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INTRODUCTION
“Although most people skip them, introductions are meant to be read” – Dill and Cardone, 1996.

Los Vaqueros Reservoir contains 23 species of fish that are all very different. Some of these fish need
cold water (50-60oF), some prefer warm water (80-90oF) and some it does not matter to. Some need a
substantial amount of dissolved oxygen (5 mg/l or greater), some can flourish with 3 mg/l and some can
utilize atmospheric oxygen and do not need any dissolved oxygen in the water. Some live near shore
(littoral zone), some live in the middle of the reservoir (pelagic zone), and others live on the bottom
(benthic zone). Some of these fish grow quite large (50 lbs.) and others stay quite small (1-2 inches).
Some of these fish spawn in the reservoir, some spawn in tributary creeks and some do not spawn in the
reservoir-tributary habitats. Some of these fish spawn and guard their nests while some spawn and leave
the eggs unprotected. Some of these fish eat other fish, some eat bugs and some are vegetarians. The
more you learn about the habits of these fish, the better your chances of knowing where to fish and the best
tackle and techniques to use. However, your challenge does not end there. You must also learn about the
reservoir which is changing every minute in dramatic ways that cannot be seen.
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GLOSSARY OF WORDS USED (as they pertain to fish)
Adipose fin – small, fleshy and rayless fin on the back between the dorsal and tail fins
Algae – small aquatic plants that occur as single cells, colonies or filaments.
Anadromous – migrates from saltwater to freshwater to spawn
Anal fin – fin on the underside of the fish between the vent (terminal opening of the intestine) and the tail
Barbel – an elongate thin fleshy projection usually on the head around the mouth
Benthic – bottom of the reservoir
BOD (biological oxygen demand) – oxygen consumption by organisms during the decomposition of organic matter and
nonorganic compounds in water.
Cº – degrees centigrade
COD (chemical oxygen demand) – non-biological uptake of oxygen by organic and nonorganic compounds in water.
Coldwater – waters acceptable for coldwater fish
Detritus – debris material (generally plant origin) deposited on the bottom or suspended in water
Dorsal fin – the large fin (may be double) on the back
Ecology – the study of an organism in relation to their environment
Epilimnion – upper layer of reservoir when it is stratified (always with high dissolved oxygen levels and warmer
temperatures then thermocline)
Euryhaline – ability to handle a broad range of salinity
Exotic – species introduced from a foreign country
Fº – degrees farenheit
Fish – cold blooded, aquatic, water-breathing vertebrates having limbs developed as fins
Forage – food for certain animals
Fry – newly hatched fish (with yolk sac absorbed)
Gamefish – fish sought after by anglers or those valuable as a commercial product
Habitat – where an animal or plant lives that provides what it needs to survive
Herbivorous – plant eating
Hybrid – a cross between two different species where the offspring displays the traits of both parents
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GLOSSARY OF WORDS USED (as they pertain to fish) – cont’d
Hypolimnion – lower layer of reservoir when it is stratified (with diminishing levels of dissolved oxygen through the
summer, and colder temperatures then thermocline)
Indigenous – species native to the state
Introduced -– species of fish not native to the state
Invertebrate – animals (or plants) without a backbone (worms, insects, algae, crayfish, etc.)
Littoral – the shallow near-shore area of a reservoir to about 30 feet of depth. The majority of fish occupy the littoral zone
mg/l – milligrams per liter (same as ppm)
Nongamefish – fish not sought after by anglers
Nonindigenous – species introduced outside of its natural geographic range
Omnivorous – eats almost anything
Opercle – the gill cover
Pectoral fins – the paired fins attached just behind the head
Pelagic – deep, open waters away from the littoral or shore zone
pH – refers to whether a substance is acidic (0-6), neutral (7) or alkaline (8-14)
ppm – parts per million (same as mg/l)
Phytoplankton – small “plant-like” invertebrates suspended in the water column with feeble swimming ability
Predator – animal that preys on (eats) smaller animals
Prey – a source of food for larger fish
Rays – a supporting element of flexible bone in any of the fins (absent in the adipose fin)
Sac fry – newly hatched fish (with yolk sac visible)
Salmonids – family of fishes including salmon, steelhead and trout
Schooling – large numbers of the same species swimming together
Thermocline – reservoir layer between overlying epilimnion and underlying hypolimnion, defined by
having a temperature drop of one degree C (0.55 degrees F) for each meter of descent.
Warmwater – waters too warm for coldwater fishes such as trout and salmon (above 70-75º F).
Yolk sac – what is left of the fertilized egg – attached to the larval fish (fry)
Zooplankton – small “animal-like” invertebrates (2mm or 1/10 of an inch long). Some are excellent swimmers and some
can adjust their buoyancy and make daily vertical migrations.
iv

“THE MYTHICAL FISH”
External characteristics shown on this imaginary fish can be used to distinguish freshwater game
and nongame fish from each other.
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RESERVOIR HABITAT
Habitat Varies, Daily and Seasonably
Reservoirs may look the same all through the year but water quality conditions drastically change, especially on a
seasonal basis. Basically as the days become longer and warmer through the Spring and Summer the surface waters
warm and when the days become shorter in the Fall and Winter and air temperatures drop the surface waters cool. This
annual surface warming and cooling process has a substantial effect on the reservoir and the fish and other organisms that
live in it. To be successful, anglers must realize the needs of particular fish they are fishing for and they must consider
the changes in the reservoir to understand where these particular fish are likely to be found at any particular time.

