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ABSTRACT

This paper is a review of the biology of Sacramento
perch (Archoplites interruptus) based mainly on
recent studies of their distribution, ecology, physiol-
ogy, and genetics. The Sacramento perch is the only
member of the family Centrarchidae that is endemic
to California. It is most closely related to the rock
basses (Ambloplites spp.) and is thought to have split
from its eastern cousins during the Middle Miocene
Period (15.5 to 5.2 million years ago, MYA). Their
native range includes the Central Valley, Pajaro

and Salinas rivers, tributaries to the San Francisco
Estuary (e.g., Alameda Creek), and Clear Lake (Lake
County). Today, they are most likely extirpated from
all of their native range. They are known to persist in
28 waters outside their native range: 17 in California,
nine in Nevada, and one each in Utah and Colorado.
Disappearance from their native range coincided with
massive changes to aquatic habitats in the Central
Valley and with the introduction of alien species,
including other centrarchids. Unfortunately, many
populations established outside their native range
have also disappeared and are continuing to do so.

Sacramento perch bones are abundant in Native
American middens, and Sacramento perch were com-
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mon enough in the 19th century to be fished com-
mercially in large numbers. By the late 1800s their
decline was evident and by the early 1900s they

were rare in fish surveys. Their historic habitats were
apparently sloughs, slow-moving rivers, and large
lakes, including floodplain lakes. Sacramento perch
are adapted to withstand high alkalinities (10.6 to
11.0 pH), are eurythermal—with 16 to 23 °C being
their optimal thermal range—and can persist within a
wider salinity range (mean 24 to 28 parts per thou-
sand, ppt) than other centrarchid species. Larval and
juvenile oxygen consumption increases with age, size,
and temperature, except at very low temperatures,
where consumption is higher than in their optimal
temperature range. In adult Sacramento perch muscle,
oxygen consumption significantly increases with
temperature. The diet of Sacramento perch varies
with size of fish and availability of food by season,
but they feed primarily on insect larvae when small,
and on fish and macroinvertebrates when large.
Growth rates differ in response to population den-
sity, diet, gender, water temperature, anthropogenic
influences, and presence of alien species. They can
grow up to 61 cm total length (TL) and 3.6 kg, with

a maximum recorded age of 9 years. Females grow
faster than males and have lower mortality rates after
the first year of life. Sacramento perch breed for the
first time during their second or third year of life.
The number of gametes produced is similar to that of
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Lepomis and Pomouxis species (spp.) Spawning is initi-
ated when water temperatures reach 18 to 28 °C from
the end of March through as late as October. Males
set up territories in littoral areas usually associated
with aquatic vegetation, and guard them against
other perch and potential egg predators. Courtship
behaviors are similar to those of other centrarchid
fishes. Sacramento perch eggs are deposited singly
or in small clusters, are adhesive, and sink. Embryos
hatch in approximately 27 to 72 hours after fertiliza-
tion, and within 2 to 4 days the larvae are able to
swim weakly. Larvae at swim-up are semi-pelagic

or pelagic; small juvenile fish (15 - =50 mm) tend

to shoal together in the littoral zone, moving into
deeper water as they grow larger, with individuals
becoming solitary or aggregating loosely together. We
present two conceptual models of Sacramento perch
life history: a reservoir-lake model, which fits their
use of most present-day habitats, and a river model,
representing their use of historic habitats.

Significant differences in genetic diversity were
observed within and among eight Sacramento perch
populations. The populations combined had fairly
high diversity in genetic structure and were hetero-
zygous for many alleles. However, only three of the
eight populations were estimated to have effective
population sizes greater than 50 and bottlenecks
were detected in all but two of the eight populations.
Differences among populations may have resulted
from the size of founding populations and/or the
genetic diversity of founding populations. Thus, a
managed re-introduction strategy that favors genetic
diversity should use individuals from all populations.

Our current knowledge of Sacramento perch biology
indicates the following characteristics that are impor
tant for conservation:

1. They are adapted to using floodplains.

2. The mating behavior of males is divergent from
that of their eastern counterparts.

3. Different life stages of Sacramento perch require
different habitats.

4. They are presently limited in good part by inter-
actions with alien centrarchid species.

5. Adults are limited by extreme water quality con-
ditions, including high alkalinity.

6. Contaminants may have a major effect on repro-
duction, growth, and early life history.

7. Adults and juveniles are unable to maintain
swimming velocities necessary to avoid being
entrained in water diversions.

8. Introduced populations are limited by low genetic
diversity.

9. Sacramento perch are exceptionally vulnerable to
disease at warmer temperatures.

10. Most today live in artificial habitats, mainly
reservoirs and ponds, which are not suitable for
long-term survival.

Any strategy for re-establishing Sacramento perch
must take multiple factors into account. We propose a
conservation strategy that includes:

1. Ensure the future of all remaining populations
by establishing backup populations from each
source.

2. Establish a genetic management plan.

3. Establish a Sacramento perch experimental rear-
ing facility.

4. Create a dispersed system of ponds for large-scale
rearing and reintroduction into the wild.

5. Develop a strategy to build/use floodplain ponds
for passive reintroduction.

6. Develop a source-sink reintroduction strategy
by locating rearing ponds next to streams or
sloughs.

7. Re-introduce fish into all habitats that seem to
be suitable in their native range, including ponds
and reservoirs.

8. Conduct a thorough search of Clear Lake to see if
any Sacramento perch remain, so a special con-
servation effort for them can be established.

