-related spending in 2000 on accommodations 
in the local area generated an additional $93,300 in estimated transient occupancy tax revenue, 
accounting for a major share (79 percent) of the total amount of transient occupancy tax revenues 
received by the City of Lake Elsinore in FY 2000-01. 
 
Lake Access 
 
The City of Lake Elsinore owns the entire lake and lakeshore below the 1,240-foot elevation.  
Private landownership, particularly on the west shore, limits public access on that side of the 
lake.  Key access areas for fishing and other recreational uses include: 
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● Riverside Drive Area (camping, picnicking, boat launching): 
 

 Lake Park Resort and Motel 
 City Marine Park 
 Kay’s Barn 
 Elsinore West Marina 
 Butterfield Village 

 
● Lakeshore Drive Area (shoreline recreation, including fishing, picnicking): 
 

Elm Grove and Ramada areas  
Four Corners area 

 
● Grand Avenue Area: 
 

 Crane Lakeside Park 
 Weekend Paradise R.V. Park 
 Pro-Marine 
 Bedrock/Playland R.V. Park 
 

● Lake Elsinore Levee (walk-in day-use activities, including fishing, birding). 
 
Land Use 
 
Within the immediate area surrounding Lake Elsinore the land uses are varied, but would be 
generally described as “urban.”  To evaluate fishery enhancement opportunities that may require 
the physical construction of facilities or lake manipulation, it is important to know what types of 
uses occur currently around the shoreline of the lake and on the lake itself.  Fishery enhancement 
measures must be compatible with existing uses.  The primary uses of Lake Elsinore are: 
 

● Boating (various types, including boat racing); 
 

● Personal watercraft; 
 

● Water ski take-off and drop-off from shore; 
 

● Swimming; 
 

● Fishing; and 
 
● Various special event activities. 

 
The locations of fixed facilities on the shoreline or on the lake (for example, floating restrooms), 
and the locations of designated use zones (for example, high speed boating) are important 
considerations in the placement of in-lake structures (for example, physical fish habitat) and in 
locating areas for the application of other enhancement techniques (for example, designation of 
fishing or no-fishing zones).   
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CHAPTER 3.  ANALYSIS OF FISHERY MANAGEMENT PROBLEMS  
 
 

 
INTRODUCTION 
 
The principal abiotic and biotic factors addressed in this study that can influence the aquatic 
community in Lake Elsinore were illustrated previously in Figure 1-3.  Chapter 2 discussed in 
detail the historic and current lake environment and its influence on the aquatic community.  
Chapter 3 distills all of this information into those primary factors that limit the development of a 
viable sport fish community in Lake Elsinore.   
 
Lake Elsinore does not currently support a significant sport fish community when compared to 
other southern California lakes and reservoirs.  Although anglers do fish for carp, the FMP does 
not consider carp a sport fish in the traditional sense because of the significant environmental 
damage this species causes in Lake Elsinore.  Therefore, this FMP focuses on developing those 
sport fish that are sought after by anglers and that will attract anglers to the lake specifically: 
striped bass, largemouth bass, various sunfishes, and various catfishes.   
 
The existing sport fishery in Lake Elsinore includes carp, channel catfish, and black crappie.  
Surprisingly, even with such a limited sport fishery, the lake supports numerous anglers who fish 
the lake virtually every day of the year.  Most of the angling effort is shore-based because low 
water levels limit near-shore boat access.  Another problem is lack of  “fishing” habitat – in other 
words, places that attract both game fish and anglers.  The lake is essentially devoid of the 
physical structure that attracts fish and anglers.   
 
The following narrative summarizes the limiting factors affecting the fish community at Lake 
Elsinore.  Understanding these limitations and the relative importance of each issue will assist in 
developing cost-effective solutions to enhance the sport fish community of the lake. 
 
FACTORS LIMITING SPORT FISH PRODUCTION 
 
Sport fish populations in Lake Elsinore are limited by a wide array of factors that affect fish 
reproduction, growth, and survival.  The principal limiting factors operative in Lake Elsinore that 
require management solutions are illustrated in Figure 3-1.  Based on all of the relevant 
information currently available, the limiting factors in order of priority for resolution are: 
 

● Poor Water Quality; 
 
● Carp Predation and Competition; 
 
● Poor Food Supply; 
 
● Poor Feeding Conditions; 
 
● Poor Reproduction; 
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Source: EIP Associates (2003)  
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● Poor Habitat; and 
 
● Angler Harvest. 

 
Poor Water Quality 
 
The data summarized in Chapter 2 clearly indicate that the water quality of Lake Elsinore is of 
critical importance if the lake is going to support any type of a viable, long-term sport fishery.  
Key water quality parameters of concern include: dissolved oxygen, pH, unionized ammonia, 
salinity, gas supersaturation, and water temperature.  Factors contributing to poor water quality 
include nutrient loads, high carp densities, and low lake volume/depth.  Nutrient loads to the lake 
(both internal and external) support high levels of algal production, which have a significant 
impact on lake water quality through their integral influence on dissolved oxygen concentrations, 
pH, and gas supersaturation.  In general, water quality typically deteriorates as the lake volume 
declines.  However, in Lake Elsinore, water quality problems can also arise even when the lake 
is full, as demonstrated by the massive 1995 fish kill.  High densities of carp (530 to 1,100 
pounds per acre) only exacerbate water quality problems by stirring up sediment, preventing the 
establishment of rooted aquatic vegetation, and contributing to ammonia (waste products) 
loading in the lake.   
 