Reservoir Stratification
Most reservoirs in the State of California (except those that freeze over) stratify into three distinct depth
and density dependent layers once in the Spring. This usually occurs in March but exactly when is driven by warming air
temperatures and lengthening daylight hours. The reservoir will remain stratified until the Fall (October or November).
The surface layer is called the epilimnion and it may be 20 to 30 feet deep. In this layer fish will always find excellent
dissolved oxygen levels, the greatest abundance of food organisms and the warmest water in the reservoir. The surface
winds cause the epilimnion to circulate continuously.
The middle layer is called the thermocline and its thickness varies through the summer from a few feet to 15 to 20 feet.
In this layer the water temperature drops 1 degree C per meter of depth. The thermocline has adequate but decreasing
dissolved oxygen levels ranging from good for most reservoir fish (in the early months of April, May, June and into July)
to poor for some of the reservoir fish (in the months of July, August, September and October).
The bottom layer is called the hypoliminion and it is cold, dark and has continuously decreasing levels of dissolved
oxygen through the summer and early fall period. This layer begins at 30 to 40 feet of depth and extends down to the
bottom.
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Reservoir Destratification
In October or November (driven by shorter days and cooling air temperatures) the surface water cools, the thermocline is
eliminated and when the water at the bottom and at the surface of the reservoir are within a few degrees (2-3oC) of each
other the reservoir “turns over” or circulates completely. This “turn over” period is the period of destratification (no
layers) and this top-to-bottom circulation continues until the following spring when the reservoir will once again stratify
into density dependent layers.

Shelter, Food and Space
Fish have particular needs for shelter, food and space which change as they grow from larval forms to adult. And, fish
must learn to adapt to their changing reservoir environment throughout the year. Fish need adequate dissolved oxygen
levels to carry on their bodily functions. In addition, coldwater species (salmon and trout) must have water that is no
warmer than 70 degrees F for salmon and 75 degrees F for trout. Warmwater species can exist in water up to 95 degrees F.
Remember, the tiny organisms and small forage fish sought after by the larger fish in a reservoir are also effected by the
seasonal stratification – destratification cycle, the daily cycles of light and darkness and the reservoir inflows and outflows
which bring and remove nutrients along with the water. Some of these small organisms can thrive with little or no
dissolved oxygen and most of these organisms float or are at best weak swimmers. Currents in the reservoir move these
organisms readily so everything in a reservoir system is on the move constantly.
The successful angler will consider the fish they are seeking and its preferences. They will know what it likes to eat and
where it likes to hide and they will know what the reservoir conditions are that this fish will seek out.
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Habitat Zones
There are three basic habitat zones in a reservoir that are of importance to the angler. The first is the littoral zone which
is right next to the shore. Most anglers do not realize that the majority of the fish in a reservoir exist in this small zone.
It is difficult for the angler to know exactly how far out from the shore the zone extends so here is a “rule of thumb” to
keep in mind - - it is about as far out as a good cast with a spinning rod. So the message for the angler is “Learn what the
fish needs and make sure you are not fishing where they cannot go”. While shore fishing you will see many people using
large weights to enable long casts into deeper water. Often they are fishing “too deep” in water without enough
dissolved oxygen if its during the stratification period. Very large fish that prey on other fish frequent the shallows in
search of small forage fish or smaller gamefish species. Most of the sunfish family (black bass, Sacramento perch,
bluegill, redear and green sunfish) exist in the littoral zone. The forage prey is usually young and small and not large
enough to protect itself if it ventures too far from the bank. As most fish grow in size they can venture further from the
shore with less fear that something larger will have them for lunch.
The second is the pelagic zone or open water area beyond the littoral zone. Fish like rainbow trout,
Kokanee salmon, striped bass and several forage fish can exist in this zone. And, some schooling fish
like crappie and striped bass can range back and forth between the littoral and pelagic zones. Other fish like large catfish
and carp can visit the pelagic zone but they prefer the littoral zone temperatures and habitats.
The third is the benthic zone or bottom of the reservoir. Catfish, suckers, goldfish, carp and prickly sculpin stay close to
the bottom much of their life. Usually they do this close to shore but they can exist in poor water quality conditions
which enables them to visit the dark depths of the reservoir even during the stratified period when dissolved oxygen
levels are very low (1-2 mg/l) or absent (anoxic).
Of course the real life dynamics of reservoir habitat zones and what happens in these zones is much more complicated
than what is presented here. In fact, limnologists (lake biologists) spend their professional life trying to better understand
subtle but important changes in this complex and dynamic ecosystem.
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Reservoir Ecosystems Effect Fish
Animals including frogs and newts, snakes and turtles, birds and mammals all play an important role in reservoir and
stream ecosystems. Some are important fish predators like grebes, eagles, ospreys, terns, kingfishers, raccoons and otters.
Many fish and some ducks compete with each other for benthic macro invertebrates. Amphibian larvae and tadpoles are
eaten by fish, snakes and turtles and beaver activity in tributary streams can alter the physical habitat of a stream and the
reservoir. And, reservoir management actions and recreation uses may directly and indirectly effect amphibians, reptiles,
birds and mammals that rely on the reservoir for food, habitat or sites for breeding and nesting.

Feeding Interactions
The Food Web Pyramid shown illustrates the progression of feeding levels by various reservoir organisms and the
recycling of nutrients. Sunlight provides the initial energy source for phytoplankton (algae) and other aquatic plants to
conduct photosynthetic processes. These are the primary producers within the reservoir. Some phytoplankton die and
sink and are absorbed by bacteria and other benthic organisms. Some phytoplankton live and become food for herbivores
(zooplankton) and some fish (planktivores). And, predatory fish feed on planktivorous fish.
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Feeding Interactions (cont’d)
As the Food Web Pyramid indicates by its shape there are large numbers of benthic organisms, less primary producers
(phytoplankton), less herbivores (zooplankton), less planktivores (fish feeding on plankton) and very few large predatory
fish (piscivores). All of these organisms eventually die which provides nourishment for the detritus-feeding organisms on
the bottom of the reservoir and to bacteria and fungi, which derive their energy by decomposing organic matter. Organic
matter is also transported into the reservoir from the watershed to add to the decomposition process. Decomposition of
the organic matter releases nutrients which are utilized by plants and animals higher up in the Food Web Pyramid.
These reservoir ecosystems are exceptionally complex and rarely are they as simple as that shown in the Food Web
Pyramid. This complexity is due to other dynamic processes at work in the reservoir such as competition, predation,
differing behavioral responses, physical mixing of the reservoir, water level fluctuations, changing densities of the water,
changes in the environmental conditions (climate) and delays in time associated with changing conditions (fish plants,
nesting success, fry survival, mortality, angler success rates, etc.)