9. Develop and maintain an annual monitoring
program for all known Sacramento perch popula-
tions.



10. Promote use of Sacramento perch in recreational
fisheries.

11. Give Sacramento perch special status to empha-
size the urgency of its recovery, beyond its pres-
ent status as state Species of Special Concern.
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INTRODUCTION

The Sacramento perch (Centrarchidae: Archoplites
interruptus) is endemic to the Sacramento-San
Joaquin watershed, Pajaro and Salinas rivers, and
Clear Lake (Lake County) of central California (Moyle
2002). It is listed as a Species of Special Concern by
the California Department of Fish and Game (CDFG)
and would probably be listed as a Threatened Species
under both state and federal endangered species acts

had it not been extensively translocated outside of its

original range (Moyle 2002). The American Fisheries
Society considers it to be a Threatened Species (Jelks
and others 2008), whereas NatureServe lists them

as Vulnerable (G3). It was included as a declining
species in the Delta Native Fishes Recovery Plan
(Moyle and others 1996). A priority of the CALFED
Ecosystem Restoration Program (ERP) was to rein-
troduce the Sacramento perch back into its original
range within the San Francisco Estuary. This interest
resulted in a project that examined the basic biology
of the perch, including its status, early life history,

physiology, and the genetics of all extant populations

(Crain and others 2007). Therefore, the purpose of
this paper is to

1. Summarize what is known about the biology of
Sacramento perch, including (a) history and tax-
onomy, (b) distribution and abundance, and (c)
ecology and life history and (d) genetics.

2. Provide a conceptual model of Sacramento perch
life history.

3. List gaps in our knowledge of Sacramento perch,
expressed as a series of hypotheses.
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4. Discuss restoration strategies and management,
with a list of potential restoration sites.

This review synthesizes information from three
major sources: (1) historic literature; (2) literature
and personal communications from agency biolo-
gists from other states or areas that contain, or that
previously contained, translocated populations; and
(3) a recent University of California-Davis (UCD)
study on their basic biology. Although our knowl-
edge of Sacramento perch has increased greatly

in the last few years, many unanswered questions
remain as to why they have declined.

HISTORY, DESCRIPTION, AND TAXONOMY

History

The Sacramento perch is the only native member
of the family Centrarchidae occurring west of the
Rocky Mountains. Its isolation from other centrar-
chids dates back to the Middle Miocene period (15.5
to 5.2 MYA; Near and others 2005). Its fossil record
is sparse, but it is one of the most numerous fish
found in Native American middens in the Central
Valley (Shultz and Simons 1973). The Sacramento
perch was first discussed in Western culture in 1854
(Girard 1854). The following are important dates in
the history of Sacramento perch and its habitats in
relation to humans:

1852. Antoine Chabot begins hydraulic mining in
California, which is the beginning of displacement
of historic perch habitat within the Sacramento
River and its tributaries (Holliday 1999).

1854. Charles F. Girard, a taxonomist at the
Smithsonian Institution, describes the Sacramento
perch as Centrarchus interruptus (Girard 1854).

1861. The California Legislature authorizes the
Reclamation District Act, allowing drainage of
Sacramento-San Joaquin -Delta lands and con-
struction of sturdier levees, eliminating vast
amounts of habitat previously occupied by perch
(CDWR 1995).

1861. T. N. Gill (1861) assigns the Sacramento perch
to its own genus, Archoplites.
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1872. J. A. Poppe introduces common carp (Cyprinus
carpio) from Germany into a pond in the Sonoma
Valley; this species is found to prey on perch eggs
and destroy spawning substrates (Dill and Cordone
1997).

1877. H. G. Parker translocates Sacramento perch
from the Sacramento River to Washoe Lake, Nevada
(Parker 1879).

1880. Further translocations are made within Nevada
from Washoe Lake into Pyramid Lake and Walker
Lake (Parker 1881).

1884. Fisheries for Sacramento perch are record-

ed in an early compilation by the United States
Commission on Fish and Fisheries (Goode 1884): “It
is abundant in the lower part of these [Sacramento
and San Joaquin] rivers, large numbers being shipped
to the markets in San Francisco. It is there bought
and consumed mainly by the Chinese, who value it
highly, paying more for it than for any other fish
which they consume.” (p. 405)

1888-1899. Sacramento perch are noted as an impor-
tant food fish in San Francisco fish markets with
40,000 to 432,000 pounds of fish harvested per year
during this period (Skinner 1962). It is likely that
these fish came from the lower Sacramento River and
Sacramento-San Joaquin Delta.

1891. Largemouth bass are introduced into the Feather
River and are the first non-native centrarchid to be
spread throughout the state by anglers and biologists
(Dill and Cordone 1997).

1895. Jordan and Gilbert (1895) find Sacramento
perch in Clear Lake.

1896. Jordan and Evermann (1896) note that
Sacramento perch are declining in abundance.

1908. C. Rutter (1908) finds Sacramento perch rare in
surveys of Sacramento-San Joaquin Basin.

1908. Bluegill sunfish are introduced to California
(Dill and Cordone 1997).

1913. J. O. Snyder (1913) finds Sacramento perch in
the Pajaro River.

1930. Sacramento perch are described as abundant in
Clear Lake (Coleman 1930).

1931. Neal (1931) notes that the perch are found
“only in the few places where the non-native [fish]
species are rare or absent.” (p.12)

1947. Clark Hubbs (1947) reports Sacramento perch
from the Salinas River.

1950-1960s. Sacramento perch are found to be largely
absent from the Delta in surveys by the California
Department of Fish and Game (Turner 1966).

1960s. Sacramento perch are translocated to eight
western states, with most originating from Nevada’s
Pyramid Lake (McCarraher and Gregory 1970).

1960s. Sacramento perch are introduced into Crowley
Lake (Mono County) (Fuller 2009).

1963. Sacramento perch are extirpated from Nevada’s
Walker Lake, presumably in response to low water
levels, which increased salinities to lethal limits
(Cooper and Kock 1984).

1962. S. Mathews finishes his M.S. thesis on the

age, growth, feeding, and reproductive habits of
Sacramento perch (Mathews 1962), the first study on
perch biology.

