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INTRODUCTICN

Rodeo Lagoon is located on the Pacific Coast between Fort Barry and Fort

Cronkhite of the Golden Gate National Recreation Area (Figure 1). The lagoocn,
separated from the ocean by a sandbar, recelves seawater over the sandbar
during high tides or storms or during periods when the sandbar is brokan.
There is an input of fresh water from an inland stream (Rodeo Creek) and f£from
wmderground springs 1in the surrounding hills which keeps the saline water
diluted during the summer dry season. At the east end of the lagoon 1s a
steel welr, on the east side of the road bridge, separating the lagoon from an
upper, freshwater lagoon known as Rodeo Lake. This artificial partition, made
during World War II, was used by the U.S. Army to save freshwater for emergea-
cles. The freshwater - brackish water environment has also attracted or has
entrapped many fish species in the lagoon and lake from differeat origians.

The objectives of this study are (1) to understand the distribution, relative
abundance, and ecological status of fish specles, (2) to have a better under-—
standing of the ecological requirements of the tidewater goby, now that it is
in a depleted status in the San Franciscc Bay Area and has been found only in
Rodeo Lagoon (Wang 1982), and (3) to understand the ecological requirements of
the yellowfin goby 1in Rodeo Lagoon and thus control the yellowfin goby popula-
tion in the lagoon. The yellowfin goby 1s an introduced fish that is widely
distributed in the Sacramento-San Joaquin estuary (Brittan et al. 1963, 1970;
Moyle 1976). The yellowfin goby competes for food and habitat with the tide-
water goby in the lagoon, and also preys on it.



METHODS

Fish sampling was done once or twice a month from January 1980 to December
1982, except in March 1980, when no sample was collected. Most of the fish
collected were examined and counted and released on site, but representative
specimens Were presarved in 10 percent buffered formalin and then washed with
water and transferred into 5 percent buffered formalin for laboratory analy-
sis. The specimens are archived at Golden Gate National Recreation Area, Fort
Mason, or at Ecologlical Analysts, Inc., Concord, Califormia.

Sampling Gear Types
Fish specimens were collected with three types of sampling gear:

1. A 1.2-x 1.0-m beach selne with l.0-mm mesh was used to collect
eggs, larvae, juvenlle, and adult in the inshore zones at a depth

of 0-1 m. All bur 5-6 m of shoreline were seined.

2, A 3.1- x 1.2~m beach seine with 3,0-mm mesh was used to collect
adult fish along the shore and in slightly deeper water (less than
1.5 m).

3. A hand-towed ichthyoplankton net with an 0.5-m mouth and O.5-mm
mesh was used to collect fish eggs and early larvae at water

depths of 1-1.5 m.

Surface water temperature was measured at each sampling 1location <during
sampling. A Yellow Springs Instruments (YSI) Model 56 temperature and
dissolved oxygen meter and a Martek Mark 5 water quality analyzer were used to
measure water temperature, dissolved oxygen, conductivity, and pH at
iantervals.

Sampling Stations

Three stations were established along the shoreline of Rodeo Lagoon and one in
Rodeo Lake (Figure 1). '

Station I

Station I was located on the north side of the lagoon near the park informa-
tion center, 1including both sides of the wooden bridge which crosses the

The bottom substrate of this site is a mixture of sand and some mud.

lagoon.
The waLer was

Vegetation (mostly Salicornia spp.) grows along the shoreline.
brackish most of the year. Sampling depth ranged from O to 1.4 m.

§§gt}gﬂ_{1

Station II was located on the north side of Rodeo Lagooan, approximately midway
between the sandbar and the road bridge. The bottom substrate of this site is
soft mud with submerged vegetation (Zannichellia spp. and Najas spp.) 1in
summer months. Shrubs grow above the shoreline. The water was brackish most

of the year. Sampling depth ranged from O to 1.2 m.



Station III

Station III was located at the distal end of Rodeo Lagoon, north of the road

bridge crossing. The bottom substrate at this site is a mixture of mud and
gravel. Submerged vegetation (Zannichellia spp., Najas spp., and Scirpus
spp.) occurred in this area mostly in summer. In most of the year the water

was fresh. Sampling depth ranged from Q0 to 1.0 m.