Fish Longevity
The maximum age to which fish live varies greatly among species. Those species that live longer tend to be those that
grow to larger sizes. Large gamefish species can live to be 10 to 25 years old but many small species generally live only
1 to 3 years. Variations also occur even within a given fish species. For example, fast-growing populations tend to have
shorter life spans than slow-growing populations of the same species.

Fish Spawning Habitat:
1. Those providing a nest and parental care
A. Habitat: Mud, sand, silt and among plant roots – bluegill, green sunfish, redear sunfish, largemouth black bass,
brown bullheads.
B. Habitat: Crevices or tunnels – channel catfish
C. Habitat: Aquatic vegetation nests – 3-spined stickleback
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Fish Spawning Habitat: (cont’d)
2. Those deserting nests after spawning:
A. Habitat: Gravel bottoms – rainbow trout and Kokanee salmon
3. Those that do not construct a nest:
A. Habitat: Plant materials – carp, goldfish and golden shiner
B. Habitat: Sand, gravel, boulders – Sacramento sucker and Sacramento perch
C. Habitat: Open water – striped bass

Fishing for Various Gamefish
For fish eating fish (Piscivores) including large trout, striped bass, largemouth black bass, white crappie, large catfish and
other gamefish species that are more opportunistic feeders:
Spinners and spoons are effective lures for large fish eating fish and can either be trolled slowly behind a boat and at the
selected depth, or worked actively along the shoreline. The size of the lure is not as important as having the lure work
effectively in the water (wobbling or flashing) to attract the target fish. Always use a swivel between the line and the lure
to avoid your line twisting and effecting the action of the lure. Most commercially available spinners and spoons will
attract the target species and all are made to mimic a small forage fish. Fishing along the shore requires patience, the use
of the correct lure, a lure with the right color and pattern and the anglers retrieval techniques. The retrieval can be varied
from left to right, fast and slow, up near the surface or down toward the bottom. Try right along the shore to either side of
where you are standing. This is often more effective than casting out into deeper water and reeling the lure straight back
toward the shore. Fish where there is underwater obstructions like trees, submerged logs, rocks or ledges. Study the
reservoir and the Los Vaqueros underwater topography map to find out where these structures are more apt to be. Small
forage fish congregate where there is some structure for shelter and food and the larger predator fish are not far away.
Don’t stay in the same place, move along the shoreline varying how far off the shore you cast and vary your retrieval
speed and technique. My secret weapon is a No. 6 Panther Martin (gold) spinner. It has a gold “blade”, a black body with
three green dots and a treble hook. I have used it with great effectiveness in rivers, reservoirs, lakes and ponds and have
taken a large variety of warmwater and coldwater gamefish with it.
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Fishing for Various Gamefish (cont’d)
Use plugs, large spinners and spoons and plastic or jelly worms for largemouth black bass, in particular. This species is
difficult to catch without using special angling techniques. For example, cast along the shore in shallow water, raise the
rod tip slowly to pull the lure toward you. Reel up the slack and repeat the process. Watch the line carefully where the
lure is, the strike may be very soft and you must react swiftly. Do not be afraid to jerk the rod tip up very quickly and
with some strength to attempt to set the hook. Black bass will pick up the lure which will move the line slightly and if
you do not see the movement and set the hook they will spit the lure out and move on. If you do not see the movement
chances are you will never know they have mouthed the lure. When fishing in deeper water make your cast to the desired
location and let the lure go to the bottom, then retrieve it in the same fashion as described or with a left to right or right to
left slow retrieve. Black bass may take the lure on the way down so watch the line closely!
Small lead headed feathered lures are usually used out of a boat or off of a fishing dock where the lure is dropped to some
depth and the rod tip moved up rapidly and the lure allowed to sink back down to entice the fish. Then repeat the process.
Crappie can be readily caught in this fashion as soon as you determine how deep they are. Try various depths until you
determine the depth to fish. Bluegill and redear sunfish can also be taken in this manner but not as readily as crappie.
Bait fishing: Most fish can be taken on bait such as salmon eggs, power bait, worms, night crawlers and bugs. Los
Vaqueros does not allow using other forms of live bait such as minnows, crayfish, frogs, tadpoles or clams which could
become problems for the fishery or for the reservoir itself.
Salmon eggs can be fished using a small salmon egg hook. One or several salmon eggs can be put onto one hook
depending on the size of the hook. Bury the hook into the egg or eggs. In my experience the best eggs to use are
Pautzke’s, which are bright red. Salmon eggs will be taken readily by rainbow trout but also by a variety of other game
and nongame fish. Some anglers add a small pinch of marshmallow which is buoyant enough to keep the eggs up off the
bottom slightly.
Red worms, common earthworms and night crawlers are very effective for taking rainbow trout, white and channel catfish
and bluegill, redear and green sunfish. Black bass can also be taken on large nighcrawlers. The worms are put onto a
7