1965. Mathews (1965) describes reproductive behavior
in Sacramento perch.

1966. A large survey of Clear Lake fishes turns up
only nine Sacramento perch (Cook and others 1966).

1970. MaCarraher and Gregory (1970) find most intro-
ductions of perch into western states have not result-
ed in permanent populations, so continued stocking
programs are needed to maintain the fisheries.

1973. Hopkirk (1973) finds no measurable differences
among populations using meristics.

1974. Moyle and others (1974) describe the feeding
habits of Sacramento perch.

1976. Sacramento perch are found occupying only a
fraction of their original range in California, being
limited to 14 small and disjunct bodies of water
(Aceituno and Nicola 1976).



1976. Inland Fishes of California is published, which
summarizes the published literature on Sacramento
perch, citing 21 papers (Moyle 1976).

1979. UC Davis students find a remnant population
still breeding in Clear Lake near Clear Lake State Park
(Fong and Takagi 1979).

1979. Jack Johnson of Carson City, Nevada, catches a
Sacramento perch for the California angling record in
Crowley Lake, weighing 3 1bs., 10 oz. (CDFG 2008).

1980. Vanicek (1980) describes the decline of the Lake
Greenhaven population and speculates that intro-
duced centrarchid fishes (mainly bluegill) are the
cause of decline.

1995. CDFG lists the Sacramento perch as a Species of
Special Concern (Moyle and others 1995).

1999. Marchetti (1999) demonstrates that competi-
tion between bluegill and Sacramento perch can be a
problem.

2002. Inland Fishes of California, revised and expand-
ed, is published, and further summarizes published
literature on Sacramento perch (31 papers cited, 10
published after 1976) (Moyle 2002).

2003. CALFED funds a study on basic biology at
UC Davis.

Description and Taxonomy

Sacramento perch morphology is described in Moyle
(2002).

Sacramento perch was originally believed to be an
ancestral (“primitive”) form that split from eastern
centrarchid species during the Middle Miocene period
(15.5 to 5.2 MYA ) (Near and others 2005). The first
phylogenetic studies indicated that the Sacramento
perch is most closely related to the flyer (Centrarchus
macropterus) and crappies (Pomoxis spp.) (Maybee
1993). However, recent analysis using DNA sequenc-
es puts it as most closely related to rock basses
(Ambloplites spp.) (Near and others 2004), which

it resembles. Hopkirk (1973) found little meristic
variation among populations of Sacramento perch.
Nevertheless, the Clear Lake population was prob-
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ably distinct because of its long isolation from other
populations, a supposition supported by findings that
other Clear Lake fishes are distinct (Hopkirk 1973;
Aguilar and Jones 2009).

TRENDS IN DISTRIBUTION AND ABUNDANCE

Distribution
California

Sacramento perch are endemic to the Central Valley,
the Pajaro and Salinas rivers, tributaries to the San
Francisco Estuary (e.g., Alameda Creek), and Clear
Lake generally at low elevations (<100 m) except for
Clear Lake, which is at an elevation of 402 m. Today
Sacramento perch are most likely extirpated from
their native range. Moyle (2002) lists 28 localities

in California, of which 11 are located in the Central
Valley and one in Clear Lake (Table 1). The Central
Valley localities consist of reservoirs and small lakes
located outside their native valley-floor habitats,
and so, presumably, all resulted from introductions.
Recent surveys in Calaveras Reservoir (Santa Clara
County) and Clear Lake were unsuccessful in finding
any perch (P. Crain, UCD, unpublished data). Overall,
Sacramento perch are known to still be present in
five Central Valley waters, but all populations are
small and unlikely to persist over the long term. They
are already extirpated from four locations listed in
Moyle (2002) and are possibly extirpated (though no
recent surveys have been conducted) in two others.

Sixteen populations have been established in
California outside their native range, although the
status of four populations is unknown (Table 1).
Sacramento perch exist in six California watersheds:

1. Clear Lake Reservoir in the upper Klamath basin,
from which they have spread into the Lost River
and then into the Klamath River from Link Dam
down to Copco Reservoir.

2. The Cedar Creek watershed in the South Fork
of the Pit River, including Moon and West
Valley reservoirs down to the Pit 1 power sta-
tion, although the only perch found outside the
two reservoirs are juveniles representing larval
escapes (Reid 2003).
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Table 1 Major water bodies containing Sacramento perch in California in the 1990s, with a determination of status in 2008. Populations
labeled unknown are most likely extirpated.@

Watershed

Location County (Sub-province) Status in 2008
Clear Lake Lake Clear Lake Unknown
Calaveras Reservoir Alameda/Contra Costa Central Valley Extirpated
Alameda Creek gravel ponds Alameda Central Valley Extirpated
Lake Anza Contra Costa Central Valley Extirpated
Jewel Lake Contra Costa Central Valley Present
Lagoon Valley Reservoir Solano Central Valley Unknown
Hume Lake Fresno Central Valley Present
Sequoia Lake Fresno Central Valley Present
San Luis Reservoir Merced Central Valley Present
Middle Lake San Francisco Central Valley Extirpated
Almanor Reservoir Plumas Central Valley Present
Butt Valley Reservoir Plumas Central Valley Unknown
Abbotts Lagoon Marin North Coast Present
Sonoma Reservoir Sonoma Russian River Unknown
West Valley Reservoir? Modoc Pit River Present
Moon Reservoir Lassen Pit River Present
Honey Lake Lassen Lahontan Unknown
Clear Lake Reservoir Modoc Upper Klamath R. Present
Lost River and Tule Lake Modoc Upper Klamath R. Present
Copco Reservoir Siskiyou Upper Klamath R. Present
Sheepy and Indian Tom lakes Siskiyou Upper Klamath R. Unknown
Bridgeport Reservoir Mono Lahontan Present
East Walker River Mono Lahontan Present
West Walker River Mono Lahontan Unknown
Topaz Lake Mono Lahontan Unknown
Gull, June, Silver, and Grant lakes Mono Mono Lake Present
Crowley Reservoir Mono Owens River Present
Lower Owens River, Pleasant Valley Reservoir Mono Owens River Present

a Source: Moyle (2002).

b West Valley Reservoir and Moon (Tule) Reservoir are both in the Cedar Creek watershed, so are interconnected. The population was apparently extirpated
in the 1980s when water levels were low and the reservoirs became ice-covered in winter. Sacramento perch were subsequently re-introduced (P. Chappell,
CDFG, pers. comm.)