As stated in Chapter 1, efforts to improve the quality of water entering Lake Elsinore and the 
quality of water already in Lake Elsinore, combined with lake level stabilization efforts, are 
critical to the establishment of a viable fishery.  Several fisheries management measures can be 
implemented to significantly contribute to improvement of water quality in the lake.  For Lake 
Elsinore these include: 
 
 ● Carp Control; and 
 
 ● Trophic Level Biomanipulation. 
 
Each of these measures will be discussed in Chapter 5 of the FMP. 
 
Carp Predation and Competition 
 
The high density of carp has several impacts on the fishery status of Lake Elsinore, including: 
 

● Carp predation on the incubating eggs and young of desirable sport fishes; 
 
● Carp feeding heavily on aquatic benthic invertebrates that provide food for sport 

fish; and 
 
● Carp foraging habits that preclude the establishment of rooted aquatic vegetation 

desirable as sport fish habitat. 
 

The scientific literature is full of examples of carp limiting reproduction of sport fish populations 
by predation on incubating eggs and young-of-the-year fish.  In addition, the foraging behavior 
of carp can result in the direct destruction of sport fish nesting as the carp “bulldoze” around the 
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lake bottom.  Data on sport fish relative weights, summarized in Chapter 2, strongly indicate that 
for some species, such as the channel catfish, the food supply is limiting.  This limitation is a 
direct result of food competition with carp and other species.  The high productivity (trophic 
status) of Lake Elsinore suggests that the benthic invertebrate community of the lake could be 
very productive, once water quality conditions are improved and grazing by carp is controlled.  
Finally, it is well documented that carp can have a significant adverse effect on rooted aquatic 
plants as they forage across the bottom.  Once lake levels are stabilized and carp foraging is 
controlled, Lake Elsinore should be able to support rooted aquatic plants.   
 
Poor Food Supply 
 
The poor food supply for sport fish in Lake Elsinore can be seen, in part, by the low density and 
diversity of planktonic and benthic invertebrate populations that serve as food for both juvenile 
and adult fish.  For example, invertebrates are limited to a few typically small zooplankton 
species and only a few benthic species.  Measured zooplankton densities, particularly Daphnia, 
were very low in the spring of 2003, suggesting that the common food for newly hatched young 
sport fishes may be limiting. 
 
Additionally, there is a lack of a diverse forage-fish base to feed many of the adult sport fish 
species currently found in the lake.  Although it has been assumed that the threadfin shad 
population is large (i.e., sufficient to support adult sport fish), few of these forage fish were 
found in the spring 2003 survey.  Furthermore, there are no minnow-type forage fishes, for 
example, golden shiner (Notemigonus crysoleucas) or tui chub (Siphateles bicolor), in the littoral 
zone of the lake to provide forage for such key sport fishes as largemouth bass and black crappie. 
 
Poor Feeding Conditions 
 
The absence of rooted aquatic vegetation and the high turbidity of lake water impair sport fish 
feeding.  Aquatic vegetation provides sport fish with ambush habitat.  The absence of rooted 
aquatic vegetation impairs sport fish predation effectiveness, which only compounds feeding 
success since the food forage base is already limited.  Furthermore, most sport fish are visual 
feeders and the high turbidity in Lake Elsinore makes prey difficult to locate. 
 
Poor Reproduction 
 
Spring 2003 fish population surveys found few young sport fish (i.e., ≤ 1 year of age).  No young 
carp were present.  These numbers indicate that the resident populations are not reproducing or 
have limited reproduction. With poor reproduction there is, in turn, poor recruitment of young 
fish into the adult sport fish population.   
 
Poor fish reproduction may be caused by carp predation, poor water quality, poor spawning 
habitat, poor rearing habitat, or poor food supply for recently hatched fish.  All of these factors 
probably contribute to the low sport fish populations in Lake Elsinore.  For example, in the 
spring of 2003, water quality was so poor that salinity concentrations were two to three parts per 
thousand, a level too high for good freshwater sport fish egg survival. Poor spawning habitat is 
indicated by the lack of lake bottom structure and aquatic vegetation, which are generally 
necessary for successful freshwater game sport reproduction.  Catfish reproduction appears to be 
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an exception because of the concerted effort on the part of the City of Lake Elsinore to provide 
“catfish houses” around the lake.  Consequently, young catfish were relatively abundant 
compared to the young of other species, including carp.   
 