Fishing for Various Gamefish (cont’d)
worm hook which has barbs on the shank for holding wiggly things like worms. Run the hook through the worm several
times. Try to hide most of the hook within the worm for best results and leave a small amount of one end of the worm
free to move around. Like salmon eggs, worms are usually fished on the bottom but worms or salmon eggs can be
suspended below a bobber to fish some selected distance below the surface (3-4 feet is a good distance usually). The
bobber, if used, will enable the angler to watch for small nibbles at the bait and the weight of the bobber will allow for
further casts from shore into deeper water if that is desired. However, a bobber is effected by the wind (which Los
Vaqueros is famous for) and currents which allows the bait to drift substantially. This may be desired but if it is too
windy the bobber can be easily removed to allow fishing in one certain place without drift.
Power bait comes in a large variety of colors which the angler can experiment with. It is a soft dough which can be made
into a ball and fashioned around the hook. Work it so that the hook is firmly encased by the dough ball. Power bait will
float the hook up off the bottom and is made to attract fish in the vicinity. A large number of game and nongame fish will
take power bait.
Bait fishing such as that described will produce nibbles or strikes at the bait which the angler will feel through the reel line
being held or seen if a bobber is being used. The angler has to time their setting of the hook when the fish are actively
nibbling or taking the bait. To wait for a stronger bite or series of bites may result in the bait being stolen. It is best to
retrieve and check the bait often.
Selecting the correct weight (split shot size and number or a sliding sinker with one split shot) to use while fishing is
important. A good rule of thumb is to use the least amount of weight to get your bait out to where you want to fish. One
of the best weights to use is a sliding sinker held up above the hook 3-4 feet by attaching a small split shot to keep it up at
that location on the line. The sliding sinker aids the angler in casting out from shore and once the sinker is on the bottom,
the line has only the small split shot to contend with. In that manner the angler can feel small nibbles easily by holding
the reel line across their fingers. Too much weight directly attached to the line masks the fish nibbling on your bait and
the angler may miss a great opportunity. Weights are not necessary while trolling from a boat. The way the lure is
constructed (floating plugs, shallow, midwater or deep diving plugs) or trolling gear like flashers will take the lure down
to where you need to be for effective results.
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Almost half of the fish species existing in California have been “INTRODUCED” (nonindigenous)
• “We have radically modified the biotic stream; we had to.” – A. Leopold, 1949
• “…we have become so accustomed to the benefits obtained from the introduction and domestication of
introduced animals, and the cultivation of nonindigenous plants, that we take them for granted and tend
to forget their origin” – Cole, 1972
• “The introduction of exotic fishes into California was both inevitable and necessary…” – P. Moyle,
1976
• “In some highly altered and managed ecosystems, introduced species may offer the best (or only)
opportunities to maintain productive fisheries” – Sport Fishing Institute, 1993
• “Complexity, variability and diversity are hallmarks of the natural environment – B.F. Golden, 1998
• “During the last 126 years (1871 through 1996) more than 90 species and subspecies of nonindigenous
fish have been planted in or gained access to the waters of California. With the exception of Florida
(where water temperatures are generally higher) no state in the Union has more introduced fishes.” Dill and Cardone, 1997. (Note: There are 111 species of freshwater and euryhaline fishes in California.
Of this number 58 species are native and 53 were introduced)
• “Had it not been for fish introductions, there would be little practical use to man (the layman’s
measure of value) of much of its native inland fish fauna, especially in reservoirs which now dominate
the state (California)”. Dill and Cardone, 1997
9

COLDWATER GAMEFISH
Rainbow Trout – Onchorhynchus mykiss.
A native California coldwater gamefish
of the subspecies "irideus"- Coastal Rainbow stock.

• This silvery fish has small black spots on its side, tail, adipose and dorsal fins and running horizontally along the sides
is a reddish band. This species has a conspicuous adipose fin, (characteristic of salmon, steelhead, trout and catfish)
and an anal fin with 12 or fewer rays.
• Needs cold water - Prefers water 55 to 61º F but can exist in water up to 75oF.
• Needs high dissolved oxygen levels - 5mg/l (ppm) or greater but can handle less with cold water temperatures.
• Are not limited in depth or distance from the shore in a reservoir except by elevated water temperatures and/or poor
dissolved oxygen levels. When surface water temperatures exceed 70º F this fish will move down in depth.
• Will migrate up creek tributaries to spawn, usually in the fall and winter. Does not spawn in the reservoir.
• A redd (nest) is constructed in the gravel and the eggs laid and fertilized. Adult fish cover the eggs with gravel and
return to the reservoir, not tending to the eggs or young. Salmon die after spawning but rainbow trout do not die and
will spawn several times during their life. Eggs will develop in the gravel for a number of weeks and the emergent sac
fry will stay in the nest gravel until the yolk sac is absorbed. Fry will return to the reservoir.
• Trout feed on zooplankton and aquatic and terrestrial invertebrates (insects), worms, plant matter and as adults they
will prey on other fish. To a great extent trout are opportunistic feeders and prey on the organisms most readily
available. Trout over 1 pound that live in reservoirs prey on other fish much more readily then stream or river trout do.
• Known to reach a weight of 18 pounds or more but those over 10 pounds are rare.
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Kokanee Salmon – Onchorhynchus nerka.
A nonindigenous coldwater gamefish planted in
Salt Springs Reservoir (Mokelumne River) in 1941.

• A small, landlocked form of the sockeye salmon that rarely exceeds 3 pounds (8" to 18").
• Needs water colder than trout do, never exceeding 60o F. Prefers water in the 50 to 60 degrees F range which is often
deep in the reservoir (thermocline or deeper).
• Needs water with a high dissolved oxygen content (5 mg/l or greater) although with cold water temperatures and for
short periods it can exist with less.
• This species is a filter feeder and juveniles and adults feed almost exclusively on zooplankton.
• Spawning takes place in the fall at a water temperature of 40-50º F. This species is silver, has a deeply forked tail with
no black spots on the back or sides like rainbow trout have. It has an adipose fin like trout, steelhead, other salmon and
catfish and it has 13 or more rays in the anal fin (trout have 12 or fewer).
• This species is a schooling fish spending most of its life in the open water or pelagic zone of the reservoir, seldom
venturing into the littoral zone along the shore, except to spawn in the fall (Sept. – Dec.)
• Spawns in the 3rd or 4th year of life (ranges from 2 to 7 years) during the fall and in redds (nests) created in creek
gravel or in gravel deposits found in shallow areas within the reservoir. Kokanee do not protect their eggs or young and
like all salmon they die shortly after spawning.
• Spawning adults change drastically from the common silver color into a fish with a distinctive green head and a
bright red body. The males also develop a distinct hooked jaw and some develop a "humped" back.
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WARMWATER GAMEFISH
Striped Bass – Morone saxatilis.
A nonindigenous warmwater gamefish planted in the
Carquinez Strait near Martinez in 1879.

