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Figure 5-4

Source: Used with permission of
the Boards Authority, U.K. (2004)

Carp Exclosure at 
Hoveton Great Broad, U.K.

 Exclosure = 2.5 acres
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elevation to a height slightly greater than the proposed maximum lake operating level of 
1,245-1,247 feet.  A culvert structure would be constructed in the new roadway berm to drain (or  
fill) the embayment when necessary.  The culvert would be designed to exclude carp from 
entering the embayment.  The site is also recommended as a location for restoring spawning and  
rearing habitat for sport fish through the excavation and enhancement of a one-acre area 
excavation within the four acre cove. 
 
Having separated the embayment from the main body of Lake Elsinore (except during high lake 
levels that exceed the maximum operating elevation of 1,247 feet), various aquatic resource 
enhancement actions can be undertaken in the embayment.  Water from either the island 
geothermal wells, the two freshwater wells in the back basin, or a reclaimed water source could 
be delivered to the embayment to provide higher water quality for aquatic resources than would 
otherwise be available for many years from the lake itself.  With a stable water level and 
improved water quality, lake enhancement activities can be initiated.  Specifically, fish physical 
habitat enhancements can be added to the embayment (i.e., structure) and adult sport fishes can 
be stocked for breeding to produce juvenile fish for later placement in Lake Elsinore.  Rooted 
aquatic plants can be introduced without the threat of carp damage.  The zooplankton community 
can also develop without excessive grazing by threadfin shad.  In effect, a controlled experiment 
can be implemented to determine which management practices will succeed on a larger scale in 
Lake Elsinore itself.  It is expected that the carp-free embayment will have greater water clarity, 
even if water from Lake Elsinore was pumped into the exclosure.  Figure 5-4 illustrates an 
example of water clarity improvements that were realize at Hoveton Great Broad once carp were 
excluded from a small area of the lake.  Specific design features that should be considered in the 
Site 1 feasibility study include: 
 

● Water piping system from one or more of the three island geothermal wells to 
deliver lower salinity water at a suitable temperature to the site (this capability is 
presently in place at the east end of the cove); 

 
● Evaluation of a water piping system from one or more other sources potentially 

available or other water sources (there is a plan for reclaimed water being 
available) in the back-basin wetlands area to deliver freshwater to the site to blend 
with the higher salinity and warmer geothermal well water.  Water added to the 
embayment should not exceed a salinity of 1,000 mg/L or a temperature of 29 °C, 
which would be detrimental; 

 
● Excavation at Site 1 would include the construction of a deepened area about one 

acre in size within the four-acre embayment.  The deepened area would be 
approximately 10 feet deeper than the current embayment bottom to provide 
water depths about 15 feet deep when the embayment is inundated.  The purpose 
of the one-acre excavation is to create a deep-water habitat for spawning adult 
sport fishes, particularly largemouth bass.  In addition it will also be necessary to 
excavate a channel from the excavated area to the culvert in order to drain the 
embayment as necessary to collect sport fish for stocking the lake, or for removal 
of juvenile fish for further rearing elsewhere (see narrative for Site 1).  The 
terminus of the channel would be designed to facilitate seining and the use of the 
City of Lake Elsinore’s fish pump and dewatering tower.  The exact location of 



5.  Fisheries Enhancement Measures 
 
 

 
 
5-14 

the pond and the drainage channel would be determined during the feasibility 
study;  

 
● The remaining 3.5 acres of the embayment bottom is nearly flat and would 

provide shallow-water rearing habitat for juvenile fish and for the establishment 
of rooted aquatic vegetation.  The shallow-water area would average 
approximately 4-5 feet in depth; 

 
● Physical structures for fish spawning, rearing, and escape cover would be placed 

throughout the four-acre embayment; 
 

● Emergent aquatic plants would be planted in the embayment following berm, 
pond, channel construction, and the rewatering of the area.  Initially, cattail and 
bulrush would be planted to provide desirable fish habitat.  Submerged aquatic 
plants such as the sago pondweed would also be introduced.  Plants would be 
planted in small patches around the embayment.  Over time the plants will spread; 

 
● At the time the plants are initially established, zooplankton collected from nearby 

source areas (other productive freshwater ponds including back-basin wetlands) 
would be introduced if necessary to the embayment to seed the zooplankton 
community and provide the food resource for sport fishes; and 

 
● Sport fish species, for example largemouth bass and bluegill, would be introduced 

with a further option of introducing additional forage fish species such as the tui 
chub or fathead minnow if needed to sustain largemouth bass production.  The 
sport fish raised in the embayment would serve as broodstock for stocking surplus 
production in Lake Elsinore.  The embayment would be closed to public fishing to 
protect the spawning population from harvest and unnecessary stress. 