Poor Habitat 
 
There is a noticeable lack of physical structure in Lake Elsinore for fish spawning and rearing.  
Cover in the form of aquatic vegetation or submerged objects, such as rocks, submerged 
terrestrial vegetation, or large woody materials, is all but lacking.  Catfish, bass, and sunfish 
anglers concentrate in the few areas of the lake with such cover, for example, near the marina, 
docks, and submerged fallen trees in the northwest corner of the lake.  Improved abundance and 
distribution of physical habitat is essential to the success of developing a viable fishery at Lake 
Elsinore. 
 
Angler Harvest 
 
Although sport fish populations are small, angler effort is relatively high and concentrated in the 
few small areas of relatively good habitat.  These are conditions that could lead to 
overharvesting.  Overharvest is a concern if the fish populations are low and trying to recover 
under harsh conditions.  Reducing harvest of adult sport fish, such as catfish, largemouth bass, 
and black crappie, would likely increase the recovery potential of their populations, assuming 
that other limiting factors are also addressed.  Also, dispersing angler efforts more evenly around 
the lake will reduce the intense fishing pressure on the few suitable locations currently found at 
Lake Elsinore. 
 
FACTORS LIMITING SPORT FISHING 
 
Lack of Fishing Access 
 
The foregoing sections focused on those factors that limited the production of sport fish in Lake 
Elsinore.  It is also important to the long-term success of the FMP to improve angling 
opportunities around the lake.  Presently there is a lack of fishing access to Lake Elsinore.  Much 
of the lake shoreline is private or not readily accessible by shore anglers.  Many boat ramps are 
unusable at low lake levels, and low lake levels leave most shoreline water too shallow to 
effectively fish.  Currently, there is also a lack of boat rental facilities and fishing docks/piers to 
provide for angler demand once the FMP is implemented.   
 
Lack of Fishing “Habitat” 
 
Fishing habitat is structure that attracts fish and fishermen.  Ideal fishing “habitat” is generally 
some form of structure on the lake bottom, such as deep holes, reefs, channels, weed beds, rock- 
or wood-piles, or steep uneven banks with shade from trees.  Observations in the spring of 2003 
indicate that anglers concentrate in the small areas of the lake where such habitat exists because 
this is also where the fish are.  Catfish and crappie anglers focused primarily in areas with cover 
structure, such as pilings, submerged trees, and boat docks.  Unfortunately, most of the lake is 
completely devoid of such structural habitat.  Anecdotal notes from some fishermen and 
newspaper articles relate that crappie anglers have their secret brush piles that allow them to 
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catch crappie.  Some brush areas are noted in City of Lake Elsinore’s sport fishing brochure.  If 
correctly planned, when lake levels are high, brush piles can be flooded and provide good cover 
habitat for fish and fishing. 
 
ENHANCEMENT OBJECTIVES TO ADDRESS FISHERY MANAGEMENT 
PROBLEMS 
 
The primary goal of the FMP as stated in Chapter 1 is to develop a fisheries enhancement and 
maintenance program that will create a balanced, self-sustaining and valued sport fishery that 
will complement the Lake Elsinore and San Jacinto Watersheds Authority’s lake water quality 
rehabilitation efforts.  To achieve this goal five specific enhancement objectives were identified 
based on the analysis of the fishery management problems.  These objectives are: 
 
 ● Objective 1.  Carp Control; 
 
 ● Objective 2.  Zooplankton Enhancement; 
 
 ● Objective 3.  Aquatic and Emergent Vegetation Restoration; 
 
 ● Objective 4.  Fish Habitat Improvement; and 
 

● Objective 5.  Fish Community Structure Improvement. 
 
All of the five enhancement objectives are interrelated and depend on the success of other lake 
enhancement actions outside the scope of the FMP as depicted in Figure 3-2.  The achievement 
of the five management objectives will result in enhanced reproduction, survival, and growth of 
forage and sport fishes and their food supplies.  In addition, Lake Elsinore will have an increased 
capacity to maintain a viable fish community with reduced artificial manipulation into the future. 
 
The enhancement objectives identified for Lake Elsinore fall into two fundamental categories: 
 

● Objectives that focus on enhancing the physical structure of the lake to create 
suitable habitats, for example, installation of brush piles, spawning gravel 
placement, and carp removal (Objective 4); and 

 
● Objectives that focus on measures that manipulate the biological trophic structure 

of the lake, i.e., biomanipulation (Objectives 1, 2, 3, and 5). 
 
Altering the physical conditions of the lake to enhance aquatic resources is easy to understand.  
For example, if largemouth bass need brush piles to hide in and there are no brush piles in the 
lake, then they are placed in the lake as necessary.  The concept of biomanipulation (or 
biological manipulation) is more complex and relies on an understanding of the trophic structure 
of Lake Elsinore.  Because biomanipulation is an integral part of the FMP, an introductory 
background narrative to biomanipulation is provided in Chapter 4. 
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CHAPTER 4.  ECOLOGICAL CONCEPTS APPLIED TO THE 
ENHANCEMENT OF THE LAKE ELSINORE FISHERY 

 
 