3. The Walker River watershed, including Bridgeport
Reservoir and the Walker River below it (Moyle
2002).

4. The upper Owens River watershed including
Crowley Reservoir, Pleasant Valley Reservoir
and the Owens River (S. Parmenter, CDFG, pers.
comm., 2005).

5. The Mono Lake watershed including June, Silver,
Gull, and Grant lakes.

6. The Abbotts Lagoon watershed including the
upper, middle, and lower lagoons.

Sacramento perch apparently were once established
in the Russian River, but were extirpated when the
river’s fishes were poisoned with rotenone by CDFG
in the 1950s (Pintler and Johnson 1958). They may
have been native to the Russian River, although early
records are lacking. An attempt to re-establish them
in the watershed was made in Sonoma Reservoir (Dry
Creek drainage) when Sacramento perch were stocked
from Abbotts Lagoon (Point Reyes National Seashore,
Marin County) and Clear Lake from 1985 to 1990
(Rick Macedo, CDFG, pers. comm. 2005). The status of
this population is unknown, although anglers report-
ed catching perch in the late 1990s (P. Crain, UCD,
unpublished data).

Today, populations in just three California waters are
considered to have long-term sustainability: Crowley
Reservoir, Abbotts Lagoon, and Clear Lake Reservoir.
However, two of these populations exist in reser-
voirs, which are managed to provide water to public
agencies so reservoir waters can be lowered to levels
undesirable for perch. In addition, Crowley Reservoir
is operated to generate power. Perch populations in
Crowley today can be affected by the rapid lower-
ing of water levels during the spawning cycle which
leave nests stranded (Steve Parmenter, CDFG, pers.
comm. 2005). This phenomenon also seems to be
common in reservoirs managed for water storage. For
example, lowering water levels in the spring in San
Luis Reservoir (Merced County) apparently strands
nests. Only when water levels remain high in the
spring do good year classes of perch occur (Hess and
others 1995).
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Outside of California

Arizona. Arizona had only one introduction, made
into a borrow pit near Buckeye (Maricopa County) in
1967 (McCarraher and Gregory 1970). It is reported to
have spawned once but has not been reported since;
it is presumed extirpated (Minckley 1973).

Coloradoe. Colorado’s first Sacramento perch were
released into Nee Grande Reservoir (Kiowa County)
in 1964, with additional plants made into Newell
Lake (Weld County) in 1965 and 1966 (McCarraher
and Gregory 1970). Successive plants into small
ponds and lakes in the same area (Banner 12 and 13,
Lon Hagler Annex waterfowl pond) were made from
Newell Lake (Imler and others 1975). Successive years
of monitoring in Newall showed the establishment of
a reproducing population by 1969 (McCarraher and
Gregory 1970). One survey of Nee Grande Reservoir
captured no perch and subsequently the lake dried
up (McCarraher and Gregory 1970). Two Buttes
Reservoir, stocked in the 1960s, has also dried up on
several occasions since the introduction and subse-
quent sampling efforts show no Sacramento perch
(Doug Krieger, Colorado Division of Wildlife [CDOW],
pers. comm. 1998). Sacramento perch apparently
exist in northeast Colorado, but its status is precari-
ous. Fish were moved from the Lon Hagler Annex
(Imler and others 1975) in an attempt to establish
refuge populations. The first was in Abrams Lake,

a privately owned, 50-acre lake near Berthoud. The
second was in Gilberts Pond, a private pond south of
Hygiene, adjacent to the Pella Crossing Open Space
ponds owned by Boulder County. The third and final
transplant was to a privately owned gravel pit pond
near Fort Lupton. The success of the re-introduction
into the first two ponds is unclear; transplanted fish
were recaptured, but reproduction was not observed.
The third transplant into the gravel pit produced mul-
tiple year classes with rapid growth in both juvenile
and adult fish (Randy Vanburen, CDOW, pers. comm.
1998). Twelve Sacramento perch were moved from
this pond into Milavec Reservoir to initiate a popu-
lation there, but the status of this translocation is
unknown (Harry Crockett, CDOW, pers. comm. 2005);
perch are most likely not present.
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Table 2 Status of translocated populations of Sacramento perch in Nevada in 2007

Watershed

Location County (subprovince) Status
Bassett Lake White Pine Steptoe Valley Extirpated
Big Indian Lake Churchill Lahontan Extirpated
Indian Lakes Churchill Lahontan Rare
Harmon Reservoir Churchill East Walker Rare
Lahontan Reservoir Churchill/Lyon Lahontan Uncommon
Little Meadow Lake White Pine Spring Valley Extirpated
Little Soda Lake Churchill Lahontan Common
Little Washoe Lake Washoe Lahontan Common
Pyramid Lake Washoe Truckee River Uncommon
Rye Patch Reservoir Pershing Humboldt River Uncommon
Sparks Marina Washoe Truckee River Uncommon
Stillwater Marsh Churchill Lahontan Common
Walker Lake Mineral Walker River Extirpated
Washoe Lake Washoe Lahontan Common?

4 Washoe Lake dries up periodically, but during wet years reconnects with Little Washoe Lake which doesn’t dry up and restocks Washoe Lake with

Sacramento Perch.

