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ABSTRACT: The Salton Sea is an endorheic, 980-km? salt lake in the Sonoran Desert
of southern California. The historical fish community switched from freshwater to
marine species as salinity increased due to evaporation and brackish water inflows.
Three species, bairdiellr (Batrdiella icistia), orangemouth cotvina (Cynoscion
xanthulus), and sargo (Amisotremus davidsont), established from introductions
beginning in 1929. Thirty-four marine fish species from the nosthern Guif of
Callfornia were introduced between 1929 and 1956, During the late 1960s and early
1970s, a hybrid tilapia (Oreochromis mossambicus x O, urolgpis bornorum) invaded
the Salton $ea and became dominant by numbers and weight. Research has shown
that nearshore and estuarine areas have the highest catch rates of tilapia (over 11
kg/50 m net/h), Orangemouth corvina, bairciella, sargo, and the hybrid tilapia grew
faster, but had shorter life spans than conspecifics elsewhere, and Salton Sea
conspucifics of 50 years ago. Al four species aggregated along the nearshore and
estuarine areus in the summer for reproduction and telief from low oxygen
conditions In the pelagic areas of the marine Jake, Restoration alternatives for the
Salton Sea must recognize the value of esruarine and nearshore areas as essential
fish- habitats for the Salton Sea fisherics ecosystem.

KEY WORDS: Salton Sen, bairdiells, orangemouth corvina, tlapia, restoration, salt lakes.

I. HISTORY OF THE SALTON SEA

The Salton Sea is an endorheic (closed basin), 980-km? desert salt lake
bounded by the Gulf of California to the south, the Colorado River to the
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FIGURE 1. The Salton Sea in relation to the Gulf of California and the Safion Sink (from the
Sallon Sea Database— Uiniversity of Redlands, California).
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Riedel, 2000), but a further increase in salinity may have advefse effects

on reproduction (Hickling, 1963; Chervinski and Yashouv, 1971; Perty -

and Avault, 1972), recruitment (Hodgkiss and Man, 1977), and growth

(Chervinski and Zorn, 1974; Payne, 1983; Payne and Collinson, 1983).

Increasing salinities have been reported to impact fish reproduction
and recruitment in the Sea. Laboratory studies by Mitsui et al. (1991a)
showed that sargo spawned when acclimated to 45 g/1 water but all
larvae died. Orangemouth corvina (Cynoscion xantbulus), acclimated
to 35 to 40 g/l, spawned successfully when injected with leutinizing
hormo::e-releasing hormene a (Thomas et al,, 1994); but fish accli-
mated to 45 to 50 g/l failed 1o spawn even when induced. Simmons
(1957) found that corvina in Laguna Madre, TX tolerated 70 g/1 but did
not spawn. Brockson and Cole (1972) concluded that the optinal

“salinity range for orangemouth corvina was 33 to 37 g/l, Mitsu; et al.

(1991b) sampled 11 Salton Sea stations over 3 years enumerating Jate
egg and early larval stages of orangemouth corvina, bairdiella (Batrdiella

icistia) and sargo (Anisorremus davidsoni). Eggs and larval purbers

declined as salinity increased from 38 to 44 g/l from 1987 to 1989.

Higher densities of larval fishes were found near the few freshwater

inlets in the south of the Sea (New and Alamo Rivers).

All fish in the Sea are under stress due to the combination of high
salinity, accelerated eutrophication, and dramatic water quality fluctua-
tions. Fish may be dying due to regular infusions of deoxygenated

~water and toxic levels of ammonia and sulfide from infrequent lake

turnovers that combine with high and low temperature stresses (Carpelan,
1961b). Parasitic dinoflagellates have been found attached to tilapia
gills. The fine structure of tilapia gill filaments is 'clubby’, which
probably is due to one or more of the above stresses and likely
decreases respiratory efficiency (Kuperman and Matey, 1999; Kuperman
et al., 2001).

At present, the Sea is used primarily for recreation and as a repository
for agricultural wastewaters, The Sea is designated by the state of