 
The feasibility study for Site 1 should evaluate the options for controlling piscivorous bird 
predation on fish rearing in the embayment.  The abundant pelicans, cormorants, and grebes at 
Lake Elsinore will likely be attracted to the embayment by the abundance of fish and the 
improved water quality.  Bird netting is not a cost-effective predation control approach given the 
size of the embayment.  Other approaches, including the use of noise and models of bird 
predators, may be necessary if bird predation is deemed a problem.  Sufficient depth to 
discourage wading birds and rooted aquatic plants to discourage diving birds may prove 
sufficient in minimizing predation. 
 
The recommended development of Site 1 will not only serve as a carp exclosure, but will be a 
test of the aquatic enhancement measures that can be applied to Lake Elsinore as a whole once 
water levels are stabilized and water quality is improved.  Consequently, the response of Site 1 to 
the recommended treatments should be monitored.  Monitoring should include the periodic 
assessment of water quality, the phytoplankton and zooplankton communities, the benthic 
invertebrate community, the aquatic plant community, and the fish community.  The monitoring 
information should be use to adjust the FMP, as necessary, as envisioned in the adaptive 
management approach (see Chapter 7). 
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Site 2 
 
Site 2 encompasses an area of approximately seven acres (Figure 5-2).  The FMP has rated the 
development of Site 2 as a lower priority than Site 1 because the development of a water supply 
system for this site and the initial construction cost for excavation and berm construction is more 
expensive than developing a water system for Site 12.  The approach to developing Site 2 is 
identical to that described for Site 1.  A feasibility study should be prepared that addresses the 
same engineering issues identified for Site 1.  The FMP has scheduled the development of Site 2 
following the development of Site 1 to take advantage of what is learned during the monitoring 
of Site 1.  The FMP envisions Site 2 as a significant fish spawning and juvenile rearing facility.  
 
Schedule for Implementation 
 
Site 1 
 
Because the development of Site 1 will allow a variety of lake enhancement measures to be 
tested in the absence of carp, the FMP rates this action as a high priority.  The recommended 
implementation of this action item is: 
 

● 2005: Complete site feasibility study and operations plan, including design 
specifications; 

 
● 2006: Complete environmental compliance documents and acquire any regulatory 

approvals.  Initiate construction of Site 1 facilities; and 
 
 ● 2007: Place Site 1 into operation.  Begin monitoring program. 
 
The foregoing schedule assumes that funding for the development of Site 1 is available and that 
water levels in the lake are lower than elevation 1,235 feet to allow construction.  Because of this 
past winter’s storms (i.e., 2004-2005) filled Lake Elsinore, it may be one or more years for the 
lake level to drop sufficiently to implement construction at Sites 1 or 2.  Table C-1 in 
Appendix C presents the recommend implementation schedule for Site 1. 
 
Site 2 
 
It is recommended that Site 2 be developed approximately three years after the initiation of 
management at Site 1.  The scheduled delay in developing Site 2 will allow time to monitor 
                                                 
2  It is recognized that the development of additional fish production facilities can also be accomplished by 

developing selected sites in the back-basin wetlands area.  There are advantages to developing such 
facilities in the Back-basin, for example, the proximity of well water and the availability of existing ponds, 
sloughs, and wetlands.  There are also advantages to developing Site 2, for example, the ability to release 
fish and zooplankton directly into Lake Elsinore, thus avoiding handling and transportation issues.  
Because the FMP’s goal is to recommend measures that directly enhance Lake Elsinore itself, the FMP 
does not address development of fish production facilities in the Back-basin, but rather focuses only on 
direct enhancements to the lake.  The FMP does not preclude the use of the back-basin in the lake 
enhancement program.  Details on the back-basin Fish Production Facilities are presented in the report 
titled Lake Elsinore Fish Production Pond Design and Management Plan prepared for LESJWA by 
Wildlands Inc. and Strange Aquatic Resources, June 2005. 
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Site 1 and to learn from the experience of operating Site 1.  Assuming that funding for the 
development of Site 2 is available, the recommended implementation schedule for Site 2 is: 
 

● 2010: Complete site feasibility study and operations plan, including design 
specifications; 

 
● 2011: Complete environmental compliance documents and acquire any regulatory 

approvals.  Initiate construction of Site 2 facilities; and 
 
 ● 2012: Place Site 2 into operation.  Begin monitoring program. 
 
Table C-1 in Appendix C presents the recommend implementation schedule for Site 2. 
 
