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Authority and is governed by five member agencies:  Elsinore Valley Municipal Water District, 
the City of Lake Elsinore, the City of Canyon Lake, the County of Riverside, and 
the Santa Ana Watershed Project Authority.  LESJWA derives its funding principally from 
Proposition 13 (Safe Drinking Water, Clean Water, Watershed Protection, and Flood Protection 
Bond Act) approved by voters in March 2000.  Proposition 13 added Chapter 6, Article 6 to 
Section 1, Division 26 of the Water Code of California.  Article 6 created the Lake Elsinore and 
San Jacinto Watershed Program.  Fisheries enhancement of Lake Elsinore was authorized by 
Section 79104.104 of the Water Code. 
 
APPROACH TO THE FISHERIES MANAGEMENT PLAN 
 
As previously noted, the FMP relies on the best available scientific information to formulate 
fisheries enhancement measures for Lake Elsinore.  Most of the fundamental information relied 
upon by the FMP is discussed in Chapter 2 (Environmental Setting).  The FMP specifically 
recognizes that there are many abiotic4 and biotic factors that influence the integrity of Lake 
Elsinore’s aquatic community, of which the fish community is one element.  The factors that 
were reviewed and considered in formulating this FMP are illustrated in Figure 1-3. 
 
The FMP also adopts an adaptive management approach.  Adaptive management has become the 
framework of choice for conducting large environmental restoration and enhancement programs 
in California and the Nation.  Many of the major restoration grant programs, such as California 
Propositions 12, 13, 40 and 204, have also promoted this framework to ensure maximum 
environmental benefits and cost-effectiveness.  Adaptive management simply means taking a 
scientific approach to environmental restoration wherein actions are initiated as scientific 
experiments, and often as pilot studies, to verify that the approach works and is cost-effective.  In 
other words, we learn as we go.  Mid-course corrections to the FMP can be made based on our 
monitoring of what enhancement measures work well and what measures do not.  With so many 
potential enhancement approaches and potential outcomes in managing the fishery at Lake 
Elsinore, adaptive management is essential.  Through adaptive management, the FMP becomes 
an evolving blueprint as we learn more about Lake Elsinore.  The adaptive management 
framework: 
 

● Provides for stakeholder involvement including scientists, government agencies, 
resource managers, sport fishing groups, and citizens with an interest in the lake 
and the community; 

 
● Requires monitoring of the implemented fishery enhancement measures and a 

mechanism for dissemination of information needed for all parties to make and 
participate in informed decisions as to the future course of action for Lake 
Elsinore; and, 

 
● Allows for immediate actions to be taken early in the fisheries enhancement 

program development process that could provide substantial short-term benefits to 
the aquatic resources of the lake. 

                                                 
4  Abiotic factors are physical, chemical and other non-living elements of the ecosystem. 
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OBJECTIVES OF THE FISHERIES MANAGEMENT PLAN 
 
The Lake Elsinore and San Jacinto Watershed Program has several integrated elements that, if 
successful, will improve water quality and quantity in Lake Elsinore.  While the success of the 
FMP relies, in part, on the successes of other enhancement measures in the watershed and lake, 
for example, lake level stabilization, we have assumed in preparing the FMP that the collective 
actions currently planned will be successfully accomplished.  The FMP has five specific and 
interrelated objectives.  
 
Objective 1.  Carp Control 
 
Carp control is fundamental to the success of the FMP.  Carp, first introduced to Lake Elsinore in 
1895, are currently abundant in the lake.  Carp adversely impact the aquatic environment by:  1) 
increasing nutrient loadings to the water column, thus enhancing algal production; 2) competing 
with desirable sport fish for food; 3) preventing many species of sport fish from successfully 
reproducing; and, 4) preventing rooted aquatic vegetation from becoming established. 
 
Objective 2.  Zooplankton Enhancement 
 
High algal production can be at least partially controlled by increasing the abundance of large 
zooplankton species that graze on algae.  Increasing the numbers of large zooplankters5 can be 
accomplished by: 1) reducing the numbers of zooplankton-feeding fish (principally threadfin 
shad, Dorosoma petenense); and 2) by increasing the population of predatory fish that prey on 
zooplankton feeders, for example: largemouth bass (Micropterus salmoides), striped bass 
(Morone saxatilus), and striped bass/white bass hybrids (Morone saxatilus x Morone chryops). 
 
Objective 3.  Aquatic and Emergent Vegetation Restoration 
 
The surface elevation of Lake Elsinore is typically highly variable due to the imbalance between 
lake inflow and evaporation.  This variability in water surface elevation, and associated lake 
depths, in turn, prevents (along with carp) rooted aquatic and emergent vegetation from 
becoming established.  Establishing rooted aquatic and emergent vegetation in Lake Elsinore is 
desirable because the aquatic plant community will compete with phytoplankton for available 
nutrients.  Aquatic and wetland plants established on the lake margin can also act to filter out 
fine sediments that are laden with nutrients.  In addition, aquatic vegetation will provide 
desirable habitat for breeding sport fish. Stabilizing water levels and improving aquatic and 
emergent vegetation will reduce algal and non-algal turbidity and algae production, while 
improving fish habitat and food resources.   
 
Objective 4.  Fish Habitat Improvement 
 
In its present configuration, Lake Elsinore provides only minimal suitable habitat for sport fish.  
Habitat for reproduction (i.e., spawning) and the rearing of juvenile fish is particularly lacking.  
The FMP addresses this deficiency in the short-term by stocking sport fish.  The long-term 
program includes consideration of large-scale habitat changes in the lake that will provide the 
                                                 
5  Zooplankter means an individual member of the zooplankton. 
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necessary spawning and rearing habitat requirements for sport fish and their food base, including 
forage fish and aquatic invertebrates.  Habitat changes would include changing the geomorphic 
configuration of the lake (e.g., deepening, creating islands and channels), creating shoreline 
marshes, creating shallow water carp exclusion areas, enhancing substrate (e.g., adding gravels, 
rocks, and large woody materials), adding structures (e.g., docks and brush piles), planting 
shorelines during periods of low lake level, and promoting areas of aquatic and emergent plants.  
 
Objective 5.  Fish Community Structure Improvement 
 
At present, planktivorous fish (threadfin shad) and omnivorous fish (carp) dominate the Lake 
Elsinore fish community.  Predatory sport fish, such as channel catfish (Ictalurus punctatus), 
black crappie (Pomoxis nigromaculatus), and largemouth bass, make up only a small component 
of the fish community.  The high abundance of small fish (threadfin shad) to medium-size fish 
(juvenile carp) in the aquatic community provides a food resource for larger predatory fish.  This 
food resource provides an opportunity, in the short-term, to support larger numbers of predatory 
fish that are preferred by anglers.  The abundance of forage fish should be able to support large 
numbers of stocked sport fish, for example, largemouth bass, striped bass, hybrid striped bass, 
and several species of catfish.  In the long-term, it may be possible to further improve fish 
community structure by introducing other species of sunfish (Family Centrarchidae) that would 
provide a more diverse forage base and a wider range of recreational fishing opportunities.  The 
enhancement of predator species in Lake Elsinore will increase predation on young carp and 
provide a measure of control on the carp population.  
 
POTENTIAL CONSTRAINTS ON THE EFFECTIVENESS OF THE FISHERIES 
MANAGEMENT PLAN 
 
The Lake Elsinore environment represents a unique challenge in developing a viable recreational 
fishery because of the advanced stage of eutrophication6 of the lake and continuing human 
stresses on the watershed.  Given Lake Elsinore’s location at the terminus of the San Jacinto 
River, the lake periodically receives extensive amounts of nutrients, pollutants, and sediment.  
Although the extent of eutrophication of the lake is significant, Lake Elsinore is not unlike other 
lakes around the world located in urbanizing environments where attempts to improve fisheries 
have been successful.  In the case of Lake Elsinore, three primary constraints to creating a 
successful fishery must be overcome:  1) the carp population must be permanently reduced to no 
more than 10 percent of its current level (i.e., 2003 level); 2) lake water levels must be increased 
and stabilized within a narrow range of fluctuation; and, 3) the quality of water entering the lake 
and the lake water itself must be improved by reducing nutrient concentrations, which stimulate 
excessive algal growth, and by increasing dissolved oxygen levels near the lake bottom during 
the spring through fall period.  Of these three primary constraints, only carp reduction is within 
the purview of the FMP. 
 

                                                 
6  Eutrophication is the over enrichment of a body of water with nutrients, resulting in excessive growth of 

organisms and depletion of the concentration of dissolved oxygen.   
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CHAPTER 2.  ENVIRONMENTAL SETTING 
 
 
 
INTRODUCTION 
 
Chapter 2 provides background information on the physical, chemical and biological 
characteristics of Lake Elsinore and its watershed that have a bearing on the fishery management 
problems discussed in Chapter 3, the ecological approaches to lake enhancement discussed in 
Chapter 4, and the specific fisheries enhancement measures identified in Chapter 5.  In addition, 
Chapter 2 provides information on the economic and fiscal conditions of the region that will be 
important in developing the economic assessments of the proposed fishery enhancement 
measures.  These economic assessments are presented in Chapter 6.  Because the development of 
a successful FMP cannot be prepared without a reasonable understanding of the environmental 
resources of Lake Elsinore and the dynamics of those resources as they may affect the aquatic 
community, this chapter provides both historical and current background information on the 
environmental conditions at Lake Elsinore.  The environmental setting provides perspective and 
context to the FMP.  The setting also circumscribes what can reasonably be achieved to enhance 
aquatic resources at Lake Elsinore, thus guiding development of the plan. 
 
SAN JACINTO BASIN/LAKE ELSINORE LOCATION AND LAKE DESCRIPTION  
 
Location 
 
The San Jacinto Basin1 encompasses the southeastern portion of the larger Santa Ana Basin, the 
largest stream system in southern California (Figure 2-1).  The San Jacinto River, the principal 
watercourse in the San Jacinto Basin, terminates at Lake Elsinore, a natural sink.  Runoff from 
the watershed does not typically spill from Lake Elsinore and leave the basin.   
 
The San Jacinto Basin encompasses a watershed of approximately 500,480 acres, or 782 square 
miles2 (Montgomery Watson Harza 2002), or about 30 percent of the larger Santa Ana Basin.  
Elevations in the basin range from 10,805 feet at Mt. San Jacinto, to 1,223 feet at the bottom of 
Lake Elsinore.  Within the San Jacinto Basin, the San Jacinto River watershed encompasses 
approximately 735 square miles.  In addition to the San Jacinto River watershed, approximately 
47 square miles of local watersheds drain directly or indirectly to Lake Elsinore (Smith 2002).  
The San Jacinto Basin lies almost entirely within Riverside County, with only a small portion of 
the watershed in Orange County.   
 
Physical Characteristics of Lake Elsinore 
 
Lake Elsinore is an oval-shaped, shallow lake with generally uniform bottom and shoreline 
physical characteristics.  The lake’s size and capacity have changed over the past century due to 
human manipulation.  Prior to 1900, the natural outlet sill of the lake was approximately 1,265 

                                                 
1  U.S. Geological Survey hydrologic unit 18070202. 
2  Various other estimates of the watershed area are presented in the literature, for example, 765 square miles 

(San Jacinto Basin Resource Conservation District 2003), and 780 square miles (Kilroy 1997). 
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feet in elevation.  At this elevation Lake Elsinore, or “Paahashnan” as the lake was called by the 
local Native American Luiseño people (Grenda 1997), inundated about 8,000 acres and 
contained over 150,000 acre-feet of water when full to capacity.  Between 1900 and 1910 the 
outlet sill elevation was artificially lowered to 1,260 feet, reducing the maximum size of the lake 
to about 6,200 acres with a capacity of 130,000 acre-feet.  Beginning in 1988, as part of the Lake 
Elsinore Management Project, the lake was modified again by lowering the outlet sill elevation 
to 1,255 feet, realigning the inflow channel from the San Jacinto River, and constructing the 
Lake Elsinore Levee.  These modifications cut the lake floodplain in half, creating a lake that 
inundates 3,606 acres with a volume of 100,000 acre-feet when full.  Table 2-1 compares the 
size, capacity, and mean depth of Lake Elsinore prior to the most recent lowering of the outlet 
elevation with the current characteristics.   
 

TABLE 2-1 
 

COMPARISON OF THE PHYSICAL CHARACTERISTICS OF LAKE ELSINORE 
BEFORE AND AFTER THE COMPLETION OF  

THE LAKE ELSINORE MANAGEMENT PROJECT 
Lake Volume 

(acre-feet) 
Lake Surface Area 

(acres) 
Mean Depth 

(feet) 
Water Surface 

Elevation 
(feet) Pre Post Pre Post Pre Post 

1,223 (bottom) 0 0 0 0 0 0 
1,240 39,000 38,519 3,200 3,074 12.2 12.5 
1,245 56,000 54,504 3,700 3,319 15.1 16.4 
1,250 76,000 71,443 4,500 3,463 16.9 20.6 
1,255 

(Post-outlet sill) 100,000 89,114 5,400 3,606 18.5 24.7 
1,260 

(Pre-outlet sill)* 130,000 107,877 6,200 3,882 21.0 27.8 
Sources: California Department of Water Resources (1981), Black & Veatch (1991). 
* Note:  The natural outlet sill was approximately 1,265 feet.  Between 1900 and 1910 the outlet was lowered five feet. 

 
Figure 2-2 illustrates the current physical features of the lake following completion of the 
modifications made between 1988 and 1995.  At capacity, Lake Elsinore in its natural state 
would have had a mean depth of about 19 feet, compared to its current mean depth of 25 feet 
when full.  The bathymetry of the current lake is illustrated in Figure 2-3.  At the minimum target 
lake management elevation of 1,240 feet, the lake covers 3,074 acres, contains 38,519 acre-feet 
of water, averages 12.5 feet in depth, and has a maximum depth of 17 feet (Black & Veatch 
1994).  
 
THE PHYSICAL, CHEMICAL AND BIOLOGICAL ENVIRONMENT 
 
Climatology 
 
Climatological records have been complied for the Lake Elsinore vicinity beginning 1 January 
1931 to the present.3  The climate of the area is Mediterranean with hot, dry summers and cooler, 
wetter winters.  Winter air temperatures below freezing are uncommon, and summer air 
temperatures of more than 37.8ºC (100ºF) are common.  The average daily minimum/maximum  
                                                 
3  U.S. Department of Commerce, National Climatic Data Center, Elsinore, California, Coop ID 042805. 



 



Figure 2-2

Source: Modified from Black and Veatch (1994)
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winter air temperatures (December-March) range from 1.7 to 21.1ºC (35 to 70ºF), and the 
corresponding summer air temperatures (June-October) range from about 8.9 to 37.8ºC (48 to 
100ºF).4   
 
Precipitation typically occurs only during the winter months, primarily November through 
March.  Summer thunderstorms occasionally occur.  On average, Lake Elsinore receives about 
12 inches of precipitation annually in the form of rain.  Snow at Lake Elsinore is rare.  Year-to-
year variability in precipitation can be significant. 
 
The evaporation rates at Lake Elsinore have a significant affect on the water surface elevation of 
the lake.  Evaporation is highest during the warm season (April through October with a peak 
during July and August), and reduced during the winter period.  Annual evaporation from the 
lake averages 4.68 feet,5 a significant loss (Black & Veatch 1991). 
 
The prevailing wind pattern at Lake Elsinore is a daytime sea breeze from the west-southwest, 
west, or west-northwest at about five to six miles per hour followed by a nighttime land breeze.6  
During the winter, winds from the southwest, prior to storm events, can average 25 to 35 miles 
per hour, with gusts occasionally greater than 50 miles per hour.  The typical wind pattern is 
seasonally interrupted by the northeasterly Santa Ana winds from the Mohave Desert.  Because 
Lake Elsinore is a shallow lake for its size, the predictable wind patterns and wind speeds have a 
significant affect on lake circulation and water mixing. 
 
Hydrology 
 
Pre-settlement Hydrology of Lake Elsinore 
 
The climatological characteristics of the San Jacinto Basin watershed have been highly variable 
over the past 10,000 years.  Beginning in the early Holocene,7 approximately 8,000 years ago, 
precipitation in the watershed began to slowly decline.  This decline in precipitation has, in turn, 
dramatically influenced surface water inflow to Lake Elsinore and, consequently, the physical, 
chemical, and biological characteristics of the lake itself.  While the modern diversions of water 
from the San Jacinto River watershed upstream of Lake Elsinore have dramatically affected 
inflow to the lake, evidence from the pre-settlement period suggests that inflow to the lake, and 
the lake environment itself, has been highly variable since the beginning of the Holocene.  A 
brief review of these changes is informative. 
 
Stratigraphic and chronometric data from archaeological sites along the shoreline of modern 
Lake Elsinore (Homberg and Ferraro 1997) indicate that during the early Holocene (i.e., 10,550 
to 7,200 years before the present), Lake Elsinore was generally a stable lacustrine8 environment.  

                                                 
4  The FMP uses the Celsius (C) temperature scale.  The formula for converting ºC to the Fahrenheit (F) scale 

is: ºF = (ºC x 1.8) + 32. 
5  Most modeling calculations of the annual evaporation from Lake Elsinore apply a constant long-term 

annual average evaporation rate of 4.6 feet (cf. Smith 2002). 
6  California Surface Wind Climatology and National Climatic Data Center data. 
7  The Holocene is the most recent epoch of the Quaternary period and includes the past 11,000 years.  The 

Holocene was preceded by the Pleistocene epoch. 
8  Lacustrine means pertaining to, or living in, lakes or ponds. 
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At that time, precipitation levels in the region were significantly higher than they are today.  The 
higher levels of precipitation resulted in a sufficient volume of runoff from the watershed, at 
least during the winter and spring months of most years, to maintain the lake at a level where 
surplus water could overflow to Temescal Wash via the ancestral channel of what is now called 
Warm Springs Creek.  The minimum water surface elevation at the lake outlet when the lake was 
overflowing is estimated to have been about 1,265 feet. 
 
The stratigraphic evidence suggests that winter storms periodically raised the lake level even 
further due to wave action that resulted in deposited sediment building up across the outlet 
channel and periodically forming barriers.  Stratigraphic data indicate that the lake reached about 
1,270 feet in elevation with the barriers in place, perhaps slightly higher.  Eventually, a year with 
high rainfall would cause enough overflow of the barriers to quickly cut a channel through the 
barriers, thus abruptly lowering the lake level.  The stratigraphic evidence indicates that this 
cycle of barrier formation and subsequent destruction happened at least three times, probably 
more, over several millennia (Homberg and Ferraro 1997).   
 
Beginning about 8,000 years before present, a decline in regional precipitation began.  By the 
middle Holocene (7,200 to 3,440 years before the present) the water inflow to Lake Elsinore 
fluctuated dramatically from year-to-year.  This change in climatological conditions continued 
through the late Holocene to the present, with the climate becoming even more arid during the 
late Holocene.  The lower volume of runoff to the lake from the watershed was inadequate to 
maintain a more-or-less stable lake level regulated by overflow.  Evaporation and other losses 
exceeded inflow in many years.  It is hypothesized that during major droughts the lake was 
greatly reduced in volume and may have dried up completely.  In wetter years, the lake expanded 
and occasionally overflowed. 
 
By the late Holocene, the modern pattern of droughts punctuated by large floods was typical.  
This pattern led to the formation of a barrier beach at the lake outlet to Warm Springs Creek.  A 
small freshwater marsh was created behind the barrier beach that was fed by the hot springs 
(historically called Elsinore Hot Springs).  The barrier was occasionally broken during large 
winter floods after which the cycle would repeat itself. 
 
The hydrological pattern of “drought-flood” was the prevailing pattern when the Spanish first 
viewed Lake Elsinore in 1776, and this pattern has remained unchanged to the present.  Even 
under unimpaired hydrological conditions, the variable climate of the region resulted in the lake 
drying up completely in 1810, 1859, and 1883 (Lynch 1981). 
 
Post-settlement Hydrology of Lake Elsinore  
 
The historical period between the initial settlement of the region9 until the early 1890s saw 
virtually no significant diversions or use of surface or groundwater from the San Jacinto River 
watershed by people settling in the region.  During this period, inflow to the lake was essentially 
unimpaired.  Livestock grazing was the only significant agricultural activity in the region. 
 

                                                 
9  Agustin Machado began constructing the first adobe house in the area near the shores of Lake Elsinore in 

1858, then known as Laguna Grande (Hudson 1978). 
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Beginning with the great land boom in southern California in the 1880s, the use of surface waters 
in the watershed began to develop.  Inflow to the lake was not significantly affected by 
diversions until 1895 when Hemet Dam (Lake Hemet) was completed on the San Jacinto River 
by the Lake Hemet Water Company.  The resulting reservoir has a capacity of 13,500 acre-feet 
(U.S. Geological Survey 1995).10  Some of the subsequent water resource developments in the 
watershed that have cumulatively reduced the surface water inflow to Lake Elsinore include: 
 

● Circa 1898:  Temescal Water Company initiates seasonal pumping of water from 
Lake Elsinore to Temescal Wash for delivery to the Corona area; 

 
● 1907:  Temescal Water Company begins pumping wells in Perris Valley to 

deliver about 4,500 acre-feet annually to Corona; 
 
● Circa 1911:  Temescal Water Company begins diverting water up to 18.5 cubic 

feet per second from the San Jacinto River near the site of the future Railroad 
Canyon Dam to deliver to Corona;  

 
● 1928:  Temescal Water Company completes Railroad Canyon Dam (Canyon 

Lake) on the San Jacinto River with a storage capacity of 12,000 acre-feet;11 
 
● Various dates:  Percolation ponds in the San Jacinto Valley are constructed and 

draw water from the river for groundwater recharge; 
 
● 1941:  Groundwater is intercepted in the San Jacinto Mountains by the aqueduct 

of the Metropolitan Water District of Southern California; and 
 
● Various dates:  Extensive development of wells in the watershed over time has 

resulted in groundwater depletion that contributed to base flows to Lake 
Elsinore.12 

 
These activities, in conjunction with the naturally arid conditions of the region, have 
cumulatively resulted in a dramatic reduction of surface flows to Lake Elsinore which, in turn, 
affect water quality and the aquatic community of the lake.  U.S. Geological Survey stream gage 
11070500 has recorded surface water inflow to Lake Elsinore from the San Jacinto River from 
1916 to the present (excluding surface inflow from approximately 47 square miles of local 
watersheds draining directly to the lake) (U.S. Geological Survey 2003b).  Figure 2-4 illustrates 
mean daily streamflows from 1 January 1916 through 30 September 2002.  The sporadic nature 
of inflow to the lake is obvious.  For the 87-year period of record, the median (50th percentile) 
daily streamflow to the lake is zero (0) cubic feet per second, indicating that the majority of the  

                                                 
10  California Department of Parks and Recreation (1984) states the reservoir storage capacity as 11,700 

acre-feet. 
11  From U.S. Geological Survey (1995).  California Department of Parks and Recreation (1984) states the 

reservoir capacity as 5,000 acre-feet.  Hudson (1978) states that Railroad Canyon Dam was completed  
in 1927. 

12  The San Jacinto Basin Resource Conservation District (2003) states that the annual groundwater extraction 
from the San Jacinto Basin is about 100,000 acre-feet. 



 



Figure 2-4

SOURCE: U.S. Geological Survey (2003b)

Daily Mean Streamflow in the San Jacinto River 
near Lake Elsinore from 1916 to 2002
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time there is no surface water inflow to Lake Elsinore.  Historical inflows to Lake Elsinore have 
been analyzed by Smith (2002). 
 
The reduced surface flows into Lake Elsinore, coupled with the high rate of evaporation from the 
lake, have resulted in significant changes to the volume and surface area of the lake.  Figure 2-5 
illustrates the estimated and measured water surface elevations of Lake Elsinore beginning in 
1774 through 1980.  Figure 2-5 illustrates periods of both unimpaired surface water inflow (i.e., 
prior to approximately 1895) and inflow following water resource development in the basin.  
Beginning in 1988, the Lake Elsinore Management Authority began construction of the $39.6 
million Lake Elsinore Management Project consisting of lake sill elevation changes, alteration of 
the inflow location of the San Jacinto River, and a 2.5-mile levee that bisected the natural 8,000-
acre lake basin.  Completed in 1995, the project provides both flood protection and lake 
stabilization functions.  Even with the water in Lake Elsinore confined to approximately 45 
percent of its original floodplain, the lake continues to face declining water levels during periods 
of low runoff, largely due to reduced inflows to the lake resulting from upstream water 
diversions. 
 
As noted previously, the “drought-flood” hydrological cycle that affects Lake Elsinore occurred 
prior to water development in the region.  Even then, the lake fluctuated significantly from year-
to-year and occasionally dried up (or nearly so).  The real impact of historical and current 
diversions on the lake was an increase in the frequency and duration of low lake water levels, 
thus affecting the environmental conditions in the lake itself.  Reduced surface water inflow and 
a high rate of evaporation resulted in an overall decrease in the volume of water in the lake, 
which is an index of physical habitat or living space for some aquatic species.  The relationship 
of water surface elevation to lake volume can be examined in Table 2-1, presented previously. 
 
The reduction in inflow and the absence of a stable water surface elevation at a level that 
provides adequate water quality and suitable environmental conditions for aquatic resources has 
been recognized as a key problem requiring resolution if Lake Elsinore is to achieve the 
beneficial uses identified in the Santa Ana River Basin Water Quality Control Plan (California 
Regional Water Quality Control Board, Santa Ana Region. 1995).  Calculations have 
demonstrated that, given current levels of upstream diversion, the San Jacinto River watershed is 
likely to produce enough runoff to equal or exceed the estimated annual evaporation loss from 
the lake only about 10 percent of the time, or statistically, once in every ten years (Smith 2002).  
To maintain the lake level in the elevation range between 1,240 feet (the minimum desired 
operating level) and 1,247 feet (the maximum operating level established by the U.S. Army 
Corps of Engineers), between 13,345 acre-feet to 15,156 acre-feet of water is required just to 
offset evaporative losses (Smith 2002).  Contributions from the San Jacinto River watershed and 
direct local watershed runoff may offset some of this evaporative loss, depending on 
climatological conditions in any given year.  It is conservatively estimated that the local 
watershed may contribute an average annual inflow to Lake Elsinore of about 1,400 acre-feet 
(Smith 2002).  Supplemental water from three wells located on the Lake Elsinore Levee may 
also contribute up to 5,000 acre-feet of inflow annually, still leaving a deficit of about 8,800 
acre-feet in low-runoff years.  Approximately 1,500 acre-feet of reclaimed wastewater from the 
Elsinore Valley Municipal Water District were added to the lake in 2003; however, the total 
volume of supplemental water added to the lake is currently still insufficient to compensate for 
evaporation during low-runoff years.   



 



� � �
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Figure 2-5

Source: U.S. Army Corps of  Engineers (1981)
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Historic Lake Levels From 1774 to 1980
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The lake volume was in general decline between 1995 and 2004.  During the winter of 2004-
2005 heavy rainfall allowed Lake Elsinore to fill again.  Until the lake water level is stabilized, 
the water level dynamics of Lake Elsinore will continue to strongly influence the lacustrine 
environment and, consequently, the opportunities for enhancing aquatic resources. 
 
Water Quality 
 
The Santa Ana Regional Water Quality Control Board (Regional Board) placed Lake Elsinore on 
the federal Clean Water Act Section 303(d) list of impaired waterbodies in 1994, as a result of 
the history of fish kills (discussed later in this section) and algae blooms in Lake Elsinore over 
many years.  The Regional Board identified the pollutants of concern as: nutrients, low dissolved 
oxygen, sedimentation, and “unknown toxicity.”  Urban non-point sources of pollution were 
identified as the primary sources of impairment. 
 
The water quality and water quality dynamics in Lake Elsinore have been the subject of 
numerous investigations over the years and water quality investigations are on-going.  A partial 
list of studies is provided: 
 

● Lake Elsinore Lake Stabilization and Land Use Plan (EDAW, Inc. 1974); 
 
● National Eutrophication Survey. Report on Lake Elsinore (U.S. Environmental 

Protection Agency 1978); 
 
● Lake Elsinore Water Quality Management Plan (Black & Veatch 1994); 
 
● Phosphorus Dynamics of Lake Elsinore, California (Haughey 1995); 
 
● Lake Elsinore Water Quality Monitoring Program (Black & Veatch 1996); 
 
● San Jacinto River Sanitary Survey (Montgomery Watson 1996); 
 
● Lake Elsinore NPDES Feasibility Study (Montgomery Watson 1997);  
 
● Restoring the Beneficial Uses of Lake Elsinore using Water Quality Based 

Standards in the Watershed (Kilroy 1997); 
 
● Laboratory and Limnocosum-Scale Evaluation of Restoration Alternatives for 

Lake Elsinore (Anderson 2000); 
 
● Lake Elsinore Sediment-Water Interface Study (Beutel 2000); 
 
● Internal Loading and Nutrient Cycling Study (Anderson 2001); 
 
● Problem Statement for Total Maximum Daily Load for Nutrients in Lake Elsinore 

(Santa Ana Regional Water Quality Control Board 2001a); 
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● Problem Statement for Total Maximum Daily Load for Toxics in Lake Elsinore 
(Santa Ana Regional Water Quality Control Board 2001b); 

 
● Impacts of Alum Addition on Water Quality in Lake Elsinore (Anderson 2002a); 
 
● Evaluation of Calcium Treatment for Control of Phosphorus in Lake Elsinore 

(Anderson 2002b); 
 
● Engineering Feasibility Study for NPDES Permit for Discharge to Lake Elsinore 

(Montgomery Watson Harza 2002); 
 
● Lake Elsinore Replenishment Level Study Alternative Analysis.  (Tetra Tech, Inc. 

2002); 
 
● Draft Technical Memorandum No. 3 – Lake Elsinore Water Quality Objectives 

(CH2MHILL 2002); 
 
● Lake Elsinore/Canyon Lake Nutrient TMDL Monitoring Program.  Report for the 

Year 2001/2002 (Santa Ana Regional Water Quality Control Board 2002a); 
 
● Draft Lake Elsinore Nutrient TMDL Numeric Targets and Linkage Analysis 

(Santa Ana Regional Water Quality Control Board 2002b);  
 
● Lake Elsinore Recycled Water Project.  Draft 4th Quarterly Report and Annual 

Summary (Anderson and Veiga Nascimento 2003); 
 
● Draft Technical Memorandum No. 5 – Phosphorus Removal Treatment Systems 

(Smith et al. 2003); and 
 
● Lake Elsinore and Canyon Lake Nutrient Source Assessment (Tetra Tech, Inc. 

2003). 
 
It is not the objective of the FMP to review all of the investigations completed to date, but rather 
to summarize the key water quality characteristics of Lake Elsinore that have a bearing on 
aquatic resources and the potential enhancement of those resources, particularly the fish 
community. 
 
Pre-settlement Trophic State of Lake Elsinore 
 
Surface water inflow to Lake Elsinore was essentially unimpaired until about 1895. At that time 
the lake occupied a floodplain of about 8,000 acres.  At the turn of the 20th Century, the lake’s 
natural outlet was lowered for the first time, reducing the floodplain to about 6,200 acres.  Even 
when the lake was full, it remained shallow.  The maximum depth when the pre-settlement lake 
was overflowing (original outlet sill elevation was about 1,265 feet) was only 42 feet and the 
mean depth was approximately 19 feet.  The water level elevations of Lake Elsinore prior to 
settlement in the region fluctuated significantly in response to climatological conditions.  Lake 
Elsinore was typically a large, shallow, brackish waterbody except during prolonged wet 



2.  Environmental Setting 
 
 

 
 
2-14 

climatological cycles or as the result of extreme flood events that replenished the lake’s water.  
Because Lake Elsinore in its natural state was the terminal sink for all of the runoff from the San 
Jacinto Basin (a very large area), it received and accumulated sediments and nutrient loads from 
the entire basin.  It is reasonable to hypothesize that during those periods when the water surface 
elevations of Lake Elsinore were receding or low, the lake exhibited many of the water quality 
characteristics of its contemporary counterpart.  
 