- California as a repository for nutrient-rich drainage waters from several

commercial farms in the Imperial Valley, As a result, it has high primary
productlvity, which in turn accounts for the high productivity of its
fishery (Black, 1974, 1988). In 1971, the Califomia Department of Fish
and Game (CDFG) recorded recreational fish caiches at the Sea ar 1.88
fish/angler/h, one of the highest catch rates recorded in the state (CDFG,
1971). ' _
Recreational use of the Sea peaked in the 1950s. Fueled by the
productive fishery, angling soared after World War II. Golf courses,
marinas, and yacht clubs multiplied along the Sea shores, After the
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Sea from 1929 to 1958 (Reproduced from
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Date Number Specles Common Name Origin
{dd/mm/yy)
20/10/28 200 Morone saxatilig striped bass Tracy Californig
. 24/10/29 1500 Merons saxatifis striped bass Tracy California
211030 1800 Morone saxalilis shriped bags San Francisco Bay
13/11/30 500 Gillichthys mirabifis longfaw mudsucksr San Diego Bay
13/11/34 16000  Oneorhynchus kisutsh sliver saimon Not specifiag
02/10/48 43 Anchoa mudsclaides anchovy Guaymas
23/12/a8 1000  Cetengraulis mysiicelus anchaveta San Diego coast
_ 12 Caranx cabalius green jack San Diego coast
10/06/50 5000  Celengraulis mysticetus anchoveta  San Fellpe
12/05/50 29 Albuia vuipes bonefish San Felipe
2 Celengraulis mysticetus anchovata -San Felipe
1 Faralichthys aestuarius halibut - San Felipe
40 Colpichthys regis silverside San Felipe
1 Eucinostormus argentsus spolfin mojarra San Felipe
2 Trachinotus paitonsia paloma pompano San Felips
27 Cynascion xanihulus orangemouth corvina San Felipe
14 Cynoscion parvipinnis shortfin corving San Felipe
1 Cynoscion macdonaldi totuava San Felipe
7 Menlicirrhus unduiatus  California corbina San Felipe
1 Mertticirrhus nasus corbina San Fefipe
15 Micropogon mealops croaker San Felipe
57 Bairdlella jeistia balrdieila San Felipe
14/12/50 25 Mugii curema white mullet San Felipe
800 Colpichthys regis silverside San Falipe
1 Faralichthys woo/mani halftut San Felipe
1 Scomberomorus concojor Montersy Spanish mackerel  San Felipa
1 Menticirrhus undulatus  Callfornia corbina San Feiipe
12 Eucinostomus argentsus spotfin mojarra San Felipe
Eucinostornus gracilis mojarra San Fallpy
15/12/50 15 Mugil cephalus striped mullet San Felipe
=] Mugif curema white muliet San Felipe
70 Colpichthys regis silverside San Felipe
1 Nematistivs paciorafis roosterfish San Felipe
1 Menticirhus undulstus  Galifornia corbing ‘San Felipe
75 Euchostomus argenteus  spolfin mojarra San Felipe
Eucinostomus gracilis mojarra San Felipe
28/03/51 30 Cetengrautis mysticetus anchoveta San Felips
300 Levresthes sarding grunion San Falipe
3 Cynoscion xanthulus crangemouth corving San Felipe
2 Cynoscion parvipinnis shortfin corvina San Felipe
31/03/51 48 Albula vulpas . bonefigh San Fellpe
6 Anchoa mundeololdss anchovy San Felipe
8 Celengraulis mysticetus anchovetg . " San Felipe
S Mugil curema white mullet San Felipe
3 Celpichthys regis silverside

San Felipe
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failure and a striped mullet population destined to disappear. A remnant
striped mullet population still exists in the Sea (Riedel et al., 2001).

Longjaw mudsuckers were introduced to the Sea in 1930 from San

Diego Bay to provide 2 bait fishery (Walker et al,, 1961; Table 2). The
natural range for longjaw mudsuckers is from central California to the
Gulf of Californja. Spawning of longjaw mudsucker peaks in Janvary and

February (Walker et al., 1961). Adult distribution is mostly along the

shore jn assoclation with embayments and cover (Walker et al., 1961).
Longjaw mudsuckers are captured in those areas today and are used for
bait in the orangemouth corvina sportfishery. '
Threadfin shad (Dososoma petenense) were introduced in the Colo-
rado River from Tennessee in 1953 (Kimsey, 1954; Table 2). The fish
spread from the Colorado River to the canal systems of the Imperial
Valley and into the Sea. Threadfin shad was first captured at the Sea in
1955 mostly in association with the incoming tributaries (Hendricks,
1961a). Salton Sea threadfin shad diet has been observed to be mostly
phyto- and zooplankton (Hendricks, 1961a). Threadfin shad are impor-

tant forage fish, having been commonly observed in orangemouth

corvina stomachs (Hendricks, 1961a).
Desert pupfish is the only fish native to the Salton Sea and endemic

to the Salton Sink (Bajrd and Girard, 1853; Shoenherr, 1988). Desert
pupfish prefer low energy, shallow water habitats rich in structures such -

as rooted vegetation (Marsh and Sada, 1993). They can survive extreme
conditions of salinity and dissolved oxygen, as well as extreme variations
in those conditions (Lowe and Heath 1969). Desert pupfish were re-
potted abundant at the Sea, with over 10,000 indjviduals in a single
shoreline pool (Barlow, 1961). The desert pupfish was listed as endan-
gered by the sate of California in 1980 (CDFG 1980) and federally in 1986
(FWS 1986) because of habitat aiterations and contamination, and inva-
sion of exotics (FWS 1986). Fish surveys during the 1950s and 1960s
indicated that desert pupfish are declining (Schoenherr, 1979), possibly
due to introduction of exotic species, reproductive failures due to
selenium toxicity, and habitat modifications (Black, 1980; Bennett, 1998).