• A warmwater species (45 to 95 degrees F) prone to schooling that thrives in every habitat within a reservoir but
especially in the open water pelagic zone.
• Often regarded as the greatest open water predator of fish (including its own species) found in fresh water.
• From its juvenile stage this species turns to a strict fish diet, although it will take large aquatic insects and crayfish.
Preys principally on small forage fish, trout and crappie living in the pelagic zone.
• Known to reach a weight of 100 pounds but fish over 50 pounds are rare. Can reach a length over 40 inches.
• Has 7 to 8 conspicuous horizontal blackish stripes on the back and sides, and a very large mouth.
• Spawns by adults releasing eggs and sperm in moving waters in reservoir inlet areas in the spring when the water
reaches 60º F. The eggs are semibuoyant and will hatch in 60 hours. Fertilized eggs that reach the bottom prior to
hatching will usually perish.
• This fish is a anadromous species (from salt to fresh water to spawn), and it is able to utilize a wide range of habitats.
12

Sacramento Perch – Archoplites interruptus.
The only member of the sunfish family that is
native to the State of California. The only member
of the sunfish family found west of the Rocky
Mountains prior to warmwater fish introductions.

• This native fish occupies the littoral zone, near the bottom at a moderate depth, and tolerates turbid or muddy water.
• Is a broadcast spawner onto rocky substrate within the reservoir, making the eggs easily available to other fish. The
the adults may protect the eggs and young but not as well as other introduced sunfish do. Spawns from March to
early August at 68° F and the eggs hatch in two days.
• This species will achieve a larger size then other introduced sunfishes (except for black bass) when it is the dominant
warmwater species. It notoriously does poorly with other sunfish competition (bluegill, redears, green sunfish, black
bass, etc.).
• Has 6 to 7 irregular, dark vertical bars on its sides and the sides are mottled black, brown and white. It has 12 to 13
dorsal fin spines (other sunfish family members have 10 dorsal fin spines or less).
• A maximum length of 24 inches has been recorded and a maximum weight of 8 lbs. However, on hook and line
any fish of this species over 4 pounds is very unusual.
• Juveniles feed on aquatic insects and their larvae (especially midges) and fish over 3.5 inches in length feed
primarily on small forage fish. Their large mouth is comparable to what green sunfish and crappie have.
• Prey organisms are "inhaled" after careful and slow stalking. This unusual feeding mechanism along with its
broadcast spawning and lack of care of the eggs and fry are undoubtedly partly responsible for its demonstrated
inability to compete with other members of the sunfish family.
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Largemouth Black Bass – Micropterus salmoides.
A nonindigenous warmwater gamefish species planted in
Lake Cuyamaca (San Diego County) and the Feather River
near Gridley in 1891.
• This fish is the largest member of the sunfish family. It has a very large mouth with the upper jaw extending
beyond the eye and the dorsal fin is deeply notched with 9 spines and 12 to 13 soft rays. Has a black coloration
along the lateral line from the head to the tail.
• Needs water with an oxygen content of 3 mg/l or more and warm water (58 to 82 degrees F) although it can exist in
water colder and much warmer then this range (up to 95º F).
• Lives in calm and warm water. They feed actively all day but especially at dawn and dark. Stays relatively close to
shore in the littoral zone (usually from 5 to 15 feet of shoreline) throughout its life, seldom venturing more than 100
feet off shore or into water more then 60 feet deep.
• Juveniles feed on zooplankton and aquatic insects but at a very small size (1-2 inches) they switch to a diet of fish
and crayfish. Has been known to take small mammals that fall into the water and ducklings.
• Spawns along the shore (usually at night) in nests of sand or gravel from April to July when water reaches 55-60º F.
Spawns earlier than the other nonindigenous sunfish.
• The male constructs the nest and guards it after fertilization of the eggs deposited by the female. The eggs will hatch
in 2 to 3 days. The female will lay 2,000 to 40,000 eggs depending on her size.
• Black bass fry form “schools” in open water very close to shore. The adult male may guard the young bass
fry for a short time but after this short period it is everyone for themselves – fry eat other fry and larger bass prey
on all smaller fish.
• Can reach 20 pounds or more but usually is less than 10 pounds. Young are fast growing, reaching 8 inches in year
1 and 12 inches in year 2. Adults are long lived (15+ years) and have been known to eat 2 times their body weight in
1-day and may gain 1 lb. for each 3.8 lbs. consumed.
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Bluegill Sunfish – Lepomis macrochirus.
A nonindigenous warmwater gamefish introduced
into several locations in northern and central
California in October, 1908.

• Flat, deep bodied and colorful fish with a small mouth, pointed pectoral fins and a large, noticeable black spot on the back
edge of the gill flap (operculum), and on the soft portion of the dorsal fin.
• The sunfish most associated with rooted aquatic plants near shore in water 10 feet deep or less. Prefers water 60-80º F
and can tolerate water temperatures to 95º F.
• Very opportunistic in its feeding behavior, eating almost anything and will feed day and night.
• Spawns in the reservoir during the spring and summer at a water temperature of 67º F. Male constructs nest in sand or
mud, spawns with one or more females and guards the nest until the young hatch (2 days) and the fry leave the nest.
• Bluegill are prolific spawners (nests can hold 50,000 or more eggs). Guarding of the adhesive eggs until they hatch (2
days) and the fry increases survivability to the point where this species can stunt its own growth through competing with
its own species for food and space.
• Can reach a length of 16 inches and 3 pounds but usually under 10 inches and 1 pound.
• Bluegill can spawn with other sunfish (green, redear, pumpkinseed, warmouth, etc) and create hybrid fish with traits of
both parents.
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Redear sunfish – Lepomis microlophus.
A nonindigenous warmwater gamefish planted in
several private ponds and southern California
reservoirs in 1954.

• Prefers habitat associated with aquatic weed beds, rocky areas and deeper water then Bluegill.
• Nicknamed the "shell cracker" for its preferred habit of eating snails and clams by crushing the shells in strong jaws,
eating the soft parts and spitting the rest out. Also prefers dragonfly, mayfly and midge insect larvae.
• Grows faster and to a larger size then Bluegill. Fish over 5 pounds have been taken but usually they are 9 to 12 inches
and under 1 pound.
• Spawns in the reservoir throughout the late spring and summer when water temperature reaches 72º F.
• Male constructs a nest on the bottom in 6 to 10 feet of water, spawns with one or more females and guards the nest and
young until the fry leave the area. However, they have been observed eating their own fry.
• May spawn with other sunfish and bluegill-redear hybrid sunfish are common.
• Small mouth, long and pointed pectoral fins and a yellow to orange to red margin on the rear edge of the gill flap
(operculum) help to identify this species.
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Green Sunfish – Lepomis cyanellus.
A nonindigenous warmwater gamefish introduced into
Lake Cuyamaca in San Diego County in 1891.