Station IV

Station IV was located on the south shore of Rodeo Lake near the picnic table.
The bottom substrate at this site is a mixture of clay and soft organic
debris. Submerged vegetation (Clara spp., Elodea spp., and Typha spp.) are
highly dense throughout the year, and shrubs grow above the shoreline. The
water was constantly fresh. Sampling depth ranged from 0 to 1.2 m.



RESULTS AND DISCUSSION

Figure 2 shows the mean surface water temperature in Rodeo Lagoon from 1980 to
1982. The lowest temperature was recorded as 8.5 C in January 1981, and the
highest was 21.7 C in June 198l1. Summer 1980 was a warm season. In 1981, the
lagoon temperature rose rapidly in Jume but turned cold for the rest of the
Summer. The temperature profile for 1982 was somewhat in between those of
1380 and 1981. Dissolved oxygen values, all recorded at Station IILI, ranged
from 6.2 to 13.8 ppm. In general, dissolved oxygen was low in summer and
higher 1in winter. The highest salinity recorded in the lagoon was 14.0 ppt,
at Station I in February 1980, and the lowest was freshwater, recorded at
Station III in most months of the raloy season. Salinities of 5-14 ppt were
recorded in 1980; they were 5 ppt or less in 1981 and 1982. Rodeo Lake 1s a
freshwater lake. The range of pH was from 6.8 to 9.5 ino Rodeo Lagoon and from

6.2 to 7.5 in Rodeo Lake.

The climate in the study area is strongly regulated by the ocean. The water
temperature 1s rather om the chilly side, even in summer. The lagoon 1s well
oxygenated by the constant coastal breeze. Salinities are generally higher
near the sandbar and lower near the road bridge, but the lagoon can be well-
mixed 1f the coastal wind shifts direction in a short time. The pH is higher
(more acidic) in Rodeo Lake, because of the heavy vegetation in and around the
lake, and on the alkaline side in the Rodeo Lagoon because the water is

brackish.

were collected im

Ten species of fish, represented by various life stages,
Six of those speciles

Rodeo Lagoon with the sampling gear used in this study.
are native to California waters, and four are introduced (Table 1). The
specles observed only in Rodeo Lagoom were topsmelt, Jjacksmelt, yellowfin
goby, tidewater goby, and Pacific staghorn sculpin. The species collected
only in Rodeo Lake was the green sunfish. Threespine stickleback, prickly
sculpin, goldfish, and golden shiner were taken in both the lagoon aad the
lake (Table 1). Thus, the freshwater fishes found in Rodeo Lagoon were
goldfish and golden shiner, and the marine fishes found there were topsmelt,

jacksmelr, yellowfin goby, and Pacific staghorn sculpin.

In the following description of fish ecology, the results are derived mainly
from sampling with a 1.2 x 1.0-m beach seine, supplemented by the catch with
the 0.5-m ichthyoplankton net and the 3.1- x l.2-m beach seinpe.

1. Threespine Stickleback, Gasterosteus aculeatus Linnaeus

Threespine stickleback was at the top rank of beach seining

collection from 1980 through 1982. Various life stages were found
{Table 2). The catch increased substantially in 1982.

Spawning takes place 1in both Rodeo Lagoon and Rodeo Lake at

varlous salinities, from April through October as temperature

approachea 12-15 C. The male builds a nest in the shallow weedy



area. After the courtship ritual, the gravid fsmale deposits her
eggs in the nest and the male fertilizes them immediately. Eggs,
in small clusters, are embedded in the nest. The male guards and
aerates the eggs. When the hatching time approaches he tears down
the nest (Bigelow and Schroeder 1953), and the egg clusters are
broken into individual eggs. This may be an important spawning
strategy to enhance hatching success. Eggs hatch in 7 days at
19 C (Breder and Rosen 1966). The threespine stickleback is a

multiple spawner during the breeding season.