B. HYPERSALINE PHASE (MID 1960s - PRESENT)

it was stocked purposefully by California and Arizona fisheries agencies
for the control of quisance aquatic weed and insect species (Costa-Plerce
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PAGE 23



a4?a3fzaa2 17:27

61854945676
Volume 8 {Issus #4), 2001

TABLE 3

BIOLOGY DEPT SDSU

PAGE

REVIEW OF THE FISHERIES OF THE SALTON SEA, CA

Temperature and Salinlty Tolerances for Adult Oreochromis mossambicus _

Adapted from Costa-Plerce and Rieds! (2000).

: Effects References
Temperatures
{°C)
5.5 Total mortality Li et al, 1961
8~10 Total morality Chimits, 1857
8.3-3.4 Total mortaiity ‘ Kelty,1956
8-10 Low temperature tolerance limits Chervinski, 1982
11 Tatal mortality after 5 d at this temparature Allanson et al,, 1962
11 Sutvived at 5%. . Allanson et al,, 1971
i2 Survives this extrems temperature by Allanson at al., 1971
inhabiting the estuarine area of the Kowie
River, South Africa :
15 Suffer from cold stress Caulton, 178
15 Cold stress and fungal infections occurred Al Amoudi et al,, 1996
Below 20 - Sevare Saprolsgnia infection if axposed Allanson et al,, 1971

beyond 12Q hours

Salinitles (ppt/t.)
14 Highest growth rate at 28°C

Payne st al., 1988

30 Grew well; reproduced in ponds Chimits, 1957
30 Reproduced in ponds Vaas and Hofstede,
1952
48 . Reproduced Popper and
Lichatowich, 1975
61 Gradual transfer allowed successful adaptation Dange, 1985
40--55 Grew and reproduced I _ Riedal et al., 2001
120 Adapts well to gradual changes in salinities  Whitfisld and Biaber,
) . 1976
Riedel et al. (2001) also report a strong preference between the

sutface and bottom of the lake for tilapia and bairdiella at different times

- in the year (Figure 4), In the summer, the few fish that remain in the

pelagic area move toward the surface, possibly to minimize the detri-

mental effects of oxygen deprivation. In the winter,
near the bottom to feed on the abundant pile wo

Linsley, 1961).

fish tend to remain
rms (Carpelan and

~ There is evidence that Salton Sea fish are a fast growing, shorter-lived
population. Riedel et al. (2001) report faster growth and shorter life sparns
for Salton Sea fish than conspecifics elsewhere and conspecifics of the

first introdluctions decades ago (Table 6; Figure 5).

1. Tilapia

Tilapias are native to Africa (Trewavas, 1983). Because of their impor-
tance in aquaculture, tilapia, especially O. mossambicus, are the most

249

24




84/88/2882 17:27

6135345676 BIOLOGY DEPT SDSU
Volume 3 (lasus #4), 2001 REVIEW OF THE FISHERIES OF THE SALTON SEA, CA
TABLE 5

Catch per unit effort (kg/ 50 m net’h) + SEM by area and season for fish
sampled from the Salton Sea, CA between 1999 and 2000

1999 2000

Nearshore Pelagic Estuarine  Nearshore Pelagic  Estuarine

Orangemouth .
Corvina

Spring 3.03+£138 0.03 001 0454021 374+ 1.29 004+003 3.90+148
Summer 0.32+0.14 0.01 +0.01 042+021 0791036 0 037+0.15
Fall D48 £047 0022002 0272 018 005005 0 358+230
Winter 046+030 0.08 0068 002+002 477+218 0 1.80+£1.30

Bairdiella

Spiing 0123003 047+ 0.08 021+£010 1.55+051 0.10+ 004 .14 £ 0.11
Summer 0.73+0.14 015+0.06 .0.56 012 0B82£001 001+0M 058+ 0.20

Fall 0302009 006003 084+ 024 012+006 0 040x026
Winter 004 +002 0.05+0.03 0.08 £ 0.03 0 015140068 00100
Tlapla

Spring 1013020 029+080 1.09 £029 158089 002+001 144+ 0.57
Summer 665+135 014+ 006 1231470 090+041 0021 001 3.48+118
- Fall . -293%150 0012008 41423680 3.34+0.84 0.02+001 1.08%050
Winter 0.28+008 0.17+005 1.13£0.40 1.59%0.80 0.03 +0.01 1.70 £ 0.98

Number of observations .
Spring B 12

4 8 12
Summer 16 24 8 8 11
Fail B 12 - 4 g 12
Winter -] 24 ] a 12

mE,o;m

From Rigdel et al, 2001,

widely distributed exotic fish worldwide, Research on tilapia in the
United Stites has been conducted on their use as food, vegetation
control, and game fish (Dill and Cordone, 1997, Costa-Pierce and
Rakocy, 1997, 2000). Tilapia have become established in all subtropical
regions of the United States (Costa-Pierce and Riedel, 2000) and are an
ecological problem in most ecosysiemns where they invaded (Courtney
et al., 1984; Courtney, 1997; Courtney and Stauffer, 1990). O. mossambicus
are presently found in coastal regions of southern California, and the
Salton Sea and adjacent drains (Page and Burr, 1991; Dil and Cordone,
1997).

