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● To the extent feasible, brush shelters should be placed in proximity to other 
aquatic habitat enhancements, for example, near locations scheduled for aquatic 
plant establishment or spawning bed improvement; and 

 
 ● The shelters should be placed at angles to the shoreline and extend from 

near-shore into deeper water to that some shelters are always functional if the lake 
level recedes. 

 
The sites for the brush shelters will also be the same sites where fish attractors and spawning 
gravels are placed. 
 
Schedule for Implementation 
 
Table 5-2 identifies the recommended schedule for brush shelter installation.  Except for the two 
large carp exclosures (Sites 1 and 2), the installation of brush shelters will cover a five-year 
period beginning in 2006  It is expected that the shelters will require replacement every five 
years in Lake Elsinore.  Because of the replacement schedule, some shelters will be installed 
each year over the 20-year FMP planning period.  Table C-1 in Appendix C provides a summary 
of the brush shelter installation and replacement schedule. 
 
Cost of Implementation 
 
Fortunately, brush shelters are relatively inexpensive to construct.  As a general rule, the average 
cost for a brush shelter is $50.  Often the woody debris can be obtained for free and the only 
capital cost is the cost of cable to hold the shelter together and the cost of material to anchor it 
firmly in place.  Some additional cost is incurred to mark the shelter locations.  The total capital 
cost after 2010 of constructing 250 brush shelters is about $12,500.  The annual O&M cost per 
shelter is minor and reflects the cost of retrieving shelters that have broken loose or become 
boating hazards, as well as the cost of disposing of old shelters when they are removed.  The 
total O&M cost after 2010 is estimated at $1,000 for all 250 shelters.  Table C-2 summarizes 
these costs over the 20-year FMP planning period. 
 
Fish Friendly Piers (FMP Action Item 9: Low Priority) 
 
A “fish friendly pier” is one where complex horizontal structure is added under an existing or 
new pier to create additional fish habitat (Figure 5-13A).  Anglers have known for some time 
that fish are more likely to live around piers with underwater structure nearby.  While fish 
friendly piers do not increase the number of fish in a lake, they will attract fish to locations that 
are accessible to anglers.  Almost any type of non-toxic material can be constructed and 
anchored underwater beneath a pier.  Brush piles can even serve as structure beneath a pier.  The 
FMP recommends that an array of PVC pipe with plastic webbing be constructed to create 
habitat complexity similar to that illustrated in Figure 5-13B. 
 
Two fish friendly piers are proposed for Lake Elsinore at the locations shown on Figure 5-12.  
Because Lake Elsinore is so shallow, the FMP recommends at each pier be no less than 150 feet 
in length.  The purposed of the piers is to bring both fish and anglers to the same locations.   



 



Figure 5-13

Source: Kwak (2004) 
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A detailed design for each pier should be prepared.  The design of each pier should incorporate 
the following elements: 
 

● The piers should be handicapped accessible and meet the requirements of the 
Americans with Disabilities Act; 

 
● Boats should not be allowed to approach within 200 feet of the piers or to moor at 

the piers; 
 

● The design should allow the piers to be usable at  a range of lake water levels; 
 
 ● The piers should be large enough for adequate dispersion of anglers; and 
 

● The piers should be located at sites that will have other fishery enhancements 
implanted in order to attract sport fish to the area. 

 
Schedule for Implementation 
 
The construction of the fish friendly piers should follow the development of the brush shelters 
and fish attractors.  The objective is to develop a sustainable sport fishery prior to pier 
installation so that anglers have a successful fishing experience.  The first pier is proposed to be 
constructed at Site 4 illustrated in Figure 5-12.  Assuming funding availability, construction 
would occur in 2007.  Construction of the second pier at Site 6 illustrated in Figure 5-12 would 
occur in 2009, pending funding availability.  Table C-1 in Appendix C summarizes the schedule 
for implementation for this action item. 
 