Cost of Implementation 
 
Site 1 
 
Because development of Site 1 requires excavation and the moving of spoil, the initial cost of 
developing the site is high.  The specific costs are estimated to be: 
 

● Initial excavation, spoil removal, and outlet culvert construction:  $400,000; 
 
● Water system construction:  $40,000 (both geothermal and freshwater wells); 
 
● Physical habitat enhancements:  $30,000 (spawning gravel and structures); 
 
● Establishment of rooted aquatic plants: $5,000 (emergent plants collected locally 

and moved to site); 
 
● Zooplankton inoculation:  $0 (provided by the California Department of Fish and 

Game or obtained from back-basin wetlands); 
 
● Fish stocking:  $5,000 (broodstock to be donated by the California Department of 

Fish and Game); and  
 

 ● Predator protection:  $5,000. 
 
  ► Total Initial Capital Cost:  $485,000. 
 
The annual O&M costs include facilities maintenance, the cost of pumping well water (the FMP 
assumes that the only well water cost is the pumping cost), fish feeding, annual fish sorting and 
removal activities (including annual site dewatering), and site monitoring activities.  Labor is 
assumed to be provided by the City of Lake Elsinore’s lake management staff.  The estimate for 
annual O&M is $20,000. 
 
Table C-2 in Appendix C summarizes the total costs for development of Site 1. 
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Site 2 
 
Site 2 would require more extensive development than Site 1.  The estimated initial capital costs 
for Site 2 are estimated to be: 
 

● Initial excavation, spoil removal, berm construction, and outlet culvert 
construction:  $600,000; 

 
● Water system construction:  $50,000 (connection to the back-basin freshwater 

wells only); 
 
● Physical habitat enhancements:  $40,000 (spawning gravel and structures); 
 
● Establishment of rooted aquatic plants: $5,000 (emergent plants collected locally 

and moved to site); 
 
● Zooplankton inoculation:  $0 (provided by the California Department of Fish and 

Game); 
 
● Fish stocking:  $5,000 (broodstock to be donated by the California Department of 

Fish and Game); and 
 

 ● Predator protection:  $5,000. 
 
  ► Total Initial Capital Cost:  $705,000. 
 
The annual O&M costs include facilities maintenance, the cost of pumping well water (the FMP 
assumes that the only well water cost is the pumping cost), fish feeding, annual fish sorting and 
removal activities (including annual site dewatering), and site monitoring activities.  Labor is 
assumed to be provided by the City of Lake Elsinore’s lake management staff.  The estimate for 
annual O&M is $25,000.   
 
Table C-2 in Appendix C summarizes the total costs for development of Site 2. 
 
Small-scale Carp Exclosures  (FMP Action Item 5: Moderate Priority) 
 (FMP Action Item 6: Low Priority) 
 
The primary purpose of installing small-scale carp exclosures is to determine if emergent, 
submerged, and floating, rooted aquatic plants (aquatic macrophytes) can be established and 
sustained in Lake Elsinore without carp present.  Until the carp population of Lake Elsinore is 
significantly reduced, any aquatic plants that are established will require physical protection 
from carp.  From a fisheries perspective, the establishment of aquatic vegetation in the lake is 
essential to providing all the elements necessary for a viable fish community.  Aquatic plants 
provide fish with spawning, rearing, foraging, and escape cover habitat.  These functions are in 
addition to the benefits to water quality and the benefits to the zooplankton and benthic 
invertebrate communities. 
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Recognizing the benefits of establishing an aquatic plant community at Lake Elsinore, there are 
several significant problems that must first be successfully resolved before plants can be 
established to lake-wide extent.  These are: 
 
 ● Lake water surface elevation stabilization; 
 
 ● Improvement in water clarity; and 
 
 ● Carp density reduction to less than 110 pounds per acre. 
 
Aquatic plants cannot contribute meaningfully to the enhancement of Lake Elsinore’s aquatic 
environment without a reasonably stable water level.  The FMP has assumed for planning 
purposes that a sufficient and reliable supplemental water supply for Lake Elsinore will be 
developed by 2010.  The lake management goal is to “stabilize” the water surface between the 
elevations of 1,240 and 1,247 feet.  While stabilizing the lake between these elevations is 
certainly an improvement over historical conditions, it will remain difficult, perhaps impossible, 
to establish an extensive lake-wide rooted aquatic plant community given a potential seven-foot 
elevation change in the lake surface.  Because of the bathymetry at Lake Elsinore, a relatively 
small decline in lake elevation can leave aquatic plants growing in shallow water (i.e., less than 
four feet in depth) exposed to desiccation.  Conversely, plants that become established at a low 
lake level may be eliminated as the lake rises and the plants are no longer in the photic zone.  
The impact of lake level fluctuation is evident in many reservoirs that fluctuate during the year.  
In significantly fluctuating environments few, if any, aquatic plants persist. 
 