Tilapia are euryhaline (Suresh and Lin, 1992; Watanabe, 1997; Costa-
Pierce and Riedel, 2000; Table 3), probably because they evolved from
a marine ancestor (Myers, 1938; Trewavas, 1983), but are stenothermal
(Hargreaves, 2000; Table 3), O. mossambicus can survive water tempera-
wres 15 to 40°C, but grow optimally at 25 to 37°C (Al Amoudi et al.,
1996). Tilapias cease to feed below 16°C (Kelly, 1956) and reproduce at

251
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40 —
Bairdiella
10 ' :
1999
20 =] 23.7  (32.9; 24.6)
_ K =0.72 £ (0.57; 0.88)
. To=-1.09 % (-1.3; -0.9)
10 =51
: ' n=578
0 . . . Phiprime=261
49
—— .
g 30 [~ ? &
5 o b2
i =23.10% (22.8; 23.5)
20 '
E Lg K=1.01 (2.9 1.1)
= Ty =-0.64 £ (-0.7; -0.6)
E 1o fl r=0,79
- n =455
0 L N 1 Phiprime =273 \
15
Bairdieila
o r " 1954 10 1956
2 Lo=141£88194
K=036+-0.01073°
s F Ty=-1.524-2.54 -0.5]
rt=¢79
n=39
0 1 1 1. _Phi prime = 1 86 1
1 2 3 4 5 6
Ages(y) -

FIGURE 5. Von Bertalantfy growth function paramaeter estimates and phi prime growth
performance indices (Mareau et al, 1888) for titapla (Oreochromis mossambicus  x
O. urolepis hormorum), bairdisila {Bairdiella icistia), orangemouth corvina {Cynoscion
xanthulus), and sargo (Anisolremys david=oni) captured in the Salton Sea, California during
1999 and 2000. Numbers in parenthesis are lower and upper 85% confidencs intervals of

- paramater estimates (from Riedsl et al., 2001),

253
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TABLE 6

Age (y) and Mean Total Length (cm) + One Standard Deviation for Salton
Sea Fish Sampled in 1999 and 2000 Compared with Saiton Sea Fish
Sampled in the Mid-1950a and Conspecifics Sampled Elsewhere

N Age Mean total Menh total Ref.:
length & SD length from
' other studies
Balrdiella 52 0O+ 13.0+22 - :
38 1+ 18.6 £ 2.0 13.1 Whitney, 1961a -
806 2+ 21.2+2.0 18.4 ditto
184 34 224+23 17.2 . dilto
2 a4 285+£52 17.3 ditto
Oangemouwth 9§ 04 284+ 80 -
corvina 62 1+ 481118 11.0 Whitney, 1961b
118 25 6859 + 6.0 40.0 ditto
10 3+ 69.6 + 4.9 50,2 ditto
- 4+
. 5+
1 6+ 83.0 -
Sargo 32 0+ 156+1.5 -
2 1+ 1B5+04 -
33 2+ 275+14 - :
- 44 25.0 Love, 1996
-~ 12+ ' 32.5 difto-
Tilapla 404 0+ 8027 5.8 Khoo and Moreau; 1990
- 1+
- 2+ . ) .
2828 3+ 292+1.8 . 25.0 Khoo and Mereau, 1880
: 25.0 Roux, 1961
20.6 Hecht, 1980
15.0 Koura and Bolock, 1958
1314 . 44 3068+25 26.0 Khoo and Morgau, 1990
- 300 - Roux, 1984
- 255 Hecht, 1880
. 18.0 Koura and Bolock, 1958
292 5+ 329129 28.5 Khoo and Moreay,
. 1990
32.5 - Roux, 1961
234 Hecht, 1980

Dasbes indicale o deasa. (from Risdel et al. 2601),

waler tetnperatures only above 20 to 22°C (Chervinski, 1982; Philippart
and Ruwet, 1982). At temperatures less than 25°C, routine metabolism (as
measured by oxygen uptake rates) and growth rates decrease rapidly
(Caulton, 1978). Laboratocy experiments showed 2 sharp depression of
growth for tilapia kept at 20 to 22°C compared with tilapia at 23 to 28°C
(Chmilevskii, 1998). Onset of cold stress has been widely reported for
O. mossambicus at water temperatures of 15°C and below (Allanson
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Costa-Pierce (1998) suggested that the Salton Sea tilapia “strain® may
be an important partner in genetic improvement programs for saltwater
tilapia aquaculture (Watanabe et al., 1997). Because avian botulism,
Vibrios and Streptococcus having been found in and on the Salton Sea
tilapia, use of this potentially valuable strain, or movements of this fish
outside of the Sea, is not at present recommended. In addition, the Salton

- Sea tllapia could have potentially harmful environmental impacts on’

sensitive, enclosed marine ecosystems such as the northern Gulf of
California biosphere reserve.

2. Bairdielia

Bairdiella (family Sciaenidae) are native to the Gulf of California, where
they inhabit estuarine and coastal areas (Walker et al., 1961; Johnson,
1978} and support commercial and sport fisheries (Jacob, 1948; Longhurst,

1964). Bairdiella rarely grows longer than 30 cm and is an important
- forage fish for the orangemouth corvina (Whitney, 19612). Bairdiella spp

has a wider distribution, occurring in the eastern Pacific and western
Atlantic (Sasaki; 1989),

Fifty-seven croakers were introduced. in 1950 into the Salton Sea,
followed by the introduction of another 10 flsh in 1951 (Walker et at.,
1961; Table 2), The first account of a Salton Sea bairdiella was made in
1953 (Dill and Cordone, 1997).