• Classified in 1944 as an undesirable fish (in comparison to Bluegill) although it still retains its "gamefish" status. This
undesirability is due to its pugnacious and aggressive ability to effectively compete with largemouth black bass young
and adults.
• A large mouth and short rounded pectoral fins distinguish it from redears and bluegill. The gill flap has iridescent green
streaks and the tips of the fins are edged with a noticeable white or yellow band which distinguish it from Sacramento
perch.
• Very aggressive fish likened to a small version of a largemouth black bass. It can tolerate high water temperatures, low
dissolved oxygen levels and high alkalinities. It frequents creek tributaries and will often stay in the tributary if there is
permanent flow and adequate cover.
• Opportunistic feeders upon large invertebrates, crayfish and small fish. Has a real dining passion for terrestrial bugs
which are taken immediately upon hitting the surface.
• Slow growing but stunted populations are not as prevalent as with bluegill. Can reach 11 inches and a weight of 2
pounds but is usually in the 8-10 inch size class and less than 1-pound.
• Spawns in the reservoir from May through July, near shore and in 6 to 10 feet of water when water temperatures reach
65º F.
• Males excavate a nest, may spawn with several females and guards the territory around the nest and young very
aggressively.
• This species readily spawns with other sunfish, producing hybrid sunfish.

17

White Crappie – Pomoxis annularis.
A nonindigenous warmwater gamefish species
planted in Lake Cuyamaca (San Diego County)
in 1891.

• White crappie have 5 or 6 dorsal spines (black crappie have 7 or 8 dorsal spines.)
• This fish has a small head, a deep and flat body and a large mouth. Sides are silvery with numerous black and green
blotches. Vertical bars, present in young crappies persist in the adult. The belly is white.
• In contrast to black crappie, white crappie tolerate turbid or muddy water with mud bottoms and prefer waters with a pH
level over 7 (modestly alkaline).
• Crappie are a “schooling” fish that unlike all the other sunfish members prefers mid-water depths in the pelagic zone for
feeding. Can be found in the littoral zone from 6-13 feet of depth around some structure (logs, rocks, etc.).
• Young feed primarily on zooplankton and small aquatic insects. Adults feed on small fish and large aquatic insects but
they are an opportunistic feeder, taking whatever is available. They feed actively in the early morning and evening
hours.
• Crappie spawn in the reservoir from March to July in water 58-64º F. Males excavate a shallow nest in about three feet
of water, fertilizes the eggs and guards the newly hatched fry for a short period. The eggs will hatch within 24 hours
and the young will leave the nest 4-5 days later.
• Crappie are the largest of the so-called “Panfish” or sunfish group (not counting the black bass and Sacramento perch),
growing to 5" – 14" and 3 to 4 lbs and living 7 or 8 years.
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Channel Catfish – Ictalurus punctatus.
A nonindigenous warmwater gamefish planted in
Lake Cuyamaca (San Diego County) and the
Feather River near Gridley in 1891.

• Has 8 barbels around the mouth, a deeply forked tail, and an adipose fin (like salmon, steelhead and trout). Black
spots along the sides may be visible in the young but faint or absent in adults. Anal fin with 24 to 29 rays
distinguishes it from white catfish which have 23 or less rays.
• Prefers deep water and areas with structure such as trees, holes and large rocks but can utilize all reservoir habitats.
• Tolerant of a wide range of water temperatures, dissolved oxygen levels, salinities and pH conditions.
• Eats anything it finds including fish, fish eggs, crayfish, clams, worms, algae, insect larvae, seeds, plant material
and organic ditritus. It feeds both day and night and will feed on the bottom and on or near the surface.
• Spawns in cave-like nests, undercut banks or rocky areas within the reservoir from May through June, when water
temperatures reach 70º F.
• Male selects the nesting site, defends it against other males, selects the female and allows her to enter the nest
where the eggs are laid and fertilized. The male then chases off the female and fans and guards the eggs until a
short time after hatching. Females lay as many as 34,000 eggs. Eggs hatch in 6 to 10 days and the young fry travel
along the littoral zone in close knit groups (schooling).
• Grows rapidly and can reach 40 inches and 30 pounds. Fish up to 52 pounds have been taken but fish caught are
usually less than 10 pounds.
• Fish farms in the United States produce more pounds of channel catfish than those of any other cultured fish,
including rainbow trout.
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White Catfish – Ameiurus catus.
A nonindigenous warmwater gamefish
species planted into the San Joaquin River
near Stockton in 1874.

• Has barbels around the mouth, a forked tail, an adipose fin and an anal fin with 19 to 23 rays.
• Can endure high salinities (12 parts per thousand) as evidenced by its existence in Suisun Bay.
• One of the most abundant catfish taken in the state.
• Usually avoids deep channels which channel catfish seek out.
• Prefers still water and avoids beds of aquatic vegetation.
• Can visit all the habitats in a reservoir, but prefers 10 to 30 feet of depth in the summer and 50-90 feet of depth
in the fall.
• Omnivorous feeding habits including large invertebrates, plant material, insects and forage fish. More difficult to
catch than channel catfish.
• Growth is slower than channel catfish but they can reach 30 pounds and 40 inches in length.
• Spawns in the reservoir from May through July when water temperature reaches 70º F. Males and females protect
the eggs and the male protects the young. Eggs hatch in 6-7 days.
20

Brown Bullhead – Ameiurus nebulosus.
A nonindigenous warmwater gamefish planted in waters
near Suttersville (Sacramento County) in 1874.