Cost of Implementation 
 
The construction of each pier will require compliance with the California Environmental Quality 
Act (CEQA) and possibly a Section 404 permit from the U.S. Army Corps of Engineers.  These 
costs are minor.  A Negative Declaration would be completed for CEQA.  It is estimated that 
each pier would const $50,000 to build and that the cost of O&M would be $1,000 annually per 
pier.  Table C-2 in Appendix C includes the capital costs and annual O&M costs for each of the 
two piers. 
 
Fish Attractors (FMP Action Item 10: Low Priority) 
 
A wide variety of fish attractors that provide structure for fish can be placed in Lake Elsinore.  
These devices provide structure around which fish can aggregate. Bass, crappie, and sunfish 
utilize these attractors and anglers key on these sites to increase their fishing success.  The most 
common type of fish attractors used are sunken trees and brush shelters which have already been 
described.  The FMP recommends four additional types of fish attractors that should be installed 
in the future.  
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Stakebeds 
 
Stakebeds (Figure 5-14A) are used primarily to enhance crappie habitat, although other fishes 
will be attracted to them.  Stakebeds are simply wood stakes driven deep into the lake bottom to 
provide vertical structure, similar to a tree branch or trunk, that crappie prefer.  Each stakebed 
should be approximately 25 by 25 feet.  Stakes should be solid poles approximately three inches 
in diameter.  The heights of the stakes can vary, depending on water depth.  Stakes are driven 
into the lake bottom approximately two feet apart.  Stakebeds are replaced every three years.  
Four locations in Lake Elsinore are proposed for stakebeds (Figure 5-15). 
 
Bass Spawning Benches 
 
Largemouth bass and other sunfishes typically like to construct spawning nests near underwater 
structure.  The bass spawning benches illustrated in Figure 5-14B provide suitable structure to 
attract bass.  Larger rocks about 24 inches in diameter or greater also can serve the same 
purpose.  Each spawning bench is a rough-cut plank (2 inches x 12 inches x 8 feet) of non-toxic 
wood attached to three foundation cider blocks that are used as anchors and to keep the plank 
slightly above the bottom.  At each of the six locations illustrated in Figure 5-15, four bass 
spawning benches should be installed in water not greater than six feet deep.  Spawning benches 
last about five years. 
 
Log Cribs 
 
Log cribs (Figure 5-16) are constructed of round poles of non-toxic wood or plastic pipe that 
have been wired together and reinforced with rebar.  Medium, rounded rock is then placed on the 
floor of each crib and the rock covered with brush or other woody debris.  The log cribs provide 
not only spawning habitat for a variety of fishes, but also rearing, foraging, and escape cover.  
Log cribs are durable and will last from seven to ten years in most lakes.  In Lake Elsinore, the 
cribs would probably last five to seven years. 
 
A total of 12 log cribs are recommended to be placed around the margin of Lake Elsinore, 
intermixed with the brush shelters.  The log crib installation is recommended for brush shelter 
Sites 3, 5, 7, 8, 9, and 10.  Two log cribs would be installed at each site identified for brush 
shelters (see Figure 5-12). 
 
Artificial “Trees” 
 
While the concept may seem amusing, important sport fishes, particularly black crappie, are 
attracted to vertical structure that resembles flooded standing timber.  The FMP recommends that 
a small “stand” of artificial trees be installed at two locations at Lake Elsinore to provide crappie 
habitat.  The “trees” are constructed of large diameter (5-8 inch) poles.  “Branches” of a smaller 
diameter are then attached by drilling holes into the poles and firmly attaching each branch.  The 
finished tree is a vertical pole driven into the lake bottom with branches sticking out.  Each tree 
should be at least ten feet in length so it can be installed in deeper water.  At each of the two sites 
illustrated in Figure 5-15, six trees should be installed, each tree being roughly ten feet from the 
next in a group.  The trees are expected to last for five years before replacement is required. 
 