Nebraska. Introductions were made into Nebraska
from reservoirs in eastern Nevada in 1961
(McCarraher and Gregory 1970). It was thought that
Sacramento perch would be well adapted to the
highly alkaline waters of the Sand Hills area, but
populations had to be maintained by continual stock-
ing. The combination of high alkalinity and tempera-
ture limited reproduction. The stocking program at
Valentine Hatchery was suspended in 1962. In 1986,
the USFWS at Valentine indicated that Sacramento
perch no longer existed in local lakes, and that the
species was on the verge of extirpation throughout
the Sand Hills (Hrabik 1989). The Nebraska Game and
Parks Commission (NGPC) regard Sacramento perch
as extirpated from Nebraska (Dave Tunink, NGPC,
pers. comm. 1998).

Nevada. Introductions were made into other states
beginning in 1877 when perch were introduced from
the Sacramento River into Washoe Lake, Nevada,
then moved to Pyramid and Walker lakes in 1880.
Sacramento perch were widely distributed in Washoe,
Humboldt, Churchill, Lander, Eureka, and Elko coun-
ties (Parker 1881; Miller and Alcorn 1943). Of the

14 known introduction localities (Table 2), popula-
tions still persist in 10 of them. However, except
for Pyramid and Little Washoe lakes, the long-term
status of the populations is tenuous, given the
state’s emphasis on planting large predatory game
fish, including striped bass, striped bass-white bass
hybrids, and walleyes, in addition to the traditional
warm water species such as centrarchid basses and
sunfish (Sigler and Sigler 1987). Even Sacramento
perch populations established in alkaline lakes that
exclude most other fish species must be regarded as
not secure, because if inflows are reduced and the
water becomes too alkaline, perch will not reproduce
(Woodley 2007).

New Mexico. Sacramento perch were stocked

from unknown sources into Tres Lagunas or the
Bottomless Lakes (Chaves County) which included
Mirror Lake, Lea Lake, and Lazy Lagoon. Subsequent
surveys failed to find any perch. They are considered
extirpated from the state (Sublette and others 1990).

North Dakota. Introductions were made from
Nebraska into North Dakota in 1963 into Round Lake
(McHenery County) and Spiritwood Lake (Stutsman



County) (McCarraher and Gregory 1970). In 1964,
Clear Lake and Lake Williams were stocked, pre-
sumably with fish from Nebraska. However, the
transplants failed to establish populations and these
lakes today are heavily stocked with other spe-

cies (F. Ryckman, North Dakota Game and Fish
Department [NDGE&F], pers. comm. 1998).

Oregon. Sacramento perch were established in Oregon
and the Klamath-Lost River System when CDFG
introduced them into Clear Lake Reservoir (Modoc
County, California) in 1966, using fish from the
Central Valley Warm Water Fish Hatchery in Elk
Grove (Moyle and others 1974). The perch spread
down the Lost River into Tule Lake, and into the
Klamath System from Link Dam (Lake Ewauna),
downstream to Copco Reservoir in California. The
perch are abundant in many areas where found
(Roger Smith, Oregon Dept. of Fish and Wildlife
[ODFW], pers. comm. 1998).

South Dakota. According to McCarraher and Gregory
(1970) an introduction was made into White Lake
(Marshall County) sometime in the early 1960s and
2 years of successful reproduction were recorded.
However, no records of stocking Sacramento perch
were found (records go back to 1941) for White

Lake by the South Dakota Game Fish and Parks
Department (SDGFP). A retired biologist admitted
that wardens made many illegal introductions in that
period, and that introductions could have been made
by a federal agency with no state record (B. Hanteen
SDGFP, retired, pers. comm. 2006). No Sacramento
perch exist in South Dakota today (Brian Blackwell,
SDGFP, pers. comm. 2006).

Texas. Sacramento perch were stocked in Hamlin
Lake (Jones County) in 1966 from unknown sources
(probably Nebraska). Fish surveys of the lake in

1969 turned up no perch and the lake was drained
in 1971. Sacramento perch are considered extirpated
from Texas (Ken Kurzawski, Texas Parks and Wildlife
Department, pers. comm. 1998).

Utah. Sacramento perch were moved from one of
the early Nevada populations to Utah into Pruess
(Garrison) Reservoir (Millard County) and Cutler
Reservoir (Box Elder and Cache counties) on the
Bear River, although the exact timing is unknown
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(La Rivers 1962). According to the Utah Division of
Wildlife Resources (UDWR), the Garrison Reservoir
population is still present, although in small numbers
(Dale Hepworth, UDWR, pers. comm. 2006). Young-
of-the-year perch were recently found in Minersville
Reservoir—apparently the result of an illegal intro-
duction—although the reservoir was largely drained
in 2004 during an extended drought, so the perch are
presumably extirpated.

Abundance

There are no historical records of Sacramento perch
abundance, but the perch is one of the most com-
mon fish remains found in Native American mid-
dens in Central California (Shultz and Simmons
1973; Broughton 1994), in the Pajaro-Salinas Basin
(Gobalet 1990, 1993), and near Clear Lake (Gobalet
1989). They were common enough to be recorded

in commercial fish-catch records in San Francisco
fish markets (Goode 1884; Skinner 1962). By the

late 1800s, Jordan and Evermann (1896) noted

that Sacramento perch were declining in abun-
dance in the greater San Francisco Estuary. Rutter
(1908) found them to be rare in his fish surveys of
the Sacramento-San Joaquin Basin. Walford (1931)
reported them as “not very abundant” (p 84). Curtis
(1949) noted that the Sacramento perch had “declined
greatly in numbers and, while it cannot be called
rare, now plays a minor part in the sport fishery” (p.
265). During a year of intensive monthly sampling
of the Sacramento-San Joaquin Delta, Turner (1966)
reported catching nearly 12,000 centrarchids, of
which just one was a Sacramento perch. Subsequent
surveys of Delta fishes have produced only two
Sacramento perch, one caught just above the junc-
tion of Little Potato Slough and the South Fork of
the Mokelumne River in 1992 (I. Paulsen, CDFG, pers.
comm. 1992) and one caught in Snodgrass Slough
opposite the Delta Cross Channel in 2008 (C. Haagen,
CDFG, pers. comm. 2008). The latter fish presum-
ably originated from a transplantation experiment
made in 2006. Recent surveys that failed to find
perch include electrofishing surveys in 2008 aimed
largely at centrarchids (L. Conrad, UCD, unpublished
data). There is no systematic program of sampling
for Sacramento perch in place today and estimates of
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Figure 1 Watersheds into which Sacramento perch have been translocated. Red and green indicate translocations outside the origi-
nal range (brown). Red translocations are still persisting and green translocations have been extirpated.