While water quality data are not available for the period prior to the 1880s, when settlement in 
the region dramatically increased, the reconstructed lake water surface elevations indicate that it 
is not unreasonable to conclude that Lake Elsinore exhibited the characteristics of a large, 
shallow, eutrophic13 lake much of the time.  The exceptions, if any, would have been during 
periods of high lake volume.  The characteristics of the original Lake Elsinore indicate that it 
was probably eutrophic much of the time are: 
 

● The lake was shallow, with a mean depth when full of about 19 feet or so.  The shallow 
character of the lake, given current information on wind directions and speeds, indicates 
that the lake was polymitic.14  Similarly, short-term thermal stratification may have 
occurred leading to large seasonal and daily changes in dissolved oxygen concentrations 
in deeper water and near the lake bottom due to organic decay; thus during mixing, 
nutrients released from the sediments could be carried to photic zone15 near the lake 
surface where they would be available for algal growth.   

 
● High ratio of watershed to lake surface area ranging from about 63 at maximum capacity 

(elevation 1,265 feet) to greater than 156 at lake water surface elevations less than 1,240 
feet.  Ratios greater than 100 indicate potential eutrophy; 

 
● Very warm, dry weather conditions during the long growing season that favored algal 

growth; and 
 

● Highly variable water depths, including lake desiccation, which restricts riparian 
vegetation and the establishment of aquatic macrophytes16 (i.e., refugia for large 
zooplankters) that could influence algal blooms. 

 
Historical accounts of the lake in the 1880s support the hypothesis that the lake was eutrophic 
much of the time. 
 

                                                 
13  Eutrophic means having a high primary production (i.e., production by plants), and also in reference to 

lakes in which the hypolimnion (i.e., bottom, thermally stratified water layer) becomes depleted of 
dissolved oxygen during the summer by the decay of organic matter sinking from the epilimnion (i.e. upper, 
thermally stratified water layer). 

14 Polymictic means that Lake Elsinore has no persistent thermal stratification and is continually circulating 
with only brief periods of stability. 

15  The photic zone is the surface zone of a lake having sufficient light penetration for plant photosynthesis. 
16  An aquatic macrophyte is a large aquatic macroscopic plant.  Macrophytes in lakes typically include 

non-algal aquatic plants that are rooted in the lake bottom or shoreline and may be either submerged (e.g., 
milfoil), floating (e.g., smartweed), or emergent (e.g., cattail). 
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A comparison of the area-capacity characteristics and mean depth of Lake Elsinore before and 
after the completion of the Lake Elsinore Management Project (Table 2-1) indicates that the lake 
characteristics for volume, surface area, and mean depth are similar before and after construction 
of the project for water surface elevations less than about 1,245 feet.  At elevations greater than 
about 1,245 feet, post-project Lake Elsinore’s mean depth is greater even though the volume and 
surface area of the lake are lower than pre-project conditions.  In any case, the lake was and 
remains shallow regardless of the water surface elevation.   
 
While the available evidence strongly suggests that Lake Elsinore in its pristine state was 
eutrophic, the degree of eutrophication compared to the modern lake cannot be readily 
determined without conducting paleolimnological17 studies of the lake’s sediments.  
Paleolomnological investigations are currently in progress at Lake Elsinore (Anderson 2003).  It 
seems probable that the level of apparent eutrophication would have varied along with the size of 
the lake.  When the lake was at or near capacity, the lake may have been mesotrophic.18  As the 
lake water surface and volume declined, along with the depth, the lake may have shifted to a 
more eutrophic state.  To date, no calculations have been completed to estimate the pristine 
background nutrient loading of nitrogen and phosphorus to Lake Elsinore.  
 
Post-settlement Trophic State of Lake Elsinore 
 
Following settlement of the watershed and the attendant changes in land use and water resources 
development, it is not surprising that the surface flows in the San Jacinto River were reduced.  
Only in extremely wet years does water from the San Jacinto River reach Lake Elsinore in any 
quantity.  Various land uses in the watershed are believed to increase the sediment and nutrient 
loads to Lake Elsinore over natural levels during periods when surface runoff contributes inflows 
to the lake.  This assumption may be correct, but as noted previously, no attempt has yet been 
made to estimate natural background sediment and nutrient loads to the lake. 
 
In any case, the water quality data collected for Lake Elsinore indicates that the lake is currently 
hypereutrophic (California Regional Water Quality Control Board, Santa Ana Region.  2001a).  
Evidence for the hypereutrophic designation includes: 
 

● Large algal blooms during the growing season (chlorophyll a19 concentrations 
typically in excess of 20 µg/L);  

 
● The presence of blue-green algae including Oscillatoria, Anabaena, and 

Microcystis; 
 
● Large seasonal and daily swings in the concentration of dissolved oxygen, often 

with anoxic20 conditions during the growing season in deeper water and near the 
bottom water-sediment interface; 

 
                                                 
17  Paleolimnology  is the study of the geological history and development of a body of water. 
18  Mesotrophic refers to bodies of water having intermediate levels of primary productivity. 
19  Chlorophyll a is a waxy, blue-black green plant pigment found in photosynthetic organisms (green plants) 

that is used as a measure of algal production in lakes. 
20  Anoxic means devoid of oxygen. 
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● Poor water clarity due to the abundance of algae, with Secchi disk21 readings 
typically less than three feet; and 

 
● High concentrations of both total phosphorus and inorganic nitrogen. 

 
Table 2-2 summarizes the typical range of Lake Elsinore water quality characteristics. 
 

TABLE 2-2 
 

WATER QUALITY CHARACTERISTICS OF LAKE ELSINORE 
Parameter 1992-1999 Typical Range 

Lake Water Surface Elevation 1,229 – 1,259 feet 
Clarity Index Poor to very poor 
Secchi Depth 1 – 3 feet 
Total Phosphorus 0.2 –0.65 mg/L 
Ortho Phosphorus 0.01 – 0.63 mg/L 
Total Nitrogen 2 – 22 mg/L 
Total Inorganic Nitrogen 0.1-1.45 mg/L 
Chlorophyll a 10 –950 µg/L 
Dissolved Oxygen 0.1 – 16.0 mg/L 
Source:  Smith and Mouawad (2002) 

 
Nutrient loads to Lake Elsinore were estimated for selected water-years by Tetra Tech, Inc. 
(2003).  The model22 incorporated land use data and applied current levels of water demand and 
diversion operations upstream of Lake Elsinore.  While the model has significant limitations, it 
does provide some indication of the magnitude of nutrient loading from the San Jacinto River to 
Lake Elsinore for an average water-year (1994), a wet water-year (1998), and a dry water-year 
(2000).  Table 2-3 summarizes the modeling results. 
 

TABLE 2-3 
 

ESTIMATED ANNUAL NUTRIENT LOADS TO LAKE ELSINORE FOR A 
NORMAL, WET, AND DRY WATER-YEAR 

Water -Year Total Phosphorus (pounds) Total Nitrogen (pounds) 
1994 (normal) 1,740.3 40,921.5 

1998 (wet) 223,896.3 952,631.5 
2000 (dry)* 1,022.5 1,721.6 

Source:  Tetra Tech, Inc. (2003) 
* No spill from Canyon Lake to the San Jacinto River. 

 
While the exact values for nutrient loadings generated by the modeling results may be debatable, 
due to the model’s limitations, they do provide an order of magnitude estimate of loadings.  
                                                 
21  A Secchi disk (pronounced “sekki” after the Jesuit priest and Italian astrophysicist Pietro Angelo Secchi 

who invented it in 1865) is a weighted white disk, 20 centimeters (7.9 inches) in diameter that measures 
how far a person can see into the water.  The Sechhi disk transparency is the mean depth of the point where 
the white disk disappears from view when lowered from the shaded side of a vessel and that point where it 
reappears upon raising it. 

22  U.S. Environmental Protection Agency’s Loading Simulation Program C++ (LSCP) linked to U.S. EPA’s 
Environmental Fluid Dynamics Code (EFDC). 
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During dry to normal water-years the nutrient loads are relatively small.  However, during wet 
water-years the loads significantly increase.  This pattern of nutrient loading undoubtedly also 
occurred under pristine conditions, but just how pristine loads differ from current load estimates 
has not been determined.  Model results suggest that the infrequent wet water-years, with 
attendant high inflow to Lake Elsinore, greatly influence nutrient dynamics in the lake.  The 
model could be used as a basis for an extended (1948-2003) 55-year record of simulated inflow 
and nutrient loadings from the San Jacinto River.  The required meteorological data to run the 
model were not available prior to 1948.  Anderson (2001) examined the internal load and 
nutrient cycling in Lake Elsinore and developed nutrient budgets for 2000-2001.  Key findings 
from his investigations are: 
 

● Due to the low volume of inflow to the lake, external loads contributed only 
minor amounts of nitrogen and phosphorus to the lake.  This finding is consistent 
with Tetra Tech’s model results that indicated that external loads are minimal 
during dry water-years; 

 
● Internal nitrogen and phosphorus loads exceeded the nitrogen and phosphorus 

flux from bottom sediments.  Resuspension of fine organic sediments was 
therefore indicated as an important source of particulate-borne nitrogen and 
phosphorus in the water column.  Resuspension of sediment due to wind action 
and bioturbation23 was anticipated to increase water quality problems;  

 
● Year-to-year variability in internal phosphorus loads, taken together with other 

historical water quality data, indicates that Lake Elsinore is a dynamic system and 
far from any steady-state condition.  Evaporative losses without replenishment 
will result in the continued precipitation of calcium carbonate by 
evapoconcentration, which will keep the lake as a highly alkaline, high pH water 
body.  In addition, continued evaporation in the absence of replenishment, will 
promote greater resuspension of fine organic sediments containing nitrogen and 
phosphorus, thus facilitating internal nutrient loading and an associated decrease 
in water quality; and 

 
● Control of internal and, during wet years, external sources of nutrients, in 

conjunction with lake level stabilization, is necessary before significant water 
quality improvements would be realized. 

 
Anderson (2001) developed a simple, coupled water and phosphorus mass-balance model that 
fits well with observed phosphorus concentrations measured in the water column of Lake 
Elsinore.  This model has been used to evaluate the impacts of annually adding 15,000 acre-feet 
of recycled water containing different influent total phosphorus concentrations on lake total 
phosphorus, chlorophyll a, and Secchi depth.  The model has also been used to evaluate the use 
of recycled water coupled with a reduction in internal loading rates.  Various methods of 
controlling internal phosphorus loads in Lake Elsinore have also been evaluated.  The use of 

                                                 
23  Bioturbation is the mixing of sediment by the burrowing, feeding or other activity of living organisms, for 

example, the feeding behavior of the common carp. 
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alum and calcium for phosphorus control have not demonstrated their practicability, given 
current water quality conditions and lake levels (Anderson 2002a, 2002b). 
 
To date, the resolution of nutrient control issues (i.e., the reduction of both external and internal 
loads) and the acquisition of a sufficient supplemental water supply of reasonable quality to 
maintain Lake Elsinore at a stable water surface elevation (between 1,240 to 1,247 feet) have not 
been resolved.  In the interim, both short-term and long-term water quality goals have been 
adopted for the lake and incorporated as part of the Nutrient Removal Alternatives Study which 
is currently in progress.  Table 2-4 summarizes these goals.  It should be noted that stabilization 
of the lake level takes greater short-term priority than achieving the lake water quality goals. 
 

TABLE 2-4 
 

LAKE ELSINORE SHORT-TERM AND LONG-TERM WATER QUALITY GOALS 
Parameter Short-Term Goal Long-Term Goal 

Lake Water Surface Elevation 1,240 – 1,247 feet 1,240 – 1,247 feet 
Clarity Index Poor to good Poor to good 
Secchi Depth 1 – 2 feet 2 –4 feet 
Total Phosphorus <0.1 mg/L <0.05 mg/L 
Ortho Phosphorus <0.02 mg/L <0.01 mg/L 
Total Nitrogen <1.5 mg/L <0.75 mg/L 
Total Inorganic Nitrogen <0.3 mg/L <0.15 mg/L 
Chlorophyll a Average of 40 µg/L Average of 20 µg/L 
Dissolved Oxygen >1.5 mg/L at 3 feet from the bottom 

and 100% saturation from mid-depth 
to surface 

>3.0 mg/L at 3 feet from the bottom and 
100% saturation from mid-depth to 

surface 
Source:  Smith and Mouawad (2002). 

 
Concurrently with the Nutrient Removal Alternatives Study, the Regional Board has 
implemented the process for establishing nutrient loading objectives (i.e., total maximum daily 
loads, or TMDLs) for Lake Elsinore. 
 
The foregoing information focuses on nutrient load issues.  Nutrient loads directly influence the 
aquatic community dynamics and composition in Lake Elsinore, beginning with algal growth.  
Whether or not the short-term and long-term nutrient goals for Lake Elsinore can be achieved 
has a direct bearing on the success of the FMP. 
 
Non-nutrient Water Quality Conditions 
 
A number of water quality parameters have a direct influence on the suitability of the lacustrine 
environment for fish and other aquatic biota.  Most importantly among these parameters are 
water temperature, dissolved oxygen concentration, total dissolved solids/salinity, pH, unionized 
ammonia, and various toxics.  Each of these parameters is reviewed and evaluated in relationship 
to the physiological tolerances of the fish, zooplankton, and benthic macroinvertebrate 
communities of Lake Elsinore.   
 
Water quality data for Lake Elsinore was collected sporadically prior to 1975, usually when a 
fish kill occurred; however, the old data, and even the data collected by the U.S. Environmental 
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Protection Agency in 1975 for the National Eutrophication Study, is not necessarily reflective of 
current lake water quality conditions for several reasons.  First, land use in the watershed has 
changed with a significant increase in urbanization.  Second, the completion of the Lake Elsinore 
Management Project in 1995 has changed the lake’s hydrological dynamics.  Third, the rates of 
evaporation and evapoconcentration of various constituents has changed following the 
completion of the management project.  Unfortunately, the post-1994 water quality record for 
Lake Elsinore is very incomplete.  For purposes of evaluating the general non-nutrient water 
quality parameters previously listed, the data collected by Santa Ana Watershed Project 
Authority (SAWPA) between 1990 and 1997 were used in the following evaluations. 
 
Water Temperature 
 
Lake surface water temperatures show a predictable seasonal cycle with the coolest temperatures 
observed during the winter months and the warmest temperatures observed during the summer 
and early fall (Figure 2-6).  Surface water temperature is also directly influenced by water 
surface elevation (i.e., lake volume).  The higher the water surface elevation, the greater the lake 
volume to be warmed, therefore, water temperatures are cooler when the lake is close to full than 
when it is significantly reduced24 (Figure 2-6).   
 
When the water surface elevations of Lake Elsinore declined to less than about 1,235 feet, 
surface water temperatures during the summer typically exceeded 20ºC during the day, and 
occasionally approached 30ºC.  The range of water temperatures reported for Lake Elsinore do 
not typically reach critically lethal high temperatures or critically lethal low temperatures for 
those fish species currently found in the lake, except for rainbow trout.  Some of the water 
temperatures recorded are in the range known to impair growth and survival of some species.  
Table 2-5 summarizes the water temperature tolerances of the fish taxa25 currently occurring in 
the lake. 
 
Similarly, the water temperatures in Lake Elsinore typically remain at levels that are not lethal 
for the zooplankton taxa currently found in the lake, or for taxa that may become established in 
the future (Table 2-6).  As water temperatures approach 30°C, however, the reproductive success 
of some zooplankton species may be reduced (for example, see Daphnia).   
The principal impact of water temperature at Lake Elsinore is on the growth of sport fish during 
the winter period.  Generally, the high summer water temperatures do not typically reach levels 
that would significantly impair the growth of those fish species currently resident in the lake, 
even when the temperatures are not optimal for growth.  There may be some growth reduction 
for the channel catfish when summer temperatures are cooler than about 21ºC.  Similarly, while 
growth may cease during the winter period, there is no strong evidence that water temperatures 
become too cold to affect survival of juvenile and adult fish. 
 
 
                                                 
24  Some of the water temperature data collected beginning in 1994 and continuing until the end of the study 

are suspect.  For example, water temperatures during the winter of 1993-1994, the winter of 1994-1995, 
and again during the winter of 1995-1996, appear to be far too low, i.e., less than 5ºC.  This may also 
indicate that the warm-season water temperatures may have been mismeasured.  

25  Taxa is the plural of taxon which is a taxonomic group of any rank.  As used in the FMP, a taxon is defined 
at the species rank. 



Figure 2-6

SOURCE: Black and Veatch (1996);City of  Lake Elsinore (1997)
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TABLE 2-5 
 

WATER TEMPERATURE TOLERANCES FOR FISH SPECIES CURRENTLY OCCURRING IN LAKE ELSINORE 
Water Temperature (ºC) 

Species 

Upper 
Incipient 

Lethal 

Preferred 
or 

Optimum for Growth Spawning 

Growth 
Reduction 

Begins 
Growth 
Ceases 

Mortality 
Begins 

Lower 
Incipient 

Lethal Reference 
Threadfin shad   21-27  ≈ 12 <7 5 Parsons and Kimsey (1954); Griffith (1978) 
Common carp/ 
goldfish 

38 for fry, 
34.5 for 
adults 

28-30 for juveniles, 24 
for adults 

15-28 ≤ 13 and 
>30 for 

juveniles 

5 feeding 
ceases 

≤ 11 for 
embryos 

7 for fry Makino and Osima (1943); Berg (1949); 
Black (1953); Huet (1957, 1970); Meuwis 
and Huet (1957); Swee and McCrimmon 
(1966); McCrimmon (1968); Gribanov et al. 
(1968); Tatarko (1970); Adelman (1977) 

Channel catfish 39 for adults; 
35-38 for fry 

24-30 21-29; 26-28 
optimum 

<21 <18   Moss and Scott (1961); McCrimmon and 
LaFaunce (1961); Macklin and Soule (1964); 
Allen and Strawn (1968); Andrews and 
Strickney (1972); Starostka and Nelson 
(1974); Moyle (2002) 

Rainbow trout 24-27 15-18     <4 Moyle (2002) 
Striped bass 30  <25 15-20 

optimum 
   Moyle (2002) 

Bluegill 35 for adults; 
>34 for fry 

27-30 for adults; 25-32 
for fry; 22-27 for 

embryos 

18-20  <10 and >30 <11 for fry 2-5 Anderson (1959); Emig (1966); Banner and 
Van Arman (1973); Reynolds and Casterlin 
(1976); Hardin and Bovee (1978); Houston 
(1982); Moyle (2002) 

Redear sunfish 35 24-32 21-24 spawning 
begins 

    Twomey et al. (1984); Moyle (2002) 

Black crappie 37-38 22-25 for juveniles; 
27-29 for adults 

14-17 spawning 
begins; 18-20 

preferred 

 11   Schneberger (1972); Neill and Magnuson 
(1974); Brungs and Jones (1977); Moyle 
(2002) 

Largemouth bass 36-37 24-30 for adults; 30-32 
for juveniles; 27-30 for 

fry 

15-16 spawning 
may begin; 20-
21 optimum; 24 

maximum 

>36 
substantial 
reduction 
for adults 

and >32 for 
fry; <15 

≤ 10 or ≥  35 >30 for 
eggs; <10 

for 
embryos 

 Kramer and Smith (1960); Strawn (1961); 
Clungston (1966); Mohler (1966); Kelly 
(1968); Badenhuizen (1969); Coutant (1975); 
Brungs and Jones (1977); Carlander (1977); 
Venables et al. (1978); McCormick and 
Wegner (1981); Stuber (1982) 
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TABLE 2-6 
 

WATER QUALITY TOLERANCES FOR SELECTED ZOOPLANKTON GENERA 
ORDER 
     Family 
          Genus 

Water Temperature 
(°C) 

Dissolved 
Oxygen 
(mg/L) 

 
Salinity 
(mg/L) 

 
pH 

(units) 

Unionized 
Ammonia 

(mg/L) 

 
 

References 
ANOMOPODA (cladocerans) 
 Daphniidae 
  Daphnia 
 

 
>10 minimum; survival 

<30; 35-38 for very 
short periods of time; 

sensitivity to high 
temperatures increases 

if fed on toxic blue-
green algae;  optimum 

18-22; <24 for 
optimum egg hatching 

 

 
Can survive 
anaerobic or 

near-
anaerobic 

conditions for 
short periods; 
>1.0; 7.7-8.4 

in natural 
habitat 

 

 
1,500-3,000 

common; 4,000 
maximum for 

reproduction; LC50 
from 5,100-7,810; 

optimum about 
200 

 

 
Optimum between 7.2-

8.5; Acceptable 
between 6.5-9.5; found 

in lakes with pH 
between 3.8-5.0 and as 

high as 9.95 
 

 
0.0002-0.87 in 
natural habitat; 

0.81 EPA chronic 
value for genus at 
pH=8 and water 
temp-erature=25; 
2.42  EPA acute 

value for genus at 
pH=8 and water 
temperature=25 

 

 
Stross (1966); Davison (1969); Sprules 
(1975); Frey (1982); MacIsaac et al. 1985; 
Threlkeld 1986; Dodson and Frey (1991); 
Schuytema et al. (1997);EPA (1999); 
Maximov et al. 1999; Schallenberg and 
Burns (2003); Clare (2002); Lehman et al. 
(2004) 
 

  Ceriodaphnia 
 

27-30 under natural 
conditions; population 

growth rate decline 
when blue-green algae 

are present 
 

3.0-10.0 
 

Significant 
mortality at 7,000; 

optimum about 
300 

 

4.0-9.9 
 

1.05 EPA chronic 
value for genus at 
pH=8 and water 
temp-erature=25; 
1.69  EPA acute 

value for genus at 
pH=8 and water 
temperature=25 

 

Anderson 1974; Sprules (1975); Galat and 
Robinson (1983); Dodson and Frey (1991); 
EPA (1999); Schallenberg and Burns (2003); 
Lemma (2003) 
 

 Moinidae          
  Moina 
 

 
Range 5-31; optimum 
24-31; >32 for short 

periods 
 

 
Near 0 to 

super-
saturation 

 

 
Halophile.  Up to 

39,000; significant 
mortality at 18,000

 
Optimum egg hatching 

5-9; 7-8 preferred; 
<9.5 maximum 

 

  
Edmondson (1963); Galat and Robinson 
(1983); Rojas et al. (2001); Clare (2002); 
Rottmann et al. (2003) 
 

 Bosminidae 
  Bosmina 
 

 
19-30 in natural habitat 

 

 
8-8.4 in 

natural habitat
 

 
<8,000 for 

diapausing eggs; 
optimum about 

200 
 

 
4.0-9.95 

 

  
Berzins and Bertilsson (1990); Maximov et 
al. 1999; Schallenberg and Burns (2003); 
Bailey et al. (2004); Lehman et al. (2004) 
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TABLE 2-6 
 

WATER QUALITY TOLERANCES FOR SELECTED ZOOPLANKTON GENERA 
ORDER 
     Family 
          Genus 

Water Temperature 
(°C) 

Dissolved 
Oxygen 
(mg/L) 

 
Salinity 
(mg/L) 

 
pH 

(units) 

Unionized 
Ammonia 

(mg/L) 

 
 

References 
 Chydoridae 
  Alona 
 

   
Optimum about 

600 
 

 
4.9-8.4 

 

  
de Eyto (2001); Schallenberg and Burns 
(2003) 
 

  Chydorus 
 
 

22-27 in natural habitat 6 in natural 
habitat 

 5-9.2 Low tolerance 
 
 

Maximov et al. 1999; 
de Eyto and Irvine (2001) 

CTENOPODA (cladocerans) 
 Sididae 
 Diaphanosoma 
 

 
19-24 in natural habitat 

 
3.0-10.0 

 
About 3,000 in 

most natural 
habitats; 

significant 
mortality > 6,000 

 
4.2-9.95 

 
0.0002-0.17 in 
natural habitat 

 
Anderson et al. (1977; Sprules (1975); Galat 
and Robinson (1983); Lemma (2003); 
Lehman et al. (2004) 

 

CALANOIDA (calanoid copepods) 
 Diaptomidae 
  Diaptomus 
 

 
21-33 in natural habitat 

 

 
Can survive 
anaerobic or 

near-
anaerobic 

conditions for 
short periods; 

>1.0 
 

  
6.3-9.95 

 

 
0.0002-0.17 in 
natural habitat 

 

 
Pennak (1989); Lehman et al. (2004) 

 

  Eudiaptomus 
 

0-25 in natural habitat; 
21-25 preferred 

 

7.7-8.4 in 
natural 
habitats 

 4.2-9.4 0.0002-0.17 in 
natural habitat 

 

Maximov et al. 1999; Lehman et al. (2004) 
 

CYCLOPOIDA (cyclopoid copepods) 
 Cyclopidae 
  Mesocyclops 

 
19-15 in natural habitat 

 
8.6 in natural 

habitat 

  
8.0-9.5 

 
0.16-0.84 

 
Maximov et al. 1999 

 



2.  Environmental Setting 
 
 

 
 
2-24 

TABLE 2-6 
 

WATER QUALITY TOLERANCES FOR SELECTED ZOOPLANKTON GENERA 
ORDER 
     Family 
          Genus 

Water Temperature 
(°C) 

Dissolved 
Oxygen 
(mg/L) 

 
Salinity 
(mg/L) 

 
pH 

(units) 

Unionized 
Ammonia 

(mg/L) 

 
 

References 
PLOIMA (rotifers) 
 Branchionidae 
  Brachionus 
 

 
20-28 optimum 

metabolic rate with 
respiratory stress below 
and above this range; 
known to survive 40 

 

 
Can survive 
anaerobic or 

near-
anaerobic 

conditions for 
short periods; 

>1.0 
 

 
Halophile; 

tolerates 33,500; 
Known to survive 
with significant 

mortality at 
97,000; optimum 

about 300 
 

 
No significant effects 
on population density 

and growth rates 
between 5-8; 6.5-8.5 

swimming and 
respiration not 

significantly different; 
swimming depressed 
below 5.6 and above 
8.7; reported from 

lakes at 9.2 
 

 
LC50 values of 

20.4 and 17.7 at 
salinities of 
15,000 and 

30,000; 
reproduction 

decline 75; 75 
mortality within 

two days 
 

 
Ito (1960); Epp and Winston (1978); Epp and 
Lewis (1980); Snell et al. (1987); Snell and 
Persoone 1988; Wallace and Snell (1991); 
Hettiarachchi et al. (1995); Schallenberg and 
Burns (2003); Lemma (2003); Arauzo and 
Valladolid (2003) 
 

  Euchhlanis 
 

20-30 in natural habitat 
 

4.8 in natural 
habitat 

 

Optimum about 
100-400 

6.5-7.8 
 

0.12-0.65 
 

Maximov et al. 1999 
 

  Keratella 
 
 

20-26 in natural habitat 3.0-10.0  6.3-9.95 0.0002-0.76 Maximov et al. 1999; Schallenberg and 
Burns (2003); Lemma (2003); Lehman et al. 
(2004) 
 

FLOSCULARIACEA (rotifers) 
 Hexarthridae 
  Filinia 

 
Tolerant of high 

temperatures; reported 
from 4-6 

 
0.6-13.3 

 
Optimum about 

300 

 
6.3-9.95 

 
0.0002-0.17 

 
Mikschi (1989); Schallenberg and Burns 
(2003); Lemma (2003); Lehman et al. (2004) 
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The previous conclusions should be considered in the context of the entire water quality 
environment faced by fish and invertebrates.  Water temperature in conjunction with other 
stressors, for example, low dissolved oxygen concentrations, may have a cumulative effect that 
cannot be predicted when considering temperature in isolation.  In addition, other factors 
influence the response of individual organisms to water temperatures, including thermal history 
(i.e., acclimation temperature), health, and age.   
 
Dissolved Oxygen Concentration 
 
Dissolved oxygen (DO) concentrations, measured at the surface and bottom of Lake Elsinore 
during the 1990 through 1997 monitoring study are illustrated in Figure 2-7.  A wide range in 
concentrations are recorded, depending on the time of the year and the various biotic activities 
taking place in the lake.  Surface water DO values typically range from maximums as much as 
20 mg/L to minimums approaching zero.  Bottom DO concentrations are typically lower than 
surface concentrations.  Near the bottom, DO concentrations less than 5 mg/L are common.  
Table 2-7 summarizes experimental and empirical data on the dissolved oxygen tolerances of 
fish species currently occurring in the lake, and some invertebrate groups typical of lacustrine 
benthic communities (absent the common carp).  Table 2-6, previously presented, summarizes 
similar dissolved oxygen tolerance data for selected zooplankton genera. 
 
The data presented in Tables 2-6 and 2-7 must, like the data for water temperature, be considered 
in the context of the environment the fish and invertebrates are acclimated to.  Nevertheless, 
these data indicate that dissolved oxygen concentrations are, at times, a significant parameter 
affecting the fish, zooplankton, and benthic communities of the lake.  The sensitivity of fish to 
low DO concentrations differs among species, between various life stages (e.g., eggs, fry, and 
adults), and among the different life processes (e.g., feeding, growth, and reproduction: processes 
that may depend on swimming ability and specialized behavior (Alabaster and Lloyd 1980).  
Direct lethal effects on fish are influenced by the age of fish (young fish are typically less 
tolerant), water temperature (in general, the minimum DO that fish are able to tolerate increases 
as temperature increases), DO acclimation levels, and interactions with other toxics and carbon 
dioxide (CO2).  Sudden exposure to a moderately high concentration of carbon dioxide causes a 
normally tolerable low DO concentration to be rapidly fatal, but prior acclimation to the carbon 
dioxide level removes much of this effect. 
 
Generally, for entire fish communities of moderately tolerant fishes, such as currently occur in 
Lake Elsinore, the annual 50th percentile and 5th percentile DO values should be greater than 
5 mg/L and 2 mg/L, respectively.  For salmonids,26 the values should be 9 mg/l and 5 mg/L, 
respectively (Alabaster and Lloyd 1980).  The data on DO concentrations at Lake Elsinore 
indicate that low dissolved oxygen levels may be a significant seasonal problem.  Low DO 
concentrations in conjunction with high water temperatures, among other factors, are likely 
instrumental in triggering the periodic fish kills at Lake Elsinore.  The topic of fish kills is 
addressed later in the discussion of water quality. 