Newly hatched larvae are guarded by the male parent for several
days. The larvae then disperse into the dense vegetation in the

littoral zone of the lagoon and lake.

Juveniles covered with bony plates on the side of the body and
also equipped with sharp spines oa the dorsal and pectoral fins,
emerge from vegetatlion into deeper water and form dense schools.

Food items of the threespine stickleback are mostly small
Zooplankton and small crustaceans. In California, most of the
threespine stickleback reach sexual maturity within one year, and
some may live up to 2-3 years (Moyle 1976), but most of the adults
die in late fall or early winter.

Threespine stickleback constitute a forage fish for other fish and
birds.

The beach seining catch of the tidewater goby ranked fourth in
1980, but went up to second rank in 1981 and 1982 (Table 2).
Various 1life stages were collected in Rodeo Lagoon but none were
observed in Rodeo Lake (Table 1).

The early life history of the tidewater goby in Rodeo Lagoon has
been described by Wang (1982) in a report submitted to the
National Park Service, The following 1is a summary of the
ecological status of the tldewater goby in Rodeo Lagoon.

Goldberg (1977) reported that in southern California coast streams
the tidewater goby has asynchronous ovarian cycles: individuals
are 1o different development stages throughout the year. In this
study, spawning took place in spring and fall ia 1980, 1in all
seasons except summer in [98l, and in all seasons except early
winter in 1982 (Figure 3). Spawning was concentrated at Stationa
I and II. The Station II area also serves as a nursery ground.
The spawning period was short but intense in 1980; 1lighe but
prolonged spawning occurred inm 1981 and 1982, Higher salinitiles
(e.g., mwmesohaline in 1980) may enhance spawning activities, but
higher water temperatures (as in summer 1980) are apparently

unfavorable for spawning.

During the breeding season, adult fish moved into the shallow
inshore water with sand, clay, or gravel bottoms. Swift (1980)



describes the male tidewater goby as digging a vertical burrow
approximately 100-200 mm into the substrate. The proximal end of
each egg bears a bundle of adhesive filaments which attach to the
wall of the burrow,. The male guards the eggs during incubation.
Goldberg (1977) reported that an individual female is able to
spawn more than once, but the exact spawning frequency in a single
seagson or life c¢ould not be determined.

Prolarvae have little pigmentatlon and are pelagic; the postlarvae
are covered with dense pigmentation on the dorsal and ventral
surfaces of the body and gradually assume benthic habits.

Juveniles are abundant in the {nshore weedy areas, particularly
near Statiom II. It would appear that some fish moved there from

Stations I and III as planktonic larvae.

In this study, stomach analysis of the tidewater goby revealed
copepods and small amphipods as the primary diet for juvenile
tidewater goby, amphipods and mysid shrimp for the adults.

Adult fish were seldom seen in winter months, when water
temperature declined to less than 10 C. They may return to the
deeper portion of the lagoon, and some probably die.

Both Moyle (1976) and Swift (1980) believe that the population of
the tidewater goby is declining both at this locale and in 1ts
entire range. The tidewater goby has a short life span {ca. 1-3
years), and it needs a specific freshwater - brackish water
habitat to survive. Rodeo Lagoon provides the exact envirooment
required. However, Rodeo  Lagoon 13 a 1limited area {(ca.
l km x 0.25 km). When short-term enviroomental changes occur, the
tidewater goby may suffer orly some loss of the population, since
it 1is able to spawn at different times of the year, but over the
long term, as the lagoon becomes polluted, the survival of the
entire population will become uncertainm. Some managerial
recommendations for the protection of this rare natural resource
have been proposed by this auchor to the National Park Service

(Wang 1982).
Yellowfin Goby, Acanthogobius flavimanus (Temminck and Schlegel)

The beach seining catch of yellowfin goby was ranked second in
1980 and ranked fifth in 1981 and 1982 (Table 2). Juveniles and
adults were observed in 1980; larvae, juveniles, and adults were
captured in 1981, but only juveniles were collected in 1982. The
catch of yellowfin goby declined rapidly after March 1981. The
date of introduction of the yellowfin goby to the lagoon 1is

unknowa.