Figure 5-14

Source: TWRA (2003)
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Figure 5-15

Fish Attractor Locations

Source: LESJWA (2003)
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Figure 5-16 

Source: Phillips (1990)
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Table 5-3 summarizes the recommended type, number, and year of installation of the four types 
of fish attractors by enhancement site.   
 
At each location where a fish attractor is located a buoy of other visible marker will need to be 
installed (except for the artificial trees which protrude above the water surface.  At the sites 
designated for fish attractor installation high speed boating should be prohibited.  These areas 
will be reserved for angler-use and so designated.  Generally fish attractors are located in near-
shore areas that are within the high-speed exclusion zone of the lake. 
 
Schedule for Implementation 
 
The installation of all of the fish attractors is scheduled to be completed within five years of 
initiation.  All of the stakebeds and artificial trees are scheduled for installation in 2006.  
Spawning benches will be installed in 2007.  The log cribs are installed in various years at the 
time the brush piles are installed at the same sites.  Table C-1 summarizes the implementation 
schedule and replacement schedule for the fish attractors over the 20-year planning horizon of 
the FMP. 
 

TABLE 5-3 
 

RECOMMENDED FISH ATTRACTOR PLACEMENTS IN LAKE ELSINORE 

Attractor Site Type of Attractor 
Year Scheduled for 

Installation 
Number of Units to be 

Installed 
Figure 5-15 Sites 

1 Stakebed 2006 1 

2 
Stakebed 

Artificial trees 
2006 
2006 

1 
6 

3 Spawning benches 2007 4 
4 Spawning benches 2007 4 
5 Spawning benches 2007 4 
6 Spawning benches 2007 4 
7 Stakebed 2006 1 
8 Spawning benches 2007 4 
9 Stakebed 2006 1 

10 
Stakebed 

Artificial trees 
2006 
2006 

1 
6 

11 Spawning benches 2007 4 
Figure 5-12 Sites 

3 Log crib 2008 2 
5 Log crib 2007 2 
7 Log crib 2006 2 
8 Log crib 2007 2 
9 Log crib 2008 2 

10 Log crib 2006 2 
 
Cost of Installation 
 
Each of the fish attractors has a different capital cost for installation.  O&M costs are minor and 
typically related to repairing damaged attractors.  The unit capital costs per type of attractor are: 
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 ● Stakebed:  $100; 
 
 ● Spawning bench:  $75; 
 
 ● Log crib:  $250; and 
 
 ● Artificial tree:  $100. 
 
The total initial capital cost for the four stakebeds is $400.  The total cost for the 24 spawning 
benches is $1,800.  The total cost of the 12 log cribs is $3,000.  The total cost of the 12 artificial 
trees is $1,200.  The FMP has assumed that the labor cost of installation will be covered by the 
City of Lake Elsinore Lake Management staff. 
 
The FMP uses an average O&M cost to maintain all of the fish attractors of $1,000 per year 
beginning in 2009.  Table C-2 in Appendix C presents a summary of the capital and O&M costs 
of this habitat enhancement action item. 
 
Placement of Spawning Gravel (Indirect Biomanipulation) 
 
Gravel Enhancement (FMP Action Item 11: Low Priority) 
 
Some areas of Lake Elsinore’s shoreline currently have adequate gravel substrate for bass and 
sunfish spawning (for example, along the Lake Elsinore Levee).  To increase the potential for 
successful bass and sunfish spawning, several areas around the lake are identified for the 
placement of additional gravel at a size suitable for spawning.  Spawning gravel should be a 
mixture of small to large, rounded gravel (0.5-2 inches).  Each “patch” of spawning habitat 
should cover an area of approximately 10 feet wide by 30 feet in length with a gravel depth of 
two inches (about 2.2 cubic yards per site).  Gravel patches should be installed so that they are 
between the elevations of 1,238 to 1,245 feet.  At each of the locations recommended for brush 
shelter installation (Figure 5-12), one patch of spawning gravel should be created, except at Site 
3 adjacent to the T-peninsula where gravel is not needed. 
 