                                                 
26  Salmonids are fish in the family Salmonidae, which includes salmon and trout. 
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TABLE 2-7 
 

DISSOLVED OXYGEN TOLERANCES FOR FISH SPECIES 
CURRENTLY OCCURRING IN LAKE ELSINORE 

Dissolved Oxygen Concentration 
(mg/L) 

Species Lower Lethal Growth or Survival Impaired Reference 
Threadfin shad American Shad 

(<2) 
< 3.1 Stier and Crance (1985) 

Common carp/ 
goldfish 

1.0-1.6  
for fry depending 
on temperature 

2.1 juvenile growth impaired; ≤ 
6 egg hatch reduced 

Privolnev (1954); Downing and 
Merkens (1957); Chiba (1965); 
Doudoroff and Shumway (1970); 
Askerov (1975); Kaur and Toor (1978) 

Channel catfish 1 for adults and 
juveniles 

≤ 3 growth impaired; ≤ 5 
feeding impaired; 5.8 embryo 
survival reduced; 1.7 embryos 

will not hatch 

Moss and Scott (1961); Simcoe and 
Cross (1966); Allen and Strawn (1968); 
Carlson et al. (1974); Randolf and 
Clemens (1976) 

Rainbow trout < 3 4 – 4.5 Raleigh et al. (1984); Alabaster et al. 
(1980) 

Striped bass  3-5 for short periods Moyle (2002) 
Bluegill 0.75 to 1.50  

at 25ºC 
5 external signs of stress: 3 

surface swimming; 1 feeding 
ceases 

Moss and Scott (1961); Petit (1973) 

Redear sunfish Similar to bluegill Twomey et al. (1984) 
Black crappie  1.4 causes mortality Sigler and Miller (1963) 
Largemouth bass 1.0-2.0 

depending on 
temperature 

≤ 8 growth decreases; 5 behavior 
distress; 2-3.5 incubation 
impairment depending on 

temperature 

Moss and Scott (1961); Mohler (1966); 
Emig (1966); Stewart et al. (1967); 
Dudley (1969); Petit (1973) 

Typical Trichoptera, 
Ephemeroptera, 
Plecoptera, Odonata 

2.5-3.5  Surber and Bessey (1974) 

Most resistant 
Ephemeroptera, 
Odonata, Amphipoda 

<1  Surber and Bessey (1974) 

 
 
Most zooplankton species are typically tolerant of a wide range of DO concentrations and can 
survive very low concentrations for short periods of time (Table 2-6).  Zooplankters prefer, like 
fish, moderate DO concentrations that exceed about 75 percent oxygen saturation. 
 
The current benthic macroinvertebrate community of Lake Elsinore is restricted to a few species 
very tolerant of low DO concentrations, for example, tubificid worms (Family Tubificidae: 
sludge worms).  In general, DO concentrations near the lake bottom during the summer period 
are not currently suitable for most benthic organisms to thrive, even if the common carp were 
absent from the lake.  To develop a more diverse benthic community that includes aquatic insects 
and other groups preferred as food by sport fish, the DO levels of the lake must be increased to 
levels greater than 5 mg/L. 
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Total Dissolved Solids/Salinity 
 
Total dissolved solids (TDS) represents the total amount of solids (mg/L) remaining when a 
filtered water sample is evaporated to dryness.  In principle, it is the sum of all dissolved 
constituents, with bicarbonate converted to equivalent carbonate.  Salinity has a similar meaning 
as TDS.  TDS includes all dissolved solids including minerals, dissolved organic compounds, 
and other neutral/non-ionized compounds.  Salinity measures only the salts (ionic compounds).  
Usually, the salts make up a majority of TDS so values are often considered equivalent.  For this 
review, the terms TDS and salinity are considered to be identical measures.  Fresh waters are 
potable waters (i.e., drinkable waters) that contain less than about 1,000 mg/L TDS.  Brackish 
waters are too saline to be potable, but are less saline than seawater (35,000 mg/L TDS), and 
range in TDS concentrations from about 1,000 to 20,000 mg/L.  Lake Elsinore is typically a 
brackish water lake until it fills to about 1,253 feet, or just slightly less than the outlet sill 
elevation of 1,255 feet (Figure 2-8).   
 
The relationship between TDS and lake water surface elevation (a surrogate measure for lake 
volume) is complex and requires further discussion.  As a general observation, it has been 
historically true that when the lake water surface elevations are low (i.e., lake volumes are low) 
due to a prolonged periods of inadequate inflows from the San Jacinto River, TDS steadily 
increases due primarily to evapoconcentration of dissolved constituents. Conversely, when the 
lake receives substantial inflows during wet water-years, the inflows serve to bring low salinity 
water to the lake, thereby reducing TDS concentrations (Figure 2-8).  In reality, historical TDS 
concentrations in Lake Elsinore are a function of: 1) the influent salinity levels; 2) the frequency, 
duration and magnitude of inflows to the lake; 3) the evaporation rates; 4) the frequency of lake 
flushing; and 5) the aqueous geochemistry of the system.  In the future, as recycled water and 
well water is added to the lake to help stabilized water levels, the TDS dynamics become more 
complex.  Dr. Michael Anderson of the University of California, Riverside, provides the 
following example to illustrate this complexity and to demonstrate the importance of flushing 
flows in reducing TDS concentrations (M. Anderson, pers. comm., 2004). 
 
Assume that about 5,000 acre-feet of water from each of the three sources (i.e., natural runoff, 
recycled water, and island well water) are added each year to Lake Elsinore which has an initial 
volume of 40,000 acre-feet and an initial TDS concentration of about 1,700 mg/L (approximately 
2004 levels).  The TDS levels of the water added to the lake are:  natural runoff = 500 mg/L; 
recycled water = 600 mg/L; and island well water = 1,000 mg/L.  The volume of these three 
water sources (i.e., 15,000 acre-feet) approximately offsets the evaporative losses from the lake 
(3,120 acres x 4.68 feet of evaporation per acre = 14, 602 acre-feet).  Ignoring any geochemical 
losses, for example, precipitation of calcium carbonate (CaCO3), and assuming no significant 
losses to groundwater, it is estimated that 12,957 metric tons of salts will be added each year to 
Lake Elsinore, thereby increasing the TDS level by 264 mg/L per year.  In this example 
illustrating constant lake inflow and constant lake surface water elevation, salinities will increase 
to over 3,000 mg/L within five years, and over 4,000 mg/L in nine years (Figure 2-9). 
 
Dr. Anderson notes that natural variability in runoff will result in much more variable TDS levels 
over time; however, the example illustrates the probability of increasing salinity levels, 
punctuated by reductions in salinity due to periodic increases in runoff during wet water-years.  
The inescapable conclusion is that periodic flushing and refilling of Lake Elsinore is necessary  
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Source: (Black and Veatch (1996); USGS (2003b)
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Figure 2-9

SOURCE: Black and Veatch (1996)
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to avoid chronic high salinity levels.  This conclusion has significant implications for the 
successful establishment of aquatic species in the lake, as recognized in the following 
discussions. 
 
Freshwater fish have varying tolerances to TDS/salinity.  The highly variable volume of Lake 
Elsinore suggests that the lake might become too saline for some species as it declines in surface 
water elevation.  Table 2-8 summarizes the reported TDS/salinity tolerances for fish species 
currently occurring in Lake Elsinore.  Table 2-6 summarizes similar information for selected 
zooplankton genera. 
 

TABLE 2-8 
 

SALINITY TOLERANCES OF FISH SPECIES  
CURRENTLY OCCURRING IN LAKE ELSINORE 

Species 

Tolerance or 
Upper Limit 

(mg/L) 

Growth Impairment or 
Mortality 

(mg/L) Reference 
Threadfin shad Can survive in seawater but less 

abundant as salinity increases 
Increasing salinity inhibits 
reproduction 

Moyle (2002) 

Common 
carp/goldfish 

Can survive at 16,000; Prolonged 
exposure to 7,200 lethal; Lethal to 
juveniles at 6,000; Lethal to fry at 4,000 

 Soller et al. (1965); 
Askerov (1975); Becker 
(1983); Moyle (2002) 

Channel catfish Generally not found at salinities greater 
than 10,000; Optimum for fry at 5,000 

Growth decreases at 
>8,000; Growth stops at 
11,000 

Perry and Avault (1968); 
Allen and Avault (1970); 
Moyle (2002) 

Rainbow trout Some strains can tolerate alkaline waters  Moyle (2002) 
Striped bass Can live in seawater  Moyle (2002) 
Bluegill Found at salinities up to 5,000; Prefers 

1,000-2,000; Lethal at 12,000; Osmotic 
stress at 8,000 

 Peterson et al. (1987); 
Moyle (2002) 

Redear sunfish Can tolerate up to 20,000; Typically 
found at 5,000-12,000 

 Peterson (1988); Moyle 
(2002) 

Green sunfish Avoids 1,000-2,000  Peterson (1988); Moyle 
(2002) 

Black crappie Can tolerate up to 10,000; Typically 
found at 1,000-5,000 

 Louder (1963); Carver 
(1966); Moyle (2002) 

Largemouth 
bass 

Can tolerate up to 16,000; Avoids 
greater than 5,000; Typically found at 
>3,000 

Abundance declines at 
4,000; Unsuitable for 
spawning at >5,000; Fry 
growth declines at 1,700; 
Embryo survival impaired 
at 1,500 

Swingle (1956); Tebo and 
McCoy (19964); Peterson 
(1988); Swift et al. 
(1997); Moyle (2002) 

 
The most salinity-sensitive fish species currently occuring in Lake Elsinore is the green sunfish.  
This species typically only occurs in freshwater in its native habitat.  During fish sampling in 
2003, only one green sunfish was captured indicating that this species is currently rare in the 
lake.  During surveys by the California Department of Fish and Game in 2002, no green sunfish 
were recorded.  The green sunfish was first stocked in Lake Elsinore in 1895, and it was reported 
to be abundant when the lake was full.  While the decline of the green sunfish may be due to 
numerous factors, the lake has become too saline in recent years for this species to thrive. 
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The TDS levels currently occurring in Lake Elsinore may also be affecting the reproduction and 
growth of largemouth bass.  Fry growth begins to be impaired at TDS concentrations greater than 
1,700 mg/L, and the mortality of developing embryos begins to increase at concentrations greater 
than 1,500 mg/L (Table 2-8).  Currently (2003), largemouth bass are uncommon in Lake 
Elsinore.  Salinity appears to be one factor affecting the ability of this species to survive in the 
lake. 
 
Some of the zooplankton genera currently known to occur in Lake Elsinore are halophiles, that 
is, they are adapted to thrive in saline habitats (Table 2-6).  As a general statement, most 
zooplankton species prefer rather low salinities of less than 1,000 mg/L; however, most taxa are 
adapted to the typical salinity levels found in Lake Elsinore.  As salinity levels increase and 
approach 4,000 mg/L, the reproductive success of some taxa is reduced (for example, see 
Daphnia).  During wet water-years when a significant volume of low-salinity runoff enters Lake 
Elsinore and the lake volume expands, salinity is reduced to levels more favorable for 
zooplankton reproduction.  Adding high TDS recycled water to the lake or pumping high TDS 
groundwater from the three island wells should only proceed after the impacts to the lake biota 
are evaluated. 
 
pH 
 
Lake Elsinore is highly alkaline with reported pH27 values ranging from an average low of 8.19 
(30 April 1993) to a high of 11.09 (15 July 1993) (Figure 2-10).  Typically, pH ranges in Lake 
Elsinore from 9 to 10.  pH does not respond in a predictable way to changes in water volume.  
There is no definite pH range within which a fish community is unharmed and outside which it is 
adversely affected, but rather there is a gradual deterioration as the pH values are further 
removed from the neutral range (i.e., about 7) (Alabaster and Lloyd 1980).  As a general 
statement, the pH range which is not directly lethal to fish ranges from 6 to 9, other influencing 
factors being benign.  Table 2-9 summarizes information, to the extent known, on the upper pH 
tolerances of fish species currently occurring in Lake Elsinore, and Table 2-6 summarizes pH 
tolerance data for zooplankton.  For fish, the primary toxic effect of elevated pH levels is to 
destroy the gill and skin epithelium.  Adverse impacts to the lens and cornea of fish eyes have 
also been reported. 
 
As previously stated, pH values between 6 and 9 are harmless to fish, although the toxicity of 
other substances may be affected by pH values within this range (e.g., greater potential for the 
unionized form of ammonia at high pH).  As pH increases above 9.0 to 9.5, adverse affects to 
rainbow trout begin to occur.  Above 9.5, pH is lethal to rainbow trout when exposed for long 
periods of time.  Some fish can withstand pH values greater than 10 for short periods, but this pH 
level is lethal for prolonged periods.  Research with fishes commonly raised in aquaculture, 
including largemouth bass, indicates that pH readings above 9 result in reduced fish growth 
(Buttner et al. 1993). 
 

                                                 
27  pH is the negative logarithm of the hydrogen ion (H+) concentration, giving a measure of acidity on a scale 

from 0 (acid) through 7 (neutral) to 14 (alkaline). 
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TABLE 2-9 
 

UPPER PH TOLERANCES OF FISH SPECIES  
CURRENTLY OCCURRING IN LAKE ELSINORE 

Species 

Tolerance or 
Upper Limit 

(units) 

Growth Impairment 
or Mortality 

(units) Reference 
Threadfin shad No data   
Common carp/goldfish Lethal at 10.5   European Inland Fisheries 

Advisory Commission (1969) 
Channel catfish No data   
Rainbow trout >10.1  Jordan and Lloyd (1964) 
Striped bass Lethal to juvenile wipers at 

10 
 Summerfelt (2003) 

Bluegill Lethal >10.3 Distress and some 
mortality at 9.6 with 

DO at 5 mg/L 

Wiebe (1931); Trama (1954); 
Ultsch (1978) 

Redear sunfish No data   
Black crappie No data   
Largemouth bass Unsuitable for spawning >10  Swingle (1956) 
 
`While some zooplankton species have been reported from waters where the pH approaches 10, 
the preferred range of this community is in the 6 to 8 pH range.  The pH levels in Lake Elsinore 
periodically exceed levels for optimum zooplankton growth and reproduction (Table 2-6), and 
probably survival.  High pH levels coupled with low DO concentrations, high water 
temperatures, and other water quality constituents are likely to negatively impact the 
zooplankton community of Lake Elsinore during the summer period. 
 
In neutral to low alkalinity lake ecosystems, photic zone pH fluctuations of several units per day 
are to be expected.  Phytoplankton photosynthesis and respiration can act to drive the weak acid 
carbonate chemistry towards more acidic or more basic conditions, depending upon the time of 
day and activity level of the phytoplankton community.  In the morning, pH is low due to 
overnight respiration and production of carbon dioxide, which drives the carbonate chemistry 
towards acidic conditions (high hydrogen ion concentrations).  In the afternoon, when 
photosynthesis is occurring rapidly, carbon dioxide is depleted and thus, carbonic acid is 
removed from the system and pH increases.  Bicarbonate ions can also be combined during 
phytoplankton photosynthesis to form carbonate, which also increases pH by removing hydrogen 
ions.  Consequently, the lowest pH of the day is typically associated with lowest dissolved 
oxygen concentration and the highest pH with the highest dissolved oxygen levels (Jordan and 
Lloyd 1964). 
 
However, in highly alkaline lakes (>200 mg/L bicarbonate), the bases associated with alkalinity 
react with and buffer acids, resulting in a much lower diel28 fluctuation in lake pH.  The 
carbonate and bicarbonate alkalinity will buffer both acids and bases.  When carbon dioxide 
production is high, alkalinity serves to trap the excess carbon dioxide.  This stored carbon 
dioxide can later be used by phytoplankton during photosynthesis.  Additionally, if alkalinity is 

                                                 
28  Diel means daily cycle or 24 hours. 
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high and dominated by calcium and magnesium carbonates, they will precipitate out of solution 
forming limestone at a pH greater than 8.3. 
 
The high alkalinity of Lake Elsinore suggests that diel pH fluctuations would be minimal and pH 
would remain within the ‘normal’ range of 6.5 to 9.  However, Lake Elsinore has a high pH and 
experiences large pH fluctuations despite the very high alkalinity (>700 mg/L).  This suggests 
that algal production is so great as to exceed the lake buffering capacity.  Additionally, at pH 
above 8.3, calcium and magnesium carbonates would precipitate out and, therefore, alkalinity 
would be reduced.   
 
There are no accurate data on the effect of high pH values on fish at different levels of dissolved 
oxygen.  In one study by Wiebe (1931), it was reported that bluegill showed distress and some 
mortality in water with a pH of 9.6 and a dissolved oxygen concentration of 5 mg/L (Table 2-9).  
The same study found that bluegill were unaffected in water with a pH of 9.5 when the dissolved 
oxygen was 10 mg/L.  If other parameters remained steady, then this study suggests that as pH 
increases and dissolved oxygen declines, adverse impacts to fish, perhaps mortality, may occur.  
Field observations of fish kills have not been adequately documented to separate the effects of 
pH from other lethal factors, although elevated pH levels contribute to the likelihood of fish kills. 
 
Alabaster and Lloyd (1980) reported that they could find no data on the effect of high pH on fish 
growth.  It seems probable, however, that as pH levels increase, especially above 9.5 when some 
studies have demonstrated reduced survival in some fishes, that growth would be impaired if the 
exposure was prolonged. 
 
The pH data from Lake Elsinore indicate that the acute extremely high pH levels periodically 
observed during the summer may adversely impact the fish and zooplankton communities, 
perhaps even contribute to mortality.  The typical range of pH values between 9 and 10 may 
adversely impact fish and zooplankton in Lake Elsinore, but the evidence for this has not yet 
been developed.  It is likely that pH contributes to adverse impacts when other parameters, for 
example DO, water temperature, and unionized ammonia, are also stressing the aquatic 
community. 
 
Total Ammonia Nitrogen and its Fractions 
 
Total ammonia nitrogen (TAN) includes two forms of ammonia: ammonia (NH3), the unionized 
form, and the ammonium ion (NH4

+).  It has long been known to scientists that the unionized 
fraction of ammonia (UIA) is poisonous to fish, even in small concentrations (Wuhrmann and 
Woker 1948).  The harmful effects of ammonia are related to the pH and temperature of the 
water.  Unionnized ammonia increases with increasing pH and with increasing water temperature 
(Thurston et al. 1979).  Toxicity from high TAN concentrations is more likely when high pH and 
high temperatures occur in mid-summer when the production of algal populations is high.  At 
typical summer surface water temperatures in Lake Elsinore (20-25ºC) and typical pH levels 
(9-10), the fraction of TAN that is unionized ammonia ranges from 28.4 to 85.0 percent 
(Thurston et al. 1979).  Depending on the TAN concentration, UIA may reach levels known to 
kill fish.  Interestingly, acclimation to low and fluctuating levels of ammonia has been shown to 
increase acute lethal toxicity in fish (Thurston et al. 1981). 
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The impact of UIA on zooplankton is not well known.  Table 2-6 summarizes some UIA 
tolerance data from the scientific literature.  The limited data available suggest that many 
zooplankton species are relatively tolerant of UIA.  Whether high concentrations of UIA impair 
growth and reproduction in zooplankton is unclear.  It is likely that UIA in combination with 
other water quality constituents may act to impair growth, reproduction, and survival of some 
zooplankton species under conditions that lead to fish kills in the lake. 
 
The mechanisms of ammonia toxicity for fish have been reviewed by Riffer (1981). Some of 
these mechanisms are: gill damage leading to suffocation, osmoregulation dysfunction (bloating) 
causing kidney failure, and inhibition of ammonia excretion leading to neurological and 
cytological failure.  Chronic exposure to sublethal ammonia concentrations can result in reduced 
growth, destruction of gill tissue, and increased susceptibility to disease (Soderberg et al. 1983). 
 
The major source of ammonia in Lake Elsinore is believed to be the fish community itself, 
particularly the carp population, which in 2003 was estimated to exceed one million fish (over 
1,000 pounds per acre = about 500 fish per acre based on average weight per fish).  Fish excrete 
ammonia via their gills, urine, and feces as a byproduct of metabolism.  Ammonia is removed 
from the lake by the action of Nitrosomonas bacteria that initially converts ammonia into nitrite 
(itself a fish toxicant),29 and subsequently by Nitrobacter bacteria that converts the nitrite into 
nitrate.30    
 
Alabaster and Lloyd (1980) state that fish species differ only slightly in their tolerance to 
ammonia.  These authors state: “The difference in tolerance is more significant for short periods 
of exposure, and is not great enough to justify different [water quality] criteria for different 
species.”  Much of the scientific literature analyzing the impacts of UIA on fish is based on 
experiments of short duration.  Such tests provided information on acute exposures, but were not 
of sufficient duration to determine chronic effects (i.e., LC50).31  The experimental results 
indicated that some fish, for example, common carp, were more resistant to UIA effects that 
other species over short-time periods, but that over prolonged exposures most of the fish tested 
had similar sensitivities. 
 
The UIA tolerances are known for only a few of the fish occurring in Lake Elsinore; however, 
the experimental and field data in the scientific literature were measured under such a wide range 
of environmental conditions (particularly water temperature and pH) and exposure durations, that 
the information is largely not applicable to field conditions at Lake Elsinore.  For the evaluations 
completed for this FMP, the water quality criteria for UIA included in the Regional Water 
Quality Control Plan for the Santa Ana Basin (Basin Plan) were used as indices of fish 
impairment.  Lake Elsinore is designated a WARM32 waterbody in the Basin Plan.  The Basin 
Plan does not include UIA calculations for waterbodies that consistently have a pH range from 9 
to 10, like Lake Elsinore.  Therefore, the pH range 8 to 9 was used in conjunction with the Basin 
                                                 
29  Concentrations of 0.5 mg/L have been demonstrated to reduce fish growth. 
30  Fish can tolerate nitrate to several hundred mg/L. 
31  LC50 means “Lethal Concentration, 50% mortality,” and is the exposure level required to kill one-half of the 

test population in a specified time period, usually 24, 48, or 96 hours.  
32  WARM (Freshwater Warm Habitat).  Waters support warmwater ecosystems that may include, but are not 

limited to, preservation and enhancement of aquatic habitats, vegetation, fish, and wildlife, including 
invertebrates. 
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Plan formulas for water temperatures.  The WARM acute (1-hour) objective for UIA and the 
WARM chronic (4-day) concentration both vary with water temperature. 
 
To determine if UIA was likely to be adversely impacting the fish community of Lake Elsinore, 
the concentrations of UIA in water surface samples were calculated based on the water quality 
data collected by SAWPA between 1992 and 1996.  The following formula was used to calculate 
UIA: 
 
 Percent UIA = 100/(1 + antilog (pKa – pH)) 

where pKa = the negative logarithm of the ionization constant (Emerson et al. 
(1975). 

 
Two alternative sets of results are illustrated in Figure 2-11.  Graph A in Figure 2-11 illustrates 
the calculated UIA concentrations in solution at the lake surface using the measured water 
sample pH in the calculations.  Graph B is based on the research reported in Alabaster and Lloyd 
(1980) that suggested that at pH levels greater than 8.0, the average pH of the water at the gill 
surface for the fish is unlikely to exceed 8.0 and that the effective concentrations of UIA for pH 
values above 8.0 should be calculated by substituting 8.0 for the measured pH of the water.  This 
hypothesis is based on research conducted on rainbow trout (Lloyd and Herbert 1960).  These 
authors suggested that it is not the pH value of the ambient water solution that was important in 
determining the toxicity of ammonia, but the pH value of the water at the gill surface.  Alabaster 
and Lloyd (1980) state: 
 

“[The toxicity of ammonia] depends on the effect which the respiratory carbon dioxide 
produced by the fish has on the pH value of the water, and its magnitude depends upon 
the concentration of free carbon dioxide already present in solution.  If the concentration 
of free carbon dioxide in the water is very low [as it is in Lake Elsinore during the day 
during the summer when the algal community is rapidly consuming carbon dioxide for 
photosynthesis], the amount excreted by the fish will considerably reduce the pH value at 
the gill surface, but the extent of this pH change will become less as the level of free 
carbon dioxide rises in the bulk of the water.” 
 

Alabaster and Lloyd (1980) caveat this statement, however, by stating that the magnitude of this 
effect may be less for those fish with low respiratory efficiency (like carp) because they excrete 
only relatively small amounts of carbon dioxide into the respiratory water flow. 
 
Graphs A and B also illustrate the Basin Plan objectives for acute and chronic exposure to UIA.  
The SAWPA water quality data collected between 1992 and 1996 included 45 water samples that 
included sufficient information to calculate UIA as nitrogen (UIA-N) for comparison with the 
Basin Plan acute and chronic exposure standards.  The data in Graph A indicate that UIA levels 
frequently exceed the Basin Plan objective for chronic exposure by significant concentrations 
(71% of all samples) and periodically exceedence the objective (18%) for acute exposure.  If the 
hypothesis proposed by Lloyd and Herbert (1960) is valid for fish other than rainbow trout, then 
the UIA concentrations at the fish gill-water interface do not appear to be acutely or chronically 
toxic (Graph B).   
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The Basin Plan objectives are designed to protect aquatic resources from adverse impacts.  To 
determine if the UIA concentrations greater than the objectives reached concentrations that were 
likely to result in fish mortality, information on the UIA tolerance of several fishes were 
reviewed. 
 
Field measurements of UIA concentrations in ponds found mortality of carp when the UIA 
concentration reached 0.5 mg/L at a dissolved oxygen level of 6 mg/L, but when the DO level 
was only 2 mg/L the lethal UIA level was 0.2 mg/L (Vamos and Tasnadi 1967).  The pH and 
water temperature conditions in this study were not reported.  Alabaster and Lloyd (1980) state 
that there are other records of carp mortality in ponds where a combination of high water 
temperature, high pH, and high ammonia concentration were present. Wurts (2003) states that an 
unionized ammonia concentration of 0.019 mg/L is acceptable for channel catfish production.  
Buttner et al. (1993) state that for freshwater fish generally, reduced growth and increased 
susceptibility to disease may occur if fish are continuously exposed to UIA concentrations of 
more than 1.02 mg/L. 
 
High UIA levels may persist for only a few hours, but this is more than sufficient time to result 
in acute mortality.  Based on the available literature, it seems more likely that Figure 2-11, Graph 
A, more closely depicts the UIA concentrations facing the fish community of Lake Elsinore.  
Information from the literature suggests that the UIA concentrations in Lake Elsinore do reach 
levels that will adversely impact and even kill fish.  The role of UIA concentrations in relation to 
fish kills will be discussed later in this chapter. 
 
A wide variety of substances occurring in freshwater are toxic to fish under the right conditions.  
The U.S. Environmental Protection Agency (EPA) promulgated numeric water quality criteria 
for priority toxic pollutants for the State of California on 18 May 2000 (65 FR 31682-31719).  
This rule, known as the California Toxics Rule (CTR), supercedes the national recommended 
numeric criteria for priority toxic pollutants established by the EPA (U.S. EPA 2002) when there 
is a difference in numeric criteria between the CTR and the national recommendations.  Water 
quality data collected for Lake Elsinore by SAWPA from 1992 through 1996 were compared to 
the acute and chronic water quality criteria developed for aquatic life in the CTR and the national 
recommendations to determine if any constituents were at concentration levels likely to 
adversely affect the biotic community.  Table 2-10 summarizes the results. 
 
The data listed in Table 2-10 for Lake Elsinore are based on a limited number of water samples 
(29 or less, depending on the constituent) collected over a four-year period.  In addition, the 
samples reported as “Not Detected” (cadmium, mercury, and selenium) may only reflect the 
detection limits used by the laboratory.  Constituent concentration variation was high for lead, 
thus preventing any firm conclusions to be drawn about the typical concentrations of lead in 
Lake Elsinore and, consequently, its impact, if any, on the aquatic community.   
 
The results of water column bioassays completed by the Regional Board led the Regional Board 
to conclude that the lake water had no cumulative toxic effect on the fathead minnow 
(Pimephales promelas) during dry- or wet-weather environmental conditions.  The toxicity 
testing data for Ceriodaphnia33 suggested that some reproduction impairment may occur during  
                                                 
33  Ceriodaphnia is a cladocern crustacean commonly called a “water flea.” 
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TABLE 2-10 
 

CALIFORNIA TOXICS RULE AND U.S. EPA FRESHWATER AQUATIC LIFE 
CRITERIA FOR TOXIC POLLUTANTS COMPARED TO WATER COLUMN TOXIC 

POLLUTANT DATA FOR LAKE ELSINORE 

Pollutant 

Acute12 

Concentration 
(µg/L) 

Chronic12 
Concentration 

(µg/L) 
Concentrations Reported 

From Lake Elsinore (µg/L)

Possible Adverse Effect 
to the Aquatic 
Community? 

Arsenic 340  150 Not detected – 36 Not likely 
Cadmium1 7.1 (3.2) 3.4 (0.37) Not detected Inconclusive2 
Copper3 21 13 Not detected – 23 Likely4 
Lead5 140 5.3 Not detected – 6 Inconclusive6 
Mercury 1.4 0.77 Not detected Inconclusive7 
Selenium 20.0 5.0 Not detected Inconclusive8 
Silver9 8.2 (7.6) No criterion Not detected – 19 Possible10 
Zinc11 170 170 Not detected – 61 No 
Alkalinity No criterion 20,000 188- 940 No 
Sources: U.S. Environmental Protection Agency. National Recommended Water Quality Criteria (2002). 
 SAWPA water quality data, 1992-1996. 
Notes: 
1 Criteria based on a hardness of 150 mg/L.  Cadmium toxicity declines as hardness increases. Hardness values for Lake Elsinore are 

typically around 150 mg/L, therefore the toxicity criteria is similar to those listed. 
2 See text narrative. 
3 Criteria based on a hardness of 150 mg/L.  Copper toxicity declines as hardness increases. Hardness values for Lake Elsinore are typically 

around 150 mg/L, therefore the toxicity criteria is similar to those listed. 
4 See text narrative. Data is insufficient for actual determination, however measured values exceeded both acute and chronic criteria. 
5 Criteria based on a hardness of 150 mg/L.  Lead toxicity declines as hardness increases. Hardness values for Lake Elsinore are typically 

around 150 mg/L, therefore the toxicity criteria is similar to those listed.  Data is insufficient for actual determination, however at least one 
measurement exceeded the chronic criteria. 

6 See text narrative. 
7 See text narrative. 
8 See text narrative. 
9 Criteria based on a hardness of 150 mg/L.  Silver  toxicity declines as hardness increases. Hardness values for Lake Elsinore are typically 

around 150 mg/L, therefore the toxicity criteria is similar to those listed. 
10 See text narrative. Data is insufficient for actual determination, however at least one measurement exceeded the acute criteria. 
11 Criteria based on a hardness of 150 mg/L.  Zinc toxicity declines as hardness increases. Hardness values for Lake Elsinore are typically 

around 150 mg/L, therefore the toxicity criteria is similar to those listed. 
12 U.S. EPA California Toxics Rule (2000).  Where values for the U.S. EPA criteria differ from the California Toxics Rule, U.S. EPA criteria 

are noted in parenthesis. 

 
both dry- and wet-weather conditions, but this impairment may be salinity, not toxics.  Similarly, 
reductions in Selenastrum34 growth were reported, particularly for wet events, but rarely for dry-
weather conditions. 
 
The sources of trace elements like copper are not known with certainty.  Copper may have 
entered the lake during historical treatments of Lake Elsinore with copper sulfate to control 
gnats, but this pathway requires further evaluation.  While inconclusive due to the limited data 
available, one water sample collected on 28 May 1999 from the North Geothermal Well located 
on the Lake Elsinore Levee showed elevated copper levels (200 µg/L) significantly greater than 
the aquatic life criteria (Table 2-10).35  Similarly, two water samples, collected in March and 
April 2004 from the Middle Island Well showed elevated copper levels as well (140 and 110 
mg/L).  Research on the copper tolerance of the water flea (Daphnia), indicates that it is very 

                                                 
34  Selenastrum is a green alga (plant kingdom). 
35  Criteria not adjusted for well water hardness. 
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sensitive to low copper concentrations.  Clare (2002) states that copper concentrations of only 
10 µg/L will result in reduced movement in Daphnia.  Martins et al. (2004) reported that the 48-
hour LC50s for various Daphnia longispina lineages ranged from 29.3 to 182.3 µg/L.  On the 
other hand, Bossuyt and Janssen (2003) using Daphnia magna, found that 35 µg/L of copper did 
not affect net reproduction and the growth rate.  The data on copper concentrations in Lake 
Elsinore are too limited to draw any firm conclusions as to potential impacts on the zooplankton 
community.  Further evaluation of this issue is recommended. 
 
Selenium concentrations from all three wells appears to be slightly greater (5-13 µg/L) than the 
chronic aquatic life criterion.  Additional information on the water quality of the three 
geothermal wells is desirable in order to complete a more thorough assessment of their potential 
impact on lake water quality when water is pumped from these wells into Lake Elsinore. 
 