The Altantic croaker tolerates safinities ranging from freshwater to 45

g/l (Simmons, 1957} and temperatures between 5°C (Perret et al., 1971) _

to over 34°C (Kilby, 1955). The Salton Sea bairdiella has a high salinity
tolerance. The Atlantic croaker (Bairdiella chrysoura), has been found
to grow well at 45 g/l in Laguna Madre, TX (Simmons, 1957). There is
relatively litile recent research on spawning habits of the croaker, but
most of what is known follows the classic descriptions of croaker
spawning recorded by Kuntz (1914), Welsh and Breder (1923), and
Walker et al. (1961). -

Whitney (1961a) reported that Gulf croakers have distinct inshore-
offshore portions of their life history related to feeding and reproduction.
Fish are known to move inshore in May and offshore in September
following the abundance of pile worms (Neanthes succined). Mok and
Gilmore (1983) report peak 5pawning to occur between March and June
for the Altantic croaker. Bairdiella from the Salton Sea have been
reported to mature in 1 to 2 years and spawn in May and early June
(Haydock, 1971); grow to a maximum of 30 em (Walker et al., 1961); and
have a life span of up to § years (Lattin, 1986).

Beckwitt (1987) reported high genetic varability for Salton Sea
bairdiella, suggesting potential adaptation to environmental change de-
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population in the Sea at'1 to 3 millien fish (Hulquist, 1970). Adult
orangemouth corvina are readily caught by anglers in the nearshore of
the Sea. Maximum reported size is 32 pounds (Hulquist, 1970).
Orangemouth corvina grow very rapidly in the Sea in cornparison with
other conspecifics (Blake and Blake, 1981; Warburton, 1969; Table 6):
Orangemouth corvina play a valuable ecological role as the most suc-
cessful top carnivore in the Sea.

4. Sargo

Sargo are distributed from central to southern Baja California and into
the northern Gulf of California. Sixty-five sargo were introduced in the

1950s from the northern Guif of California into the Salton Sea (Walker
et al., 1961; Table 2). Sargo are a schooling species preferring shallow

subtidal habitats. They mostly congregate around structures, Spawning
of sargo occurs mostly during late spring and throughout summer
(Love, 1996). The eggs are pelagic and the juveniles migrate inshore
where they may congregate with juveniles of other species, Sargo are
detnersal, feeding mostly on benthic invertebrates (Love, 1996). Sargo
are occasionally reported by Salton Sea anglers mostly as incidental
catch, '

The fish biology, behavior, and fisheties for sargo are little known in
the Salton Sea. Sargo are closely related to Pacific porgies (Family
Sparidae), salema, and Pacific Aagfin mojarras (Family Gerrejdae). Sargo
are lacger than croaker (réaching 2 kg) and are important gamefish in the

Sea. It is assumed this fish is also prey for the orangemouth corvina

(Walker et al., 1961).

IV. THE FUTURE OF THE SALTON SEA

Because of the ecological and recreational importance of the Salton Sea

several restoration approaches (Table 7) are being contemplated. Restor-
ing the Sea is an open-ended proposition because the lake progressed
from freshwater to_hypersaline, never stabilizing at environmental con-
ditions that could be used as a target baseline for restoration. The

- objectives of restoration plans are, however, to keep the lake as a viable

ecosystem to support migratory and resident biota, continued use as an
agricultural wastewater repository, control of salinity and elevation,
prevention of fish and wildlife die offs, and promotion of recreational
opporttunities (Borrego et al., 1999, SSA, 2000). Many restoration objec-
tives may be conflicting and 3 prioritization taking into account ecologi-
cal, societal, and financial interests js underway.

‘259
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1995; Shields et al., 1995; Kirchhofer, 1996; Whitfield, 1996; Wriedt and
Schulz, 1997). It is likely that the Salton Sea biota will change after
restoration plans are underway. An understanding of the fisheries ecol-
ogy concomitant with these changes is pivotal to provide early warnings
of the effects of restoration practices. Restoration practices may be
successful in controlling salinity, but if detrimental effects on the fisheries
are experienced, the Salton Sea may lose its importance as a wildlife
sanctuary and recreational lake.

Implementation of a tilapia commercial harvesting at the Sea may
benefit the economy of the surrounding communities. The Salton Sea
harbors what is likely the fargest unfished tilapia population in the world.
When exploiting a virgin fish resource, younger, faster growing individu-
als benefit from the harvest of older, slower growing fish (Schaefer, 1954;
Hilborn and Walters, 1992), and incidence of diseases (and possibly
periodic die-offs) may be decreased. Given the large tilapia biomass in
the Sea, fishery products may be commercialized as meals, food, or
fertilizers. Given the high estimates of fish gill net catch rates (Riede] et
al., 2001), the fishety may also benefit local communities, but more
research needs to be completed to determine turnover rates, yields per
recruit estimates, and overall sustainability of the fishery resources.
Managing the Salton Sea for a sustained fishery is not only ecologically
desirable but may be economically attractive.