 
INTRODUCTION 
 
By now the reader should be well aware that Lake Elsinore is a highly nutrient rich lake (i.e., 
hypereutrophic).  The abundance of nutrients (phosphorus and nitrogen), whether from natural or 
anthropogenic origins, has resulted in tremendous phytoplankton production to the degree that 
algae dominate the lake, with numerous consequences as previously reviewed in the FMP.  Can 
this phytoplankton dominance be reversed and, if it can, what role does the fish community have 
in fostering enhancement of the lake?  To address this question, Chapter 4 provides an overview 
of the underlying ecological concepts involved in attempts to restore nutrient-rich, shallow lakes.  
The term “restore” implies that Lake Elsinore was historically something better than it is 
currently.  Because the aquatic environment of the lake is and was highly variable, the FMP 
applies the term “enhance” rather than restore.  The goal is to improve trophic conditions to a 
more desirable state from the perspective of sport fish production and recreational angling.  Once 
the concepts of lake enhancement are described, the specific measures proposed for Lake 
Elsinore are described in Chapter 5. 
 
ALTERNATIVE STABLE STATES IN SHALLOW LAKE SYSTEMS 
 
One of the most important ecological discoveries in recent years has been the recognition that 
lakes do not change smoothly from one condition (trophic state) to another in response to 
external influences, either natural or artificial.  Due to various buffering mechanisms, lakes are 
typically resilient to trophic change.  Most restoration approaches applied to highly eutrophic, 
shallow lakes focus on trying to change the lake system from one dominated by algae to 
dominance by rooted aquatic plants.  While this approach may be possible at Lake Elsinore, 
significant decreases in nutrient loads, both external and internal, and a very stable water level 
will need to be achieved before rooted aquatic plants could become established in any quantity.  
As noted in Chapter 2, even before settlement of the region, rooted aquatic plants in Lake 
Elsinore were restricted to a few emergent species.  Therefore, actions to established rooted 
aquatic plants in Lake Elsinore are not really actions to “reestablish” such plants, but rather 
actions to change the lake trophic state substantially away from phytoplankton dominance.  
Achieving this objective will be difficult to accomplish. 
 
To “switch” Lake Elsinore away from a phytoplankton-dominated state towards a rooted aquatic 
plant-dominated state, the fish community must be adjusted to favor the larger zooplankton 
grazers that feed on phytoplankton, a process called biomanipulation.  Along with the change in 
the fish community, aquatic plants must be introduced and initially protected from grazing.  
Biomanipulation is more effective and the results more likely to be sustainable, if the nutrient 
levels are as low as possible within the appropriate nutrient range.  The general goal should be to 
reduce total phosphorus concentrations to less than 0.1 mg/L (Moss et al. 1996).  Based on 
scientific research it is generally accepted that if total phosphorous is controlled between about 
0.025 to 0.050 mg/L (i.e., 25-50 µg/L), then aquatic plants will be able to dominate without 
threat of supersedence by phytoplankton, assuming the lake level is stable.  At concentrations 
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greater than about 0.050 mg/L, either a plant-dominated or a phytoplankton dominated system 
can exist as alternative states, though the higher the nutrient level, the greater the risk of the 
system being switched from plant dominance to algal dominance (Moss et al.  1996).  Figure 4-1 
illustrates the general theory of alternative stable states in shallow lake systems.  The figure also 
illustrates the current total phosphorus range and average total phosphorus concentration in Lake 
Elsinore, as well as both the short- and long-term phosphorus water quality goals for the lake 
(Smith and Mouawad 2002; see Table 2-4).  If the water quality goals for the lake are achieved, 
then, in theory, Lake Elsinore could be switched to a plant dominated alternative state, all other 
factors being satisfactory to support a plant-dominated state. 
 
Light and Competition Between Phytoplankton and Aquatic Plants 
 
Reducing the phytoplankton density by increasing zooplankton grazing as the result of 
manipulating the fish community will improve light penetration into Lake Elsinore which is vital 
for the establishment of aquatic plants.  Natural waters absorb light quite quickly, and after only 
a short distance in the water column, very little surface light remains.  The depth of the photic 
zone (also called the euphotic zone) is the depth at which growth of photosynthetic organisms is 
possible.  Figure 4-2 illustrates this relationship.  Rooted aquatic plants face the problem of 
shading by the water itself, shading by substances dissolved in the water and phytoplankton 
suspended in it, and shading also by resuspended bottom sediment.  Periphyton1 may also limit 
aquatic plant growth.  Because of these considerations phytoplankton have an advantage over 
rooted plants since the phytoplankton float in the water column.  However, once rooted aquatic 
vegetation is established, these plants can tap into the richer nutrient source in the lake 
sediments.  It is expected that the balance between phytoplankton and aquatic plants in Lake 
Elsinore will be precarious. 
 
If successful, the benefits to the Lake Elsinore ecosystem of changing the alternative stable state 
to aquatic plants are significant, as illustrated by Figure 4-3.  Many of these links have been 
previously reviewed in the FMP.  The principal benefits to the fish community of the lake 
resulting from the establishment of aquatic plants are:  
 
 ● Provision of spawning and rearing habitat; 
 
 ● Habitat and refuge for invertebrates that serve as a food resource; and 
 

● Improvement of water clarity for sight-feeding fishes. 
 