The Regional Board also conducted fish tissue analyses on the common carp and largemouth 
bass to better identify toxic constituent impacts on aquatic life.  Of the ten trace elements 
evaluated (arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, and 
zinc), only arsenic was found in largemouth bass tissues in concentrations greater than the 
maximum tissue residue level (MTRL) threshold of 200 µg/kg.  The MTRL thresholds are 
established to assess human health risk and are not measures of adverse effects on the fish tested.  
Of the six bass samples tested, three samples (50%) had arsenic tissue concentrations between 
250 and 310 µg/kg.  The arsenic concentrations in carp tissues did not exceed the MTRL 
thresholds (California Regional Water Quality Control Board, Santa Ana Region 2001b).  These 
tissue data suggest the possibility of arsenic bioaccumulation in largemouth bass, the top fish 
predator in Lake Elsinore.  How bioaccumulation of arsenic affects largemouth bass survival and 
reproduction is unknown.  The source of the arsenic was not identified; however, the Regional 
Board stated that an evaluation of background levels of arsenic in local soils was warranted.  
Because Lake Elsinore once supported numerous geothermal springs around its margins and on 
the lake bottom, these springs may historically have been, or may continue to be, a source of 
arsenic.  In addition, the three wells located on the Lake Elsinore Levee have historically 
pumped significant volumes of geothermal water containing arsenic into the lake.  Arsenic 
concentrations in the well water range from 3 to 25 µg/L, depending on the well.  These 
concentrations are significantly less than the aquatic life criteria listed in Table 2-10; however, 
the arsenic from the wells may contribute to bioaccumulation. 
 
The Regional Board also completed fish tissue analyses for a variety of organic compounds and 
found elevated levels of p,p’-DDE,36 a DDT37 metabolite, in one largemouth bass and two carp 
tissue samples (3 out of 11 samples) and elevated levels of PCBs38 in all carp tissue samples 
(5 out of 5 samples).  Largemouth bass samples did not show elevated PCB levels. The 
concentrations of p,p’-DDE in the bass and carp samples ranged from 40 to 55 µg/kg of tissue 

                                                 
36  p,p’-DDE is the abbreviation for the chemical 1,1-dicholro-2, 2bis (p-chlorophenyl) ethylene, which is a 

degradation product of DDT. 
37  DDT is the abbreviation for the chemical dichlorodiphenyltrichloroethane.  Molecular formula is C14 Hq 

Cl5.  DDT was invented in 1876 and used as an insecticide.  Both DDT and DDE are serious environmental 
hazards due to bioaccumulation and transport up the food web.  DDT and DDE are stored in body fat.  
DDT was banned in the U.S. in 1972. 

38  PCB is the abbreviation for a broad class of persistant organic chemicals known as polychlorinated 
biphenyls.  PCBs accumulate in the environment and are associated with a broad spectrum of health effects. 
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and the PCB concentrations in the carp samples ranged from 42 to 125 µg/kg of tissue.  Aside 
from the human health concerns, it appears that the benthic feeding carp is bioaccumulating 
organic pollutants.  Just how these chemicals may be affecting the survival and reproduction of 
carp, and possibly other fishes, is currently unknown.   
 
While the watershed may be the primary source of the organic pollutants found in the lake, Lake 
Elsinore historically was treated with insecticides in the 1950s in an attempt to control the “gnat” 
population.  The application of chemicals at this time may be one source for the p,p’ DDE. 
 
Fish Kills 
 
Fish kills have occurred periodically in Lake Elsinore for millennia due to adverse environmental 
conditions.  Even under pristine conditions the lake would shrink and occasionally dry up 
completely.  During these periods the fish fauna would be lost, only to recolonize the lake during 
more favorable hydrological conditions.  Historically, fish kills have been reported at the lake 
even prior to any significant upstream diversions of water (principally the completion of 
Railroad Canyon Dam in 1928).  Environmental conditions, particularly the water quality 
characteristics, at the time of a fish kill are of importance.  Understanding the circumstances 
triggering a fish kill provides information that can be used to avoid similar future events.  Such 
information is helpful in the formulation of the FMP.   
 
Table 2-11 provides summary information on recorded fish kills at Lake Elsinore since the end 
of the 19th Century.  A review of local newspapers and agency files would add additional records 
and environmental information on the fish kills; however, the review process is extremely time-
consuming.  Table 2-11 includes those records readily available.  
 
The data on fish kills not attributed to natural events, for example, the earthquake in January 
1906, indicate that most of the recorded fish kills occurred in the summer months between July 
and September.  One fish kill was reported in the spring (April 1933), and two records in the fall 
(1976, 1998).  For those records where the water surface elevation and volume of the lake were 
known or were estimated (21 fish kills), it is interesting to note the proportion of recorded fish 
kills occurring when the water surface elevation was equal to or greater than the current 
minimum target lake operational level of 1,240 feet (8 records or 38 percent of the total records, 
compared to 13 records or 62 percent of the total records).39  Fish kills have occurred when Lake 
Elsinore was completely full (1995), or nearly full (1917, 1998).  That fish kills occur when the 
lake is nearly dry (1936, 1948, 1950, 1954, 1966, 1972, 1975, 1976, 1988, 1992) is not 
surprising, and from a fisheries management point of view, uninformative, because the goal is to 
manage the lake at higher target water levels.  For those years during which a fish kill occurred 
and the lake was equal to or greater than the desired minimum operational elevation of 1,240 
feet, the question to be answered is: What triggered the kill?  Understanding the answer to this 
question provides management guidance useful in fishery management planning. 
 
Of the eight fish kill records in Table 2-11 for lake levels < 1,240 feet, five records are from the 
summer period (July-September).  One record occurred in the spring (April) and one in the fall  

                                                 
39  This should not be interpreted to have any statistical significance due to the small sample size and the 

incomplete database on fish kills.  
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TABLE 2-11 

 
SUMMARY OF HISTORICAL FISH KILLS AT LAKE ELSINORE 

Dissolved 
Oxygen 

Concentration 
(mg/L) 

Date Initial Final 

Duration 
of  

Kill 
(days) 

Lake Water 
Surface 

Elevation 
(feet) 

Lake 
Volume 

(acre-feet)
Fish Species 

Killed 

Estimated 
Weight of Fish 
Killed (tons) 

Probably 
Cause of Kill Reference 

Circa 18861      Arroyo chub   Couch (1952) 
Circa 1898        Attributed to a sulfurous gas released from 

the lake bottom. 
Couch (1952) 

January 1906        Attributed to a sulfurous gas released from 
the lake bottom due to an earthquake. 

Couch (1952) 

1915    About 1,243 48,200 Black bass  Low lake level and “salty” water Couch (1952) 
August 19172    About 1,258 116,000   High water temperature Couch (1952) 
13 September 

1927 
  10 About 1,253 90,000    Elsinore Valley 

News (22 
September 1927) 

7 April 1933   6 About 1,242 45,000 Mostly carp and 
a few 

“minnows,” i.e., 
arroyo chub 

Heavy kill Lake turnover3:  
chlorides = 1,540 mg/L, TDS = 4,386 
mg/L, dissolved oxygen at the surface at 
the shoreline at 25% saturation on 13 
April.  High algal density. Oscillatoria 
about 30% of phytoplankton sample. 

Elsinore Leader-
Press (4 May 
1933) 

1936    1,227 5,400   Tons of algae reported Bovee (1989) 
15 August 1940    1,252 85,500 Arroyo chub. 

Small/young 
fish 

Heavy kill Sudden change in the mineral content of 
the lake 

Couch (1952); 
Bovee (1989) 

1941       Heavy kill  See Footnote 3 
27August 19484   6 1,232 16,200 Carp 300-5005 1) Increased alkalinity and mineral 

concentrations; 2) Over abundance of algae 
coupled with high water temperatures 
resulting in oxygen reduction6 

Couch (1952); 
Hudson (1978); 
Bovee (1989) 

1950    1,230 12,000   No fish in the lake7 Bovee (1989) 
1954    1,223 0   Lake dried up8 Couch (1952) 
1966    1,229 9,600  Heavy kill Dissolved oxygen reduction Bovee (1989) 

31 August 1972   8 1,235 24,000 Primarily 
threadfin shad 

800 Water temperatures ranged from 27.2 to 
29.5ºC 

Bovee (1989) 
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TABLE 2-11 
 

SUMMARY OF HISTORICAL FISH KILLS AT LAKE ELSINORE 
Dissolved 
Oxygen 

Concentration 
(mg/L) 

Date Initial Final 

Duration 
of  

Kill 
(days) 

Lake Water 
Surface 

Elevation 
(feet) 

Lake 
Volume 

(acre-feet)
Fish Species 

Killed 

Estimated 
Weight of Fish 
Killed (tons) 

Probably 
Cause of Kill Reference 

6 August 1975   About 2 1,230 12,000  Dump truck 
loads 

 Bovee (1989) 

Fall 1976    1,229 9,600  41  Bovee (1989) 
August 1987    1,240 39,000 Threadfin shad Minor kill  Bovee (1989) 
October 1988    1,233 18,700  Minor. 300 

pounds 
 Bovee (1989) 

July/August 
1990 

6 0 60?9 1,237 28,400  1500  MWH (2002) 

July/August 
1992 

6.5 2 60?10 1,231 14,000    MWH (2002) 

June/July 1995 9 3 60?11 1,254 95,000 Various species 200 Low dissolved oxygen North County 
Times (22 August 
2002); MWH 
(2002) 

11 November 
1998 

   About 1,250 76,000 Threadfin shad 240 Migratory birds stressing high density shad 
population during period of low dissolved 
oxygen 

Kilroy (1998) 

August 2001    1,239 35,000 Carp   LESWA (2002) 
22 August 2002   2 1,236  Primarily carp 50 Low dissolved oxygen North County 

Times (24 August 
2002) 

1 Based on the memory of Jessie Stephens.  Unreliable record. 
2 A letter from James Gyger, Fish and Game warden, written in 1919 and published in the Lake Elsinore Valley Press on 13 June 1919 states: “About every 15 or 20 years it [Lake Elsinore] gets so low that everything in 

it dies.” 
3 Fish kill observed to have begun over the deep part of the lake. 
4 Letter from the California Department of Fish and Game to the U.S. Department of the Interior states “… fish losses in Lake Elsinore have occurred to a varying degree almost annually for the past 10-15 years.” 

Quoted by Bovee (1989). 
5 Estimated at 1,000 tons in Hudson (1978). 
6 Letter from the California Department of Fish and Game to the U.S. Department of the Interior quoted by Bovee (1989). 
7 The lake dried up in 1951.  Probably few to no fish in the lake since the fish kill in August-September 1948. 
8 Lake partially refilled in 1952 to about 11 feet deep. 
9 Fish mortality occurred over this period of time. 
10 Fish mortality occurred over this period of time. 
11 Fish mortality occurred over this period of time. 
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(November).  The summertime fish kills are of the greatest interest.  Unfortunately, little to no 
water quality or limnological data are available to aid in identifying the cause of each of these 
fish kills.  Factors contributing to the fish kills that occurred during June and July 1995, can be 
evaluated using the data available from the SAWPA water quality monitoring program.  The 
November 1998 fish kill can be evaluated using the limited data collected by the City of Lake 
Elsinore.  The environmental conditions related to these fish kills may be applicable to other 
summertime or fall fish kills occurring when the lake is moderately full to full.   
 
June/July 1995 Fish Kill 
 
Table 2-12 summarizes the water quality data related to the 1995 fish kill.  Beginning in January 
1995, Lake Elsinore began to receive substantial inflows from the San Jacinto River for the first 
time since 1993.  Inflow reached its peak in March 1995 and declined to virtually no inflow by 
July.  Most of the annual inflow for 1995 (34,409 acre-feet) was during the January through 
March period.  Total annual runoff volumes of this magnitude have a statistical return frequency 
of about once every seven years (Smith 2002).  The runoff volume was sufficient to raise the 
lake water surface elevation and cause Lake Elsinore to overflow. 
 
The large volume of water entering the lake carried with it significant loads of both phosphorus 
and nitrogen, two nutrients known to stimulate algal growth and nuisance algal blooms.  Nutrient 
inputs to Lake Elsinore have been previously modeled (Tetra Tech, Inc. 2003).  The results of 
the modeling suggest that the phosphorus load in 1995, a wet year, probably exceeded 200,000 
pounds and the nitrogen load may have exceeded 900,000 pounds. The nutrient loads added to 
the lake stimulated intense algal growth which, in turn, began to impact lake water quality.  
Algal growth, principally blue-green algae, raised the biomass of algae in the lake to high levels.  
After a period of intense algal production the algae began to die.  Organic decay of the large 
quantities of dead algae increased the biochemical oxygen demand (BOD) in the lake, leading to 
a significant decrease in dissolved oxygen concentrations near the lake bottom, where the dead 
algae and other organic materials accumulated and decomposed.  The decline of oxygen 
concentrations near the lake bottom to levels that cause fish mortality began in early June and 
continued into August (Table 2-12).  The principal fish species typically found at the bottom of 
Lake Elsinore that were exposed to low DO concentrations are the common carp and channel 
catfish. 
 
Concomitantly with the decline in bottom oxygen concentrations, intense algal growth was 
producing oxygen as a byproduct of photosynthesis in the photic zone near the surface of the 
lake.  High levels of oxygen production by algae resulted in gas supersaturation of the lake 
surface waters during the daylight hours (Table 2-11).  Supersaturation of water with dissolved 
gases can result in gas bubble disease (GBD), which can be fatal to fish even when the exposure 
time is short.  Similar to what is known as caissons disease to SCUBA divers, GBD occurs when 
air bubbles form in the bloodstream of fish causing embolisms and death.  While low levels of 
gas supersaturation (less than 125 percent saturation) for short periods of time do not appear to 
result in fish mortality, values in excess of this level may be lethal.  Studies have demonstrated 
that salmonids have a LC50 of one hour at saturation levels of 150 percent, an LC50 of four hours 
at 140 percent, and an LC50 of 50 hours at 125 percent.  Similar results have been reported for 
other fishes (Bouck and King 1983; Nebecker 1976; Nebecker et al. 1976, 1981; Statzner 1986).   
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TABLE 2-12 
 

WATER QUALITY DATA FOR THE PERIOD COVERING THE  
JUNE/JULY 1995 FISH KILL AT LAKE ELSINORE 

Date 
Parameter1 05/25/95 06/06/95 06/29/95 07/13/95 07/25/95 08/10/95 

Lake Elevation (feet) 1,256.25 1,256.00 1,255.66 1,255.33 1,255.10 1,254.66 
Mean Depth (feet)2 24.7 24.7 24.7 24.7 27.7 24.7 
Maximum Depth (feet)3 32 32 32 32 32 32 
Lake Volume (acre-feet) 93,500 92,769 90,500 90,000 89,500 87,800 
Secchi Depth (inches) 36 31 27 24 19 20 
DO – Top (mg/L) 8.27 11.62 14.22 15.56 16.71 13.11 
DO – Middle (mg/L) 5.98 7.18 8.90 7.50 7.19 5.85 
DO – Bottom (mg/L) 5.43 2.72 0.88 2.88 1.34 0.41 
DO – Top % Saturation 77.4 86.6 151.4 174.5 187.5 149.5 
DO – Middle % Saturation 54.1 69.9 92.2 78.0 75.4 64.0 
DO – Bottom % Saturation 78.5 25.6 8.7 29.4 13.9 4.4 
Temperature – Top (ºC) 10.2 12.8 16.0 18.5 18.5 19.3 
Temperature – Middle (ºC) 8.8 11.3 14.7 14.9 15.3 17.3 
Temperature – Bottom (ºC) 8.7 10.5 12.6 14.1 14.7 16.0 
TDS – Top (mg/L) 733 745 750 728 755 758 
TDS – Middle (mg/L) 733 740 748 738 750 758 
TDS – Bottom (mg/L) 735 738 738 758 763 765 
pH – Top (units) 9.25 9.35 9.90 10.77 10.37 9.97 
pH – Middle (units) 9.36 9.55 10.11 10.76 10.38 9.90 
pH – Bottom (units) 9.25 9.12 9.85 10.56 10.21 9.44 
Ortho-P (mg/L) 0.13 0.08 0.12 0.15 0.11 0.06 
Total-P (mg/L) 0.25 0.25 0.20 0.24 0.27 0.23 
Chlorophyll a  (µg/L) 28 40 34 101 116 103 
UIA -Top (mg/L) 0.030 0.054 0.323 0.405 0.628 1.095 
UIA – Middle (mg/L) 0.034 0.066 0.357 0.399 0.612 1.013 
UIA – Bottom (mg/L) 0.028 0.032 0.284 0.383 0.571 0.629 
NO2-N (mg/L) 0.20 0 0 0 0 0 
NO3-N (mg/L) 0.09 0 0 0.03 0.13 0.30 
TN:TP 11.60 8.80 11.50 8.46 10.48 14.78 
Hardness 156 170 164 155 145 138 
Alkalinity 233 228 243 245 238 228 
Sulfate (mg/L) 87 88 87 89 85 89 
BOD5 13 11 8 15 8 23 
TSS 19 48 19 18 36 35 
1 Unless indicated otherwise the values represent the average of four measurement sites. 
2 At outlet elevation of 1,255 feet. 
3 At outlet elevation of 1,255 feet. 

 
The gas saturation levels near the surface, in June and July 1995, were high enough to cause 
significant mortality of threadfin shad, the principal fish species found in near-surface waters. 
 
Also acting on the fish population at the same time was the duel effect of increasing water 
temperatures and increasing pH.  The increases in pH were also the result of algal production.  
Hydroxide concentrations in the water increased as algae consumed carbon dioxide.  By early 
July, the pH levels reached sublethal levels for all fish species and potentially lethal levels for 
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carp and bluegill, depending on the duration of exposure and pH changes during the diurnal 
cycle of algal photosynthesis. 
 
Of greater impact than pH effects alone, however, was the effect that water temperature and pH 
had on the concentrations of unionized ammonia (UIA) in the lake.  As discussed previously, 
UIA can be fatal to most fish species at relatively low concentrations.  As illustrated in Figure 
2-11 (Graph A), UIA levels in Lake Elsinore increased with increasing water temperature and 
pH.  By early July the chronic toxicity threshold was exceeded, only to be followed by sustained 
increases in UIA to concentrations far greater than acute toxicity levels from mid-July through 
mid-September.  UIA levels were toxic throughout the water column from the end of June into 
August (Table 2-12).  Low dissolved oxygen levels near the lake bottom also would have 
increased the UIA toxicity.  Studies have shown that as the dissolved oxygen saturation level 
decline to less than 50 percent saturation, significant reductions in the survival times of some fish 
species occur when exposed to lethal solutions of UIA. 
 
Also during this same period, the anoxic or near-anoxic environment at the bottom of the lake 
was conducive to the production of hydrogen sulfide40 (a highly toxic gas) by anaerobic, sulfate-
reducing bacteria.  Like UIA, one study on goldfish determined that lowering the oxygen 
saturation of water to 10 percent saturation increased hydrogen sulfide toxicity by a factor of 1.4 
(Adelman and Smith 1972). Laboratory studies with the fathead minnow indicated that the 96-
hour LC50 for hydrogen sulfide is as low as 14.9 µg/L. 
 
Finally, as if the foregoing water quality conditions weren’t severe enough on the aquatic 
community of Lake Elsinore, the abundant blue-green algae, also known as cyanobacteria, or 
“pond scum,” can produce toxins that can poison or kill other aquatic organisms.  These toxins 
are called cyanobacterial toxins and they are naturally produced poisons stored in the cells of 
certain species of cyanobacteria.  When the cells die the toxins are released into the water.  Some 
of these toxins are known to attack the liver (hepatotoxins) or the nervous system (neurotoxins); 
others simply irritate the skin.  The most common of the cyanobacteria is the bacterium 
Microcystis aeruginosa, and the group of toxins it produces are called microcystins, of which 
about 50 kinds are currently known (Health Canada 2004).  These toxins can accumulated in the 
tissues of fish and may impair the health of fish to the degree that the cumulative effect of the 
microcystins and other water quality conditions cause mortality.  Similar effects are reported for 
some species of zooplankton. 
 
While the water quality dynamics of Lake Elsinore during the fish kill are complex, evidence 
provided by the available data indicates that the fish kill was triggered by several interacting 
conditions, which are virtually all the consequence of high algal growth and decay rates. By 
early June dissolved oxygen concentrations near the bottom had declined to low saturation 
levels.  As the month progressed, DO concentrations further declined as water temperatures and 
pH increased, resulting in lethal levels of UIA in the water column.  Gas supersaturation near the 
water surface may also have induced threadfin shad mortality at this time.  Shad attempting to 
avoid gas supersaturation by swimming deeper in the lake would have encountered elevated pH 
levels, toxic UIA levels, and declining DO concentrations.  Benthic fish, such as carp and 
channel catfish, have greater tolerance of low DO levels; however, the low level of saturation, 
                                                 
40  HS- in lakes with a pH greater than 7. 
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near lethal pH levels, and toxic UIA concentrations would have triggered mortality for these 
species also.  While the DO levels and water temperatures at mid-water were adequate for fish 
survival, the exceedingly high UIA and pH levels eliminated even this portion of the lake as a 
refuge for fish under stress.  The role that hydrogen sulfide gas and blue-green algae toxins may 
have played in the fish kill is unknown.  Excessive UIA concentrations throughout the water 
column during June and July are considered to be the primary cause of the fish kill, although 
dissolved oxygen, pH, and gas supersaturation all contributed to the result.  Historically, fish 
kills that occurred following large inflows to the lake, which increased lake volume substantially 
and also carried significant nutrient loads into the lake, were probably caused by a similar set of 
circumstances. 
 
What triggers the fish kills when large nutrient loads are absent?  The limnological setting may 
vary depending on the season; for example, spring or fall lake turnover may trigger fish mortality 
if the lake has been strongly stratified.  Given that Lake Elsinore is polymitic, the lake may 
stratify for variable periods of time at any season of the year. The length of the stratification 
period, season, and algal productivity would be key factors in whether the hypolimnion 
developed low dissolved oxygen concentrations, toxic levels of UIA, hydrogen sulfide, or other 
toxins that would be mixed when the stratification weakened.  The limnological and chemical 
characteristics of the lake are highly variable and it is unlikely that any single water quality 
parameter, acting in isolation, is consistently responsible for fish mortality.   
 
November 1998 Fish Kill 
 
In mid-November 1998, a massive threadfin shad die-off occurred when the lake was at a high 
water surface elevation (about 1,250 feet).  In more traditionally dimictic lakes, November may 
have been a period of thermocline breakdown and turnover.  Water temperature measurements 
reported by Kilroy (1998) indicate that the lake was nearly isothermal but remained weakly 
stratified on 4 November (18.3-19.4ºC).  Dissolved oxygen measurements made at one site on 4 
November ranged from just under 9 mg/L at the water surface (100% saturation) to about 3.5 
mg/L at the lake bottom (39% saturation).  If the lake had destratified prior to 4 November, then 
more uniform DO concentrations with depth would be expected.  While the deepest DO 
concentration was certainly undesirable for fish, it was not at a lethal concentration.  DO 
concentrations several feet above the bottom measured 5 mg/L (about 56% saturation).  While 
changes in limnological conditions may have occurred between 4 November and about 11 
November that would cause the die-off, this seems improbable.  Only threadfin shad, a pelagic 
planktivore typically found near the surface were killed.  No benthic dwelling carp or catfish 
died.  The shad would avoid the deeper less oxygenated water in favor of the well-oxygenated 
surface waters.   
 
The available evidence indicates that the sudden shad die-off was restricted to the near-surface 
waters where shad are typically found.  The air temperatures at the time of the fish kill were 
unseasonably warm.  During this time of the year algal production is still high.  The most 
plausible explanation for the die off is that the high rate of algal production in the warm photic 
zone of the lake caused the gas saturation of the surface waters to quickly spike to concentrations 
greater than about 125 percent saturation, resulting in shad mortality due to gas bubble disease.  
A minor warming of the surface water from the 9.8ºC recorded on 4 November to only 10.3ºC 
would produce this effect.  An increase in water temperature to only 12ºC would result in a jump 
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in oxygen saturation to 144 percent, clearly in the acutely lethal range for shad.  A rapid spike in 
gas saturation could result in shad mortality so quickly that many of the typical visual signs of 
GBD would not be apparent, for example, red, protruding corneas.  
 
As noted in the discussion of the 1995 fish kill, intense algal production will also increase the 
ambient pH along with dissolved oxygen saturation levels.  Whether or not UIA also reached 
lethal levels at the surface cannot be determined.  In any case, an acute increase in oxygen 
saturation alone, is the probably cause of the rapid shad die-off.  The influence of other 
constituents may have contributed to the magnitude of the die-off.41 
 
From the limited water quality data available for the evaluation of fish kills, it seems clear that 
each fish kill must be examined individually, given the highly variable limnological and water 
chemistry characteristics of Lake Elsinore.  The two forgoing discussions are believed to be 
reasonable explanations of the observed fish kills.  As the lake volume declines to lower and 
lower levels, the opportunities for fish kills will increase as water quality deteriorates.  More 
intensive real-time water quality monitoring of Lake Elsinore would provide additional 
information on the causes of fish mortality, as well as allow for short-term prediction of fish kills 
during the year. 
 
Summary of Principal Conclusions Related to Water Quality  
 
An understanding of the physical and chemical environment of Lake Elsinore is critical to the 
development of fish community enhancement measures.  Because fish live in water, the chemical 
environment of the lake coupled with water temperature determines which fish species are likely 
or unlikely to successfully establish populations in Lake Elsinore, other environmental factors 
being favorable.  The principal conclusions stemming from this review of water quality 
conditions at Lake Elsinore which relate directly to the fish community and the enhancement 
measures in the FMP are: 
 

● Lake Elsinore is currently a hypereutrophic lake.  If proposed management measures to 
control nutrients and to stabilize the lake level are successfully implemented, then it may 
become, at best, eutrophic; 

 
● Nutrient loads, both external and in-lake, will for the foreseeable future continue to 

support a highly productive phytoplankton community dominated by blue-green algae.  
The abundance of phytoplankton will continue to control the biotic dynamics of the lake 
until nutrient control and lake stabilization are achieved and biomanipulation measures 
have been implemented; 

 
● The high densities of the common carp will continue to be a mechanism for the 

resuspension of nutrients and the addition of ammonia to the lake until successfully 
controlled;  
 

                                                 
41  The local press reported that about 31,000,000 shad had died based on an estimated 240 tons of shad that 

were removed during the cleanup.  Considering that the average adult shad weights between 20 and 30 
grams (0.044 to 0.066 pounds), about 8,145,000 to 12,200,000 shad actually died. 



2.  Environmental Setting 
 
 

 
 
2-50 

● Water temperatures are acceptable to warm water fishes when the lake is maintained at 
about 1,240 feet or higher; 
 

● Dissolved oxygen concentrations and oxygen saturation levels are an existing problem 
for fish near the lake bottom and, periodically, higher in the water column.  Low 
dissolved oxygen concentrations impair fish growth and survival; 
 

● Lake salinities (TDS) greater than 1,500 mg/L currently adversely impact the 
reproduction and growth of largemouth bass.  Some fish species will not be suitable for 
introduction to Lake Elsinore due to high salinity levels; 
 

● Extremely high pH levels occur in Lake Elsinore, principally during the summer when 
algal populations are highly productive.  High pH levels are currently impairing the 
growth and survival of some fish species. Only fish tolerant of very high pH levels should 
be considered for stocking in the lake; 
 

● Unionized ammonia currently adversely impacts the fish community and is one of the 
leading causes of fish mortality during periods of deteriorating water quality; 
 

● Various toxics appear to be bioaccumulating in carp and largemouth bass.  Tissue 
concentrations in excess of health standards may limit the desirability of key sport fish as 
food for the angling public; and 
 

● The principal factors causing or contributing to fish kills at Lake Elsinore are: 1) 
excessive nutrient concentrations driving high algal production leading to high levels of 
organic decomposition; 2) low dissolved oxygen concentrations; 3) high unionized 
ammonia concentrations; 4) high pH levels; 5) gas supersaturation resulting in gas bubble 
disease; and 6) cyanobacterial toxins.  These fish mortality factors can be reduced by 
limiting nutrient loads to the lake during periods of high runoff and by maintaining the 
lake volume at high levels.  Fish kills will continue until the trophic state of Lake 
Elsinore is changed. 
 

Soils and Sediment 
 
Soils 
 
The soils below the 1,230-foot elevation have not been mapped (Knecht 1971).  The lake bottom 
below this elevation is alkaline-alkali sand, silt, and clay, and is generally not capable of 
supporting terrestrial vegetation when the lake level recedes.  Historically, the lake bottom 
material has caused severe dust problems when the lake was dry or nearly so. 
 
Along the shoreline of Lake Elsinore bordering Lakeshore Drive, Riverside Drive, and Grand 
Avenue, the soil type is Grangeville fine sandy loam, saline-alkali.  This soil type is located at 
elevations less than 1,250 feet on zero to five percent slopes.  Runoff from this soil is slow, 
drainage is generally poor, and fertility is low.  Areas of this soil type are frequently inundated 
by the lake. 
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At the southeastern end of the lake between 1,230 and 1,240 feet in elevation, the following soil 
types have been mapped:  Dello loamy sand, zero to five percent slopes; Grangeville sandy 
loam, saline-alkali, zero to five percent slopes; Traver loamy find sand, saline-alkali, eroded; 
Traver fine sandy loam, strongly saline-alkali, eroded; Traver fine sandy loam, saline-alkali; 
Waukena loamy fine sand, saline-alkali; and Willows silty clay, strongly saline-alkali.  All of 
these floodplain soils were historically inundated by Lake Elsinore for varying periods of time.  
The completion of the Lake Elsinore Levee has eliminated periodic inundation by the lake, 
except for the small area not protected by the levee at the base of Rome Hill.  In the event that 
Lake Elsinore reached the flood elevation of 1,262 feet, inflow from the San Jacinto River would 
begin spilling to the Back Basin and these soils would be inundated.  Similarly, the intentional 
addition of recycled water or well water to the Back Basin could inundate some of these soil 
types.   
 
Sediment 
 
Sediment has been accumulating in the Lake Elsinore sink since at least Pleistocene times.  It has 
been estimated that the maximum depth of sediments under the lake exceeds 2,000 feet.  The 
lake bottom itself, as well as most of the lake shoreline, is of more recent origin and it consist of 
recent alluvium consisting of sand, silt and some gravel.  The thickness of the alluvium at the 
northwest end of Lake Elsinore has been estimated to be about 160 feet. 
 
As part of the research completed by Anderson (2001), the bottom sediments of Lake Elsinore 
were mapped and characterized based on their particle size, calcium carbonate content, and 
concentrations of organic carbon, nitrogen, sulfur, total phosphorus, and inorganic phosphorus.  
Three distinct sediment types were identified and mapped (Figure 2-12).  Type I sediments were 
coarse-textured materials found in shallow water around the perimeter of the lake.  This sediment 
type made up about 25 percent of the lake bottom. Type III sediments were fine, organic 
materials found in the deeper areas of the lake.  This sediment type comprises about 48 percent 
of the lake bottom.  Type II sediments, comprising the remaining 27 percent of the lake bottom, 
were transitional in characteristics between Types I and III.  The properties of these three 
sediment types are presented in Anderson (2002a).  Dr. Anderson estimated that more than 95 
percent of the internal soluble reactive phosphorus load to the lake is derived from sediment 
types II and III. 
 
Riparian and Aquatic Vegetation 
 
For most lakes, the diversity and aerial coverage of rooted aquatic macrophytes has been the key 
to a stable, well-balanced aquatic community.  Riparian vegetation can also beneficially 
influence the aquatic community in direct and indirect ways.  For a variety of reasons, Lake 
Elsinore is unusual in that riparian and aquatic vegetation are virtually absent from the lake.  
Enhancing riparian and aquatic vegetation is an important element of the FMP. 
 