ACKNOWLEDGMENTS

This research was funded by the United States Environmental Protection
Agency (EPA) through grant #R826552-01-0 from the Salton Sea Authority
1o BCP. The research does not necessari ly reflect the views of the EPA. No
official endorsement should be jnferred. We thank the Salton Sea Authority
for their generous support of this research, especially Tom Kirk; the Saiton
Sea Science Subcommitee and Salton Sea Research Management Commir-
tee, especially Milt Friend, Barry Gump, Terri Foreman, and the late Rich
Thiery. Special thanks go to the expert technical assistance of Lucy Caskey.
Lastly, we acknowledge the vital support of Stuart Hurlbert and members
of the SDSU Center for Inland Waters in this research.

REFERENCES

Al Amoudi, M., A.-I". El-Sayed and A, El-Ghobashy. Effects of thermal and thermo-haline
~ shoclks on survival and osmotic concentration of the tlapias Oreockromis mossambicys

285



27 SDsl
p4/88/2802 17:27 B1395345676 BIOLOGY DEPT

Volume 9 {issuo #4), 2001 " REVIEW OF THE FISHERIES OF THE SALTON SEA, CA

Borrego, S. D. Anderson, G. Garza, J. Letey, M. Matsumoto, G. Orlob, and J. Paierm.
Alterparive futures for. the Sulton Sea. The UC Mexus Border Water Project 1,
Riverside, California (1999). .

Boyle, R, Life or death for the Salton Sea? Smithsonian 27: 87-97 (1996},

Brocksen, R. W. and R. E. Cole, Physiological responses of three species of fishes to
various salinities. J. Fish. Res. Bd Can. 29; 399-405 (1971).

Brown-Peterson, N., P..' Thomas, and C. Arpold. Reproductive biology of the spotted
scatrout, Cyroscion Mebulosus, in sourh Texas. Fish, Bull, 86: 373-388 (1988).

Bruton, M. and B. Allanson. The growth of Tiapia mossambicus in Lake Slbaya, S, Afr.
J. of Fish Biol. 6 701-715 (1974). :

California Department of Fish and Game, Anaual report. Sacramente, CA (1971),

California Department of Fish and Game. At the crossroads. A report on Californly's
endangered and rare Ash and wildlife, California Department of Fish and Game, 147
pp. (1980).

Carpelan, L. listory of the Salton Seq. pp- 9-15. Im: The ecology of the Sulton Sea,
California, In refation to the sportfishery. (B. Walker, cd.). California Department of
Fish and Game Bulletin, 113 (1961a).

Carpelan, L. Physical and ¢hemical characreristics. pp. 17-32. In: The ecology of the
Salton Sea, California; in' relation to the sportfishery. (B. Walker, ed.), California
Department of Fish and Game Bulletin, 113 (1961h),

Catpelan, L. and R. Linsley. The pile worm, Neantbes succinea. pp. 63-76. In: The
ecology of the Salton Sex, California, in relation to the sportfishery. (B. Walker, éd.),
California Depattment of Fish and Game Bulletin 113 (1961).

Caulton, M. The effect of temperature and mass on routine metabolism in Sarotherodon
(Tllapia) massambtea (Perers). J, Fish Biol. 13 195201 (1978).

Chervinski, I. Environmenta) physiology of tilapias, pp: 119-128 To: The biology and
culture of tilupias. (R. Pullin and R. Lowe-McConnell, cds.) ICLARM, Manila,
Philippines (1982).

Chervinsld, ). uand A. Yashouv. Preliminary experiments on the growth of Tilapia aurea
in seawater ponds, Bamidgeh 23: 125-129 (1971), ‘

Chervinski, J. and M. Zom. Note on the growth of Tilapia aurea and Tilapia zilil in
seawater ponds, Aquzculiture 4 245-255 (1974),

Chimits, P. The tilapias and their culture. A sccond review and bibiiography. FAG
Fisherles Bulletin 8: 1-24 (1957).

Chmilevskii, D. The influence of low temperatute on the growth of Creochromis
mossantbicus. J. Ichth. 38: 92-99 (1998).

Cohn, J. Saving the Salton Sea. Biosclence 50: 295-301 {2000,

Costa-Pierce, B. Tllapias of the Salton Sea, a marine lake in California, PP, 584590 In:
Tilapia agquacuiture; Procecdings from the fourth intemational symposium on tilupin

287

PAGE 33



B4/p8/2882 17:27

E195945676 BIOLOGY DEFT SDSU

Volume 2 {lssua #4), 2001 REVIEW OF THE FISHERIES OF THE SALTON SEA, CA

Graham, F. Midnight at the oasis. Audubon June: 82-89 (1998).

Hargreaves, J., 2000. Tilapia culture of the southeast United States. pp. 60-81 In: TNiapia
Aquaculture in the Americas, 2. (B. A. Costa-Plerce and J. Rakocy, eds.) World
Agquaculture Society, Baton Rouge, Louisiana (2000).