While the FMP recognizes that the future lake management goal is to maintain Lake Elsinore 
between 1,240 and 1,247 feet, the FMP recommends that this management goal be furthered 
narrowed at least within years to prevent the lake from fluctuating more than plus or minus one 
foot during the growing season.  Obviously, this goal may not be achievable during wet water-
years or during short-term flood events.  The objective of the recommendation is to allow rooted 
aquatic plants to slowly adjust to increasing or decreasing water levels.  Achieving this objective 
is particularly important for submerged or floating-leaved aquatic plants. 
 
While there is no doubt that the large carp population contributes to the turbidity of Lake 
Elsinore, directly by foraging in the bottom sediments and indirectly by resuspending nutrients 
that then encourage algal growth, it is not yet known by how much the water clarity of Lake 
Elsinore would improve with a significant reduction in the carp population.  Would water clarity 
remain poor due to the enormous productivity of the phytoplankton community, or would 
noticeable improvements be seen?  The answer to this question is directly relevant to the survival 
of rooted submergent vegetation, and to a lesser degree to the survival of rooted floating-leaved 
plants.  If the Secchi depth remains similar to current conditions (i.e., one to three feet) in the 
absence of carp, then submergent aquatic plants will not be able to establish and persist, due to 
the limited extent of the photic zone.  In the future, as the water quality of Lake Elsinore is 
gradually improved, it is expected that the Secchi depth will increase to two to four feet, a small 
but favorable improvement that should allow some species of shallow water plants to establish 
and persist, given a stable water level.  To some extent the gradual establishment of rooted 
aquatic plants will lead directly to improvements in water clarity as rooted aquatic plants use 
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some of the available nutrients and stabilize the lake bottom.  The FMP assumes that the long-
term water quality goals contained in Table 2-4 will be attained by 2024. 
 
Aquatic macrophytes will not become established outside of carp exclosures until the carp 
biomass declines below about 125 to 225 pounds per acre (Roberts et al. 1995).  To achieve the 
objective of aquatic plant establishment in Lake Elsinore without carp protection, it is necessary 
that the carp removal goal identified previously be achieved.  In addition, carp densities must be 
reduced to improve (hopefully) water clarity for plant growth.  Roberts et al. (1995) found that 
carp stocked into small enclosures in a lake at high densities (i.e., 450 pounds per acre, a density 
of carp less than found in Lake Elsinore in 2003), increased turbidity ten-fold within four days.  
The relationship between carp biomass and turbidity is shown in Figure 5-5.  Realistically, the 
introduction of submerged aquatic plants cannot begin until the carp biomass is reduced to about 
250 pounds per acre.  Achieving this level of carp reduction may take seven to eight years of 
annual seining.  The introduction of emergent plants does not depend on carp reduction, only 
carp protection (and stable water levels). 
 
The objective of this enhancement action is to begin to establish in the main basin of Lake 
Elsinore more extensive stands of emergent aquatic vegetation that will provide structure and 
habitat value for a variety of aquatic species.  These protected vegetation plots will also provide 
a source of propagules for future voluntary plant colonization around the lake.  Three native 
emergent aquatic plants are recommended for use:  river bulrush (Scirpus maritimus), tule 
(Scripus acutis var. occidentalis) and broad-leaved cattail (Typha latifolia).  Each of these plants 
currently occurs or historically occurred at Lake Elsinore (Table 2-14).  The procedures of 
propagation and establishment of aquatic plants follow Smart and Dick (1999).  This reference is 
included as Appendix D of the FMP. 
 
Emergent Aquatic Macrophytes (FMP Action Item 5:  Moderate Priority) 
 
Site 3 
 
Site 3 is located at the confluence of Warm Springs Creek with Lake Elsinore (Figure 5-2).  
Urban runoff and recycled water from the treatment plant operated by the Elsinore Valley 
Municipal Water District enter the lake at this location.  The availability of a permanent supply 
of water from Warm Springs Creek makes this site suitable for the establishment of emergent 
aquatic vegetation.  A detailed site plan should be developed that includes the following 
elements: 
 

● A large fenced plot should be constructed at the confluence of Warm Springs 
Creek.  The northern end of the plot should begin at the creek confluence and the 
plot should extend from the shoreline out to the three-foot depth contour and then 
along that contour parallel to the shore for approximately 50 feet.  At that point 
the fence should turn shoreward and continue up the lake shoreline until it is six 
feet higher in elevation than the three-foot bottom contour.  The fence would then 
turn northward to Warm Springs Creek, then westward to the initial point to 
create an enclosure of about 0.04 acre.  The fenced plot can be irregular in shape; 

 



 