 



Figure 2-12

Source: Anderson (2002)
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Pristine Riparian and Aquatic Vegetation 
 
Archaeological evidence from sites along the shoreline of Lake Elsinore, dating to the early 
Holocene,42 indicates that the lake never supported an extensive riparian community or an 
extensive rooted aquatic macrophyte community.  The prehistoric occupation site excavated at 
the base of Hotel Hill where the outlet channel for Lake Elsinore is currently located, provides 
evidence of wetland plants in the area at the time the first humans are believed to have seasonally 
visited the lake (Grenda and Hogan 1997).  Table 2-13 summarizes the data for aquatic plants 
that have been found at the site. 
 

TABLE 2-13 
 

WETLAND/RIPARIAN PLANTS FOUND AT ELSINORE SITE CA-RIV-2798/H 
Genus Common Name 

Scirpus bulrush or tule 
Typha cattail 
Sparganium bur-reed 
Fraxinus ash 
Populus cottonwood 
Salix willow 
Source: Grenda and Hogan (1997). 

 
The evidence for plants at the occupation site is derived primarily from pollen identification.  
While the origin of the pollen can not be known with certainty, it is reasonable to assume that the 
plants listed in Table 2-13 were likely to have occurred in suitable habitats along the shoreline of 
prehistoric Lake Elsinore.  Plant species in the genera Scirpus, Typha, and Sparganium are all 
emergent aquatic macrophytes that typically grow in shallow water or in moist soil along the 
margins of waterbodies.  These three genera can currently be found at scattered locations around 
Lake Elsinore.  Plant species in the genera Fraxinus, Populus, and Salix are typically riparian 
species that grow at moist sites near water.  Taxa in these genera can tolerate limited periods of 
inundation, but not extended periods of low soil moisture.  None of the evidence related to plants 
recovered from the prehistoric occupation site indicated the occurrence of submerged aquatic 
macrophytes. 
 
The variability of water surface elevations at Lake Elsinore, beginning by the middle Holocene, 
indicates that the riparian and aquatic plants occurring along the lake shoreline that were not 
associated with a spring or other permanent water source, were continuously adjusting to the lake 
level and to soil moisture conditions, just as they do currently.  Under such hydrological 
conditions, extensive areas of emergent aquatic vegetation or riparian vegetation would not be 
expected to develop and persist. 
 
The early historical records describing Lake Elsinore indicate that the riparian and aquatic 
vegetation was limited to scattered stands of cottonwood trees, willows, and tules (Hudson 
1978).  However, even these limited occurrences of riparian and aquatic vegetation would 
periodically perish during droughts. 
                                                 
42  It is estimated that the first human occupation at Lake Elsinore began about 8,500 years before present 

(Grenda 1997). 
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Current Riparian and Aquatic Vegetation 
 
Currently, little resembling a native plant community remains around the shoreline of Lake 
Elsinore.  While the native willow (Salix gooddingii), cattail (Typha latifolia), and tule (Scipus 
actutus) remain in suitable habitats scattered around the lake, most of the lakeshore vegetation 
does not consist of true riparian species, but rather, non-native, early serial stage colonizers that 
can grow on the exposed lakeshore as the water level recedes.  A typical example of this 
community may be found at the Four Corners area.  While a few willows remain in this area, 
most of the lakeshore plant community consists of mustard (Brassica camestris), Bermuda grass 
(Cynodon dactylon), castor bean (Ricinus communus), filaree (Erodium sp.), wild radish 
(Raphanus sativus), jimsonweed (Datura stramonium), wild oats (Avena sp.), dock (Rumex sp.), 
and tamarisk (Tamarix sp.).  
 
Table 2-14 lists the wetland plants that have been recorded from Lake Elsinore or its shoreline.  
Some of these species have not been record for many years and may be currently extirpated. 
 
Of those plants listed in Table 2-14, the sago pondweed (Stuckenia pectinatus) is of importance.  
This submerged, rooted macrophyte no longer occurs in Lake Elsinore.  The fact that the plant 
once was present indicates that it may be a principal candidate for reintroduction to the lake.  The 
plant is known for its value as waterfowl forage and would require protection until well 
established.  Lake-bottom substrates are suitable for the sago pondweed, as is the water quality 
of the lake.  Other plants that are of prime importance and that still occur in limited stands 
around the lake are the cattail and bulrush.   
 
As noted, Lake Elsinore does not currently support any species of floating or submerged, rooted 
aquatic macrophyte.  The absence of a floating or submerged aquatic macrophyte community is a 
consequence of:  1) the variable water level from year-to-year and even seasonally within a year; 
2) limited suitable shoreline sediments for rooting; 3) shading of light by the dense algal 
populations; 4) turbidity caused by several mechanisms; and 5) the constant foraging of the 
common carp across the bottom.  In the absence of a relatively stable lake level, aquatic plants 
cannot become established and persist.  While Lake Elsinore is a highly alkaline lake (pH 
typically >9), there are numerous aquatic plant species that can grow in alkaline waters.  Even 
though the lake has dried up completely in the past, it is likely that waterfowl have served, and 
continue to serve, as a vector for the introduction of aquatic plants to the lake.   
 
Without extensive carp control or the exclusion of carp from selected areas of the lake, the 
establishment of rooted aquatic vegetation will be impossible, even if the lake level is stabilized.  
In addition, the high concentrations of phytoplankton in Lake Elsinore effectively shade the lake 
bottom below a depth of two or three feet.  Figure 2-13 illustrates the relationship of chlorophyll 
a concentrations (a measure of phytoplankton standing crop) to Secchi disk depth (a measure of 
turbidity) during the period from 1993 through 1996.  This algae-produced shade would hamper 
the establishment of submerged, rooted aquatic vegetation by reducing the penetration of direct 
sunlight to submerged plants.  Floating, rooted aquatic macrophytes would also be affected by 
shading, although to a lesser degree.  
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TABLE 2-14 
 

WETLAND PLANTS REPORTED HISTORICALLY FROM LAKE ELSINORE 
Family 
     Species 

 
Common Name 

Wetland 
Indicator1 

 
Habitat Collection Reference2 

Boraginaceae (Borage Family) 
Plagiobothrys 

leptocladus 
Alkali 

plagiobothrys 
FACW to 

OBL 
Alkali desiccating mud 

flats, wet places 
UC306227 (27 Apr 1918); 
UC219101 (20 April 1922)

Convolvulaceae (Morning-Glory Family) 
Cress truxillensis Alkali weed FACW Saline and alkaline 

soils 
UC23223 (May 1892); 
UC72144 (May 1893) 

Frankeniaceae (Frankenia Family) 
Frankenia salina Alkali heath FAC to 

FACW 
Salt marshes, alkali 

flats 
UC109395 and 

JEPS30096 (31 May 1897)
Salicaceae (Willow Family) 

Salix gooddingii Goodding’s black 
willow 

FACW to 
OBL 

Streamsides, marshes, 
seepage areas, washes, 

meadows 

UC143229 (4 Apr 1903); 
UC506424 (12 May 1933); 

UC574976 (June 1933) 
Alismataceae (Water-Plantain Family) 

Echinodorus berteroi Upright burhead OBL Ponds, ditches, mud 
flats 

JEPS32219 and UC28462 
(3 Nov 1891); 

Cyperaceae (Sedge Family) 
Cyperus odoratus Fragrant flatsedge FACW Wet disturbed soils JEPS64079 and UC1559 

(3 Nov 1891) 
Elocharis 

macrostachya 
Spikerush OBL Marshes, pond 

margins, ditches 
UC839180 (18 May 1922)

Scirpus acutus var. 
occidentalis 

Tule OBL Marshes, lakes, 
streambanks 

UC574919 (June 1933) 

Scirpus maritimus River bulrush OBL Marshes UC574975 (June 1933) 
Juncaceae (Rush Family) 

Juncus bufonius Toad rush FACW to 
OBL 

Desiccating mud flats, 
moist  (sometimes 

saline) disturbed sites 

UC842319 (29 Apr 1922) 

Juncus bufonius var. 
occidentalis 

Western toad rush FACW Mud flats, dry pools, 
streamsides 

UC1099771 (29 Apr 1922)

Juncus mexicanus Mexican rush FACW Meadows UC574918 (Jun 1933) 
Poeaceae (Grass Family) 

Deschampsia 
elongata 

Slender hairgrass FAC to 
FACW 

Wet sites, meadows, 
lakeshores 

UC336791 (14 Apr 1888) 

Potamogetonaaceae (Pondweed Family) 
Stuckenia 

(Potamogeton) 
pectinatus 

Sago (=fennel-
leaf) pondweed 

OBL Ponds, lakes, marshes, 
streams 

UC434 (3 Nov 1891) 

Ruppia cirrhosa Spiral ditch-grass OBL Marshes, ponds, 
sloughs 

UC980087 (10 Aug 1952)

Typhaceae (Cattail Family) 
Typha latifolia Broad-leaved 

cattail 
OBL Marshes, ponds, lakes UC216326 (13 May 1892)

Notes: 
1 Wetland Indicator classifications are from U.S. Fish and Wildlife Service (1988). 

  OBL = Obligate wetland plant.  These plants occur almost always (>99% of time) under natural conditions in wetlands. 
  FACW = Usually occur in wetlands (67%-99% of time), but occasionally found in non-wetlands. 
  FAC = Equally likely to occur in wetlands or non-wetlands (34%-66% of time). 

2 Records from the SMASCH database of the University of California, University and Jepson Herbaria, Berkeley, California, 2004. 
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Benthic Macroinvertebrates 
 
Prehistoric Data 
 
The excavation of prehistoric occupation site CA-RIV-2798/H recorded a large number of 
specimens from four genera of native freshwater mollusks that may have occurred in Lake 
Elsinore or in suitable habitats in the area:  Anodonta, Gyraulus, Helisoma, and Physa (Grenda 
1997).  Species in the genera Gyraulus, Helisoma, and Physa are all small gastropods43 that 
graze on detritus, diatoms, and periphyton.  They are short-lived (1-4 years) and not known to be 
a food resource for Native Americans.  These gastropods are common in freshwater marshes, 
springs, ponds, and streams.  It cannot be determined with certainty that the specimens recovered 
from the occupation site actually occurred in Lake Elsinore because the occupation site was 
located adjacent to the outlet channel of the natural lake.  Because these freshwater snails were 
not a food resource, they would not have been carried to the site from the lake.  Lake overflow 
and inflow from the hot springs created a freshwater marsh in this area as well as a stream, so it 
is possible that the mollusks were associated with this habitat.   
 
The Anodonta specimens were probably Anodonta californiensis (commonly called the 
“California floater,” a freshwater mussel), the only extant species in this genus known from 
California.  Anodonta are large, long-lived (typically 10-15 years, but up to 100 years reported) 
bivalves that live in shallow areas (<6.6 feet) in unpolluted, lakes, ponds, and perennial large 
rivers.  Adults burrow in mud or sand and juveniles in loose sand.  Ethnographic data document 
that these freshwater mussels were a food resource for Native Americans.  Whether this taxon 
occurred in Lake Elsinore is unknown, but its occurrence seems probable during the early 
Holocene when the lake was high and relatively stable.  Lake Elsinore was a freshwater lake 
during this epoch.  
 
The floater is not known to inhabit small streams, for example, Warm Springs Creek or the San 
Jacinto River, because these waterbodies do not provide adequate perennial flows.  In addition, 
the life cycle of Anodonta includes a parasitic larval stage (called a glochidium) during which it 
is dependent upon a host fish, usually a member of the Gila genus, for food and dispersal.  The 
arroyo chub, Gila orcutti, is the only native fish historically documented to have occurred in 
Lake Elsinore.  Because Anodonta is a sedentary filter-feeder requiring 6 to 12 years to reach 
reproductive maturity and inhabits shallow waters, it could only persist in Lake Elsinore if the 
lake water levels remained relatively stable.  Stratigraphic data from the early Holocene indicate 
that the ancient lake was generally stable and overflowed to Temescal Wash in most years.  
About 8,000 years before the present, the climate of the region began to slowly become more 
arid.  By the middle Holocene (beginning 7,200 years before the present), the stratigraphic 
record indicates that the lake levels declined and water levels began to fluctuate significantly.  
This species of mollusk may have become extirpated from the lake at this time.  
 
Other than the prehistoric data related to mollusks at the occupation site adjacent to Lake 
Elsinore, no additional information on the pristine benthic macroinvertebrate community is 
available at this time. 
 
                                                 
43  Gastropods, in the case of Lake Elsinore, are freshwater snails. 
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Historical Data 
 
Information on the historical composition of the benthic macroinvertebrate community of Lake 
Elsinore is limited.  It is likely that once carp became numerous in the lake, the benthic 
invertebrate community was significantly impacted.  In 1920, carp were reported to be the most 
numerous fish in the lake and by 1922 carp were being commercially harvested to reduce their 
numbers (Couch 1952).  In all likelihood, the only benthic invertebrates remaining were tubificid 
and oligochaete worms (Class Oligochaeta) and larval midges (Families Ceratopogonidae, 
Chironomidae, and related taxa).  As adults, the midges or “gnats” as they were usually called, 
often became a nuisance around the lake.  Hudson (1978) reported that in 1950, Elsinore Valley 
was plagued by gnats that had emerged from the lake because it was drying up and all the fish, 
which normally fed on the gnat larvae, had died.  In May of 1950, Lake Elsinore was sprayed for 
the first time with an insecticide to kill the gnats.  The treatment was apparently successful 
(Hudson 1978).  Although the lake was dry in 1951, 1952 saw the lake refill to 11 feet deep by 
the end of March.  Of course, there were no fish in the lake so the benthic insect population 
could develop without predators.  Evidently it did.  The lake was again sprayed with insecticide 
to kill the gnats in August 1953 with little result.  The lake dried up again for a short period in 
1954, but refilled to the point that the gnats again returned, requiring another insecticide spraying 
that same year (Hudson 1978).  There is little doubt that the fish community, particularly carp, 
were instrumental in controlling the larval midge population.  Only in the absence of fish have 
these insects become a public nuisance.   
 
The Asian clam (Corbicula fluminea), an exotic mollusk, was found during the excavation of the 
prehistoric occupation site near Elsinore Hot Springs.  This species is commonly used for fishing 
bait and it is not known to be established in the lake. 
 
At the time this FMP was prepared, no recent information on the composition, abundance, or 
ecology of the benthic invertebrate community was available for Lake Elsinore.  Because of the 
high density of carp, it is expected that the benthic community is comprised of the same 
taxonomic groups previously listed. 
 
Phytoplankton and Zooplankton 
 
Phytoplankton 
 
Given the importance of phytoplankton in the appearance and nutrient dynamics of Lake 
Elsinore, it is surprising that so little quantitative data on the species composition and seasonal 
dynamics of the phytoplankton community have been collected to date.  Phytoplankton have 
been known to be an important component of the lake ecosystem for a long time (Lake Elsinore 
Valley Press, 25 February 1926).  The seasonal growth of the phytoplankton community, 
typically referred to as “the green scum,” has long been recognized. Nuisance levels of 
phytoplankton in the late 1920s even triggered discussions of “bluestoning” the lake, i.e., treating 
the lake with copper sulfate (CuO4S) to reduce nuisance algal populations (Couch 1952).  Fish 
stocking was also recognized as one means of phytoplankton control as early as 1927 (Lake 
Elsinore Valley News, 28 July 1927).   
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In any case, virtually no scientific research was conducted until the limited National 
Eutrophication Survey was undertaken by the U.S. Environmental Protection Agency in 1975.  
As part of that survey, the phytoplankton community of Lake Elsinore was briefly examined.  
The results indicated a dominance of flagellate-green algae (Chlorophyceae), blue-green algae 
(cyanobacteria), and diatoms (a type of algae) (U.S. Environmental Protection Agency 1975).  
The Clean Lakes Study and Lake Elsinore Water Quality Monitoring Program resulted in some 
limited additional information being sporadically collected from 1992 through 1997.  Taxonomic 
evaluations of algae species were performed on samples collected in September and October 
1993, then monthly from May 1995 to July 1996.  These studies revealed that species in the 
blue-green algal genera Anabaena and Oscillatoria (cyanobacteria) were the dominant taxa in 
Lake Elsinore.  Diatoms and flagellate-green algae were also abundant (California Regional 
Water Quality Control Board, Santa Ana Region.  2001a).  Table 2-15 lists the phytoplankton 
taxa (broadly defined) known to occur in Lake Elsinore.  The abundance of phytoplankton is the 
principal cause of low Secchi depth readings in the lake. 
 
Currently, no phytoplankton population dynamics studies are in progress at Lake Elsinore. 
 
Zooplankton 
 
Until recently, little research had been completed on the composition and ecology of the 
zooplankton community of Lake Elsinore.  Beginning in January 2003, biweekly sampling of the 
zooplankton population was initiated at six sites representing the three sediment types/habitat 
zones within the lake (Veiga Nascimento and Anderson 2003).  Three major groups of 
zooplankton were found in Lake Elsinore: rotifers (Brachionus, Filina, Keratella, Asplanchna), 
and two subclasses of Crustacea, the Cladocera (Daphnia exilis, Diaphanosoma, Alona guttata) 
and Copepoda.  Table 2-16 lists the zooplankton taxa currently known to occur in Lake Elsinore.  
Anderson and Veiga (2002) summarized the general characteristics of these three groups 
(Table 2-17).   
 
From January through June 2003, rotifers and copepods dominated the zooplankton community, 
and few cladocerans were present.  The principal cladoceran in the lake was Diaphanosoma.  A 
complete taxonomic inventory was not provided by Veiga Nascimento and Anderson (2003).  
The initial six months of sampling indicated that there might have been a spatial trend in the 
distribution of the zooplankton community with higher populations in shallow water compared to 
deeper water.  This distribution may be related, in part, to the greater concentrations of dissolved 
oxygen in shallow water compared to deeper water.   
 
Fish 
 
The San Jacinto River is tributary to the Santa Ana River.  The Santa Ana River watershed is 
geologically part of the larger Los Angeles Basin which, in turn, is included in the South Coast 
Zoogeographic Province.  The South Coast Province extends from Baja California north to 
Monterey Bay (Moyle 2002).  The freshwater fish fauna of the Santa Ana River watershed is 
limited to eight native species (Table 2-18). 
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TABLE 2-15 
 

FRESHWATER ALGAE RECORDED FROM LAKE ELSINORE 
GROUP 
     FAMILY 
          Genus 

 
Form and Habitats 

 
Toxic 

Potential 
Monoraphid Diatoms 
     Achnanthaceae 
          Achnanthes1 

 
Haptobenthic2 on short stalks; solitary or forming short chains 

 
No 

Symmetrical Naviculoid Diatoms 
     Naviculaceae 
          Navicula11 

 
A large genus of over 10,000 species; cells solitary or living within 
mucilage tubes; found in nearly every freshwater habitat; typically 
epipelic12 in freshwaters 

 
No 

Photosynthetic Euglenoids 
     Euglenaceae 
          Phacus 

 
Euplanktonic3 and tycoplanktonic4; cells solitary; found in swamps, 
ditches, and ponds 

 
No 

Chrysophycean Algae 
     Chrysophyceae 
          Chrysococus 

 
Planktonic 

 
No 

Filamentous Cyanobacteria 
     Oscillatoriaceae 
          Oscillatoria 

 
Mainly benthic5; occurs in mats on different substrata (mud, plants, 
stones, sand) in shallow water bodies or marshes and swamps; parts 
of the mats dislodge from the substratum and form floating clusters 
on the water surface 

 
Yes 

(neurotoxin, 
hepatotoxin, 
cytotoxin) 

     Rivulariaceae 
          Calothrix 
 
 
 
          Rivularia 

 
Filamentous; attached to substrata (epilithic6 and epiphytic7) to form 
bristle-like groups or thin mats; freshwater taxa found in flowing and 
standing waters 
 
Filamentous; attached to substrata (epilithic and epiphytic) to form 
small or large hemispherical colonies when young, later becoming 
macroscopic layered strata; gelatinous or encrusted with CaCO3 

 
No 

 
 
 

No 

     Nostocaceae 
          Anabaena8 

 

 

 

 
          Nodularia 

 
Primarily planktonic; non-planktonic taxa (i.e., benthic) form mats in 
the littoral zone or cover sediments or aquatic plants in freshwater 
pools and ponds and in saline lakes 
 
 
Filamentous; occurring as solitary filaments or in groups or clusters, 
occasionally (several benthic species) in mats; some species are 
planktonic and form dense blooms in inland lakes or reservoirs with 
high salinity 

 
Yes 

(hepatotoxin, 
neurotoxin, 
cytotoxin) 

 
Yes 

(hepatotoxin) 

     Microchaetaceae 
          Tolyppothrix 

 
Typically benthic, but may be planktonic, tangled in submergent 
vegetation, or growing on stones, macrophytes, or alage; forms 
wooly mats or tufts colonies that may separate and float to the 
surface; usually found in soft or acidic unpolluted freshwaters, but 
also found in mineral springs, streams, alkaline swamps, or subaerial 
habitats 

 
Yes 

(cytotoxin) 



  2.  Environmental Setting 
 
 

 
 
  2-61 

TABLE 2-15 
 

FRESHWATER ALGAE RECORDED FROM LAKE ELSINORE 
GROUP 
     FAMILY 
          Genus 

 
Form and Habitats 

 
Toxic 

Potential 
Coccoid and Colonial Cyanobacteria 
     Merismopediaceae 
          Gomphosphaeria 
 
     Microcystaceae 
          Microcystis9 

 
Colonies are free-living, spherical or irregularly oval; planktonic in 
lakes 
 
Irregular micro- or macroscopic colonies that are free-floating; many 
planktonic species; some form dense blooms in eutrophic waters; 
many strains toxic 

 
No 

 
 

Yes 
(hepatotoxins) 

Non-Motile Coccoid and Colonial Green Algae 
     Chlorophyceae 
          Botryococcus 
 
 
 
 
          Chlorococcum 
 
 
          Palmella 
 
 
 
          Tetraspora 

 
Colonies consist of numerous spherical to ovoid cells densely 
arranged within copious semi-opaque (golden brown) mucilaginous 
lumps; found in the phytoplankton and metaphyton10 of ponds and 
lakes 
 
Cells are spherical, solitary or sometimes gregarious; typically found 
in soils  or subaerial habitats 
 
Irregularly shaped colonies consisting of numerous spherical to 
broadly ellipsoidal cells; found as a gelatinous amorphous mass on 
damp soil or dripping rocks 
 
Colony is a macroscopic, spherical, saclike, balloon-like, or 
irregularly expanded mass (intestine-like) of spherical cells, usually 
arranged in groups of two to four at the periphery; found attached to 
submerged substrata or floating as colonial clumps where they form 
massive sheet-like skeins in ditches, bogs, ponds, and lakes 

 
Yes 

(allelochemicals) 
 
 

No 
 
 

No 
 
 
 

No 

Notes: 
1  Many common species previously classified in this genus are now recognized as species of Achnanthidium, Psammothidium, Planothidium, 

or other genera (Kingston 2003). 
2  Haptobenthic refers to taxa that grow on a solid substratum, which is usually either rock or part of an aquatic plant, though sometimes wood, 

animal surfaces, or the remains of a man-made object (Hutchinson 1975). 
3  Euplanktonic refers to taxa that are permanent members of the planktonic community, i.e., in the water column (Hutchinson 1967). 
4  Tycoplanktonic refers to benthic dinoflagellate species found at sometime in the water column. 
5  Tradionally planktonic species with thinner trichomes and different ultrastructure now classified under the genera Planktothrix, 

Pseudanabaena, or Limnothrix (Komárek et al. 2003). 
6  Epilithic refers to taxa growing on rocks or other non-plant hard substrates (Hutchinson 1975). 
7  Epiphytic refers to taxa growing on plants (Hutchinson 1975). 
8 Several non-planktonic Anabaena species were recently transferred to the genus Trichormus (Komárek et al. 2003). 
9  The genus Anacystis was reported from Lake Elsinore; however, this genus is no longer valid and the various species describd as Anacystis 

have been moved to several families in the genera Rhodosorus, Microcystis, Chroococcus, Synechococcus, Gloeocapsa, Aphanothece, and 
Chroococcidiopsis (Komárek 2003).  There is no way to determine from the existing records which genus is represented at Lake Elsinore.  
We have listed Microcystis due to its common occurrence in highly eutrophic waters. 

10  Metaphyton refers to floating algae. 
11  Navicula has tradionally been a genus where species that do not fit into other genera have been placed, making it a large collection of taxa 

that are probably not related.  Many of these taxa have recently been elevated to genus status.  Species formerly included in Navicula are 
now spread among 23 genera, so it is impossible to know if the genus Navicula (senso stricto) actually occurs in Lake Elsinore. 

12  Epipelic means living on a mud substratum. 
Source:  Black & Veatch (1994, 1996) 
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TABLE 2-16 
 

ZOOPLANKTON TAXA REPORTED FROM LAKE ELSINORE 
GROUP 
     Family 
          Species 

 
 

Habitat 
ROTIFERS 
     Branchionidae 
          Brachionus 
 
 
 
          Keratella 

 
Most species planktonic; considered “herbivorus;” however, 
small citiates may be consumed; some species adapted to 
saline habitats 
 
Most species planktonic; considered “herbivorus;” however, 
small citiates may be consumed 

     Asplanchnidae 
          Asplanchna 

 
Planktonic; carnivore 

     Hexarthridae 
          Filinia 

 
Planktonic; herbivore 

CLADOCERA (water fleas) 
     Daphnidae 
          Daphnia exilis 
 

 
Planktonic; found in saline lakes in the southwestern U.S. 

     Chydoridae 
          Alona guttata 

 
Benthic and hyporheic1 habitats; muddy bottoms and detritus 
preferred substratum; eurythermic2 

     Sididae 
          Diaphanosoma 

 
Typically planktonic; sometimes phytophylous3; variety of 
water bodies 

COPEPODS 
   Both calanoid and cyclopoid copepods collected  

from the lake; however, no specific genera have 
been listed in the published literature to date 
Veiga Nascimento and Anderson (2003). 

Planktonic and benthic 

Notes: 
1  Hyporheic refers to taxa that live in the substrata beneath the lakebed or streambed. 
2   Eurythermic refers to taxa that are adaptable to a wide range of temperatures. 
3   Phytophilous refers to taxa that feed on plants. 

 
 

TABLE 2-17 
 

CHARACTERISTICS OF THE ZOOPLANKTON GROUPS 
Property Rotifer Cladocera Copepoda 

Body Size (mm) 0.2 – 0.6 0.3 – 3.0 0.5 – 5.0 
Food Size (µm) 1 - 20 1 - 50 2 - 200 
Feeding Mechanism Suspension Feeding Filtration Random Encounter 
Filtering Rate Very Low High Low 
Predation by Fish Very Low High Low 
Source: Anderson and Veiga (2002) 

 
 
 



2.  Environmental Setting 
 
 

 
 
 
 

 
TABLE 2-18 

 
NATIVE FRESHWATER FISH FAUNA OF THE SANTA ANA RIVER WATERSHED 

Conservation Status FAMILY 
  Common Name (Scientific Name) Federal State Other 

 
Comments 

 
Reference 

PETROMYZONTIDAE (lamprey family) 
  Western brook lamprey (Lampetra cf. richardsoni)1 

 
 
 
 
 
 
  Pacific lamprey (Lampetra tridentata) 

 
None 

 
 
 
 
 
 

FSC 

 
None 

 
 
 
 
 
 

None 

 
Moyle:  D 

 
 
 
 
 
 

Moyle:  D 

 
Formerly common in the low gradient 
portions of Los Angeles Basin streams.  
Believed extirpated from southern 
California.  Last recorded in the watershed 
in 1955 from the Santa Ana River just above 
the Prado Flood Control Basin. 
 
Known to spawn in the Los Angeles Basin 
streams until about 1955, and was not 
recorded again until it was observed near the 
mouth of the Santa Ana River in 1991.  
Possibly extirpated from the watershed. 

 
Swift et al. (1993: 
107) 
 
 
 
 
 
Moyle (2002: 97) 

SALMONIDAE (salmon and trout family) 
Rainbow trout (resident form of Oncorhynchus mykiss 
irideus) 

 
 
 
  Steelhead (anadromous2 form of Oncorhynchus mykiss 

irideus) 

 
Sport Fish 

 
 
 
 

FE3 

 
Sport Fish 

 
 
 
 

CSC4 

 
Moyle:  E 

 
 
 
 

Moyle:  B 

 
Populations in the watershed currently 
represent a mixed native and hatchery 
origin.  Possible native form could exist in 
isolated headwater reaches of some streams. 
 
Believed extirpated from the Santa Ana 
River. 

 
Swift et al. (1993: 
109; Moyle (2002: 
273) 
 
 
Moyle (2002: 
281) 

CYPRINIDAE (minnow family) 
  Arroyo chub (Gila orcutti) 
 
 
 
 
  Santa Ana speckled dace (Rhinichthys osculus ssp.) 

 
FS: Sensitive 

 
 
 
 

FS: Sensitive 

 
CSC 

 
 
 
 

CSC 

 
Moyle:  C 

 
 
 
 

Moyle:  B 

 
Uncommon in middle Santa Ana River 
tributaries between Riverside and the 
boundary of Orange County.  Reported from 
the South Fork of the San Jacinto River. 
 
Uncommon.  Known from Lytle, Cajon, 
City, Strawberry, Mill, and Silverado creeks 
in the Santa Ana River watershed.  Reported 
from the South Fork of the San Jacinto 
River. 

 
Swift et al. (1993: 
115) 
 
 
 
Swift et al. (1993: 
117) 

CATOSTOMIDAE (sucker family) 
  Santa Ana sucker (Catostomus santaanae) 

 
FT 

 
CSC 

 
Moyle:  B Uncommon in the lower Santa Ana River 

from Mt. Roubidoux downstream to a few 

 
Swift et al. (1993: 
119) 
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TABLE 2-18 
 

NATIVE FRESHWATER FISH FAUNA OF THE SANTA ANA RIVER WATERSHED 
Conservation Status FAMILY 

  Common Name (Scientific Name) Federal State Other 
 
Comments 

 
Reference 

miles below the Imperial Highway. 
FUNDULIDAE (killifish family) 
  California killifish (Fundulus parvipinnis) 

 
None 

 
None 

 
Moyle:  E 

 
Possibly occurs in the estuarine reach of the 
Santa Ana River, Newport Bay, and Bolsa 
Chica. 

 
Swift et al. (1993: 
122); Moyle 
(2002: 314) 

GASTEROSTEIDAE (stickleback family) 
Partially armored threespine stickleback (Gasterosteus 
aculeatus microcephalus) 

 
 

Unarmored threespine stickleback (Gasterosteus aculeatus 
williamsoni) 

 
Shay Creek threespine stickleback (Gasterosteus aculeatus 
ssp.)   

 
None 

 
 
 

FE 
 
 

None 

 
None 

 
 
 

SE 
 
 

CSC 

 
Moyle:  B 

 
 
 

Moyle:  B 
 
 

Moyle:  B 

 
Noted as occurring in the South Fork of the 
San Jacinto River below Lake Hemet, San 
Diego County. 
 
Believed to be extirpated from the Santa 
Ana River watershed since the early 1950s. 
 
Native only to the Baldwin Lake drainage 
east of Big Bear Lake. 