• Has the widest distribution of catfishes in the state of California.
• Has an adipose fin, a square tail, mottled coloration along its sides and 8 barbels around the mouth.
• Feeds largely on insect larvae, snails, small crayfish, worms and small fish. Feeds both day and night.
• Can survive in stagnant waters and in very warm waters (to 95º F) where most other species cannot survive.
• Spawns in the reservoir during the spring or early summer when water temperatures reach 70 º F. Adults create a
saucer shaped nest where the adults fertilize and protect the eggs. The eggs will hatch in 5 to 8 days.
• 2,000 to 10,000 cream colored adhesive eggs are laid and guarded by one or both parents. The adults, generally
the male, guard the young through part of the summer.
• Ranges from 7 to 15 inches and weights up to 3 pounds.

21

WARMWATER NONGAMEFISH
Sacramento Blackfish – Orthodon microlepidotus.
A native California warmwater nongamefish
species.

• Silvery-gray in color with a darker back and a dull sheen. It has tiny scales, a small mouth, 9 to 11 rays in the dorsal fin
and 8 to 9 rays in the anal fin.
• Prefers warm, turbid (cloudy), shallow water with little or no current. Juveniles stay in the littoral zone for 1-year, then
moves into the pelagic zone over deep water.
• Young are primarily filter feeders feeding on phytoplankton and zooplankton and adults are primarily herbivorous,
feeding on plankton, ditritus and plant material. The herbivorous nature of this species is indicated by the exceptionally
long intestine (16" fish can have an intestine 108" long).
• These fish were regularly eaten by Americans Indians and they are an important food fish for Chinese Americans.
• Usually in the 16 to 18 inch size range and a weight up to 2 pounds.
• Young are utilized as prey (forage) by many fish eating species.
• Spawns in the reservoir from April to June at a water temperature of 55º F. Males follow females and fertilize her
adhesive eggs as she lays them. A 17 inch female may lay 350,000 eggs. Eggs will hatch in 14 days. Most of the
adults die after the second spawning due to documented physiological difficulties with this process. This fish usually
lives about 5 years.
• This species has been reported to spawn with Hitch (Lavina exilicauda) and will produce a hybrid offspring.
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Hitch – Lavinia exilicauda.
A native California warmwater nongamefish
species of the Central Valley.

• The head is small and conical with a small mouth. The males are smaller and darker in coloration than the females
and the caudal peduncle is slender.
• Spawns mainly in streams in the early Spring (at a water temperature of 58-60º F) but will also spawn along gravelly
shores of a reservoir. A female can produce many eggs (a 10" female can have 110,000 eggs). Eggs hatch in 2-10
days. Young return to the reservoir and will stay in the littoral zone until they are 2" - 3" in length and then they
move to the open water pelagic zone.
• Young hitch feed on small zooplankton and insects along the shoreline. Adults feed on zooplankton in the open
water or pelagic zone of the reservoir and compete with other plankton eating fish in this zone (Inland silverside,
Threadfin shad and Kokanee salmon).
• Hitch grow rapidly reaching about 5.5 inches at the end of the first year.
• Hitch are an important forage fish for large fish eating species.
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Sacramento Sucker – Catostomous occidentalis.
A native California warm and cold water
nongamefish species

• Has a subterminal mouth fit for sucking and toothless jaws.
• Enters the tributary streams to spawn in the spring (March through June) but can also spawn along the reservoir
shoreline. Each female is accompanied by several males. Eggs and sperm are broadcast and eggs are nonadhesive. Eggs hatch in 3 to 4 weeks.
• Feeds along the bottom on ditritus, algae, plant material and aquatic insects. Feeds throughout the day in deep
water and feeding increases at night in shallower areas.
• Contrary to angler opinions suckers are good fighters and are good eating. Some American Indians preferred
eating suckers to trout.
• Can grow to 24 inches and 4 to 5 pounds but most are 12 to 16 inches and up to 2 pounds.
• Juvenile suckers serve as an important prey source (forage) for many reservoir fish and they commonly exist
harmoniously in cold water habitats with rainbow trout.
• Known to suffer population declines in areas where goldfish and carp exist. Goldfish and carp are also benthic
herbivores that increase turbidity or cloudiness of the water, decrease aquatic vegetation and are known to eat fish
eggs.
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Carp – Cyprinus carpio.
A nonindigenous warmwater nongamefish species
introduced into ponds on the Pulpili Rancho in
Sonoma Valley in 1872.

• The United States ceased distribution of carp to states (as a table delicacy) in 1896 due to the extreme controversy over
the merits of planting this extremely hardy fish in any freshwater system.
• Some historic methods of controlling carp might seem extreme today but they were certainly effective. Lake Merced,
San Francisco County, imported 19 sea lions to rid the lake of carp in 1891. The carp had roiled the water (stirred up
loose sediments) used as a primary drinking water supply. As a result of introducing the sea lions, men had to be
employed to pick up pieces of carp floating on the lake. They were aided by seagulls. By 1895 seining could not find
any remaining carp and the seals returned to the Pacific Ocean on their own.
• Capable of surviving harsh environmental conditions and having the unique ability to utilize atmospheric oxygen and to
thrive in harsh environments. Commonly said to be the fish that can be expected to be the “last to perish”.
• Prefer productive bodies of water with silty bottoms and submerged aquatic vegetation. They are known for their rooting
in the mud and keeping the water muddy.
• Growth is rapid and the fish are long lived (8 to 10 years). Carp have been known to reach 80 pounds and commonly
exceed 25 pounds in California.
• Has two barbels on each side of the mouth, large scales and a heavy spine in the first ray of the dorsal and anal fins.
• Carp are benthic feeders taking aquatic invertebrates, seeds, aquatic plants and algae.
• Spawns from early May to June during twilight hours. Males and females move into shallows and broadcast spawning of
eggs and sperm begins. Carp also spawn in reservoir tributaries when water temperatures reach 60º F. Females lay 500
to 600 adhesive eggs at a time and a large female can produce more than a million eggs in a season. A nest is not
produced and it does not care for its young. The eggs will hatch in 4 days.
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Goldfish – Carassius auratus.
A nonindigenous warmwater nongamefish
species found in California in 1863. It is unknown
exactly when they were first introduced in this
state.