Figure 5-5

Source: Roberts et al. (1995)  
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● The fenced plot should be constructed from T-posts 4-, 5-, or 6-feet high, 
depending on the lake stage at the time of construction.  Welded-wire fencing 
should be used that has a mesh size of 2 x 4 inches.  T-posts can be on eight-foot 
centers.  The fencing should be attached using wire fence ties.  Figure 5-6, Graph 
A, illustrates the conceptual appearance of the fence plot proposed for Site 3; 

 
● Because Site 3 is routinely subject to wave action, the outside of the welded-wire 

fencing that is parallel to Lake Elsinore should also be protected by a windbreak 
to reduce the force of the waves until the new plants are fully rooted and they can 
handle the wave energy without a windbreak.  The windbreak can be constructed 
separately or directly attached to the fence.  Figure 5-7 illustrates the effectiveness 
of a windbreak in aiding the establishment of emergent shoreline vegetation; 

 
● The emergent plants noted previously can be planted from source stock at 

densities ranging from 0.4 to 0.8 plants per square yard at an initial depth of 10 
inches or less; 

 
● It is recommended that the initial plantings be protected further from herbivory 

(e.g., grazing waterfowl), by enclosing them in smaller cylindrical wire cages as 
illustrated in Figure 5-6, Graph B; 

 
● Aquatic emergent plants like cattail can survive dewatering if the soil remains 

saturated.  Therefore, the design for Site 3 should provide a means of diverting 
water from Warm Springs Creek and spreading it over the site in the event the 
lake level drops and leaves the plants out of the water. 

 
In appearance, Site 3 will look similar to Figure 5-8. 
 
Site 4 
 
Site 4 is located in the northwestern corner of Lake Elsinore near the old Naval Academy 
property (Figure 5-2).  This location is known to support black crappie due to the standing trees 
that are present in the lake when the water is high.  Site 4 is cove-like in shape and does not 
typically experience the wave action known at Site 3.  The site is about the same size as Site 3.   
 
Construction of a fenced plot at Site 4 similar to that described for Site 3 is proposed.  The plot 
would be irregular in shape due to the site topoGraphy and it would narrowly follow the 
shoreline due to the greater shoreline slope at this site than at Site 3.  No silt fence would be 
required; however, the initial plantings should be doubly protected by constructing planting 
cylinders as noted for Site 3. 
 
Submergent and Floating-leaved Aquatic Macrophytes (FMP Action Item 6:  Low Priority) 
 
Establishing persistent colonies of submergent and floating-leaved macrophytes at Lake Elsinore 
will be extremely difficult unless the lake water surface is stabilized within a narrow range and 
water clarity improves significantly.  For this reason no plants that are true floating-leaved 
aquatic macrophytes are recommend for planting at this time.  This action item is given a lower 



 



Figure 5-6

Source: Smart R.M., and G.O. Dick (1999)
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Figure 5-8

Source: TWRA (2003);  G.O. Dick et. al. (2004)
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priority because it will not be implemented until after 2010.  The establishment of submergent 
plants should be undertaken on an experimental basis to determine the feasibility of 
establishment, given lake water level fluctuations and other constraints.   
 
There are numerous aquatic plants that could be planted in Lake Elsinore.  Initially, the 
following non-invasive aquatic plants are recommended for establishment:  sago pondweed, 
American pondweed (Potamogeton nodosus), small pondweed (Potamogeton pusillus), 
waterweed (Elodea canadensis), coontail (Cerratophyllum demersum), holy-leaved water-nymph 
(Najas marina).  Four sites are proposed for the establishment of rooted submerged plants.  
These are Sites 4, 5, 6, and 7 (Figure 5-2).  Detailed site plans for each location should be 
prepared that included the following basic elements: 
 

● At each location cylindrical cages approximately six feet in diameter should be 
constructed.  The cages should be made of 2 x 2 inch mesh, PVC-coated, welded-
wire.  Each cage should be four feet tall.  Each cage should be equipped with a 
top that can be closed and secured following planting to prevent herbivory; 

 
● Table 5-1 summarizes the treatments proposed for each of the four sites.  Planting 

depths are from 1.5 to 3 feet beneath the surface; 
 

● A treatment schedule should be included in each site plan.  Plantings should be 
staged and monitored before additional plantings are implemented;  

 
● The sites where submerged plants are established should be restricted from 

boating or other forms of disturbance until the plants are well established; and 
● All sites should be monitored as part of the adaptive management process.  

Maintenance of the cages should be included in the site plans. 
 