 
Swift et al. (1993: 
123) 
 
 
Swift et al. (1993: 
125) 
 
Swift et al. (1993: 
127) 

Number of Full Species:  8 
Number of Taxa:  10 
Number of Taxa Presumed Extirpated:  3 

 

Notes: 
1 Also cited as the Pacific brook lamprey (Lampetra pacifica).   
2 Anadromous = fish species that move from the ocean to freshwater to reproduce and whose offspring return from freshwater to the ocean to rear to reproductive age. 
3 Southern California Evolutionarily Significant Unit 
4 Southern steelhead only 
 
Abbreviations Used: 
 
 FSC = Identified as a “Federal Species of Concern” by the U.S. Fish and Wildlife Service or National Marine Fisheries Service. 
 FE = “Federally Endangered” species pursuant to the federal Endangered Species Act. 
 FT = “Federally Threatened” species pursuant to the federal Endangered Species Act. 
 FS = “Forest Service” designated “sensitive” species. 
 CSC = “California Species of Concern” as designated by the California Department of Fish and Game. 
 SE =  “State Endangered” species pursuant to the California Endangered Species Act. 
 Moyle = Species status as evaluated by Peter B. Moyle, Inland Fishes of California, Revised and Expanded, University of California Press, Berkeley, California, 2002. 
 A = extinct/extirpated taxon 
 B = threatened/endangered taxon 
 C = special concern taxon 
 D = watch list taxon 
 E = stable or increasing taxon 
 
 ssp. = subspecies not currently described. 
 cf. = abbreviation of the Latin confer, meaning “compare with.” 
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Pristine Fish Community 
 
Our knowledge of the native fishes of the San Jacinto Basin is extremely limited primarily due to 
the destruction of habitat and the extirpation of most native fishes prior to scientific study.  The 
available data suggest that native fishes have probably had access to the San Jacinto Basin and 
Lake Elsinore since at least the Pleistocene.  Lake Elsinore is located elevationally in a transition 
zone between the lowland (low gradient) fish community of the Santa Ana River and the upland 
(high gradient) fish community of the San Jacinto Mountains. Native fishes that are known to 
occur or that probably occurred in the watershed prior to Euro-American settlement include: 
Pacific lamprey (Lampetra tridentata), arroyo chub (Gila orcutti), Santa Ana speckled dace 
(Rhinichthys osculus ssp.), rainbow trout/steelhead (Oncorhynchus mykiss), three-spine 
stickleback (Gasterosteus aculeatus), and possibly the Santa Ana sucker (Catostomus 
santaanae).  Stratigraphic data from a prehistoric occupation site on the shoreline of Lake 
Elsinore, as evaluated by Homberg and Ferraro (1997), indicate that the lake was typically 
discharging to Temescal Wash during the early Holocene (10,550 to 7,200 years before the 
present), thus providing access for fish to the watershed.  The lake would also have overflowed 
during the Pleistocene.  As the climate of the region became more arid, beginning in the early 
Holocene, fish access to the watershed became more sporadic.  Access to the watershed would 
have been eliminated for steelhead (the anadromous44 form of rainbow trout) and Pacific 
lamprey, except during periods of overflow.  Lake Elsinore may have overflowed only a few 
times a century by the late Holocene, effectively isolating the resident fish populations.   
 
The intermittent hydrological characteristics of the San Jacinto River and its tributaries, in 
conjunction with the periodic desiccation of Lake Elsinore, would have increased the probability 
of local fish populations becoming extirpated.  There is little doubt that fish occupying Lake 
Elsinore were eliminated numerous times over the millennia when the lake periodically dried 
out.  When the lake refilled sufficiently to provide suitable environmental conditions for fish, it 
was recolonized by fish from the San Jacinto River and, in times of overflow, by fish from the 
Santa Ana River. 
 
During excavations of the prehistoric occupation site at Lake Elsinore, a small number of fish 
bone fragments were found, but not assigned to a specific taxon.  The most probable native fish 
to occupy Lake Elsinore on a sustained basis prior to Euro-American settlement in the region 
was the arroyo chub.  This species of minnow (Family Cyprinidae) is adapted to warm, 
fluctuating streams.  The chub can live in intermittent streams and it is able to survive hypoxic 
conditions and wide fluctuations in water temperatures (Moyle 2002).  The arroyo chub is an 
omnivore, feeding on algae, insects, and small crustaceans, food items that would have been 
abundant in Lake Elsinore. 
 
The Santa Ana speckled dace is typically found in clear, flowing, well-oxygenated water with 
abundant cover, although it can survive in streams that are periodically intermittent.  This fish 
may have occurred in Lake Elsinore when the lake was overflowing or very high, but it seems 
unlikely that the dace would persist in Lake Elsinore once lake levels began to decline and water 
quality became less suitable. The three-spine stickleback is typically found in quiet water in 

                                                 
44  Anadromous means migrating from salt- to freshwater to spawn. 
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shallow, weedy pools and backwaters, or among emergent vegetation.  Since it requires aquatic 
plants for nest building, pristine Lake Elsinore probably did not support suitable habitat. 
 
Evidence that the arroyo chub occurred in pristine Lake Elsinore is documented by the collection 
of this fish at Lake Elsinore by Dr. James G. Needham on 28 October 1922 (CAS45 18565).  
Additional collections of the chub in the San Jacinto watershed were made in 1939 (UMMZ46 
133174, UMMZ 133176, UMMZ 133863) and 1946 (CAS 20278, CAS 20279, CAS 20281).  
Historical accounts also confirm the presence of the chub in Lake Elsinore until approximately 
1940.  The Santa Ana speckled dace was collected in the San Jacinto River watershed, but not 
Lake Elsinore, in 1939 (UMMZ 133175) and 1977.  Only one collection from 1978 exists for the 
three-spined stickleback in the San Jacinto River watershed.  
 
Post-settlement Fish Community 
 
Human manipulation of the fish community of Lake Elsinore began in 1895.  Prior to 1883, there 
were few people in the valley that was to later become known as Lake Elsinore Valley.  In 1880, 
the lake was dry and fishless due to a prolonged drought.  The lake remained essentially dry until 
January 1884.  In 1881, the lake was characterized by the founder of Elsinore, Franklin H. Heald, 
as “small and poisonous” (Hudson 1978).  A description of Lake Elsinore in 1883 by Ida Heald, 
sister of Franklin Heald, states “…the terrible hole…called the lake was just a big alkali flat 
mostly covered with bleaching cow bones, old dead tree stumps, [and] stones covered with a 
white deposit … called alkali …” (Hudson 1978).   
 
The heavy rains that began in January 1884 continued into June and quickly filled the nearly dry 
lakebed.  The lake rose so high during that period that it overflowed into Warm Springs Creek.  
One estimate put the cumulative rainfall in the area at 62 inches.  Arroyo chub and the other 
native fishes of the watershed would have easily passively entered Lake Elsinore from the San 
Jacinto River at this time to recolonize the lake.  Fish would have also moved upstream from the 
Santa Ana River through Temescal Wash to Warm Springs Creek, and into the overflowing lake.  
The outlet elevation was about 1,265 feet and the lake would have inundated about 8,000 acres.  
Lake Elsinore continued to remain very high (above 1,262 feet in elevation), often overflowing, 
for many years following 1884.  It was not until 1898 that a steady decline in lake level began.   
 
Mr. Heald, viewing the large, full lake, must have thought about the sport fishing potential of 
Lake Elsinore.  Obviously the small, but numerous native arroyo chubs or “minnows” as they 
were locally called, did not provide a fishery.  While non-native fishes had not yet been stocked 
in the lake, Mr. Heald was not above crafting a “fish story” of his own in his efforts to promote 
his Elsinore Colony.  In the 31 March 1886 issue of the Elsinore News he stated: “At the present 
time the lake contains myriads of fish, some of them said to be 2 feet in length.”  His statement 
about the myriads of fish was probably accurate since the arroyo chub would have been 
abundant. Of course, none of the native resident fishes of the watershed ever attained a size 
approaching two feet.  It is possible that a few steelhead, a large fish, entered the lake during 
periods of spill at this time. 
 

                                                 
45  CAS = California Academy of Sciences. 
46  UMMZ = University of Michigan Museum of Zoology. 
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Not withstanding Mr. Heald’s wishful thinking, both the U.S. Fish Commission and the 
California Fish Commission were busy stocking non-native fishes throughout California.  
Beginning in 1891, nearby Lake Cuyamaca in San Diego County became one of their favorite 
locations for testing the ability of imported fish species to adapt to California.  Lake Elsinore, 
full to nearly overflowing in the 1890s, was a likely lake for the introduction of new fish species 
to southern California.  Arriving at Elsinore in the spring of 1895 via the California Southern 
Railroad, was a shipment of sport fish from the U.S. Fish Commission’s hatchery in Quincy, 
Illinois. For the first time, northern largemouth bass (Micropterus salmoides salmoides), green 
sunfish (Lepomis cyanellus),47 and the common carp (Cyprinus carpio) were stocked in Lake 
Elsinore (Elsinore Leader-Press, 6 November 1934, reprinting an article from 1901; Dill and 
Cordone 1997).  This initial introduction did not seem to instantly create the desired sport fishery 
according to the newspaper account. 
 

“Out of the fish deposited in 1895 we know of but one instance of any of them ever being 
seen again until this summer [i.e., 1901] when the sunfish [green sunfish] was [sic] 
discovered.  Residents on the south side of the lake report seeing millions of little sunfish 
in the water.” 

 
That the arroyo chub continued to remain abundant was reported in the local newspaper.  In 1898 
the Temescal Water Company was pumping water from Lake Elsinore to Temescal Wash (often 
referred to as “the ditch” or “canal”) for delivery to the Corona area.  The 1 April 1898 edition of 
the Elsinore Press stated that “thousands upon thousands” of “minnows,” (i.e., arroyo chub) were 
being pumped from the lake, and when the pumps were shut down, the stranded fish died and 
their decaying carcasses became a public nuisance (Couch 1952). 
 
The first documented fish kill occurred at Lake Elsinore in 189848 when the lake was almost at 
capacity.  The cause of the kill was attributed to the release of “sulfur-smelling gasses” from the 
bottom of the lake.  The species of fish killed were not identified (Couch 1952). 
 
“Catfish,” probably brown bullheads (Ameiurus nebulosus) or white catfish (Ameiurus catus), 
may have been stocked as early as the fall of 1901 or 1902.  Couch (1952) reports that money 
was pledged by a local improvement society for a “barrel of catfish.”  Whether the fish were 
obtained and stocked is unknown.  An earthquake in January 1906 triggered an “eruption” in the 
lake that blew clouds of spray into the air and released sulphurous fumes from the lake bottom.  
The lake level was also quite low (about 1,237 feet) at that time.  The next day, the shores of 
Lake Elsinore were lined with dead fish (Couch 1952). 
 
Following this fish kill, no attempt was made to stock the lake until the summer of 1909 when 
about 300 “catfish” from Lee Lake (now called Corona Lake) were stocked by local residents.  
The “catfish” from Lee Lake were referred to as “bullheads” in 1911, indicating that the fish 
stocked were probably brown bullheads.  By 1890 the California Fish Commission claimed to 
have stocked this species in every county of the State.  The other bullhead species were not 
confirmed to occur in California until much later than 1911 (Dill and Cordone 1997).  A 

                                                 
47  Records state that 18 fish were stocked (Smith 1896).  The numbers of bass and carp stocked is not known. 
48  Couch (1952) reports that Jessie Stephens, a local resident, observed a fish kill of “minnows” about 1886, 

but this account has not been verified. 
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chronology of recorded fish stockings following 1909, until the drying out of the lake in the 
1950s and 1960s follows.  All references to “bullheads” probably refers to brown bullheads, and 
all references to “black bass” probably refer to northern largemouth bass, unless stated 
otherwise. 
 

● 1910:  Several thousand “catfish,” probably brown bullheads, were salvaged from 
Lee Lake by local residents and moved to Lake Elsinore. A planned September 
stocking by the California Fish and Game Commission of a railroad carload of 
“black bass” was apparently delayed until 1911. 

 
● 1911:  “Bullheads” and “black bass” were again moved by local residents from 

Lee Lake to Lake Elsinore.  In addition, the California Fish and Game 
Commission arrived in late October with a railroad car of “black bass” from the 
“Tulare River” (probably Tule River in the San Joaquin Valley).  Forty large 
“cans” of fish weighing an estimated three tons were stocked. 

 
● 1912:  The California Fish and Game Commission stocked another railroad car 

load of “black bass” in Lake Elsinore.  Again, a “large” number of “fish” were 
removed from Lee Lake, which was being drained, and stocked in Lake Elsinore 
by local residents. 

 
● 1915:  The California Fish and Game Commission stocked about 50 “sunfish,”  

also called “perch,” in Lake Elsinore.  While these fish were probably green 
sunfish, it is possible that they were bluegill (Lepomis macrochirus), a sunfish 
species first introduced to California in 1908 (Dill and Cordone 1997). 

 
● 1916:  During the flood year 1916, Lake Elsinore overflowed and “German carp” 

(i.e., the common carp), were observed moving up Temescal Wash from the Santa 
Ana River into Lake Elsinore, thus supplementing the carp already in the lake.  
The California Fish and Game Commission also stocked two “cans,” (i.e., several 
thousand) striped bass (Morone saxtilis) fry in the lake.  The survivors of this 
plant were being caught in the sport fishery in the 1920s.  One specimen weighted 
9 1/4 pounds and was 28 inches long. 

 
● 1918:  More “black bass” were stocked.49  James H. Gyger, a deputy Fish and 

Game warden, wrote that five species of fish occurred in Lake Elsinore in 1919:  
“black bass”, “bullhead catfish”, “sunfish”, many “German carp” (i.e., common 
carp or one of its varieties), and “minnows that are indigenous to this country,” 
(i.e., the arroyo chub). 

 
● 1922:  Couch (1952) reports that in November 1922, the Chamber of Commerce 

decided to send men to the lake on the ranch of E. E. Barnett (Barnett Lake) near 
Temecula and collect striped bass for Lake Elsinore.  Presumably fish were 
obtained and placed in Lake Elsinore based on a statement in the 18 February 

                                                 
49  Mr. Gyger states that he stocked 18 “black bass” he removed from the ponds of E. E. Barnett near 

Temecula. 
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1926 edition of the Lake Elsinore Valley Press which stated that “Private parties 
put striped bass in the lake some years ago, but so far as is known only 2 such fish 
have been caught”. 

 
● 1926:  Bluegill are documented for the first time to have been stocked in Lake 

Elsinore, along with an unspecified number of other fishes.  Most of the fish in 
the 98 cans of fish received from the California Fish and Game Commission were 
stated to be bluegill; however, a newspaper report from 1927 indicates that 
“crappies” and “bass” were included in the shipment.  The “crappies” introduced 
at this time could have been either the white crappie (Pomoxis annularis) or the 
black crappie (Pomoxis nigromaculatus), or both.  There is no way to be certain, 
since mixed-species shipments were not uncommon.  White crappie was known to 
do well in San Diego County reservoirs, and it was more abundant in those waters 
than the black crappie. 

 
● 1927:  A “few black bass” were stocked in late July. 
 
● 1930-1931:  At the end of 1930 and continuing into January 1931, over 40,000 

“bass,” ranging from 6 to 8 inches, were stocked in the lake by the California Fish 
and Game Commission.  These fish were obtained from the Sacramento River, 
salvaged from Chatsworth Reservoir in the San Fernando Valley, and from 
Temescal Reservoir near Elsinore.  The plantings also include “thousands of other 
game fish,” however, the species stocked were not identified. 

 
● 1939:  The California Division of Fish and Game stocked over 60,000 “bass.” 
 
● 1955 through 1958:  Lake Elsinore goes dry. 
 
● 1959 through 1964:  Lake Elsinore again dries up.  

 
In 1962, the State Legislature allocated $750,000 for the purchase of Colorado River water for 
delivery to Lake Elsinore, then completely dry.  In 1964, 29,210 acre-feet of water from the 
Colorado River was shunted down the San Jacinto River passing through Canyon Lake to Lake 
Elsinore.  While the water was a blessing for the lake, it also reintroduced the common carp and 
perhaps some other species, that had been resident in Canyon Lake, and possibly the Colorado 
River.  In 1965, Lake Elsinore was augmented with 4,000 acre-feet of Colorado River water, 
followed by 11,250 acre-feet in 1966.  Each of these water supplements for Lake Elsinore may 
have also introduced fish to the lake.  In any case, once Lake Elsinore had refilled to an 
acceptable level, the fish stocking process began again. 
 
The Post-1964 Fish Community 
 
Over the years, a wide variety of fish have been intentionally stocked, passively entered, or been 
illegally dumped into Lake Elsinore.  Table 2-19 provides a summary of the fishes documented 
to occur in Lake Elsinore following lake refilling in 1964. 
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TABLE 2-19 
 

FISH SPECIES REPORTED TO OCCUR IN LAKE ELSINORE FROM 1984 TO 2003 
Year Reported or Documented FAMILY 

Species (Common Name, Scientific Name) 19841 19932 20003 20014 20025 20036 

CLUPEIDAE (Herring Family) 
     Threadfin shad (Dorosoma petenense) 

 
X 

 
X 

 
 

 
 

 
X 

 
X 

CYPRINIDAE (Minnow Family) 
     Golden shiner (Notemigonus crysoleucas) 
     Goldfish (Carassius auratus) 
     Common carp (Cyprinus carpio) 

 
X 
 

X 

 
 
 

X 

   
 
 

X 

 
 

X 
X 

ICTALURIDAE (Bullhead Catfish Family) 
     Black bullhead (Ameiurus melas)7 

     Brown bullhead (Ameiurus nebulosus) 
     Yellow bullhead (Ameiurus natalis) 
     Channel catfish (Ictalurus punctatus) 

 
 
 
 

X 

 
 

X 
X 

   
 
 
 

X 

 
 
 
 

X 
SALMONIDAE (Salmon and Trout Family) 
     Rainbow trout (Oncorhynchus mykiss) 

   
X 

 
X 

  
X 

MORONIDAE (Striped Bass Family) 
     Striped bass (Morone saxatilis) 

     
X8 

 

CENTRARCHIDAE (Sunfish Family) 
     Bluegill (Lepomis macrochirus) 
     Redear sunfish (Lepomis microlophus) 
     Green sunfish (Lepomis cyanellus) 
     White crappie (Pomoxis annularis)9 

     Black crappie (Pomoxis nigromaculatus) 
Largemouth bass (Micropterus salmoides) 

 
X 
X 
X 
X? 
X? 
X 

 
X 
 

X 
 

X 
X 

   
X 
 
 
 

X 
X 

 
X 
X 
 
 

X 
X 

CICHLIDAE (Cichlid Family) 
     Tilapia (Tilapia spp.) 

 
X 

     

1 Reported in Lake Elsinore State Recreation Area General Plan (California Department of Parks and Recreation 1984). 
2 Electrofishing data from the California Department of Fish and Game. 
3 City of Lake Elsinore trout planting records and California Department of Fish and Game trout planting records. 
4 California Department of Fish and Game trout planting records. 
5 Electrofishing and gill net data from the California Department of Fish and Game. 
6 EIP Associates seining data. 
7 Listed in the City of Lake Elsinore’s field guide titled Sport Fishing on Lake Elsinore, but not documented in California Department of 

Fish and Game records or collected during sampling in 1993 and 2003. 
8 Newspaper documentation of angler harvest. 
9  Listed in the City of Lake Elsinore’s field guide titled Sport Fishing on Lake Elsinore, but not documented in California Department of 

Fish and Game records or collected during sampling in 1993 and 2003. 

 
Threadfin shad (Dorosoma petenense) were introduced into the public waters of California for 
the first time in 1954.  Their occurrence in Lake Elsinore is the result of either: 1) planting by the 
California Department of Fish and Game at an undetermined date; or, 2) introduction from the 
Colorado River during the water transfers to Lake Elsinore from 1964 through 1966. 
 
Although golden shiners (Notemigonus crysoleucas) were documented in Lake Elsinore, they do 
not appear to currently occur in the lake.  These minnows were often used for bait or introduced 
as forage fish.  The occurrence of this fish in Lake Elsinore was most likely due to:  1) planting 
by the California Department of Fish and Game; or 2) an unauthorized bait bucket introduction 
by anglers. 
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Goldfish (Carassius auratus) were probably introduced to Lake Elsinore as the result of 
dumping by aquarium hobbyists; however, they may also be unauthorized bait bucket 
introductions by anglers. 
 
The common carp, one of the first fishes stocked in the lake, is mostly likely to have recolonized 
the lake for the first time in recent history during the addition of Colorado River water beginning 
in 1964.  The seed population origin was probably Canyon Lake. 
 
The brown and black bullheads (Ameiuras melas) were stocked by the California Department of 
Fish and Game.  Neither species were collected in sampling using electrofishing, gill nets, or 
seines, during 2002 or 2003; they are not likely to currently occur in the lake.  While the yellow 
bullhead (Ameiuras natalis) may have been stocked by the California Department of Fish and 
Game, no records were located to document any stocking.  These fish probably came from the 
Colorado River, where they are common, during the water transfers of the mid-1960s.  This 
species has not been documented to currently occur in Lake Elsinore.  The channel catfish 
(Ictalurus punctatus) were stocked. 
 
Rainbow trout do not survive in Lake Elsinore for more than short periods of time due to the 
unsuitable water quality and water temperature conditions.  They have recently been stocked in 
the fall and spring to provide a novelty put-and-take fishery.  
 
Striped bass have been stocked in Lake Elsinore in the past; however, the recent occurrences of 
this fish are attributed to unauthorized plantings by anglers.  Very few, if any, striped bass 
occured in the lake in 2003.  In 2004, striped bass/white bass hybrids, known as “wipers” 
(Morone saxatilis x Morone chrysops) were stocked by the City of Lake Elsinore to control the 
threadfin shad population and to provide angling opportunities at Lake Elsinore. 
 
All of the members of the sunfish family (Centrarchidae) have been stocked in Lake Elsinore at 
one time or another by the California Department of Fish and Game.  Green sunfish have not 
been stocked since 1964.  It is believed that this fish entered the lake along with the common 
carp from Canyon Lake or the San Jacinto River during the water transfers beginning in 1964.  
Other species of sunfishes may have also entered the lake at this time, notwithstanding later 
stocking.  White crappie do not appear to currently occur in the lake. 
 
One or more species of tilapia (Tilapia spp.) were reported to occur in Lake Elsinore in 1984.  
This taxon is not currently known to occur in the lake.  The historical occurrence of these fishes 
was likely the result of an unauthorized bait bucket introduction by anglers or aquarists. 
 
Fish Metrics 
 
The following narratives provide background information on the fish species as of 2004 known 
to occur in Lake Elsinore.  Life history, habitat preference, limiting factors, and current status 
information is useful in understanding the life requirements of each species, thus aiding in the 
evaluation of fisheries enhancement measures.  The following definitions are provided to aid the 
reader in understanding some of the terminology and analyses included in the species accounts. 
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Length Measurements 
 
There are several ways that fishery scientists measure the length of fish, as illustrated in 
Figure 2-14.  Length is always measured in a straight line, not over the curvature of the body.  
Standard length (SL) is measured from the snout (or lower jaw if it extends further) to the hidden 
bases of the caudal fin rays, where a groove forms naturally when the tail is bent from side-to-
side.  Total length (TL) is the greatest possible length of the fish with mouth closed and caudal 
rays squeezed together to give the maximum overall measurement.  Fork length (FL) is 
measured from the anterior-most extremity to the notch in the tail fin of fork-tailed fishes (or to 
the center of the fin when the tail is not forked).  For each species, equations have been 
developed to convert one measurement to another, if desired. 
 
Length-Weight Relationships 
 
The combined length and weight data measured for individual fish in Lake Elsinore can be used 
to mathematically describe the relationship of fish length to weight for a fish population.  This 
relationship is usually described by the power function: 
 
 W = aLb 
 

where W = weight (in grams),  L = length (in millimeters), and a and b are parameters. 
 

In general, b less than 3.0 represents fish that become less rotund as length increases, and b 
greater than 3.0 represents fish that become more rotund as length increases.  The parameters a 
and b are estimated by taking logarithms (base 10) of both sides of the foregoing equation which 
yields: 
 
 log W = log a + b log L. 
 
Log a and log b are estimated for a series of pairs of lengths and weights by least squares or 
geometric mean regression techniques (Ricker 1973, 1975). 
 
Relative Condition Factor 
 
The relative condition factor (Kn) (LeCren 1951) has been used by fisheries scientists to provide 
an index of a fish’s “plumpness” (considered a measure of a fish’s general well-being) based on 
its length-weight characteristics.  Kn is calculated as follows: 
 
 Kn = W/aLb 

 
where W is the weight of the individual fish in grams, L is the length of the individual in 
millimeters, and a and b are the constants from the length-weight relationship.  The term 
aLb is typically written as W’, or the calculated weight of the individual based on the 
length-weight relationship.  Thus, 

 
 Kn = W/W’. 
 



Figure 2-14 

Standard Length

Fork Length

Total Length

Fish Measurments

Source: EIP Associates (2004); USFWS (2003)

Largemouth Bass



 



2.  Environmental Setting 
 
 

 
 
2-74 

The practical advantage of Kn is that average fish of all lengths have a value of 1.0, regardless of 
the fish species or units of measurement.  The limitations of the metric are that Kn may not 
describe fish that are actually thriving, and Kn is restricted to within-population comparisons. 
 
Relative Weight 
 
Relative Weight (Wr) represents a refinement of the concept of the relative condition factor, Kn 
(Wege and Anderson 1978).  Wr is calculated by the equation: 
 
 Wr = W/Ws x 100 
 

where W is the weight of the individual fish and Ws is a length-specific standard weight.  
The standard weight functions are in the form: 

 
 Ws = a’Lb’ 

 
where a’ and b’ ideally account for genetically determined shape characteristics of a 
species and yield Wr values of 10050 at particular times of the year for fish that have been 
well-fed (i.e., the fish are in optimal physiological condition).  
 

For example, the parameters a’ and b’ are estimated by taking logarithims (base 10) of both sides 
of the Ws equation.  The standard weight equation for channel catfish is (Brown et al. 1995): 
 
 log10(Ws) = -5.800 + 3.294[log10(TL)]. 
 
In concept, a mean Wr of near 100 for a broad range of fish size groups may reflect ecological 
and physiological optimality for the population.  Wr has been demonstrated to be related to food 
availability, population size structure, growth, and other health indices. 
 
Fish Species Accounts 
 
Channel Catfish 
 
Channel catfish (Figure 2-15) were originally distributed throughout the Mississippi-Missouri 
river system southward into northeastern Mexico.  Their range has been greatly expanded 
through introductions into suitable waters throughout North America.  They are a favorite 
warmwater sport fish because of their fighting quality, large size, and excellent flavor.  In recent 
years, the channel catfish has been gaining popularity as a sport fish in the west because they can 
survive in waters that cannot support trout.  Channel catfish were first introduced to California in 
1891.  This fish is found in nearly all suitable waters throughout the state. 
 

                                                 
50  Wege and Anderson (1978) defined Wr such that a value of 100 was based on the 75th percentile, rather 

than the 50th percentile.  Thus, if a fish has a Wr of 100, that means that 75 percent of fish of that length, 
during all seasons, across the range of that species, will be thinner than this particular fish.  Only 25 percent 
of the fish will be plumper.  Thus, a Wr of 100 should be considered a management target.   
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Figure 2-15

Source: USFWS (2003)

Channel Catfish (Ictalurus punctatus)
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Habitat Preferences 
 
Channel catfish are adapted for living in the main channels of large streams; however, they can 
survive in a wide variety of habitats, including farm ponds, reservoirs, and turbid muddy- 
bottomed rivers.  Optimum lacustrine habitat for the channel catfish is characterized by a large 
surface area, warm water temperatures, highly productive environment, low to moderate 
turbidity, and abundant cover (Davis 1959; Pflieger 1975).  Tolerance of such a wide range of 
habitat conditions is one of the main reasons they are the most commonly cultured North 
American catfish species.   
 
In their native habitat, adult channel catfish typically spend the day in pools or beneath log jams 
or undercut banks, and will concentrate in the warmest sections of a river (Ziebell 1973; Stauffer 
et al. 1975; McCall 1977).  At night, channel catfish will move into riffles to feed.  They require 
abundant cover, but are seldom found living in dense aquatic vegetation (Trautman 1957).  
Instead, channel catfish seek the cover of boulders and debris and under cutbanks.  Deep pools 
and littoral areas, with greater than 40 percent suitable cover, is considered optimum habitat 
(McMahon and Terrell 1982).   
 
Life History  
 
Reproduction and Rearing 
 
The size and age at which the channel catfish becomes capable of reproducing is highly variable 
(Moyle 2002).  Reproduction may begin in the third, fourth, or fifth year of life (Scott and 
Crossman 1973).  Spawning in California takes place from April through August.  Spawning 
requires water temperatures of 21-29°C, and cave-like sites for nests.  Undercut banks and log 
jams, rubble, or boulders are preferred sites for nesting.  The channel catfish will not spawn in 
clear water without shelter, and without suitable nesting cover spawning is severely inhibited 
(Marzolf 1957).  During spawning, females construct shallow nest depressions by fanning away 
fine materials with their pectoral fins and pushing out larger objects with their snouts.  Males can 
spawn several times a year; however, females will spawn only once a year, laying between 
2,000-70,000 eggs (Scott and Crossman 1973).  Eggs form a sticky mass on the bottom of the 
nest until they hatch.  Males of the species will protect the eggs and fry for several days.  
Embryos can develop in water temperatures of 25.5-29.5°C, with the optimum temperature being 
about 27°C (Brown 1942; Clemens and Sneed 1957).  The embryos hatch within 6-7 days at 
optimum water temperatures.   
 
Food and Feeding 
 
The catfish fry will feed predominantly on plankton and aquatic insects (Baily and Harrison 
1948; Walburg 1975).  Adult channel catfish consume a wide variety of organisms, including 
aquatic insects, crayfish, other fish species, and occasionally small mammals.  They feed 
primarily at night along the bottom.  Catfish rely on by both vision and chemosenses to find their 
food (Davis 1959).  Their omnivorous nature makes them a relatively easy species for pond 
culture because they adapt well to commercial food rations (Sigler and Sigler 1987).   
 



  2.  Environmental Setting 
 
 

 
 
  2-77 

Growth Rate, Size, and Longevity  
 
Channel catfish are one of the fastest growing species of catfish, which makes them popular to 
stock for sport fishing.  They can typically reach 7-10 centimeters (cm) in total length in the first 
year, 12-20 cm in the second, 20-35 cm in the third, 30-40 cm in the fourth, and 35-45 cm in the 
fifth (Carlander 1969).   
 
Limiting Factors 
 
Water Temperature Tolerance 
 
Optimal water temperatures for channel catfish growth and survival range from 26-29°C 
(Shrable et al. 1969; Chen 1976).  Growth is reduced at water temperatures below 21°C 
(McCammon and LaFaunce 1961; Macklin and Soule 1964; Andrews and Stickney 1972), and 
growth ceases at water temperatures below 18°C (Starostka and Nelson 1974).  The upper 
incipient lethal water temperature (UIL)51 for fry is around 35-38°C, depending on acclimation 
temperature (Moss and Scott 1961; Allen and Strawn 1968).  
 
Dissolved Oxygen Tolerance 
 
The optimal dissolved oxygen concentration for the channel catfish is greater than 3 mg/L, but 
channel catfish will tolerate DO concentrations as low as 1 mg/L (Allen and Strawn 1968).  
Lethal DO levels for channel catfish exposed to rapidly decreasing oxygen concentrations were 
0.95, 1.03, and 1.08 mg/L at 25, 30, and 35ºC, respectively (Moss and Scott 1961).  Similar 
results were found for fish acclimated to the same water temperatures (Moss and Scott 1961).  
DO concentrations of less than 1 mg/L are lethal to juvenile channel catfish.  Juvenile survival 
begins to decrease at concentrations less than 5.8 mg/L.  Channel catfish embryos would not 
hatch at DO concentrations of less than 1.7 mg/L at 25°C (Carlson et al. 1974). 
 
pH Tolerance - No data available 
 
Ammonia Tolerance - No data available 
 
Total Suspended Solids Tolerance 
 
Channel catfish are abundant in rivers and reservoirs with varying levels of turbidity and siltation 
(Cross and Collins 1975).  Optimum suspended solid levels for growth are less than 100 mg/L 
(Finnell and Jenkins 1954; Buck 1956; Marzolf 1957). 
 