• This fish, native to China, is known to interbreed with carp and can be found throughout the state.
• Does not have chin barbels which carp have (distinguishing physical feature) and they have large scales like
carp.
• Do not reach a large size in the wild, seldom exceeding 12 inches and about 3 pounds.
• Some retain their cultivated aquarium trade colors (pintos, albinos, various shades of color) and some exhibit
unusual fins and eye structures.
• Spawns in the reservoir shallows during the summer for several weeks when water warms to 63 to 68 degrees F.
When spawning it does not create a nest. Fertilized eggs are adhesive and stick to plants, debris and bottom
substrate. Does not thrash about in shallow waters when spawning like the carp does.
• Are benthic feeders like carp and suckers, feeding primarily on algae and aquatic invertebrates.
• Species can live for 5 to 8 years in a reservoir habitat, much longer than in an aquarium.
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Golden Shiner – Notemigonus crysoleucas.
A nonindigenous warmwater nongamefish
species planted in Lake Cuyamaca (San
Diego County and in the Feather River near
Gridley in 1891).

• A widely used bait minnow and ornamental (aquarium trade) and a favorite forage fish by fish eating species.
• Can survive very low dissolved oxygen levels (1.4 mg/l) and low water temperatures.
• Has a very rapid growth and reaches moderately large size quickly (8 to 10 inches in one year). It will live for
4-5 years.
• Has a peculiar ridged and scaleless keel along the midline of the belly from the anus forward to the base of the
pelvic fins. The lateral line has a strong downward curve. The sides are golden and the belly is white.
• 95% of its diet are large zooplankton but it will take small fish, mollusks and aquatic insects.
• Spawns in the reservoir from March to August usually in the early morning period and at a water temperature
from 70-80° F. No nest is prepared and it does not guard its eggs or young. Eggs are adhesive and will hatch in
about 4 days. The young form “schools” just below the surface near shore.
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Threadfin Shad – Dorosoma petenense.
A nonindigenous warmwater nongamefish
species planted into brood ponds in San
Diego County in 1953.

• This species is a member of the herring family. It has a saw-toothed edge on its belly, has a large black spot
behind the head and the threadlike ray on the dorsal fin are distinguishing characteristics.
• A small forage fish that utilizes all areas of the reservoir from the surface down to 25 feet of depth.
• Feeds on plankton and competes with other plankton eating species (Kokanee salmon, inland silverside, hitch)
• Introduced to overcome the lack of suitable forage species in warmwater fluctuating reservoirs (Especially for
the littoral zone which has unstable habitats caused by fluctuating water levels and pelagic zones which do not
produce a food base for most fish eating species).
• This “schooling” fish spawns in the reservoir in the spring (April through June) when water temperatures are
55-70º F. Spawns in schools and has adhesive eggs which hatch in 6-8 days.
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Inland Silversides – Menidia beryllina.
A nonindigenous warmwater
nongamefish species planted in Blue
Lakes and Clear Lake (Lake County) in
September, 1967.

•

A small (2" - 3") forage fish that feeds mainly on plankton and can utilize all areas of the reservoir from the
surface down to about 5 feet of depth.

•

Introduced to control aquatic midges (Chironomids) and gnats (Chaoborus) in the Lake County area.

•

Provides a prey source (forage) for all fish eating fish.

•

This species feeds on plankton and competes for this food source with Kokanee salmon, hitch, threadfin shad and
other species.
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Three-Spined Stickleback – Gasterosteus aculeatus.
A native California warmwater nongamefish species.

• Three erectile spines precede the soft doral fin.
• Males have a scarlet throat and belly, blue eyes and greenish fins when spawning. The females have a pinkish
throat and belly. Spawns from April to July.
• Feeds on small aquatic insects, algae, crustaceans, fish eggs and will take small fish fry.
• Male builds a unique nest on the bottom of the reservoir or creek tributary using aquatic vegetation and sticks that
are stuck together by a glue-like secretion from the male kidneys. Several females may deposit eggs in one nest
which are then fertilized by the male. The male guards the eggs and young.
• Sticklebacks provide limited forage for fish and surface-feeding birds.
• A short lived schooling fish (most live no longer than 1 year with a few living to 2 or even 3 years).
• Maximum size is about 2.5 inches.
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Prickly Sculpin – Cottus asper.
A native California warmwater nongamefish species
found in coastal streams along the Pacific coast and
in some coastal reservoirs.

• Small (less than 8"), bottom dwelling fish with a large flattened head, thin tapering body and very large pectoral
fins. The eyes are located high on the head and the body is covered with prickles, or scales. The mouth is large.
• The natural camouflage and the habits of this fish make it very difficult to see even though it may be quite
numerous. Usually lives in water 2-feet deep or less.
• Usually spawns in creeks under a rock or ledge where the adhesive and salmon-colored eggs are deposited in
clusters on the ceiling of the nest. Males guard the eggs until hatching.
• Utilized by fish eating species such as trout, white and channel catfish and black bass. Frequently will feed on
eggs and will readily feed on newly hatched fry of other fish and its own species.
• Has the ability to survive in a wide range of habitats and poor water quality conditions.
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Mosquitofish – Gambusia affinis.
A nonindigenous warmwater nongamefish
species planted in a lily pond at Sutter’s
Fort (Sacramento) in 1922.

• A very small fish (2.5 inches or less in length) commonly seen on or close to the surface of freshwater wetlands,
ponds, reservoirs, lakes, creeks and rivers in the state. The dorsal fin is far back on the body.
• A controversy continues over the perceived and real benefits and impacts associated with this species. This species
may prey on frog eggs. (If the frog is protected by law the predation becomes a substantial impact.)
• This species was planted worldwide for decades to assist in the control of mosquitoes. It feeds on mosquito larvae,
small crustaceans and insects.
• Ability to survive in water temperatures of 108º F, but is not tolerant of water temperatures below 40º F.
• This species brings forth their young alive (ovoviviparous) and the young can fend for themselves at birth. The
female may hold 300 embryos for internal fertilization by the male.
• Males stop growing at maturity (4-6 weeks) at 1.75 inches whereas females keep growing to about 2.5 inches or
more. The species is short lived (15 months).
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