TABLE 5-1 
 

AQUATIC PLANTS RECOMMEND FOR EXPERIMENTAL PLANTING  
AT SITES 4, 5, 6, AND 7 

Number of Cages 
Common Name Growth Form Propagule Site 4 Site 5 Site 6 Site 7 
Holy-leaved water-nymph Submersed Tuber 5 5 10 5 
Sago pondweed Submersed Tuber 5 0 0 0 
Small pondweed Submersed Tuber 10 10 25 15 
Coontail Submersed Sprig 5 5 10 10 
Waterweed Submersed Sprig 3 3 0 5 

 
Figure 5-8 illustrates the general appearance of the small-scale carp exclosures used to 
established aquatic plants.  The exact positioning of each exclosure will depend on the lake water 
surface elevation and prevailing wind at the time of installation.  As the carp population is 
reduced, these exclosures, if successful, will provide the propagules that will spread to other 
areas of the lake.  Eventually, the exclosures can be removed once a healthy aquatic plant 
community is established and the carp are no longer a significant threat. 
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Schedule for Implementation 
 
Sites 3 and 4 
 
The establishment of emergent aquatic vegetation over a larger area of Lake Elsinore’s shoreline 
is recommended to begin in 2010 with the development of Site 3, assuming the lake level is 
relatively stable by that time.  In 2011, Site 4 would be developed using the experience at Site 3 
as guidance.  Fence construction would occur during the spring and plants would be established 
the same spring as well.  Following planting, monitoring would occur at each site for two 
subsequent years.  Plant survival data will be collected and used to refine future enhancement 
activities.  Plant species that survive well will be considered to further establishment at suitable 
locations around the shoreline of Lake Elsinore.  Data will also be gathered on the durability of 
the fencing design and the costs and time for maintaining the fencing, cages, and windbreak at 
Site 3.  Table C-1 of Appendix C summarizes the schedule for this enhancement action item. 
 
Sites 4, 5, 6, and 7 
 
There is no reason to begin experimental plantings of submergent aquatic plants until the lake 
water surface is stabilized within the narrow range recommend previously and the carp 
population is reduced to 250 pounds per acre or less.  The FMP assumes that lake level 
stabilization can be achieved by 2010.  It is expected that it will be 2012 before the carp 
population is reduced to the required level.  Therefore, the first experimental plantings of 
submergent aquatic vegetation are recommended to begin in 2013.  Sites 4 and 7 will be planted 
at this time and monitored for the following two years to determine plant survival rates and 
maintenance requirements.  In 2014, Sites 5 and 6 should be planted, followed by monitoring.  
The carp exclosures can be constructed during the winter and installation and planting can begin 
in the spring.  Table C-1 of Appendix C summarizes the schedule for this enhancement action 
item. 
 
Cost of Implementation 
 
Sites 3 and 4 
 
The capital costs of constructing the shoreline fencing exclosures and the smaller cylindrical 
exclosures for both sites is estimated at $5,000.  Annual O&M costs for both sites are estimated 
at $1,000.  The FMP assumes that the labor to construct the fences and build the smaller 
exclosures, as well as conduct the planting, will be provided the City of Lake Elsinore’s lake 
management staff.  Table C-2 of Appendix C summarizes these costs over the 20-year planning 
period. 
 
Sites 4, 5, 6, and 7 
 
The capital costs of constructing the 131 wire cages are estimated to be $4,000.  Every four years 
the cages will need to be replaced due to corrosion and rust.  The annual O&M costs are 
estimated at $1,000 for all cages.  The FMP assumes that the founder plants will be obtained free 
from stocks in other nearby waters or provided by the California Department of Fish and Game.  
The FMP assumes that the labor to construct the cages and conduct the plantings will be 
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provided the City of Lake Elsinore’s lake management staff.  Table C-2 of Appendix C 
summarizes these costs over the 20-year planning period. 
 
Predator Control of Young-of-the Year Carp (Top-down Biomanipulation) 
 
Young-of-the year carp will prey on zooplankton until they are several months of age.  During 
this early period in development, these young carp are also more vulnerable to predation by other 
fishes.  The control of young-of-the-year carp will reduce predation pressure on the larger 
zooplankton species as well as prevent young carp from becoming reproducing adults.  The 
introduction of fish predators to control young-of-the-year carp is discussed in Objective 5. 
 
ENHANCEMENT MEASURES TO ACHIEVE OBJECTIVE 4.  FISH HABITAT 
IMPROVEMENT 
 
Lake Elsinore is notable for the general uniformity of the lake shoreline and the absence of any 
physical structure on the lake bottom.  The lake is for the most part oval in shape with only a few 
embayments and inlets to breakup an otherwise uniform shoreline.  It has been known for many 
years that lakes and reservoirs with a diversity of shoreline features, for example, embayments, 
inlets, changes in water depth and substrate, are typically more productive than uniform 
shorelines of a single habitat type.  In addition, a diversity of underwater habitats also increases 
aquatic productivity because a range of microhabitats are present.  Physical structure is important 
to the fish community because it provides spawning, rearing, foraging, and hiding sites.  
Underwater structure also provides habitats for other aquatic species, particularly benthic 
invertebrates (i.e., insects, mollusks, aquatic worms) that, in turn, provide a food resource for 
fish. 
 