                                                 
51  The upper incipient lethal temperature was defined by Fry et al. (1946) and is discussed in USEPA (1973) 

as follows: 

“Each species (and often each distinct life stage of a species) has a characteristic tolerance range of 
temperature as a consequence of acclimations (internal biochemical adjustments) made while at previous 
holding temperature.  Ordinarily, the ends of the range, or the lethal thresholds, are defined by survival of 
50 percent of a sample of individuals.  Lethal thresholds typically are referred to as “incipient lethal 
temperatures” and temperatures beyond these ranges would be considered “extreme”…” 
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Salinity Tolerance 
 
Channel catfish can tolerate moderate salinities, and they typically avoid brackish water (Turner 
1966).  Adults can tolerate salinities of 8,000 mg/L with little or no effect, but growth will slow 
above this level and growth stops at salinities above 11,000 mg/L.  In laboratory studies, three-
day-old embryos could tolerate salinities of up to 16,000 mg/L until hatching.  The optimum 
salinity for fry is around 5,000 mg/L (Allen and Avault 1970). 
 
Current Status in Lake Elsinore 
 
Exactly when this species was first stocked in Lake Elsinore is unknown; however, it was not 
confirmed to occur in the lake until the post-1964 supplemental water additions from the 
Colorado River.  The fish has been stocked several times since 1964.  In relative abundance, 
channel catfish were the third most abundant fish in Lake Elsinore in 2003.  Only threadfin shad 
and common carp were more abundant.  Channel catfish were the most abundant sport fish in the 
lake.  The 2003 size of the channel catfish population was estimated based on the results of the 
mark-recapture study conducted during the spring.  Of the 366 catfish marked, 12 were 
recaptured.  The population of channel catfish in Lake Elsinore was estimated to be 12,718 fish, 
or about four fish per acre of lake surface (or about 1.2 pounds per acre by weight).   
 
Extensive seining in 2003 provided information on the current size distribution and length-
weight relationship for the channel catfish.  Figure 2-16 illustrates the size distribution, and 
Figure 2-17 the length-weight relationship for channel catfish in Lake Elsinore.  The length-
frequency data (Figure 2-16) indicate that there is a strong cohort of three-year-old fish that are 
approximately 180-300 millimeters (mm) (7.1-13.8 inches) in total length, with a mean total 
length of 235 mm (9.2 inches).52  These fish represent a strong year-class that was the result of 
successful reproduction in 2000.  The three-year-old fish range in weight from 57-208 grams 
(0.12-0.46 pounds), with a mean weight of 119 grams (0.26 pounds).  The mean length for all 
channel catfish measured in 2003 was 239 mm (9.4 inches) and the mean weight was 131 grams 
(0.29 pounds). 
 
Approximately 8,550 pounds of catfish, ranging in weight from 454 to 1,362 grams (1 to 3 
pounds) per fish were stocked several times between March and July 2000.  These fish are 
represented in Figure 2-16 by fish greater than 330 mm in length (i.e., greater than about 460 
grams in weight).  Few fish from this stocking remain in the lake.   
 
There are a few fish less than three years old in Lake Elsinore (N=4) indicating that reproduction 
has not been successful since 2000.  A variety of environmental conditions may account for the 
absence of successful reproduction and survival of young-of-the-year fish including: 1) 
intraspecific and interspecific competition for scarce food resources, especially competition with 
carp; 2) destruction of spawned eggs by carp; and 3) deteriorating water quality conditions in 
Lake Elsinore between 2000 and 2003.   

                                                 
52  Fork length (FL) was measured in the field and converted total length (TL) for comparison with catfish 

growth statistics in other waters.  The conversion forumula used was TL = 1.108 FL – 2.016 (Carlander 
1969). 



 



Figure 2-16

Source: EIP Associates (2003)  
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Figure 2-17

Source: EIP Associates (2003); Carlander (1969)
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To evaluate well-being of the channel catfish population in Lake Elsinore the following analyses 
were completed: 
 

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

● Comparison of the Lake Elsinore catfish population to other catfish populations in 
North American lakes. 

 
Relative Condition 
 
Figure 2-18, Graph A, illustrates the Kn values for the channel catfish population (N=174) in 
Lake Elsinore.  The relative condition values for Lake Elsinore channel catfish indicate a wide 
range in condition within the catfish population.  Some of the three-year-old fish have 
significantly low relative condition values indicating that these fish are underweight for their 
lengths, suggesting that for some catfish the food supply is limiting their growth.  Relative 
condition values range from a low of 0.65 to a maximum of 1.42 for the second largest catfish 
captured.  Some fish are robust in form, while others are not. 
 
Relative Weight 
 
Figure 2-18, Graph B, illustrates the Wr values for the Lake Elsinore channel catfish population 
in comparison to the standard weight of channel catfish in North American waters.  The standard 
weight (Ws) equation for channel catfish, based on total length is (Brown et al. 1995):   
 
 log10(Ws) = -5.800 + 3.294 log10(TL). 
 
Relative weight values greater than 95 percent of the index are considered to represent fish in 
“good condition.”  The relative weight data indicate that most of the channel catfish in Lake 
Elsinore have weights for a given length that are comparable to channel catfish that are growing 
well in other North American waters.  Relative weights range from a low of 76 percent to a high 
of 148 percent.  A number of younger age fish do not appear to be growing as well as they 
should be in a thriving population.  Twenty-three of the three-year-old fish (N=159), or 14 
percent of the three-year-old fish measured, had relative weights less than 95 percent of the 
standard weight.  Three of the four catfish greater than three years of age had excellent relative 
weights. 
 
Comparison to Other Lakes 
 
The growth and biomass statistics for the Lake Elsinore channel catfish population were 
compared to similar statistics for other channel catfish populations in North American waters.  
Because the three-year-old age class was the most abundant component of the catfish population, 
accounting for 96 percent of all catfish captured in the 2003 survey, these fish were used for the 
growth comparison.   
 



 



Figure 2-18

Source: EIP Associates (2004)
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Table 2-20 summarizes the growth rate of channel catfish in various waters by the time the third 
annulus is formed (i.e., the total length of fish by the time they reach the beginning of their third 
growing season).  The data for mean growth rate indicate that the rates range from 168 mm (=6.6 
inches) TL (Lake Havasu, California) to 404 mm (nearly 16 inches) TL in Rellfoot Lake, 
Tennessee.  The size of the average fish in Lake Elsinore at the same age is 235 mm (9.2 inches), 
or slightly less than the middle of the size range distribution data presented in Table 2-20.  The 
three-year-old channel catfish in Lake Elsinore, while not growing rapidly to a large size, are 
within a reasonable range for catfish growth.   
 

TABLE 2-20 
 

COMPARISON OF CHANNEL CATFISH GROWTH RATES IN  
NORTH AMERICAN WATERS BASED ON THE TOTAL CATFISH LENGTH 

AT THE THIRD ANNULUS1 

Location 

Range of Mean Total 
Lengths at Third Annulus 

(Mean of Means) 
(mm) Reference 

Lake Havasu, California 168 Kimsey et al. (1957) 

11 city-county lakes, Kansas 
173-411 

(267) Davis (1959) 

15 state lakes, Kansas 
183-323 

(254) Davis (1959) 
Lake of the Ozarks, Missouri 193 Marzolf (1955) 
Kanopolis Lake, Kansas 203 Davis (1959) 
Lewis and Clark Lake, South Dakota-Nebraska 206 Walburg (1964) 
5 turbid water reservoirs over 500 acres, 
Oklahoma 213 

Finnell and Jenkins (1954); Houser 
and Bross 1963) 

Kentucky Lake, Kentucky 224 Tennessee Valley Authority (1964) 
Lake Erie, Ohio-Michigan 226 DeRoth (1960) 
Lake Elsinore, California 235 Unpublished data EIP (2003) 
Coralville Lake, IA 249 Carlander (1969) 
Ft. Gibson Lake, Oklahoma 249 Houser (1958) 

16 old reservoirs over 500 acres, Oklahoma 249 
Finnell and Jenkins (1954); Houser 
and Bross 1963) 

10 clear water reservoirs over 500 acres, 
Oklahoma 259 

Finnell and Jenkins (1954); Houser 
and Bross 1963) 

Hiwasee Lake, Oklahoma 262 King (1954, 1955) 
Cedar Bluff Lake, Kansas 272 Davis (1959) 
Lake Lawtonka, Oklahoma 284 Houser (1960) 
East Tennessee Reservoirs 295 Tennessee Valley Authority (1964) 
Moultree Lake, South Carolina 312 Stevens (1959) 
Spavinaw Lake, Oklahoma 323 Jackson (1954) 

7 new reservoirs2 over 500 acres, Oklahoma 335 
Finnell and Jenkins (1954); Houser 
and Bross 1963) 

Ardmore Lake, Oklahoma 356 Jenkins (1955) 
Lake Eucha, Oklahoma 373 Jackson (1954) 
Reelfoot Lake, Tennessee 404 Carlander (1969) 
Notes: 
1  Data compiled by Miller (1966) and Carlander (1969). 
2  Reservoirs were less than four years old at the time of data collection. 
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In support of the foregoing conclusion, Figure 2-17, Graph B, illustrates the length-weight 
relationship for channel catfish in Lake Elsinore in comparison to five other North American 
waters.  The length-weight relationship of Lake Elsinore channel catfish is similar to other 
waters, although it is significantly less than the most productive catfish waters (e.g., Kentucky 
Lake and Canton Lake). 
 
Appendix A, Table A-1, summarizes channel catfish biomass estimates from North American 
reservoirs.  The catfish data in Table A-1 has been condensed in Table 2-21 to provide a 
comparison with the 2003 Lake Elsinore biomass estimate.  While the biomass of channel catfish 
has been reported to achieve very high levels (Lake Livingston, Texas), biomass levels are 
typically less than or equal to 15 pounds per acre.  The biomass of channel catfish in Lake 
Elsinore in 2003 was estimated to be 1.2 pounds per acre.  This value is significantly less than is 
found in most North American reservoirs, suggesting that while channel catfish appear to grow 
modestly in length, the catfish population density is low in comparison with other waters. 
 

TABLE 2-21 
 

ESTIMATED BIOMASS OF FISHES CURRENTLY OCCURRING IN LAKE ELSINORE 
COMPARED TO BIOMASS ESTIMATES FROM U.S. RESERVOIRS1 

Fish Species 

Typical Maximum Biomass 
Range for U.S. Reservoirs 

(pounds/acre) 

Top Three Maximum Reported 
Biomass Estimates 

(pounds/acre) 

Lake Elsinore Biomass 
Estimate for 2003 

(pounds/acre) 

Threadfin shad ≤ 25 

530.2 (Bayou de Saird, Louisiana) 
293.1 (Herrington Lake, Kentucky) 
202.8 (Cherokee Lake, Tennessee) <5 

Goldfish ≤ 1 

30.0 (Cheney Lake, Kansas) 
11.0 (Cherokee Lake, Tennessee) 

9.4 (Beaver Lake, Arkansas) <<1 

Common carp ≤ 50 

498.6 (Cheney Lake, Kansas) 
266.9 (Lovewell Lake, Kansas) 

257.0 (Lake Taneycomo, Missouri) 530-1,100 

Channel catfish ≤ 15 

146.8 (Lake Livingston, Texas) 
139.0 (Sardis Lake, Mississippi) 
102.7 (Lake Calaveras, Texas) 1.2 

Bluegill 5-40 

571.0 (Lake Altus, Oklahoma) 
289.3 (Lake Humphreys, Oklahoma) 

254.9 (Jackson Lake, Georgia) <<1 

Redear sunfish ≤ 5 

110.1 (Pine Bluff Lake, Arkansas) 
91.4 (Lake Overcup, Arkansas) 

85.7 (Houston County Lake, Texas) <<1 

Black crappie ≤ 10 

76.4 (Laurel Lake, Kentucky) 
75.6 (Lake Altus, Oklahoma) 

49.3 (Bayou Chicot, Louisiana) <<1 

Largemouth bass 5-25 

114.6 (Lake Altus, Oklahoma) 
104.5 (Lake Monticello, Texas) 

80.8 (Lake Welch, Texas) <<1 

Total Biomass of 
Fish 90-450 

1,551.8 (Keystone Lake, Oklahoma) 
1,526.6 (Cherokee Lake, Tennessee) 

1,466.2 (Milford Lake, Kansas) 536-1,106 
Notes: 
1  Unpublished data, U.S. Fish and Wildlife Service, National Reservoir Research Program (1979). 
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Summary of Status 
 
Lake Elsinore currently supports a strong year-class of three-year-old channel catfish and a few 
larger, older fish.  In general, the channel catfish population is growing moderately well and the 
majority of the fish have reasonable weights for their lengths as measured by relative weight.  
The population density of channel catfish in Lake Elsinore is low (about four fish per surface 
acre) and this low density is also reflected in the low biomass estimate (about 1.2 pounds per 
surface acre).   
 
Channel catfish have not consistently reproduced successfully in Lake Elsinore, possibly due to 
poor water quality, limited food supply, and reproductive interference by the common carp.  
Collectively, these results indicate that the FMP should include measures to enhance channel 
catfish habitat conditions to improve successful reproduction, and to improve the food resources 
available to fish three-years-old and younger. 
 
Threadfin Shad 
 
Threadfin shad (Figure 2-19) are native to the tributaries flowing into the Gulf of Mexico, south 
to Belize.  They are native to the Mississippi River system as far north as Oklahoma and 
Tennessee.  They were introduced into reservoirs in the west as a forage fish for sport fishes.  In 
California, they have been introduced to many reservoirs throughout the state. 
 
Habitat Preferences 
 
Threadfin shad are found in a variety of different habitats including reservoirs, lakes, large 
ponds, and sluggish backwaters of rivers.  They are a pelagic fish, occupying open water, but are 
attracted by currents and are frequently found congregating below dams and inlets.  Threadfin 
shad form schools segregated by size.  Adult threadfin shad concentrate near the surface of the 
water, while young-of-the-year fish tend to be found in deeper water.   
 
Life History 
 
Reproduction and Rearing 
 
Spawning takes place throughout the summer, peaking in June.  Most spawning takes place at 
temperatures above 21°C (Kimsey and Fisk 1964).  Floating logs, aquatic vegetation, or other 
partially submerged objects are used by small groups of shad to attach their fertilized eggs.  
 
Spawning is usually accompanied by much splashing and leaping out of the water.  Females will 
produce 900-21,000 eggs, which hatch within 1 to 6 days.  Larvae assume a planktonic existence 
and will metamorphose into the adult form when about 1-1.5 cm in total length. 
 
Food and Feeding 
 
Threadfin shad feed on zooplankton, phytoplankton, and detritus. 
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Figure 2-19

Source: USFWS (2003)

Threadfin Shad (Dorosoma petenense)



 



  2.  Environmental Setting 
 
 

 
 
  2-87 

Growth Rate, Size, and Longevity 
 
Threadfin shad are a relatively fast growing fish with high reproductive rates and short life spans.  
They typically grow 4-6 cm TL in their first year, reaching 10-13 cm by their second year.  Few 
shad live longer than two years or achieve lengths longer than 10 cm.  In southern California, 
threadfin shad grow rapidly and attain lengths greater than the national average, reaching up to 
13 cm in their first year.  In freshwater, one of the main factors limiting growth is intraspecific 
competition for food and space (Johnson 1970). 
 
Limiting Factors 
 
Water Temperature Tolerance  
 
The threadfin shad are sensitive to low temperatures and grow best in waters that do not get 
colder than 7-9°C.  
 
Dissolved Oxygen Tolerance – No data available 
 
pH Tolerance – No data available 
 
Ammonia Tolerance – No data available 
 
Total Suspended Solids Tolerance – No data available 
 
Salinity Tolerance  
 
Threadfin shad are typically found in freshwater and become less abundant as salinity increases 
(Ganssle 1966); however, threadfin shad can survive in seawater. 
 
Current Status in Lake Elsinore 
 
Exactly when threadfin shad entered Lake Elsinore for the first time is unknown; however, there 
is a high probability that they were inadvertently introduced from the Colorado River during 
periods of water transfer to the lake beginning in 1964.  The number of threadfin shad in Lake 
Elsinore has been significantly reduced from the population that existed prior to the massive 
1998 die-off, when between 8 and 12 million shad died.   
 
The growth rate of shad in Lake Elsinore is rapid and one-year-old fish achieve sizes not 
typically reported for North American populations.  Shad may reach a size of 130 mm and a 
weight of 38 grams (0.08 pound) in their first year (Figure 2-20 and Figure 2-21).  While 
typically few shad survive to become two-year-olds, a few do in Lake Elsinore.  These two-year-
old fish may reach a length of 175 mm and a weight of 82 grams (0.18 pound).  Prior to the 1998 
shad die-off, the growth rate was probably much reduced from the rate observed in 2003 due to 
the high fish density leading to intraspecific competition for food.   
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Source: EIP Associates (2003)  
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Figure 2-21

Source: EIP Associates (2003)  
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Appendix A, Table A-1, summarizes threadfin shad biomass estimates collected from North 
American reservoirs.  The shad data in Table A-1 has been condensed in Table 2-21 (previously 
presented) to provide a comparison with the 2003 biomass estimate for Lake Elsinore.  While the 
biomass of threadfin shad has been reported to achieve very high levels (e.g., Bayou de Saird, 
Louisiana), typical shad biomass levels are typically less than or equal to 25 pounds per acre.  
The biomass of threadfin shad in Lake Elsinore in 2003 is unknown; however, based on the 
number of shad collected in seine hauls that year, it was estimated to be less than five pounds per 
acre.  This value is within the range typically found in most North American reservoirs.  As 
previously noted, the current density and biomass of shad in Lake Elsinore is much less than it 
was prior to the 1998 die-off.  Prior to the die-off, the shad biomass was about 145 pounds per 
acre, perhaps greater.  At that time, Lake Elsinore supported one of the highest threadfin shad 
densities in North American waters. 
 
Summary of Status 
 
The population abundance of threadfin shad in North American lakes and reservoirs is known to 
be highly variable from year-to-year, depending on a wide variety of environmental factors.  It is 
expected that under favorable circumstances the threadfin shad population will increase again to 
high densities, unless held in check by predatory fish, for example striped bass or hybrid striped 
bass.  Threadfin shad do provide a valuable fish forage base for other piscivorous fishes; the 
FMP should address threadfin shad control measures as a means of keeping the population at a 
reasonable density.  Maintaining the shad population at moderate abundance levels through top-
down biomanipulation will also benefit the zooplankton community of Lake Elsinore. 
 
Common Carp  
 
The common carp (Figure 2-22) is native to Asia, and for many centuries was imported all over 
the world because of its value as a delicacy and a potential source of high-protein food.  Carp 
were extensively stocked in California by State and federal fish commissioners and private 
landowners starting in the 1870s.  By 1897, carp were so widely distributed that official stocking 
was halted.   
 
Attitudes towards carp have changed dramatically and the species is now considered an 
undesirable fish in most waters in the United States.  The reason for this attitude change is due, 
in part, to the tendency of large schools of carp to alter habitat conditions and displace other 
native fish, sport fish, and waterfowl.  Carp have displaced or greatly reduced the populations of 
many native fishes throughout North America.  Carp populations have been controlled by 
intensive commercial fishing and selective fish poisons, but these are expensive operations. 
 
Habitat Preferences 
 
Carp are generally associated with warm, eutrophic waters with silty bottoms and suitable 
emergent aquatic vegetation.  They are able to survive extremely turbid waters, sudden 
temperature changes, and low dissolved oxygen concentrations.  Adults spend their summers in 
shallow areas with dense vegetation (May and Gloss 1979) and move to deeper waters in the 
winter.  Waters with a diversity of both shallow and deep areas provide optimum habitat for carp. 
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Figure 2-22

Source: USFWS (2003)

Common Carp (Cyprinus carpio)
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Life History 
 
Reproduction and Rearing 
 
Male carp can become sexually mature after the first year of life (Bardach et al. 1972), but most 
usually reach maturity between two to five years old, and females between the ages of three to 
five (Carlander 1969).  Spawning takes place in the spring and summer when water temperatures 
exceed 15°C.  The warming water is the primary environmental stimulus for spawning 
(McCrimmon 1968).  Spawning temperatures range from 18-23°C (Sigler 1958; Swee and 
McCrimmon 1966; Bardach et al. 1972; Jester 1974).  Generally, carp will not spawn in waters 
with an average summer temperature of less than 18°C (Huet 1970).  Spawning activity 
decreases at temperatures greater than 26°C and stops at 28°C (Berg 1949; McCrimmon 1966; 
Ignatieva 1976; Jones et al. 1978). 
 
Spawning carp form large schools in the open water, usually close to shore.  Their fins and backs 
can sometime be seen breaking the surface of the water during spawning activities.  Smaller 
schools break off from the larger group and move into shallow areas with aquatic vegetation that 
provides cover.  The smaller schools are usually made up of a couple of females and three or 
four males.  Spawning activity typically peaks in the late evening and early morning.   
 
Carp do not build nests for spawning; the eggs stick to aquatic plants near the spawning area and 
will hatch in 3-6 days.  Water temperatures of less than 11°C can increase embryo mortality 
(Makino and Osima 1943; Swee and McCrimmon 1966).  Females will lay 50,000-2,000,000 
eggs during the season, depending on the size of the fish.  Eggs are tolerant of fluctuating oxygen 
levels and may survive short exposures to DO levels as low as 1.2 mg/L at water temperatures of 
25°C (Kaur and Toor 1978).  Newly hatched larvae are 5.0-5.5 mm TL.  Carp do not provide 
care for their young.  Immediately after hatching, the larvae attach to vegetation and live on the 
contents of their yolk sac for the next several days.  Soon after, they will begin feeding on 
zooplankton.  By the end of their first week, most carp fry have moved into the protective cover 
of emergent and aquatic vegetation.  They will remain in the protected cover until they are 7-10 
cm in length, when they are less likely to be prey for larger fish.   
 
Food and Feeding  
 
Carp are omnivorous bottom feeders.  They are opportunistic feeders and will eat aquatic insect 
larvae, aquatic crustaceans, mollusks, worms, and aquatic plants.  Fry feed primarily on 
zooplankton and phytoplankton.  As juvenile carp become larger, they feed more in the littoral 
zone and mostly on insect larvae.  Fully-grown adult carp will feed primarily on bottom 
invertebrates, and occasionally on seeds, algae, and detritus (Vaas and Vaas-van Oven 1959).  
Carp feeding behavior often results in increased turbidity in the water and the uprooting of 
aquatic plants.  They forage along the lake or river bottom, stirring up the aquatic invertebrates in 
the silt.  The increased turbidity created by carp feeding can result in the disappearance of sport 
fish and waterfowl from an area due to the degradation of water quality.  Feeding behavior 
ceases below 5°C (Huet 1970). 
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Growth Rate, Size, and Longevity  
 
Carp are generally long-lived and fast growing.  However, growth rates for carp vary 
considerably with water temperatures, water quality, and food availability.  During their first 
summer of life, they reach an average length of 10-15 cm in standard length.  They may grow 
10-12 cm each year for four to five years, before growth begins to slow.  In the wild, carp seldom 
live longer than 12-15 years; however, in captivity, they have been known to live as long as 47 
years (Brown 1957).   
 
Limiting Factors 
 
Water Temperature Tolerance 
 
The larvae have an upper temperature threshold of 38°C and a lower temperature threshold of 
7°C (Black 1953; Meuwis and Huet 1957; Tatarko 1970).  The preferred temperature for fry is 
reported to be 27°C (Askerov 1975); however, the temperature for optimum growth is 30°C 
(Adelman 1977).  The optimum range of temperatures for adult fish growth under laboratory 
conditions is between 20-28°C (Huet 1970).  Optimum growth of juvenile occurs from 28-30°C 
(Adelman 1977).  Temperatures less than 13°C and greater than 30°C cause growth rates to 
decrease (Gribanov et al. 1968).  The optimum temperature for adult carp is around 24°C 
(McCrimmon 1968), but they are active at water temperatures from 4-34°C.  They prefer shallow 
water but will overwinter in deeper waters of lakes and streams, moving into shallow waters to 
feed and to breed in the spring as water temperatures rise.  Adult carp can withstand extreme 
water temperatures and have an upper lethal temperature of 34.5°C (Meuwis and Huet 1957; 
McCrimmon 1968).   
 
Dissolved Oxygen Tolerance 
 
Carp can tolerate very low dissolved oxygen levels and are often the last fish to perish in drying 
ponds because of their ability to utilize atmospheric oxygen (MacKay 1963).  Adult carp will 
gulp air from the surface of the water when dissolved oxygen levels are below 0.5 mg/L 
(Yashouv 1956).  Optimum DO levels are around 6-7 mg/L for good growth (Huet 1970).  The 
lower lethal oxygen level for fry in the laboratory is less than 1.6 mg/L at 21-22°C (Doudoroff 
and Shumway 1970; Askerov 1975), or less than 1.0 mg/L at temperatures below 20°C 
(Privolnev 1954; Downing and Merkens 1957; Doudoroff and Shumway 1970).  Growth rates of 
juveniles begins to decrease at approximately 2.1 mg/L at 20-23°C (Chiba 1965). 
 
pH Tolerance  
 
Carp have a lower pH threshold of 5.0 (Bruiuchanova 1937), and an upper threshold level of 
10.5 (European Inland Fisheries Advisory Commission 1969).   
 
Ammonia Tolerance  
 
Toxic levels of unionized ammonia for carp is around 2.0 mg/L  (Alabaster and Lloyd 1980).  
 
Total Suspended Solids Tolerance – No data available 
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Salinity Tolerance  
 
Common carp can occupy brackish or saline water, but rapid changes in salinity can be lethal 
(Sigler 1958).  Adult carp can tolerate dissolved solids (salinity) concentrations of 225,000 mg/L 
for short periods of time (Wallen 1951); however, a salinity level of 72,000 mg/L is lethal to 
adult carp after 36 days under lab conditions (Soller et al. 1965).  Juvenile carp have a lethal 
limit of 6,000 mg/L and larvae die at salinities greater than 4,000 mg/L (Askerov 1975). For 
chloride alone, the upper limit of tolerance is 6,000 mg/L for juvenile carp and 4,500 mg/L for 
carp eggs (Nakamura 1948).   
 
Historical and Current Status in Lake Elsinore 
 
The history of the common carp in Lake Elsinore is interesting, if only for what it teaches us 
about carp management issues today.  Initially stocked in 1895 by the U.S. Fish Commission, 
this fish has been both praised and reviled.  The management of the carp in Lake Elsinore is 
critical to the successful enhancement of the aquatic environment.  A summary history of its 
occurrence and management follows. 
 

● 1895:  Initially stocked by the U.S. Fish Commission as a food fish.  Initial 
plantings were fish raised in Illinois and shipped to Lake Elsinore. 

 
● 1916:  Lake Elsinore overflows and the stream of water entering Temescal Wash 

attracts more carp from the Santa Ana River into the lake. 
 
● 1918:  Carp are described as plentiful in the lake. 
 
● 1920:  Lake Elsinore overflows, again attracting carp from the Santa Ana River, 

some as large as 18 to 30 pounds.  Carp are the most abundant fish by number and 
weight in the lake.  One writer stated that the carp were “as sweet and good as any 
catfish”. 

 
● 1922:  The disillusionment with carp in Lake Elsinore begins.  Commercial 

fishing for carp begins as well.  Couch (1952) states:  “with a 60-foot seine, J.M. 
Young, of Redondo Beach, commences seining Lake Elsinore Tuesday morning 
for carp for the L.A. market, permission being granted by the State Fish 
Commission.  The drags during the morning netted only 300 to 400 lbs., but later 
in the day a half ton was secured at one haul.  This was accounted for by the fact 
that Mr. Young did some “chuming” or in other words, feeding, which naturally 
drew the fish to that part of the lake.  At the present time we have 2 outfits seining 
and we hope to keep them at it until the carp are thinned down so that game fish 
can thrive.” 

 
● 1923:  Commercial fishing continues in an attempt to reduce the carp so that sport 

fish can be introduced. 
 
● 1924:  Commercial fishing for carp continues using a 1,500-foot seine. 
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● 1926:  The state Fish and Game Commission conducted seining at the south end 

of the lake and found only carp, no other fish.  Mr. George Coleman, a 
Commission biologist, states:  “I never saw finer carp even in Clear Lake 
[northern California], where carp abound and where conditions are more better for 
most game fish.”  Mr. Coleman continues:  “Carp are vegetable feeders, and are 
not a menace to game fish.”53 

 
Commercial fishing continues with “thousands of pounds” of carp being caught, 
many up to 24 inches in length.  The Lake Elsinore Valley Press of 18 February 
1926 states:  “It is the desire of the officials to exterminate the carp in so far as 
possible, to allow the game fish now being placed in the lake, to thrive and 
increase.” 

 
● 1927:  Commercial fishing for carp is still on going.  Carp were shipped in boxes 

of about 400 fish each, weighing 200 pounds.  The carp were apparently quite 
small. 

 
● 1942:  Just prior to World War II, commercial fishing for carp is reported to be in 

full swing at Lake Elsinore.  The Elsinore Leader-Press for 23 July 1942 stated:  
“Jesse H. Peterson, who manages a fleet of 9 boats, equipped with complete 
outfits for seining, has taken tons and tons of carp from Lake Elsinore.  Mr. 
Peterson states they have taken from the lake since Jan. 1st, over 112,700 pounds 
of carp, and during the month of June their catch was more than 25,000 pounds.  
They have seines 3000 ft. long and have taken hundreds of carp weighing 5 to 10 
lbs. from our lake.  The largest ever taken from the local water weighed 37 lbs.” 

 
● 1943:  In response to floodwater inflow to Lake Elsinore, “thousands of carp” 

swam up the San Jacinto River in March, were stranded, and died when spills 
from Railroad Canyon Dam ceased.  Carp were said to be so abundant in the river 
as to almost fill the stream. 

 
● 1945:  Commercial fishing has been going on for years.  Still, as much as five 

tons of carp are being shipped to L.A. and San Diego markets weekly.  The fish 
were said to range from 24 to 30 inches in length.  The Elsinore Press-Leader for 
8 March 1945 stated: “Fishermen estimate that the lake holds a million tons of 
fish.” 

 
● 1948:  The massive fish kill in late August of this year was stated to have killed 

all the fish in the lake.  It was estimated that 1,000 tons of carp had been buried. 
The fish were stated to have been large and were of uniform size.  Assuming that 
the carp weighed an average of two pounds, the carp population would have been 
about 2,240,000 fish.  Even at twice the weight, the population would have been 
over 1,000,000 fish.  The lake did not refill, and dried up completely in 1951. 

 
                                                 
53  Mr. Coleman was actually an entomologist, thus explaining his lack of expertise. 
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It is only fitting to end with the 1948 fish kill, which allows a rough estimate of the total carp 
population at that time to be made.  While periodic, sustained commercial fishing at Lake 
Elsinore had been undertaken since 1922, carp remained the dominant fish in the lake 26 years 
later and could not be eradicated.  Even following intense commercial fishing during World War 
II, the carp population was still in excess of one million fish in 1948.  Not until the lake went 
nearly dry and water quality conditions became so unfavorable were the carp eradicated, 
temporarily.  The historical experience is germane to carp control today, as will be discussed in 
Chapter 5. 
 