their abundance are mainly anecdotal. Crowley Lake
has enough Sacramento perch to support an annual
fishing derby, but no record exists on numbers of fish
caught. Electrofishing surveys by CDFG in Lagoon
Valley Reservoir put peak abundance at 1,500 per
acre (CDFG 1996), but this reservoir has had no
reproduction since 2002 (Wang and Reyes 2008).
Recent surveys in Jewel Lake (1.1-ha reservoir) in the
East Bay Regional Parks District (EBRPD) have esti-
mated the population of Sacramento perch at 5,435
in 2004, 1,368 in 2005, but only 6 in 2006 (Pete
Alexander, EBRPD, unpublished data).

Conclusions

Sacramento perch were once widely distributed and
abundant in low elevation habitats in the Central
Valley, the Pajaro-Salinas Basin, and in Clear Lake
(Moyle 2002). Two populations (Clear Lake and
Alameda Creek) that were previously thought to be
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the only remnants of historic populations are now
probably extirpated, although it is still possible a
small population exists in Clear Lake. As of 2008,
they were known to persist in 28 waters outside
their native range: 17 in California, nine in Nevada,
and one each in Utah and Colorado (Figure 1),
although abundance estimates are lacking. None of
the populations that exist in California just outside
the peripheries of their native range are likely to
persist indefinitely because they are in reservoirs or
isolated ponds, subject to drying up, alteration, or
introductions of non-native centrarchids. A similar
situation exists for populations in other states. Only
populations in the Owens River drainage, Walker
River drainage, Pyramid Lake (Nevada), and the
Klamath basin (Oregon and California), would seem
to be large enough to have reasonable potential for
persistence through the rest of this century, based
on size and permanence of at least portions of the



waterways. However, the Pyramid Lake population is
not entirely secure because water from the Truckee
River is diverted and extirpation could occur (as it
did in nearby Walker Lake) from increased alkalini-
ties (Cooper and Koch 1984). Likewise, the other three
populations exist in reservoir systems and could be
threatened by altered water management practices
or lowered water quality. The population in Abbotts
Lagoon in Point Reyes National Seashore may also
be able to persist, but the lagoon is small and iso-
lated, and subject to large scale natural perturbation
because it is located on the San Andreas Fault and
connects to the Pacific Ocean.

In the past, it was assumed that Sacramento perch
were not in danger of extinction because of translo-
cated populations. However, its long term future is
clearly not secure because: (1) it is extirpated from
its native range; (2) all populations in California out-
side its native range are in highly altered or artificial
water bodies; (3) all except 10 translocations in other
states have failed, with only two populations not

in danger of extinction in the near future (Pyramid
Lake, Nevada and Lost River basin, Oregon). As in
California, most extant populations occur in reser-
voirs and, thus, are subject to anthropogenic uses of
water.

Overall, the Sacramento perch is gone from its native
range, and its distribution and abundance outside

its native range will continue to shrink as isolated
populations become extirpated. Except for Nevada
and Oregon, the websites of fisheries agencies in
states other than California suggest little interest in
Sacramento perch. This portends the continued loss
of ‘back up’ populations and the loss of remaining
genetic diversity.

ECOLOGY AND LIFE HISTORY
Habitat

The Sacramento perch was originally one of the
dominant piscivorous fishes in the Sacramento-
San Joaquin River system. The historic habitats of
Sacramento perch were apparently sloughs, slow-
moving rivers, and large lakes, including floodplain
lakes (Moyle 2002). Many of these habitats became
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very warm and alkaline during periods of drought
(or even in late summer in normal years), which

led to the early perception that Sacramento perch
could adapt to withstand such conditions. In fact,
Sacramento perch generally survive in adverse con-
ditions, which include high alkalinity and salinity
(McCarraher and Gregory 1970; Imler 1976; Moyle
2002; Woodley 2007) (Table 3), but this does not
mean that these conditions are optimal. This percep-
tion, nevertheless, led to perch being translocated
into highly alkaline (pH) waters throughout the west
as game fish (McCarraher and Gregory 1970). Today,
they are found primarily in reservoirs and ponds, and
much of what we know about apparent habitat pref-
erences comes from introduced populations in such
artificial habitats. Here, we discuss what we can infer
about their preferred natural habitats from observa-
tions of their basic ecology and physiology.

Structure. The deep body shape of Sacramento perch
suggests they require structure for cover, including
aquatic plants, downed trees, and submerged objects
such as boulders, especially in shallow (<2 to 3 m)
water. Presumably, this is both for protection from
predators and for ambushing prey. For example, in
Crowley Reservoir, they are most commonly found in
shallow flat areas among beds of submerged aquatic
vegetation as well as along steep slopes among large
submerged boulders (P. Crain and Christa Woodley,
UCD, unpublished observations). In Pyramid Lake,
Sacramento perch are associated with rocky areas
(i.e., tufa tufts, rocky ledges, and breakwaters), all

in inshore areas (<23 m) (Galat and others 1981). In
contrast, in highly turbid reservoirs (e.g., Moon, West
Valley and Clear Lake reservoirs) there appears to be
little association with structure.