If the lake level is low, it may be possible to deliver gravel directly to some sites by truck.  If this 
is not feasible, then the material will need to be barged to each location.  The placement of gravel 
will be considered a “fill” by the U.S. Army Corps of Engineers pursuant to Section 404 of the 
Clean Water Act.  Gravel placement will require regulatory compliance.  Gravel bed monitoring 
should be implemented to determine when supplemental gravel is required.  The effects of lake 
currents and sedimentation on gravel beds necessitate this monitoring.  The FMP assumes that 
gravel supplementation will be required every five years. 
 
The creation of a gravel bed also requires that the bed have some type of physical structure 
associated with it if it is intended to be used by bass, crappie and other sunfishes.  These fish 
prefer to construct nests near physical structure like large woody debris or rocks.  The structure 
provides visual cover from their neighbors and provides a location that can be defended.  
Therefore, the FMP recommends that at each newly installed gravel bed approximately 12 large 
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rocks with approximate diameters of 24 inches be placed on five-foot centers to provide 
enhanced spawning cover. 
 
Schedule for Implementation 
 
The enhancement of sport fish spawning habitat in Lake Elsinore is a lower priority than many of 
the previous measures due to sequencing and relative importance.  There are nine locations 
illustrated in Figure 5-12 that require gravel bed construction; however, Sites 1 and 2 are part of 
the large-scale carp exclosure element.  The enhancement of these sites will occur in 2007 and 
2012, respectively (see Table C-1 of Appendix C).  The remaining seven sites in the main lake 
basin will be enhanced over a three year period beginning in 2006.  Locations to be enhanced in 
2006 are Sites 4, 5, and 10.  In 2007 gravel will be placed at Sites 6 and 8.  In 2008, Sites 7 and 9 
will be completed. 
 
Cost of Implementation 
 
The purchase of spawning-size gravel is the principal capital cost of this enhancement.  Each of 
the nine sites will require at least 2.2 cubic yards of gravel.  Sites 1 and 2 will require 
considerably more gravel.  The FMP assumes that ultimately approximately 30 cubic yards of 
gravel will be required for the initial enhancement.  The total cost of all of the gravel delivered to 
Lake Elsinore is estimated at $200.  The FMP assumes that the rocks required can be obtained 
free from some source, for example, the Riverside County road department.  The FMP again 
assumes that the labor cost of installing the gravel will be borne by the City of Lake Elsinore’s 
lake management staff.  There is no O&M cost associated with gravel enhancement.  Every five 
years or so, additional gravel will be needed, thus incurring another capital cost.  Table C-2 of 
Appendix C summarizes the costs of this enhancement action. 
 
Diversify Shoreline Relief (Indirect Biomanipulation) 
 
Shoreline Reconstruction (FMP Action Item 12: Low Priority) 
 
Because the shoreline of Lake Elsinore is relative uniform, it does not provide a variety of 
microhabitats needed by fish.  The shoreline of Lake Elsinore is proposed for modification at one 
location (Figure 5-17) to improve habitat for fish and wildlife.  Islands, embayments, and points 
are proposed for construction in a similar design to that illustrated in Figure 5-18, by 
recontouring the shoreline.  Deeper channels and protected bays reduce exposure to wave action 
and provide cover for sport fish, as well as access for anglers.  Wetland and upland plants can be 
established along the shore margins. 
 
Chipps et al. (1997) and Irwin et al. (1997) found that young sport fish, including largemouth 
bass effectively used islands and shoreline features of reservoirs.  They suggested that cover for 
young bass is limiting most of the year and that such features add cover and attract young bass, 
and may increase production of largemouth bass and other sport fish.  
 
The shoreline reconstruction enhancement will require careful engineering to ensure proper 
water circulation, erosion protection, angler access, and the creation of suitable fish habitat.  
Therefore, the FMP recommends that a detailed feasibility study of the engineering aspects of  



 