Intensive seining of Lake Elsinore was completed in 2003 to estimate the current population of 
carp in the lake.  A total of 3,311 carp were captured, tagged and released between 7 and 12 
April 2003.  Seining was repeated from 28 April through 2 May 2003 to recover tagged fish.  
Based on the mark and recapture data, it is estimated that Lake Elsinore contained between 
800,000 to 1,700,000 carp in the spring of 2003.  Details of this carp population estimate are 
included in Appendix B.  The average weight of all of the carp captured was two pounds.  
Therefore, at 2003 lake water surface elevations it was estimated that the standing crop of carp in 
Lake Elsinore ranged from 530 to 1,100 pounds per acre in the spring.  Subsequent to the seining 
by EIP Associates, the City of Lake Elsinore conducted intensive and sustained carp removal 
from 3 June until 11 September 2003.  An estimated 582,070 pounds of carp were harvested.  
Given an average weight of two pounds per fish, approximately 291,000 carp were removed 
from the lake, or from 17 to 35 percent of the estimated current population.  Calculations of the 
total carp population in Lake Elsinore were also completed based on the commercial recovery of 
tagged fish between 2-5 June 2002 and removal statistics for the late spring through summer 
harvest completed by the City of Lake Elsinore.  Both alternative methods of estimating the 
population produce similar results (Appendix B).  The size of the carp population in Lake 
Elsinore, and the effectiveness of harvesting to reduce the population have implications for the 
FMP.  These are addressed in Chapter 5. 
 
The intensive seining in 2003 provided a large quantity of data on the status of the current carp 
population.  Figure 2-23 illustrates the size distribution of carp in the lake based on 
measurements of over 3,300 fish.  The data reveal the following: 
 

● The carp population is dominated by a single year-class ranging in size from 
approximately 295 to 460 mm in fork length.  These fish are probably the result of 
successful spawning during the spring of 1995, the last time the lake was completely full 
and overflowing.  If this conjecture is true, then most of the carp in Lake Elsinore are 
eight years of age.  The 159 eight-year-old carp measured in 2003 had a mean length of 
414 mm (16.3 inches);  

 
● Although spawning occurred each year since 1995, spawning has not been successful in 

producing another significant year-class.  Predation by carp on their own spawn and 
competition for a limited food supply are the likely reasons that no year-class subsequent 
to 1995 has been successful; and 
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Figure 2-23

Source: EIP Associates (2003)  
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● There are very few fish larger than 460 mm in fork length, indicating that survivorship 
beyond about eight years of age has been low.  Many of the adult fish that spawned 
successfully in 1995 may have succumbed during the various fish kills that have since 
occurred. 
 

Figure 2-24, Graph A, illustrates the length-weight relationship for 199 carp collected and 
measured during the spring 2003 seining.  The mean total length of Lake Elsinore carp was 432 
mm (17.0 inches) and the mean weight was 1,032 grams (2.27 pounds). 
 
Carp were also collected and measured by the California Department of Fish and Game in 2002.  
The size distribution of the 74 fish measured is illustrated in Figure 2-25.  Not surprisingly, the 
2002 data do not differ from the 2003 data.  Both data sets reveal a single dominate year-class of 
carp. 
 
To evaluate well-being of the common carp population in Lake Elsinore the following analyses 
were completed: 
 

 ● Relative condition of carp in the Lake Elsinore population; 
 

 ● Relative weight of the Lake Elsinore carp population; and 
 
 ● Comparison of the Lake Elsinore carp population to other carp populations 

in North American lakes. 
 

Relative Condition 
 
Figure 2-26, Graph A, illustrates the Kn values for the carp population in Lake Elsinore.54  The 
relative condition values for Lake Elsinore carp indicate a wide range of weights for a given 
length.  Relative condition ranges from a low of 0.86 to a high of 1.29.  For a significant number 
of carp the food supply is limiting their growth. 
 
Relative Weight 
 
Figure 2-26, Graph B, illustrates the Wr values for the Lake Elsinore carp population in 
comparison to the standard weight of carp in North American waters.  The standard weight (Ws) 
equation for the common carp, based on total length is (Bister et al. 2000): 
 
 log10(Ws) = -4.639 + 2.920 log10(TL). 
 
Relative weight values greater than 95 percent of the index are considered to represent fish in 
“good condition.”  The relative weight data indicate that most of the carp in Lake Elsinore have 
weights for a given length that are significantly less than the same-size carp that are growing 
well in other North American waters.  Relative weights range from a low of 71 percent of the 
standard weight to as high a 112 percent.  Of the 199 carp measured, 185 (or 93 precent of the  

                                                 
54  Fork Length (FL) was measured in the field and converted to total length (TL) for comparison with carp 

growth statistics in other waters.  The conversion formula used was TL=1.106 FL + 6.779 (Carlender1969). 
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Source: EIP Associates (2003) 
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Figure 2-25

Source: California Department of  Fish and Game file data (2002) 
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Figure 2-26 

Source: EIP Associates (2003)
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total) had relative weights less than 95 percent of the standard.  No fish younger than eight years 
of age had a relative weight greater the 95 percent.  Only seven of the 185 eight-year-old fish 
measured (4 percent) had robust relive weights.  Of the 14 fish measured that were older than 
eight years, seven (50 percent) had relative weights greater than 95 percent of standard weight.  
These data indicate that Lake Elsinore carp are not as robust in shape as well-fed carp, clearly 
suggesting a food supply limitation that is probably further exacerbated by the effects of poor 
water quality on growth.   
 
Comparison to Other Lakes 
 
The growth and biomass statistics for the Lake Elsinore carp population were compared to 
similar statistics for other carp populations in North American waters.  Because most carp 
collected appeared to be in the eight-year-old age class, accounting for over 95 percent of all 
carp captured in the 2003 survey, these fish were used for the growth comparison.   
 
Table 2-22 summarizes the growth rate of carp in various waters by the time the eighth annulus 
is formed (i.e., the total length of fish by the time they reach the beginning of their eighth 
growing season).  The data for mean growth rate in Table 22 are consistent with the relative 
weight data illustrated in Figure 2-26, Graph B.  The data in Table 2-22 indicate that the carp in 
Lake Elsinore are typically much smaller in size and weight than the same-age fish from other 
North American waters.  The eight-year-old carp in Lake Elsinore are growing very slowly, 
indicating density-dependent growth impairment due to the combined effects of food 
competition and poor water quality.  Carp typically reach the size of the fish in Lake Elsinore 
between their second and fourth year of age (Carlander 1969). 
 

TABLE 2-22 
 

COMPARISON OF COMMON CARP GROWTH RATES IN NORTH AMERICAN 
WATERS BASED ON THE TOTAL CARP LENGTH AT THE EIGHTH ANNULUS1 

Location 
Mean Total Length at 
Eighth Annulus (mm) Reference 

Lake Elsinore, California 380 Unpublished data EIP (2003) 
Watts Bar Lake, Tennessee 410 Hargis (1966) 
Bear Lake, Utah 480 Sigler (1958) 
Okanagan Lake, British Columbia 513 Clemens (1939) 
Reelfoot Lake, Tennessee 561 Schoffman (1942, 1955) 
Lake St. Lawrence, Ontario 612 Swee and McCrimmon (1966) 
Illinois waters 660 Lopinot (1958) 
Lake Oahe, South Dakota 683 U.S. Bureau of Commercial Fisheries (1965) 
Indiana waters 706 Ulrey et al. (1938) 
Wisconsin waters 703 Frey (1940) 
Ogden Bay, Utah 749 McConnell (1952) 
Minnesota waters 874 Eddy and Carlander (1942) 
Notes: 
1  Data compiled Carlander (1969). 

 
Figure 2-24, Graph B, illustrates the length-weight relationship for carp in Lake Elsinore in 
comparison to four other North American waters.  The length-weight relationship of Lake 
Elsinore carp is similar to other waters at total lengths less than about 460 mm.  Figure 2-26, 
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Graph B, previously presented indicates that even though carp in Lake Elsinore may have a 
similar length-weight relationship to some other North American waters, the fish in Lake 
Elsinore are still significantly less robust than the same-length fish that are well-fed.   
 
Appendix A, Table A-1, summarizes the common carp biomass estimates collected from North 
American reservoirs.  The carp 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 the distinction of having the highest carp biomass reported for any North American 
lake or reservoir (i.e., 530-1,100 pounds per acre).  Only Cheney Lake, Kansas, a 9,540 acre 
water supply reservoir on the North Fork of the Ninnescah River, supported a biomass of carp 
approaching the biomass of Lake Elsinore.  In most North American reservoirs, the biomass of 
carp is less than or equal to about 50 pounds per acre.  Carp comprise 99 percent of the estimated 
total fish biomass in Lake Elsinore. 
 
Summary of Status 
 
Lake Elsinore currently (2003) supports a strong year-class of carp about eight years of age, and 
very few younger or older fish.  The relative weight data indicate that the carp population is 
significantly under weight for a given length when compared to the standard weight of carp in 
North American waters.  The growth rate of Lake Elsinore carp is less than growth rates reported 
for other North American waters.  The population density of carp in Lake Elsinore in 2003 was 
high (about 250-500 fish per surface acre) and this high density was also reflected in a record-
setting biomass estimate for carp (about 530-1,100 pounds per surface acre). 
 
Carp have not consistently reproduced successfully in Lake Elsinore, probably due to density-
dependent competition for the limited food supply, and intraspecific reproductive interference, 
and poor water quality.  The collective data indicate that the carp population is primarily food-
limited.   
 
The high carp densities and the subsequent competition by carp with other desirable fish species 
indicates that the FMP should identify strategies for carp control aimed at significant reductions 
in the carp population over time.   
 
Goldfish  
 
Wild goldfish (Figure 2-27) originally ranged from eastern Europe to China.  They were 
introduced into California as early as the 1860s (Dill and Cordone 1997).   
 
Habitat Preferences  
 
Goldfish are now found in many reservoirs, lakes, and canals in the Central Valley and southern 
California where water temperatures are suitable.  Populations generally can become established 
in warm water (27-37°C) where the winters are mild (Becker 1983).  They can be found in a 
variety of habitats, but do especially well in fertile farm ponds, small backyard ponds, 
warmwater reservoirs, and sloughs with heavy growths of aquatic vegetation (Moyle 2002). 
Goldfish also do well in highly disturbed and polluted habitats dominated by other alien fishes 
(Brown 2000).  They are commonly associated with the common carp, a close relative. 
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Figure 2-27

Source: USFWS (2003)

Goldfish (Carassius auratus)
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Life History 
 
Reproduction and Rearing  
 
Wild goldfish mature by their third or fourth years.  Spawning takes place in April or May over 
aquatic vegetation, flooded grasslands, roots, leaves, or other submerged objects.  The number of 
eggs produced by a female is highly variable and dependent on the size and health of the fish.  
The number of eggs produced can range from 9,000-380,000 (Becker 1983).  Under normal 
conditions, goldfish spawn several times per season, laying 2,000-4,000 eggs each time (Dobie et 
al. 1956).  The fertilized eggs are highly adhesive and hatch in 5-7 days.  Larvae and small 
juveniles seek cover among nearby aquatic vegetation (Wang 1986). Goldfish are able to 
hybridize with common carp.   
 
Food and Feeding 
 
Goldfish are omnivores that will feed on algae, zooplankton, organic detritus, and aquatic 
macrophytes.   
 
Growth Rate, Size, and Longevity  
 
Growth rates for goldfish are highly variable and dependent on environmental conditions, 
particularly overcrowding.  At the end of their first year they can range in size from 1.5 to 10.5 
cm in standard length SL (Becker 1983; Breder and Rosen 1966).  Normal growth in subsequent 
years ranges from 1.5 to 2.5 cm per year, decreasing with age.  Goldfish larger than 40 cm are 
most likely goldfish-carp hybrids or misidentified carp (Moyle 2002).  Goldfish 6-8 years old are 
uncommon; however, they have been known to live as long as 30 years in aquaria (Becker 1983; 
Trautman 1957; Carlander 1969). 
 
Limiting Factors 
 
Water Temperature Tolerance  
 
Goldfish are able to withstand a wide range of water temperatures (0-41°C), but generally 
establish populations in warmer waters (27-37°C) (Becker 1983).  Spawning requires water 
temperatures of 16-26°C (Wang 1986). 
 
Dissolved Oxygen Tolerance – No data available 
 
pH Tolerance –No data available 
 
Ammonia Tolerance –No data available 
 
Total Suspended Solids Tolerance – No data available  
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Current Status in Lake Elsinore 
 
Goldfish are occasionally found in Lake Elsinore.  During seining in 2003, only 21 fish were 
captured.  The coloration of all of these fish was similar to the wild form – golden.  Captured 
goldfish ranged in length from 29-33.5 cm, indicating that they were all from the same year-
class.  Whether these fish originated from a bait bucket introduction or were produced in the lake 
is unknown.  The age of these goldfish could not be accurately determined; however, they were 
probably between four and eight years of age.  Goldfish have not reproduced successfully in 
Lake Elsinore for many years. 
 
Goldfish are incidental in Lake Elsinore and, therefore, are not treated further in the FMP. 
 
Largemouth Bass 
 
Largemouth bass (Figure 2-28) are native to the Mississippi River system and to the Gulf and 
Atlantic states.  Introductions have been widespread throughout the world because of their 
popularity as a game fish and as a delicacy. 
 
Habitat Preferences 
 
Largemouth bass prefer warm, quiet waters with low turbidities and beds of aquatic vegetation 
for cover.  They can often be found in farm ponds, lakes, reservoirs, sloughs, and river 
backwaters.  They will often congregate near lily pads, rushes, reeds, and submerged weed beds. 
 
Life History 
 
Reproduction and Rearing  
 
In April, when water temperatures reach 14-16°C, male largemouth bass will begin to excavate a 
shallow depression in the bottom gravel with their tails.  The optimum temperature for successful 
spawning and incubation is between 20-21°C (Clugston 1966; Badenhuizen 1969), but spawning 
will occur at temperatures between 13-26°C (Carr 1942; Kelley 1968).  Largemouth bass first 
spawn during their second or third spring after hatching.   
 
The optimum spawning substrate is gravel (Newell 1960; Robinson 1961), but bass will use 
other substrates such as vegetation, roots, sand, and mud (Harlan and Speaker 1956; Mraz and 
Cooper 1957; Mraz et al. 1961).  Silt covered bottoms are unsuitable (Robinson 1961).  Nests are 
usually 3-6 feet below the surface of the water and often next to submerged objects (Moyle 
2002).  Females will lay their eggs in one or more nest sites and will produce 2,000-94,000 eggs.  
The eggs attach to submerged substrate and take 2-5 days to hatch.  The sac fry will spend 
several days in or in close proximity to the nest (Emig 1966).  Males will chase off the females 
after fertilization and guard the nest until the eggs hatch, then they will actively herd the fry into 
a dense school and continue to protect them for 1-3 weeks.   
 
Cover, in the form of flooded terrestrial vegetation, is an important requirement for fry habitat 
suitability; the amount of cover has been positively correlated to fry survival (Aggus and Elliot  
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Figure 2-28

Source: USFWS (2003)

Largemouth Bass (Micropterus salmoides)
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1975).  The optimum amount of cover in pools or littoral zones is between 40-80 percent.  Areas 
with more than 80 percent cover may not be optimum habitat because prey availability for adult 
fish is reduced (Stuber et al. 1982b).   
 
Food and Feeding  
 
Adult bass remain close to the shoreline and are most abundant in water three to ten feet deep.  
They are active throughout the day, but forage intensely at dusk.  Adult largemouth bass are 
solitary hunters.  Fry feed mainly on rotifers and small crustaceans.  As fry grow, they start to 
consume aquatic insects and fish fry.  By the time they reach adult size, their diet will consist 
primarily of fish, and sometimes crayfish, tadpoles, and frogs.  In California reservoirs, bass feed 
mainly on threadfin shad, golden shiners, and bluegill (Goodson 1965). 
 
Growth Rate, Size and Longevity  
 
Growth rates for largemouth bass are highly variable and dependent upon many factors including 
food availability, interspecific and intraspecific competition, water temperatures regimes, 
genetics, and other environmental factors.  They can obtain a length of 5-20 cm TL in their first 
year, 7-32 cm in their second year, 13-37 cm in their third and 20-41 cm in their fourth year 
(Moyle 2002).  Most largemouth bass in California reservoirs are 4-5 years old (Moyle 2002). 
 
Limiting Factors 
 
Water Temperature Tolerance 
 
Optimum temperature for growth is between 24-30°C (Mohler 1966; Coutant 1975; Brungs and 
Jones 1977; Carlander 1977; Venables et al. 1978).  Growth is substantially reduced at 
temperatures below 15°C and above 36°C (Mohler 1966; Carlander 1977).  The optimal 
temperature for fry growth is between 27-30°C (Stuber and Rosen1982).  Fry growth is 
substantially reduced at temperatures below 15°C and above 32°C (Strawn 1961). 
 
Dissolved Oxygen Tolerance  
 
The minimum dissolved oxygen requirement for largemouth bass is 1.5-2.0 mg/L (Emig 1966).  
The fish will actively avoid areas with low oxygen concentrations (Moyle 2002).  The growth 
rate of the largemouth bass declines at dissolved oxygen levels less than 8 mg/L (Stewart et al. 
1967).  Dissolved oxygen levels of less than 1.0 mg/L are considered lethal (Moss and Scott 
1961; Mohler 1966; Petit 1973).   
 
pH Tolerance  
 
The optimum pH level for the largemouth bass is between 6.5-8.5 (Stroud 1967).  pH levels blow 
5.0 and above 10.0 are unsuitable for spawning (Swingle 1956). 
 
Ammonia Tolerance – No data available 
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Total Suspended Solids Tolerance  
 
Largemouth bass are relatively intolerant of suspended solids and sediment because they forage 
for prey by sight (Muncy et al. 1979).  The optimum level of suspended solids for the bass is 
around 5-25 mg/L (Stuber and Rosen1982).  High levels of suspended solids can reduce the 
availability of food sources for largemouth bass to the extent that bass growth is reduced.  High 
levels of suspended solids may also affect the ability of the fish to reproduce (Bulkley 1975). 
 
Salinity Tolerance  
 
Salinity levels above 4,000 mg/L cause sharp declines in largemouth bass abundance (Tebo and 
McCoy 1964).  Waters with salinity over 5,000 mg/L are unsuitable for spawning (Swingle 
1956).  Embryo survival is impaired at salinities greater than 1,500 mg/L and fry growth declines 
at salinities greater than 1,660 mg/L (Tebo and McCoy 1964). 
 
Current Status in Lake Elsinore 
 
Largemouth bass are currently uncommon in Lake Elsinore.  Extensive seining in 2003 captured 
only two adult fish.  Gill netting and electrofishing by the California Department of Fish and 
Game in 2002 captured only 52 fish.  Two bass were captured during two nights of gill netting, 
and 50 fish were captured during nearly five hours of electrofishing.  No young-of-the-year fish 
were observed.  Figure 2-29 illustrates the size distribution of the bass collected in 2002.  At 
least three year-classes (or ages) of largemouth bass are apparent.  The one-year-old fish 
representing bass production in 2001 ranged in size from 150-210 mm TL (mean = 176 mm).  
Fish from the 2000 year-class ranged from 270-350 mm (mean = 300 mm).  Fish over three years 
of age were greater than 350 mm.  The average length for all bass measured in 2002 was 273 mm 
(10.7 inches) and the average weight was 451 grams (0.99 pounds).  The length-weight 
relationship of largemouth bass in 2002 is illustrated in Figure 2-30, Graph A.   
 
The limited number of largemouth bass recovered in 2003 and the apparent absence of young-of-
the-year fish indicates that bass did not successfully reproduce in Lake Elsinore during 2002.  
Several reasons for the lack of reproduction are likely, including:  1) poor water quality for egg, 
fry, and juvenile survival; 2) absence of suitable habitat for spawning; 3) limited food supply for 
juvenile fish; and 4) nest destruction by the common carp. 
 
To evaluate well-being of the largemouth bass population in Lake Elsinore, based on the 2002 
data, the following analyses were completed: 
 

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

● Comparison of the Lake Elsinore bass population to other bass populations in 
North American lakes. 
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Figure 2-29
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Figure 2-30

Source: California Department of
 Fish and Game (2002)
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Relative Condition 
 
Figure 2-31, Graph A, illustrates the Kn values for the largemouth bass population in Lake 
Elsinore.  The relative condition values for Lake Elsinore bass are highly variable, with many 
bass having condition values well below the average fish.  For all bass combined relative 
condition values ranged from a low of 0.70 to a high of 1.40.  When examined by age class the 
three-year-old fish had the greatest variability in relative condition.  For this age class, values 
ranged from 0.70 to 1.40 (N=18).  Relative condition for two-year-old fish ranged from 0.82 to 
1.37 (N=28).  For three-year-old and older fish the relative conditions ranged from 0.79 to 1.09 
(N=6). 
 
Relative Weight 
 
Figure 2-31, Graph B, illustrates the Wr values for the Lake Elsinore largemouth bass population 
in comparison to the standard weight of bass in North American waters.  Relative weight values 
greater than 95 percent of the index are considered to represent fish in “good condition.”  Graph 
B clarifies the relative condition data and indicates that largemouth bass in Lake Elsinore in 
2002, while few in number, were typically heavier for a given length than their counterparts in 
other North American waters.  A few of the one-year-old fish have low relative weight metrics, 
indicating that some fish are underweight for their size when compared to same-size, well-fed 
bass in other waters.  Of the 18 one-year-old bass, five fish (28 percent) had relative weights less 
than 95 percent of the standard weight for their respective lengths.  A few of these younger bass 
had exceptionally good relative weights.  The relative weights for all fish over two years in age 
were excellent.  Despite adverse water quality and habitat conditions in Lake Elsinore, most 
largemouth bass appeared in 2002 to be in “good condition” based on the relative weight metric. 
 
Comparison to Other Lakes 
 
The growth and biomass statistics for the Lake Elsinore largemouth bass population were 
compared to similar statistics for other bass populations in North American waters.  Because 
most bass collected were either one or two years of age, accounting for 92 percent of all bass 
captured in the 2002 survey, these fish were used for the growth comparison.   
 
Table 2-23 summarizes the growth rate of bass in various waters at the time the first and second 
annuli are formed (i.e., the total length of fish by the time they reach the beginning of their 
second and third growing seasons).  The data for mean growth rate at the first annulus indicate 
that young-of-the-year bass in Lake Elsinore are growing slowly in comparison to same-age bass 
from other North American waters.  The Lake Elsinore data compare favorably with growth rates 
measured in a wide variety of waters in North America.  On the other hand, age one bass growth 
rates in Lake Elsinore are exceptionally good.  High growth rates may reflect the availability of 
threadfin shad as a food resource.  The comparative data are consistent with the relative weight 
data.   
 
Figure 2-29, Graph B, illustrates the length-weight relationship for largemouth bass in Lake 
Elsinore in comparison to six other North American waters.  Once again, the length-weight data 
compare favorably with other waters.  The weight of fish in Lake Elsinore is actually somewhat 
greater for any given length than the weights of same-size fish from the lakes in the examples  
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TABLE 2-23 
 

COMPARISON OF LARGEMOUTH BASS GROWTH RATES IN NORTH 
AMERICAN WATERS BASED ON THE TOTAL BASS LENGTH AT THE FIRST AND 

SECOND 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) Reference 
Lake Elsinore, California 173 307 Unpublished data EIP (2003) 

Various California waters 
53-277 
(169) 

137-414 
(290) Carlander (1977) 

Various Michigan waters 
53-254 
(170) 

150-353 
(236) Carlander (1977) 

Various Iowa waters 
113-338 

(177) 
157-432 

(251) Carlander (1977) 

Various Ontario waters 
145-229 

(183) 
218-282 

(252) Carlander (1977) 

Various Illinois waters 
89-356 
(186) 

165-394 
(261) Carlander (1977) 

Various North Carolina 
waters 

107-279 
(189) 

168-381 
(275) Carlander (1977) 

Various New Jersey 
waters 

76-320 
(202) 

170-419 
(296) Carlander (1977) 

Various Oklahoma waters 
64-391 
(204) 

185-376 
(271) Carlander (1977) 

Various Kentucky waters 
145-264 

(212) 
208-366 

(275) Carlander (1977) 

Various Tennessee waters 
86-388 
(262) 

207-414 
(314) Carlander (1977) 

North American waters 
combined 

28-406 
(189) 

71-517 
(259) Carlander (1977) 

 
given, once the fish are greater than about 270 mm TL (i.e., over about three years of age).  It is 
probable that result reflects the availability of threadfin shad as forage for these larger fish. 
 
Appendix A, Table A-1, summarizes the largemouth bass biomass estimates collected from 
North American reservoirs.  The bass 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 very small bass population.  The lake currently supports an 
estimated biomass of much less than one pound per acre.  Typically, bass populations range in 
from 5-25 pounds per acre, with the record bass biomass reported from Lake Altus, Oklahoma.   
 
Summary of Status 
 
While few in number, the largemouth bass population in Lake Elsinore appeared to be in 
generally “good condition” in 2002, as measured by relative weight and growth rates.  The 
production of bass is low, however.  The low production of bass and the absence of many larger 
fish probably reflects the lack of routine successful spawning in the lake.  Poor spawning habitat 
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conditions, marginal water quality for embryo survival, and reproductive interference by carp 
probably all contribute to the limited development of the bass population.  On the positive side, 
the data indicate that the few bass present seem to be doing well, an indication that under 
improved environmental conditions in the lake, a viable bass population can be established.  
Consequently, the FMP should contain measures to promote the development of this fish species 
population in Lake Elsinore. 
 
Black Crappie  
 
Black crappie (Figure 2-32) are native to the Mississippi River Basin, the Great Lakes Basin, and 
the Gulf and Atlantic coast states.  They were introduced into California in 1908 (Goodson 
1966).  
 
Habitat Preferences 
 
Black crappie prefer large, warm, clear lakes and reservoirs with large beds of aquatic plants.  In 
riverine habitats, they prefer low velocity waters (Gerking 1945; Whitworth et al. 1968; Pflieger 
1975; Kallemeyn and Novotny 1977).  Abundant cover in the form of aquatic vegetation is 
necessary for growth and reproduction (Sigler and Miller 1963; Scott and Crossman 1973; 
Moyle 2002).  Black crappie tend to be found in highly localized schools.  They find cover 
around large submerged logs and rocks and move into open water during the evening and early 
mornings to feed.   
 
Life History 
 
Reproduction and Rearing 
 
Black crappie become sexually mature by their second or third year.  Spawning begins in March 
or April when water temperatures exceed 14-17ºC.  Males construct the nests by fanning out 
shallow depressions on the bottom substrate, usually in water less than three feet deep, near beds 
of aquatic plants.  The nests of several males may form a loose colony of nests 6-10 feet apart 
(Moyle 2002).  Females will lay 10,000-200,000 eggs.  The male black crappie will protect 
newly hatched fry for several days.  Fry find cover and food in shallow vegetated areas 
(Amundrud et al. 1974). 
 
Food and Feeding 
 
Black crappie are mid-water feeders.  They feed on zooplankton, aquatic insects, crustaceans, 
and other fish.  Fry and juveniles feed mainly on microcrustaceans and planktonic insects (Burris 
1956; Harmic 1966; Keast and Webb 1966; Keast 1968; Ball and Kilambi 1973).  If food is 
abundant, crappie populations often become so large that growth of individuals may become 
stunted.  Due to this fact, crappie do poorly in ponds and small reservoirs.  Large die-offs of 
crappie have been documented in California (Goodson 1966).   
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Figure 2-32

Source: USFWS (2003)

Black Crappie
(Pomoxis nigromaculatus)
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Growth Rate, Size, and Longevity 
 
In California, black crappie reach a size of 4-8 cm fork length in their first year, 12-21 cm at the 
end of their second, 15-28 cm at the end of their third, and 17-33 cm at the end of their fourth 
(Goodson 1966).  Crappie live about 10 years, but have been reported to reach 13 years of age 
(Carlander 1977).   
 
Limiting Factors 
 
Water Temperature Tolerance 
 
The optimal temperature for juvenile black crappie is reported to be 22-25°C and no growth 
occurs below 11°C, or above 30°C (Brungs and Jones 1977).  The preferred temperature for 
adults is between 27-29°C (Neill and Magnuson 1974).  During spawning, the preferred 
temperature range is 18-20°C (Schneberger 1972). 
 
Dissolved Oxygen Tolerance 
 
Dissolved oxygen requirements for black crappie are assumed to be consistent with those for 
largemouth bass (Edwards 1982).  Dissolved oxygen concentrations greater than 5 mg/L are 
assumed to be optimum for growth and reproduction (Stroud 1967; U.S. Environmental 
Protection Agency 2002).  DO concentrations less than 1.4 mg/L cause mortality (Sigler and 
Miller 1963). 
 
pH Tolerance  
 
Black crappie seem to do well in waters with pH values greater than 7.0.  
 
Ammonia Tolerance – No data available 
 
Total Suspended Solids Tolerance 
 
In lacustrine habitats, receding water levels can cause a decrease in reproductive success because 
of the loss of shoreline vegetation and increased turbidity (Ericson and Zarbock 1954; Stroud 
1948; Neal 1963).   
 
Salinity Tolerance  
 
Black crappie are tolerant of saline conditions.  They have been collected in the Mississippi 
River delta area in waters having salinities of 1,320 mg/L (Carver 1966), and in North Carolina 
in waters with salinities of 4,700 mg/L (Louder 1963).  Jenkins (1976) found a significant 
positive correlation between TDS levels of 100-350 mg/L and standing crop of black crappie.   
 
Current Status in Lake Elsinore 
 
Black crappie, while not abundant in Lake Elsinore, are still the most abundant centrarchid 
(sunfish) in the lake.  They appear to be reproducing, although with limited success.  Seining 
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data from 2003 indicates that there were at least four year-classes of crappie in the lake, 
suggesting that some successful reproduction has occurred since 1999.  Figure 2-33 illustrates 
the size distribution of these fish.  Young-of-the-year fish were not captured in 2003; however, 
seining may have missed these very small fish.  Fish from the 2002 year-class ranged in size 
from 90-130 mm (N=15).  Two-year-old fish are poorly represented and ranged from 150-190 
mm (N=5).  Three-year-old fish range from 210-230 mm (N=12) and four-year-old and older 
fish ranged from 290-330 mm (N=3).  The mean total length for all crappie measured was 172 
mm (6.8 inches) and the mean weight was 113 grams (0.25 pounds). 
 
The length-weight relationship for black crappie in Lake Elsinore is illustrated in Figure 2-34, 
Graph A. 
 
To evaluate well-being of the black crappie population in Lake Elsinore the following analyses 
were completed: 
 

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

● Comparison of the Lake Elsinore crappie population to other crappie populations 
in North American lakes. 

 
Relative Condition 
 
Figure 2-35, Graph A, illustrates the Kn values for the black crappie population in Lake 
Elsinore.55  The relative condition for Lake Elsinore crappie shows a very wide spread indicating 
highly variable weights for a given length.  Relative condition of one-year-old fish ranged from 
0.61 to 1.34.  For two-year-old fish the range was from 0.89 to 1.21.  Three-year-old fish ranged 
from 0.93 to 1.11, a narrow range.  Crappie over four years old ranged from 1.07 to 1.21.  This 
variability suggests that some crappie may be obtaining sufficient food for measurable growth 
and other fish are not.  
 
Relative Weight 
 
Figure 2-35, Graph B, illustrates the Wr values for the Lake Elsinore black crappie population in 
comparison to the standard weight of crappie in North American waters.  The standard weight 
(Ws) equation for black crappie, based on total length is (Neumann and Murphy 1991): 
 
 log10(Ws) = -5.618 + 3.3485 log10(TL). 
 

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

growth statistics in other waters.  The conversion formula used was: TL=1.05 FL (Carlander 1977). 



Figure 2-33

Source: EIP Associates (2003)  
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