Haydock, L Gonad maturation and hormone-induced spawning of the gulf croaker,
Bairdiella (cistia. Fish. Bul. 69: 157-180 (1971).

Llecht, T. A comparison of the otolith and scale methods of ageing, and the growth of
Sarotherodon mossambicus in a Venda impoundment (southemn Africa). 5. 4. /.
Zool. 15: 222-228 (1980), '

Hecht, 1. and P, Zway, 1984, On the stunted mocambique tilupia Sarothercdon
mossambicus of the Matiovila 1ot Spring, Kruger National Pagk. Koedoe 27:25-
38.

Hendticks, L. The threadfin shad Dorosoma petenerse. Pp- 93-94. In: The ecology of
the Salton Sew, California, in relation to the sportfishery. (B. Walker, ed.). Cdlifornia
Depurtment of Fish and Game Bufletin, 113 (1961a),

Hendricks, L. ‘The striped mullet Mugil cephalus. pp. 95-103. In: The ecology of the
Salton Sen, California, in relation to the sportfishery. (B. Walker, ec.). Califoria
Department of Fish and Game Bulletin. 113 ¢1961h).

Hickling, C. The Malacen tilapia hybrids. /. Gener. $7. 1-10 (1960).
Hickling, C. The cultivation of tilapia. S¢i. Am, 208: 143-152 (1963).

llilborn, R. and C. Walters. Quantitative Sisheries stock assessment. Chapman and Hall,
New York (1992).

Hodgkiss, J. and H. Man, Age compositior, growth and body condition of the intro-
duced Sarotherodon mossambicus (Cichlidae) in Plover Cove reservoir, Fong Kong.
Erwviron. Blol, Fishes 2: 55-44 (1977).

Hoover, E. and J. St. Amant. Eswblishment of THapia mossambica Peters in Bard Valley,

- Imperial County, California. Caftf. Fish Game $6: 70-71 (1970).

Hubbs, €, and R. Miller, The great busin with evidence on glacial and post-glacial times
II. The zaological evidence, Unty, Urab Bull. 38: 105-112 (3943).

Hulquist, R.G. Internal report. Chino Fish and Wildlife Buse, California Department of
Fish and Game (1970).

Jacob, P. K. Sclacnids of the west coast of Madras Province. J. Bombay Nat. &ist. Soc.
48: 118-124 (1948).

James, N. P. E. A life-history approach to the blology of Oreochromis mossambicus in
the Eastern Cape, South Africa. Master of Science Thesis, Rhodes University,
Grahamstown (1989),

Janssen, j. 1937. Mullet. pp, 95-96 In: The commercial Sish cateh of California for the

Year 1935, California Division of Fish and Game, Fish Bulletin 49,

Jebl, J.R. Mass motmality cvents of carced grebes in Noith America. Am. J. Field Ornith.
67: 471-476 (1996).

PAGE 34




84/88/20082 17:27

6135945675 BIOLOGY DEPT SDSU

Volume 9 {issue #4), 2001 REVIEW OF THE FISHERIES OF THE SALTON SEA, CA

Love, M. Prubably more than vou want to know about the Jishes of the Paciflc Coast.
Really Big Press, Sant Barbura, California, (1996).

Lowe, C. apd W. Heath. Behavioral and physiolagical responses to temperature in the
desort pupfish, Quprinodon macularis. Physio. Zool. 42; $3-59 (1969),

Marsh, P. and D. Sada. Desert pupfish ( Cyprinodon macularis) recovery plan, U.S. Fish
and Wildiife Service, Region 2, Albuquerque, NM (1993}, :

Matsui, M., A. Bond, G. Jordan, R, Moore, P. Gurrahan, K. Iwanaga and 8. Williums.
Abundance and distibuton of ichthyoplankton jp the Salton Sea, California in
refation to water quality. California Fish and Game Report on Sport Fish Restoration
Federal Aid Project F-$1-R. California Department of Fish and Game, Sacramento,
CA (1991a)

Matsui, M., G. Lattin, R. Moore, C. Mulski, and A. Bondl. Sulinity tolerance of Cynoscion
xanthidus. California Fish and Game Report on Sport Fish Restoration Federal Aid
Project P-31-R, Sacrumento, CA (19911),

McCown, B. and L. McCown. A view of the fish traps from 2 hot air balloon, . dreh.
Strvey Assoc. Soush. Calif. 7: 46-56 (1982).

Mironova, N. The biclogy of THapia mossambica under natural and laboratory condi-
tions. Ichthyology 9: S06-514 (1969).

Mok, H. an¢l R. Gilmore. Analysis of sound production in estuirine aggreg:itions of
Pogonias cromis, Bairdiella chrysura, and Cynoscion nebulosus (Scianidac). Bull,
Inst. Zool,, Acad, Sivica 22: 157-186 (1983),

Moreau, 1, C. Bambino, and 1. Pauly. Indices of overall growth performance of 100
tilapia (Cichlidae) populations. pp. 201-206 In: The First Asian Fisheries Forum. (J.
Maclean, L. Dizon, und L. Hosillos, eds),-Asian Fisheries Society, Manifa, Philippines

. {1988 :

Myers, G, Freshwater fishes and West Indian zeogeogriphy. $mithsonian Report for
1927, pub. 3465 (1938), .