In attempting to create a plant community, the buffers stabilizing the phytoplankton must be 
overcome and those stabilizing the plant community must be developed.  External and internal 
nutrient control must be achieved.  In addition, other “forward switches” that help maintain the 
phytoplankton community and impair the plant community must be addressed.  In Lake Elsinore, 
one of the most significant forward switches is the presence of the common carp.  This FMP has 
previously reviewed the many adverse impacts to the Lake Elsinore aquatic ecosystem attributed  

                                                 
1  Periphyton is a complex mixture of different algae, bacteria, and small invertebrates that live closely 

attached to aquatic plants and other underwater surfaces. 
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to the carp.  In addition, the abundance of threadfin shad prevent the development of significant 
numbers of large zooplankton that graze on algae.  Reducing grazing pressure, through 
manipulation of the fish community, and creating conditions favorable for plants by managing 
the carp population are the principal objectives of biomanipulation. 
 
BIOMANIPULATION AND RELATED ECOLOGICAL THEORY 
 
Lake and reservoir ecosystems are complex interrelated networks of physical and biological 
elements. The physical elements of these systems are defined by the abiotic environment 
illustrated previously in Figure 1-3.  The biotic elements typically include fish, aquatic 
invertebrates, zooplankton, aquatic plants, and algae.  The relationships between the physical 
elements and the biological elements are complex and often poorly understood. Occasionally, 
these relationships result in environmental conditions that are less than desirable from a human 
perspective.  These conditions are often the result of an imbalance in the ecosystem, in which 
elements in the ecosystem are in an altered or unnatural state.  Biomanipulation attempts to 
change the relationships by altering the function of biological elements in the ecosystem, with 
the result being a change in the environmental conditions within the lake.  

Biomanipulation in its most general sense means to alter or adjust an ecosystem to achieve a goal 
by altering one or more of the biological components of that system. Biomanipulation can utilize 
any of a variety of methods to achieve the reduction in an undesirable element such as poor 
water quality or species overpopulation (Carpenter and Kitchell 1993). Biomanipulation is 
typically used in lakes that are small, shallow, and that are closed systems. Biomanipulation 
tends to work well in shallow lakes because organisms are not spatially separated by depth, so 
organisms targeted for biomanipulation are less likely to find refuge from the manipulation 
techniques.  Furthermore, environmental conditions in shallow lakes are generally more 
homogeneous than in deep lakes, so changes that occur as a result of biomanipulation are more 
likely to occur throughout the entire water column (Riedel-Lehrke 1997).  Alteration of water 
levels within a lake to enhance or degrade spawning habitat for fish would be considered 
biomanipulation.  The term biomanipulation has been used to define any management technique 
that manipulates a fish community to achieve a goal (Baker et al. 1993). 

The term trophic levels generally refers to the position of a particular animal or plant in the food 
web as it relates to the energy and nutrients within the ecosystem.  Typically, lakes have several 
trophic levels that operate within the system.  The lowest trophic level is generally occupied by 
the primary producers such as algae and aquatic plants.  Primary production by phytoplankton 
though the conversion of sunlight into chemical energy is the energy base for most lakes.  The 
highest trophic levels are generally occupied by the top predator in the food chain.  In the case of 
lakes, the top predators are the largest piscivorous fish (ignoring anglers).  
 
Based on a simple food-chain concept for lakes and reservoirs (Figure 4-4), phytoplankton use 
sunlight and nutrients to grow and reproduce.  They are, in turn, consumed by zooplankton.  
Zooplankton are consumed by other zooplankton and fish.  Fish are consumed by other fish 
(Holdren et al. 2001).  Available energy decreases with each higher step in the chain as each 
subsequent predator only utilizes a fraction of the energy available from its prey. This causes 
some predators to select prey from different trophic levels depending on energetic requirements, 
prey availability, and difficulty of prey capture.  
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In addition to direct predation, organisms in one trophic level can affect organisms in other 
trophic levels by creating changes in water chemistry, the physical environment, or nutrient 
cycling (Holdren et al. 2001).  For instance, in the case of Lake Elsinore, the algal blooms that 
occur during the summer can result in oxygen deletion in the water column.  Oxygen depletion 
has been identified as one of the factors resulting in historical fish kills. 
 
The trophic cascade hypothesis states that nutrient inputs into a lake set the potential 
productivity of the system, and that deviations from the potential productivity are due to food 
web/food chain effects (Carpenter et al. 1985).  Nutrients are used differently among lakes with 
similar nutrient loads based on the structure of the aquatic community present. The cascade 
theory also hypothesizes that predators are selective in the size and type of prey they consume 
(Carpenter and Kitchell 1993). In these systems, the top predators determine the composition of 
the fish community below them, typically planktivorous fish. The planktivorous fish in turn 
determine the composition of the zooplankton community which, in turn, regulates the 
phytoplankton community.  Acting through selective predation, variability at the top of the feed 
web cascades through zooplankton and phytoplankton to influence ecosystem processes 
(Carpenter et al. 1985).  The impact of the top predators on the fish community is often referred 
to as top-down control. 
 