The goal of Objective 4 is to provide a diversity of cost-effective fish habitat enhancements for 
Lake Elsinore.  Sport fish and forage fish spawning habitats, rearing habitats, foraging habitats, 
and escape cover habitats are recommended.  Specifically, the FMP includes these activities: 
 

● Establishment of shallow water, rooted aquatic vegetation to provide spawning, 
rearing, foraging, and escape cover habitats; 

 
● Vegetation of exposed shoreline areas for later inundation when the lake level 

increases to provide spawning, rearing, foraging and escape cover habitats; 
 
● Creation of carp exclosures to allow aquatic vegetation to become established and 

to allow sport fish to utilize areas without interference from carp; 
 
● Installation of physical structure in the lake to provide spawning, rearing, 

foraging, and escape cover habitats; 
 
● Placement of suitably-sized gravel in the lake to enhance bass and sunfish 

spawning habitat; and 
 
● Diversify shoreline relief. 
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Establishment of Shallow-Water, Rooted Aquatic Vegetation (Bottom-up Biomanipulation) 
 
The establishment of aquatic vegetation is the goal of Objectives 3, previously discussed.  From 
a fisheries perspective aquatic vegetation is essential to providing all the elements necessary for a 
viable fish community.  Aquatic plants provide fish with spawning, rearing, foraging, and escape 
cover habitat.  These functions are in addition to the benefits to water quality and the benefits to 
the zooplankton and benthic invertebrate communities.   
 
Vegetation of Exposed Shorelines (Bottom-up Biomanipulation) 
 
Shoreline Vegetation Sites 1-4 (FMP Action Item 7: Moderate Priority) 
 
The water surface elevation management goal for Lake Elsinore is to maintain the lake between 
1,240 and 1,247 feet.  This FMP recommends a limited rate of lake level change in order to 
establish aquatic plants in the Lake Elsinore.  Depending on what elevation the lake is at, a 
significant area of shoreline may be exposed between periods of inundation.  This exposed 
shoreline provides an opportunity to establish terrestrial plants and semi-aquatic plants that when 
inundated later will provide excellent aquatic habitats for a variety of species, particularly fish.  
The scientific literature provides numerous accounts of the benefits of establishing terrestrial 
vegetation in inundation zones for the benefit of the fishery.  In addition to the fishery benefits, 
the planting of terrestrial vegetation, particularly grasses, helps to stabilize banks and reduces 
erosion and resuspension of bottom soils/sediments. 
 
Four locations around Lake Elsinore are identified for shoreline vegetation enhancement 
(Figure 5-9).  
These four locations are: 
 

● Shoreline Vegetation Site 1:  Between the City of Lake Elsinore’s Lake 
Management Office and the entrance to the San Jacinto River inlet channel.  
Distance: 700 feet; 

 
● Shoreline Vegetation Site 2:  From the Four Corners area to the north end of City 

Beach.  Distance:  2,500 feet; 
 

● Shoreline Vegetation Site 3:  From the western margin of the boat launching area 
to the marina.  Distance:  900 feet; and  

 
● Shoreline Vegetation Site 4:  The large flat area to the southeast of the marina.  

Distance:  300 feet. 
 
At each of these locations a combination of grasses and shrubs can be planted during the winter 
through spring period.  Some of the planted areas will be inundated as the lake level increases 
(which typically occurs during the winter and spring months).  It does not matter whether or not 
native plants are planted in the inundation zone because any plants established will perish once 
they are later inundated.  For shrubs, the common, native mule fat (Baccharis glutinosa), or 
Goodding’s willow (Salix gooddingii) are good choices for planting.  These plants are hardy and  
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Figures 5-9 

Source: Photos courtesy of  the Ramsey-
Washinton Metro Watershed District, MN (2004)

Wind Break Installed Temporarily
to Protect Shoreline Plants
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can endure periods of inundation.  Many types of grasses are available such as ryegrass (Lolium 
spp.) and Bermuda grass (Cynodon dactylon).  For each location a detailed planting plan should 
be prepared that identifies species to be planted, source of plants, planting methods, schedule, 
costs, and monitoring. 
 
A strip ten feet wide should be planted at each location, depending on lake level.  If a ten-foot-
wide strip of grasses and shrubs were inundated approximately one acre of fish habitat would be 
created.  Once planting is completed, no maintenance is required until the next planting 
following a rise and fall in lake level.  Figure 5-10 illustrates an area of lakeshore planted to 
grass to later serve as fish habitat once inundated. 
 