Page, L, and Burer, Fresbwater JSishes, I_‘lou'ghton Miffin, Boston, (1996).

Payne. A. Estuatine and salt-tolerant tila Pias. pp. 534-543 In: Proceedings, international
symposium on rilapia in agquacudiure, Tel-Aviv University, Tel-Aviv (1983).

Payne, A. and R. Collinson. & comparison of the hiological characteristics of Saratherodon
niloticus with those of §. dureus and other tilapia of the delta and Jower Nile.
Aquaculture 30: 335-351 (1983).

Payne A, |. Ridgeway and J. Hamer, The influence on salt (NaCl concentration and
temperature on the growth of Oreochromis spilurus spilurus, O. mossambicus and
red tilapia hybrids. pp. 481487 In: The Second International Symposium on Tilapia
n Aquaculture (R5.V, Pullin, T. Bhukaswan, K. Tonguthai and [.1. Maclean, eds.)
ICLARM Conference Proceeding 15, Department of Figheries, Banghkok, Thailand
and TCLARM, Mantla, thilippines (1588).

Pereiry, D., C. Bingham, G. Spangler, Y, Cohen, I3, Conner, and P. Cunningham. Growth -
and recruitment of freshwater drum (Aplodinatus grunniens) as related to | ong-term
temparature patterns. pp. 617-G29 In: Climate Change and Northern Fish Poprila-

271




R LA o PAGE 36
84/88/2882 17:27 B135945876 BIOLOGY DEPT SDSU _

Volume 9 (lasue #4), 2001 ‘ REVIEW OF THE FISHERIES OF THE SALTON SEA, CA

$5A (Salton Seu Authority). Guide 1o the Salton Sea Restorarion Profect Environmental
Impact Statemeny/Environmental Impact Report. Department of the Interior-Bureay
of Reclamation (2000).

Sterns, R. The fossil freshwater shells of the Colorade Desert, their distribution,
environment, and vaclation. US Nar. Museunt Proc. 24 271-299 (1902),

St. Amang, J. Addition of Tiapla mossambica Peters to the Californiu fauna. Calif, Fish
Game 52 34=35 (1966). :

Suresh, A. and C. Lin. Tilapia culture in saline waters: A review, Aguacultire 106: 201-
226 (1992, '

Sykues, G. Geographical features of the Cahuilla Basin. PP 13-20 In: The Salton Sea
(W. MacDougal, ed.) Carnegie Instirute Publication 193, Washington (1914)

Thomas, P. P: Copeland, and |, Prentice. Preliminary observations of the reproductive
physiology of ferale orangemouth corvina in captivity. J. World Aqu. Sec. 25: 214-
224 (1994).

Trewavas, E. Tiliptine fishes of the &enera Sarotherodon, Oreocliromis, and Danakila,
British Museum of Natural Mistory, London (1983).

U. 5. Fish and Wildlife Scrvice, Endungered and threatencd wildlife and plants:
determination of cndangered status and eritical habitat for the desert pupfish.
Federal Register $1: 10842-10851. (1986).

Vaus, K. and A. losstede. Studies on TUapia mossambica Peters (than mudiair) in
Indonesia. Contribution of the Inland Fisheries Research Station, Bogor, Indonesia
1: 1-68 (1952). '

Vogl, R. Synthesis document of current _information on the sediment physical
¢haracteristics and contaminants at the Sailton Sea Riverside and Impetial
Counties, California. Levine-Fricke— Salton Sea Authority, La Quinta, California
(1999).

Walker, 8., R. Whitncy, and G. Barlow, Pishes of the Salton Sex. pp. 77-92.-In: The
ecology of the Salton Sca, California, in relation to the sportfishery. (B. Walker, od.).
Cal. Pep. of Fish and Game Bull, 113 (19610,

Wang, L. and C. "I'sai, Effects of temperature on the deformity and! sex differentiation
of tilapia, Oreochromis mossambicus, J. Exp. Zool, 286; 534-337 (2000). '

Warburton, K. Growth and production of some important species of Bsh in a Mexican
coastal fagoon system, /. Biol14: 449-464 ( 1969), '

Wattnabe, W. Sultwater culture of the Florida red und other sulinc-tolerant tikipias: a
review, pp. 35-141. In Tapia aguaculture i the Americas 1. (B, Costa-Plerce and
J. Rakocy, eds) World Aquaculture Society Books, Baton Rougs, LA {1997

Weide, D. Regional environmental history of the Yuha desert, pp. 9-20 la: Background
to the prebistory of the Yuba Desert region (PJ. Wilke, edl.) Ballenn Press, Ramona,
CA (1976),

Welsh, W, and C, Breder, Contributions to life histotles of Scienidue of the eastern U,
5. coust. Fisk. Bull, 39: 141-201 (1924). '