If this relationship holds true, then an increase or decrease in predation rates by the top predators, 
either up or down, can have a substantial effect on primary productivity.  Zooplankton occupy 
the key niche in trophic cascade theory because they prey on phytoplankton.  Increased predation 
on fish that eat zooplankton by top predators will reduce predation rates on zooplankton.  Large 
zooplankters are thought to predominate over small zooplankters because of their greater grazing 
efficiency and ability to consume a larger array of particles (Shapiro et al. 1982).  Therefore, an 
increase in large zooplankton populations in turn decreases the population of phytoplankton.  
This effect is an example of a trophic cascade.  
 
Experiments with enclosures support the theory of trophic cascades.  Kurmayer and Wanzenbock 
(1996) found that Daphnia densities, transparency, and phosphorus concentrations were 
significantly higher in enclosures without fish than those with fish. Additionally, enclosures 
without fish demonstrated a more varied algal community than enclosures with fish.  
 
Food webs within a given lake can usually be categorized as either bottom-up or top-down 
limiting systems. In a bottom-up limiting system, nutrient loading and other physical factors 
influence phytoplankton and zooplankton production, and eventually through trophic cascade 
effects, the upper levels of the food web are also influenced (Moss et al. 1996). If nutrient input 
is extremely low, then primary production will be low. Because primary productivity is the 
energy base on which the aquatic community depends, this becomes the limiting factor for the 
system. Efforts that reduce nutrient loading are considered bottom-up management.  For 
example, preventing nutrient-laden agricultural runoff from entering a lake would be a watershed 
management action that is considered bottom-up management. Bottom-foraging fish, like 
common carp, take in nutrients from the sediments and excrete them in a form easier for 
phytoplankton to use, thus adding to the overall nutrient load of a lake (Baker et al. 1993).  
Therefore, removal of bottom-foraging fish would be considered a bottom-up management 
technique. Nutrients are clearly not a limiting factor in Lake Elsinore. 
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In a top-down limiting system the top predators, fish in most systems but sometimes birds, 
exhibit an influence on the lower levels of the food chain (Moss et al. 1996).  In top-down 
systems, control of planktivorous species is achieved by either increasing predation or direct 
removal.  The corresponding changes in predation on zooplankton can result in changes in water 
clarity as zooplankton populations increase and consume more phytoplankton. For example, in 
Lake Elsinore it has been hypothesized that threadfin shad have been reducing large zooplankton 
populations which in turn allows phytoplankton to thrive, hence the color of the lake and the lack 
of water clarity.  
 
The application of the principals of biomanipulation and attendant ecological theory to Lake 
Elsinore form an important and essential basis for many of the enhancement measures included 
in the FMP.  The FMP contains both top-down and bottom-up approaches to establishing a plant-
dominated alternative stable state.  The FMP recommends the addition of top predators to Lake 
Elsinore to control the threadfin shad population, thereby enhancing zooplankton grazing on 
phytoplankton.  The FMP also recommends bottom-up sustained carp removal and control to 
achieve a variety of objectives.   
 
LIMITS OF BIOMANIPULATION IN LAKE ELSINORE 
 
There are circumstances that preclude biomanipulation in Lake Elsinore, or make it difficult to 
achieve.  Specifically: 
 
 ● External and internal nutrient control is not satisfactorily achieved; 
 

● Continued poor water quality prevents the development of a viable fish 
community; 

 
 ● Lake water surface stabilization within narrow limits is not achieved; 
 

● Carp reductions are not achieved, or carp continue to recolonize the lake from 
Canyon Lake; and 

 
● Wind induced turbidity from bottom sediments and the physical impacts of wave 

action preclude aquatic plant establishment. 
 
Each of these circumstances must be considered at the time any specific enhancement measure is 
scheduled for implementation. 
 
INDIRECT BIOMANIPULATION MEASURES 
 
As the reader will note in Chapter 5, many of the enhancement measures recommended in this 
FMP create suitable physical habitat for desirable fish species.  For example, the installation of 
brush shelters provides rearing habitat and cover for largemouth bass.  The addition of physical 
structure to the lake does not represent biomanipulation per se; however, such enhancement 
measures will promote the growth and survival of sport fish.  These fish will, in turn, aid in the 
stabilization of the lake by allowing a more diversified and viable aquatic community to develop.  
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In this sense, the placement of physical structure in Lake Elsinore can result in a biological 
response, or indirect biomanipulation. 
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CHAPTER 5.  FISHERIES ENHANCEMENT MEASURES 
 
 
 
INTRODUCTION 
 
This chapter identifies an array of fisheries enhancement measures for Lake Elsinore based on:  
1) the goal of the FMP stated in Chapter 1; 2) the information reviewed in Chapter 2; 3) the 
analysis of fishery management problems and statement of enhancement objectives in Chapter 3; 
and 4) the ecological principals of nutrient-rich, shallow lake enhancement discussed in Chapter 
4.  The five enhancement objectives from Chapter 3 are: 
 
 ● Objective 1.  Carp Control; 
 
 ● Objective 2.  Zooplankton Enhancement; 
 
 ● Objective 3.  Aquatic and Emergent Vegetation Restoration; 
 
 ● Objective 4.  Fish Habitat Improvement; and 
 

● Objective 5.  Fish Community Structure Improvement. 
 