Alkalinity. Because Sacramento perch evolved in

the highly variable conditions found in the Central
Valley, including severe droughts, they are adapted
to withstand high alkalinities (pH) that are associ-
ated wtih low lake and river levels, as well as with-
estuaries. In experiments with juvenile and larval
Sacramento perch, Woodley (2007) found that they
can persist in highly alkaline conditions, where criti-
cal pH maximum level (where the fish loses equilib-
rium at 12, 18, 23, and 26 °C) can range from 10.5 to
11.0 pH. This is similar to other California native fish-
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Table 3 Water quality (in parts per million) where Sacramento perch have failed to survive translocation for less than one year?

Total Tota Survival

Lake pH Carbonate Bicarbonate  Alkallinity Sulfate Chloride Calcium Magnesium  Sodium  Potassium Solids (Days)
Colorado

Nee granda 8.4 8 182 190 8,800 600 644 775 1,600 — 13,825 —
Nebraska

By-Way 9.3 716 1,505 2,221 20 178 52 8 870 500 3,800 60-80

Diamond 9.8 922 1,163 2,085 106 68 20 — 1,150 950 4018  1.7-25

Goose 9.4 520 1,440 1,960 48 320 45 12 700 510 3,350 65-69

Little Alkali 9.8 987 1,951 2,938 101 155 16 140 728 775 3,450 20-26

McKeel Pond-2 9.2 610 1,470 2,080 40 140 59 1 1,100 1,200 4,300 70-82

Smithys 9.6 680 1,760 2,440 85 182 56 30 743 570 3,350 110124

Smithys Pond-1 9.3 960 1,850 2,810 72 160 22 20 810 600 3,900 2.2

Smithys Pond-2 9.6 1,140 2,941 4,083 190 240 38 8 2,000 950 5,400 38

W. Long Pond-2 9.3 590 1,480 2,070 60 110 — — — — 2,850 240
New Mexico

Lazy Lagoon 8.3 0 84 84 5200 11,200 1,300 792 — — 25,200 0.5

Lea 8.2 0 120 120 2,200 3,400 960 180 1,500 — 8,300 4-5

Mirror 8.2 0 130 130 3,900 4,800 970 390 3,900 — 15500  0.2-0.3
North Dakota

Lake George 9.4 1,026 776 1,802 12,000 2,600 12 770 5,500 — 15,300 4-10
Texas

Hamlin 8.1 0 40 510 1,400 1,400 1,600 1,000 610 14 3,800  Unknown

a McCarraher and Gregory (1970).

es that can live in highly alkaline waters. Sacramento
perch were successfully introduced into Clear Lake
Reservoir (Klamath Basin) where Klamath Lake tui
chub (Siphatales bicolor), Klamath largescale sucker
(Catostomus snyderi), and Klamath shortnose sucker
(Chasmistes brevirostris) have elevated pH resistance,
similar to Sacramento perch (10.8 + 0.5, 10.7 + 0.4,
and 9.6 + 0.4, respectively) (Falter and Cech 1991).

Despite their ability to survive high alkalinity,
Sacramento perch were extirpated from Walker Lake,
Nevada, when total alkalinity reached 2,500 mg L!
(Cooper 1978; Cooper and Koch 1984). McCarraher
and Gregory (1970) found that natural reproduction
ceased in hatchery ponds in Nebraska when total
alkalinity reached =2,000 mg L-!. This is supported
by the observations of increased tumors, and hard-
ened ovaries and kidneys as total alkalinity increased
to 1,500 mg L-! in Pyramid Lake and other areas
(Vigg 1978; Woodley 2007).
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Water Temperature. Previous studies (Knight 1985)
and recent experiments (Woodley 2007) indicate that
Sacramento perch are eurythermal, with 16 to 23 °C
being the optimal thermal range for growth, depend-
ing on age and condition. This temperature range is
cooler than for other centrarchid species, but higher
than for California native fish species (Woodley
2007). In general, the critical maximum temperatures
for larval and juvenile Sacramento perch are similar
to those of other centrarchid species, although their
endurance range above a given acclimation tem-
perature is higher (Woodley 2007). In tests of critical
minimum (CTy,;,) and maximum (CTy,,x) temperature
(temperatures at which the fish lose equilibrium),
larval Sacramento perch had a CTy, of 8.5 + 1.2

°C and CTp,x of 36.1 + 0.5 °C (Woodley 2007). For
juveniles, the CTyy;, was 7.0 + 0.8 °C and the CTyyax
was 36.6 + 0.6 °C (Woodley 2007). Juveniles show



low energetic costs when inhabiting water in the 18
to 23 °C range, which allows them to take advan-
tage of warm littoral areas for foraging (Woodley
2007). Woodley (2007) observed in both Crowley
Lake and Abbotts Lagoon that juveniles were found
in warmer, littoral areas, whereas adults remained in
cooler waters, except when spawning. In the labora-
tory, adult Sacramento perch reached thermal minima
at <10.0 °C and maxima at 29.5 + 0.4 °C (Woodley
2007). The maximum is lower than that of other cen-
trarchids, which have CTy,,y values of 33.9 to 34.8
°C (Woodley 2007). Adult Sacramento perch maxi-
mum thermal resistance is similar to that of other
California native fishes, which range from 21 to 29
°C (Woodley 2007). The actual critical minima for
adult Sacramento perch is probably lower than that
measured in the laboratory because the experimental
apparatus was constrained to go no lower than 10°C
(Woodley 2007). An example of this is in Crowley
Lake, where perch survive temperatures of 5 to 10

°C in late March through April (Jellison and others
2003).

Behaviorally, adult Sacramento perch prefer tempera-
tures of 18.5 + 3.1 °C (independent of their acclima-
tion temperature), which is lower than other centrar-
chid species and similar to other California native
species (Woodley 2007). In culture, adults experience
increased disease frequency and higher mortality at
elevated temperatures (Woodley 2007). In the wild,

at elevated temperatures, they presumably have
reduced avoidance responses to predators, reduced
ability to forage, and reduced resistance to disease
compared to other centrarchids living at the same
temperatures. One reason for success of Sacramento
perch in Abbotts Lagoon is presumably that tempera-
tures hover around preferred values all year around:
mean temperature averaged 14.9 to 15.7 °C over a
10-month study (Saiki and Martin 2001) and 14.6 to
15.7 °C over a one-year study (Bliesner 2005).