Schedule for Implementation 
 
Unless the water surface of Lake Elsinore is at or greater than the maximum management 
elevation of 1,247 feet, shoreline planting can occur at Sites 1 and 2.  Planting cannot occur at 
Sites 3 and 4 unless the lake is below about 1,242 feet in elevation.  Shoreline planting is 
somewhat opportunistic, depending on lake level and expected changes in lake level.  The FMP 
assumes that some planting can be conducted at Sites 1 and 2 every other year, and at Sites 3 and 
4 every four years.  Shoreline planting biannually is recommended to begin in 2006 and extend 
through the 20-year planning period.  Plantings at Sites 3 and 4 are scheduled to begin in 2007.  
Table C-1 of Appendix C summarizes the proposed planting schedule. 
 
Cost of Implementation 
 
This action item is relatively inexpensive for the potential benefits to the aquatic community.  
The only capital cost is the cost of grass seed and native shrubs.  The capital cost is estimated at 
$1,000 for each year planting occurs.  The FMP assumes that planting equipment, for example, a 
spring-tooth harrow for planting grass seed, is available from the City of Lake Elsinore at no 
capital cost.  The FMP assumes that the labor to plant the shoreline would be provided by the 
City of Lake Elsinore’s lake management staff.  There are no significant annual O&M costs for 
this action item.  No maintenance is required and no equipment or facilities need to be 
maintained.  Table C-2 summarizes the cost of implementing this enhancement recommendation. 
 
Creation of Carp Exclosures (Bottom-up Biomanipulation) 
 
The benefit of excluding carp from selected locations is that forage and sport fish populations, 
zooplantation, benthic invertebrates, and aquatic plant all have an opportunity to develop without 
interference from carp.  The reader is referred to the discussion under Objective 3 for additional 
information on this habitat enhancement measure. 
 
Addition of Physical Structure (Indirect Biomanipulation) 
 
The addition of various types of physical structure in Lake Elsinore is important to the sustained 
development of a viable fish community in the lake.  The types of structure proposed for 
installation include:  1) brush shelters; 2) fish friendly piers; and 3) fish attractors. 
 



 



Figure 5-10

Source: TWRA (2003) 

Lake Shoreline Planted to 
Grass for Fisheries Enhancement

Lake Shoreline Planted to Grass for Fisheries Enhancement
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Brush Shelters (FMP Action Item 8: High Priority) 
 
According to the Reservoir Committee of the Southern Division of the American Fisheries 
Society, the majority of habitat structures installed in U.S. reservoirs were used to attract fish to 
improve angler catch and harvest (71%), but other objectives included improving recruitment of 
juvenile fish (39%), increasing fish production via creation of spawning habitat (34%), and 
creating adult habitat or sanctuary (30%). 
 
Brush shelters are commonly added to California lakes and reservoirs to enhance fishing and fish 
habitat.  Figures 5-11 A, B, and C depict the use of discarded trees in a reservoir to provide fish 
habitat.  Brush shelters can be constructed from any non-toxic woody vegetation including 
Christmas trees, citrus and other orchard trees, and trees cleared from buildings sites.  Often 
larger downed trees are placed individually to attract fish.  Brush shelters and other woody debris 
should be linked together and well-anchored to prevent the materials from breaking up or 
moving due to wave action or currents. 
 
The FMP recommends the installation over a period of time of 250 brush shelters and large 
woody debris at ten locations along the near-shore margin of Lake Elsinore as illustrated by 
Figure 5-12.  Table 5-2 summarizes the recommended placements.   
 

TABLE 5-2 
 

RECOMMENDED BRUSH SHELTER PLACEMENTS IN LAKE ELSINORE 
Brush Shelter Site Year Scheduled for Installation Number of Brush Shelters to be Installed 

1 2007 20 
2 2010 40 
3 2009 40 
4 2006 20 
5 2007 30 
6 2008 25 
7 2006 15 
8 2007 20 
9 2008 20 

10 2006 20 
 
 
Construction and anchoring of the 250 brush shelters will vary depending on the material from 
which they are made.  In most cases the shelters will be cabled together and heavily anchored 
with concert blocks.  For each of the shelter sites the following placement considerations apply: 
 
 ● The shelters should be located away from high speed boat traffic to prevent 

disturbance and premature deterioration; 
 
 ● The locations of the shelters should be marked with a buoy or other device to 

prevent collisions with boats during when the lake level drops and to show 
anglers where the shelters are; 



 



Figure 5-11

Source: East Bay Municipal Parks District, CA

Use of  Discarded 
Christmas Trees for Fish Habitat

 Submerged trees grow algae supporting insects and fish which feed and are protected.

 Christmas Trees linked together to provide future habitat.

 Christmas tree reefs are pulled by a boat into position for sinking into the lake.
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