Enhancement measures can be specific to one or more of the five objectives.  In considering 
which enhancement measures to propose for implementation at Lake Elsinore, the following 
guidelines were applied: 
 
 ● The FMP planning period is 20 years (2004-2024); 
 

● Enhancement measures should address one or more of the fundamental problems 
(limiting factors) that must be overcome in order to establish a viable sport fishery 
at Lake Elsinore; 

 
● Enhancement measures should have been successfully tested in other lakes under 

similar environmental conditions; 
 

● Enhancement measures should have specific management objectives; 
 

● Enhancement measures should consider expected changes in the lake’s ecology 
from the water quality improvement program; 

 
● Enhancement measures should be compatible with biomanipulation approaches; 
 
● Enhancement measures should contribute to the establishment of a multi-species 

forage and sport fish community; and 
 

● Provisions should be included to monitor the effectiveness of the enhancement 
measures implemented. 
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MANAGEMENT PRIORITIES 
 
The FMP recognizes that all of the recommended fishery enhancement measures proposed for 
Lake Elsinore cannot be implemented simultaneously.  Labor, funding, and anticipated benefits 
all have a bearing on which measures should be implemented first and which measure can be 
implemented later.  Some measures require that other actions be taken first.  While not a direct 
element of the FMP, it is obvious that stabilizing the minimum lake level of Lake Elsinore and 
improving the water quality of Lake Elsinore are critical to the long-term success of the FMP.  
Significant improvements to lake water quality will likely require that many actions be 
implemented, both locally at the lake and within the lake’s watershed. Securing supplemental 
water for lake level stabilization should be a high priority action. Water supply and water quality 
are not specifically addressed in this document.  The FMP assumes that lake level stabilization 
will be achieved by 2010, and the long-term water quality goals listed previously in Table 2-4 
will be achieved by 2024.  
 
While the FMP also considers water quality improvement to be a high priority, it is anticipated 
that many years will be required before significant improvements to lake water quality are 
realized. Consequently, none of the fishery enhancement measures proposed to be implemented 
during the 20-year planning horizon of the FMP require that the short- or long-term water quality 
goals presented in Table 2-4 be fully accomplished.  Any improvement in lake water quality will 
benefit the lake’s aquatic resources. 
 
For those enhancement actions that are recommended in this FMP, each measure is rated as 
either: 1) high priority to be implemented within the period from 2005-2010; 2) secondary 
priority to be implemented within the period from 2011-2015; or, 3) lower priority to be 
implemented when feasible.  The priority ratings should not imply that lower priority activities 
are not important or desirable, but only that they are less urgent than high priority actions, or that 
a specific sequence of actions is necessary before a specific action should be implemented. 
 
ENHANCEMENT MEASURES TO ACHIEVE OBJECTIVE 1.  CARP CONTROL 
 
The common carp and its close relative, the goldfish, have a wide range of adverse impacts on 
the aquatic community of Lake Elsinore, including: 
 
 ● Predation on young-of-the-year sport fishes; 
 
 ● Interference with sport fish reproduction; 
 

● Competition for scarce food resources with sport fishes, particularly catfishes; 
 
 ● Excretion of nutrients to the water column stimulating algal production; 
 
 ● Resuspension of nutrient laden sediments stimulating algal production; 
 
 ● Destruction of rooted aquatic plants; and 
 

● Increasing turbidity, thus reducing light available to submerged rooted aquatic 
plants. 
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Under ideal circumstances, it would be desirable to eradicate carp entirely from Lake Elsinore.  
Carp have been eliminated previously during those periods when the lake dried out completely.  
Unfortunately, draining Lake Elsinore is not a feasible option.  In any event, carp could and 
would reenter Lake Elsinore during periods of spill from Canyon Lake where they are also 
abundant.  Treating Lake Elsinore with a fish-specific biocide like rotenone is impracticable 
given the size of the lake and the potential for public health issues to arise.  Again, Canyon Lake 
would remain a source for carp to recolonize Lake Elsinore.  A selective viral agent for carp 
offers promise for controlling this fish in the future.  Spring virema of carp (SVC) is a virus that 
is known to be essentially 100 percent lethal to carp under high fish population densities and 
when the fish are physiologically stressed (Crane and Eaton 1996).  Both of these conditions are 
met at Lake Elsinore.  While SVC was proven to control carp 30 years ago, it is not currently 
known to what extent the virus may affect other cyprinids (e.g., other minnows in the same 
family (Cyprinidae) as the carp).  Due to the limited knowledge about the impact, if any, of SVC 
on other fish species, it is not feasible to apply this control method in California at this time.   
 