Salinity. Juvenile and adult Sacramento perch showed
greater salinity endurance (mean 24 to 28 ppt in 12
to 16 hrs) than other centrarchid species (Woodley
2007). Salinity resistance of juveniles at 12, 18, 23,
and 26 °C was 28 + 1.1, 27.6 + 1.0, 26.1 + 1.5, and
24.3 + 1.2 ppt, respectively. Salinity resistance gen-
erally increased with decreasing temperature and at
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12 °C juveniles had greater resistance than adults
(26.3 + 1.5 ppt) (Woodley 2007). Sacramento perch
larvae have been raised successfully in waters up to
10 ppt salinity (C. Miller, Contra Costa Vector Control
Authority [CCVCA], pers. comm., 2007). Unlike

other fishes, the ability to withstand higher salin-

ity does not increase with age in Sacramento perch.
Sacramento perch are not an estuarine-dependent
species, such as Sacramento splittail (Pogonichthys
macrolepidotus) and Delta smelt (Hypomesus trans-
pacificus), but juveniles can persist in high salinity
waters, which could be advantageous for living on
floodplains (shallow, littoral regions that might expe-
rience high evaporation) or in estuaries (Woodley
2007). In Colorado, Sacramento perch survived and
reproduced in chloride-sulfate waters with salinities
of 17 ppt and in sodium-potassium carbonate con-
centrations of over 0.8 ppt. (McCarraher and Gregory
1970). Sacramento perch likely can frequent brack-
ish water habitats, although their ability to survive
in elevated salinities may require high energetic
costs, so they are not frequently found in such areas
(Woodley 2007). For example, Saiki and Martin (2001)
found that Sacramento perch in Abbotts Lagoon
(with three basins) had access to a wide range of
salinities, but were found mainly in freshwater sec-
tions.

Dissolved Oxygen. Larval Sacramento perch increase
muscle oxygen consumption with age; at 2 hrs post-
hatch, 1 day post-hatch (dph), 7 dph at 26 °C, their
consumption is 0.26 + .08, 0.30 + 0.10, and 0.38

+ .08 mg 0, g'hr!, respectively (Woodley 2007).
Juvenile muscle oxygen consumption increases with
increasing temperature, except at 12 °C at which it is
greater than at 18 °C and 23 °C but less than at 26 °C
(12 °C, 0.15 + .03, 18 °C, 0.08 + 0.01, 23 °C, 0.10 +
0.01, and 26 °C, 0.18 + 0.03 mg 0, g"'hr'!) (Woodley
2007). In adult Sacramento perch muscle, oxygen
consumption significantly increases with temperature
(12 °C, 0.04 + 0.01; 18 °C, 0.07 + 0.01; 26 °C, 0.13 +
0.03 mg 0, g-'hr'!) (Woodley 2007). Overall, oxygen
consumption of all life history stages is lower at a
given temperature than that of other centrarchid spe-
cies except for largemouth bass (Woodley 2007). The
low oxygen consumption rates are reflected in the
ability of Sacramento perch to withstand relatively



SAN FRANCISCO ESTUARY & WATERSHED SCIENCE

low dissolved oxygen levels in the water, especially
at cool temperatures. This ability is an advantage in
escaping stressful high temperatures in littoral areas
by moving into deeper, cooler water even if dissolved
oxygen levels are low. Movements of this type were
observed in Crowley Lake and Abbotts Lagoon where
adult Sacramento perch moved inshore to spawn, but
then moved into deeper waters afterward (Woodley
2007).

Flow. Sacramento perch have been described as pre-
ferring slow, slough-like, or lentic waters (Moyle
2002). Sacramento perch juveniles have a U (criti-
cal swimming velocity: the maximum velocity a fish
can maintain for a specified amount of time) that
overlaps with other centrarchid species, but the values
are 43% to 58% higher than those of white crappie
(Pomoxis annularis), a species with similar morpholo-
gy and size (Woodley 2007). In general Ug; increases
with fish size, but in Sacramento perch U decreases
with size (Woodley 2007). During all life stages (larval,
juvenile, adult) Sacramento perch swimming perfor-
mance is affected by temperature (Table 4). At 12 °C
the Uy of larval fish is significantly lower than at

23 °C and 18 °C, which is significantly lower than at
23 °C (Woodley 2007). In juvenile Sacramento perch,
Uqyit is significantly lower at 12 °C than at 18 °C and
26 °C (Woodley 2007). Adult Sacramento perch are
similar to juveniles in that U is significantly lower
at 12 °C than at 18 °C and 26 °C (Woodley 2007). This
indicates decreased swimming efficiency with elevated
temperatures for both life stages and no clear optima
as shown by the larvae. The critical swimming speeds
for each life stage become thermally stressed when
the temperature is above 23 °C (Woodley 2007). These
critical swimming speeds are most similar to what a
riverine fish might experience. Higher critical swim-
ming speeds displayed by larvae and post-larvae seem
to indicate that they could maintain position during
high flow periods when some historical spawning
probably occurred on floodplains (Woodley 2007).

Diet

The diet of Sacramento perch varies with fish size
and availability of food by season (Table 5), although
our understanding of their diet is potentially incom-

Table 4 Comparisons of Sacramento perch swimming
performance, at different life stages, expressed as Ugyi; (+SD)?

Water Body Standard
Life Stage Temp (°C)  Ugit (em s™) Lengths per sec? Length (cm)
Larvae 12 10.64 (2.10) 5.41(0.78) 1.58(0.20)
18 12.11(2.17) 7.05(0.98) 1.52(0.26)
23 14.91(3.22) 8.52 (1.93) 1.46 (0.13)
26 13.69 (1.73) 7.50 (1.