Given the limitations of the three most effective methods for controlling carp on a large scale, 
the alternative methods remaining include physical removal, exclusion, and predator control of 
young-of-the-year carp.  The FMP recommends that all three approaches be applied at Lake 
Elsinore. 
 
The City of Lake Elsinore has been physically removing carp from Lake Elsinore using a large 
seine since 2002.  In the spring of 2003 the carp population in Lake Elsinore was estimated to 
range from 800,000 to 1,700,000 fish.  During 2003, the City of Lake Elsinore removed an 
estimated 582,070 pounds of carp, or about 291,000 fish.  There is anecdotal evidence that carp 
successfully spawned in 2003 based on the observation of smaller carp in Lake Elsinore in the 
spring of 2004.  Carp probably spawned successfully in 2005 as well due to the high lake water 
levels.  In any event, the number and biomass of carp remaining in Lake Elsinore is significant. 
 
Physical removal of carp offers the only currently feasible means of reducing the carp population 
in Lake Elsinore.  Physical removal is a time-consuming and therefore expensive process; 
however, if water quality and the sport fishery at Lake Elsinore is to improve, the carp 
population must be significantly reduced and controlled at a much lower population level.  
Research indicates that removal of carp can be successful in shallow lakes like Lake Elsinore 
(Kasprzak et al. 2002).  The goal of Objective 1 is to reduce the current carp population in Lake 
Elsinore to 10 percent or less of the 2003 biomass level.  In the spring of 2003, the carp 
population ranged between about 530 to 1,100 pounds per acre.  The FMP objective is to reduce 
this population by removal to between 53 and 110 pounds per acre.  Assuming that the average 
carp weighs about two pounds, the population would be reduced to and sustained at between 26 
and 55 fish per acre, or a total population in the lake of 80,000 to 165,000 fish. 
 
Physical Removal of Carp (Bottom-up Biomanipulation) 
 
Beach Seining (FMP Action Item 1: High Priority) 
 
As the most effective means of achieving the goal of Objective 1, the City of Lake Elsinore 
should continue its carp seining program, and expand the program, if necessary, using currently 
established methods.  The management objective of the Objective 1 is to remove at least 30 
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percent of the residual carp biomass each year until the carp population is reduced.  Once carp 
populations are reduced, maintenance seining should be continued as necessary to keep the carp 
population from increasing.  Assuming no unusual die-offs of carp or significant new recruitment 
to the carp population, as well as no significant decrease in the efficiency of catching carp using 
seines as the population density declines, it will require approximately nine to ten years of annual 
seining to reduce the carp population to the target level desired.  If carp periodically reproduce 
successfully in Lake Elsinore, then seining may be required annually over the FMP planning 
period. 
 
Seining should continue at the City Beach area and at other areas where seining is physically 
possible, but will not interfere with other lake enhancement activities (i.e., placement of brush 
piles).  Figure 5-1 illustrates the most promising carp seining locations.  The FMP recommends 
that the response of the carp population to removal should be annually monitored to determine 
the effect of removal on the population.  In the event carp removal efficiency appreciably 
declines, for example, after a substantial increase in lake water surface elevation, then carp 
seining could be suspended, or the frequency reduced, until such time that capture efficiency 
again increases.  However, it is important to differentiate a decline in efficiency with declining 
population abundance, which would be determined by the monitoring program.  Monitoring 
should include measurements of carp lengths and weights in order to calculate relative weight 
condition (Wr), and to monitor recruitment of young carp into the population (Chapter 7).   
 
Carp removal by seining should be implemented in conjunction with Objective 5 of the FMP 
(i.e., Fish Community Structure Improvement).  For example, when seining no longer becomes 
effective at high lake levels it will be necessary to control carp reproduction by ensuring high 
numbers of predatory fish are in the lake to feed on juvenile carp. 
 
Schedule for Implementation 
 
The City of Lake Elsinore is already conducting annual carp removal by beach seining.  This 
activity occurs each spring beginning prior to carp spawning and continues through mid-summer.  
It is estimated that to reduce the carp population to between 53 and 110 pounds per acre, a 
minimum of nine to ten years of annual carp removal by seining will be required, perhaps longer 
due to the expected reduced effectiveness of fish capture as the population density of carp is 
reduced.  If successful, seining would then be conducted periodically to hold the population in 
check.  From 2004 to 2008, annual seining would occur from April through September.  From 
2009 to 2014, annual seining would occur from April through June.  From 2015 through 2024, 
seining would be biannual during April through June in the years 2016, 2018, 2020, 2022, and 
2024.  Table C-1 in Appendix C of the FMP presents the schedule for carp beach seining. 
 
Cost of Implementation 
 
The City of Lake Elsinore already has acquired the equipment (i.e., the capital costs) needed to 
conduct carp seining.  Some additional capital costs will be necessary.  The 3,000-foot beach 
seine will require replacement approximately every four years beginning in 2006 at a 
replacement cost of $5,000.  Most of the remaining costs are related to equipment repair and 
  