Judging from the prolarvae and postlarvae taken in the ichthyo-
plankton net, spawning was estimated to have occurred in February
and March 1981 (Figure 3). In the Sacramento - San Joaquin
Estuary, spawning lasts from December through June or early July.
Eggs are deposited on the wall or roof of a Y-shaped burrow, 15~



35 cm deep, constructed in intertidal mudflats (Dotsu and Mirto
1955). In Rodeo Lagoou the burrows are probably built in sandy or
clay bottoms near sandbars. The female may leave the burrow after
spawning or join the male in the burrow. At a temperature of
13 C, incubation requires about 28 days. Newly hatched 1larvae
remain 1o the burrow for a short period, and then emerge and
become planktonic. Larvae were collected mostly near the sandbar
in Rodeo Lagoon. In the Sacramento-San Joaquin estuary, yellowfin
goby larvae were found in the more-saline central and south por-
tions of San Francisco Bay and San Pablo Bay, and some of the
postlarvae and early juveniles begin to ascend’ Carquinez Strait

and Suisun Bay in February and March.

Juveniles settle on the bottom at about 13 cm TL (Miyazaki 1940).
Juvenile yellowfin goby collected in 1980 in Rodeo Lagoon probably
originated in the Pacific Ocean. The juveniles collected in the
lagoon 1in 1981 were either hatched out from the lagoon or came in
from the ocean. Specimens taken in 1982 were appareatly from the

oceadn.

Major food items for the small juvenile yellowfin goby are
copepods (Dotsu and Mito 1955); large juveniles and adults feed on
mysid shrimp, amphipods, and small fish such as tidewater goby and

threespine stickleback (this study).

The yellowfin goby, an estuarine fish native to Japan, Korea, and
northern China (Tomiyama 1936; Miyazaki 1940; Fowler 1961) was
probably introduced into the Sacramento-San Joaquin estuary by
aceident 1o the 1950s, through the ballast systems of shipping
vessels (Brittan et al. 1963). Currently, this species is not
only abundant within the estuary, but also has been observed aloug
the coast from Elkhorn Slough to Tomales Bay (Miller and Lea 1972;
Kukowski 1972). A second yellowfin goby population is reported in
Los Angeles and long Beach Harbor and Newport Bay (Haaker 1979),
and was conceivably established in the game manner as in San
Franclsco Bay. In this study, the yellowfin goby has been
observed throughout the estuary, including the lower portions of
tributaries that drain into the estuary. No specimens were
collected 1in O'Neill Forebay or San Luis Reservoir in 1979-1981,
although the species was reported there several years ago (Brittan

et al. 1970; Moyle 1976).

Yellowfin goby adapt well to different salinities and sudden
changes in salinities (Brittan et al. 1970). During the gpawning
season, yellowfin goby larvae were not found in Carquinez Strait
or Suisun Bay. The hypothesis is that adult yellowfin goby have
to return to the more salime bays to spawn. In a landlocked
freshwater environment, they may die off eventually because of
progressively diminished spawning success. This hypotehesis seems
to be supported by the evidence from Rodeo Lagoon. In 1980,
gsalinities in the lagoon were meschaline for most of the year and
the mean water temperatures were relatively high in the summer
months. This may have promoted the growth and maturation of the
yellowfin goby. Many adults (> B5 mm TL) were observed 1in the



fall. Nevertheless, spawning success in winter 1980-198% turned
out to be marginal, probably because of a decline 1in saliadty
during the spawning period: salinity was 5 ppt in February 198l
and 4.8 ppt in March 1981, when a few yellowfin goby larvae were
collected near the sandbar. After March 1981, the yellowfin goby
disappeared from all sampling stations suddenly. A massive die-
of f of the yellowfin goby in the lagoon was suggested. There were
no larval yellowfin goby observed in 1982; the salinities in the
lagoon were 5 ppt or less, and only 4 juveniles were collected by
beach selne. The reproduction of yellowfin goby had practically
ceased in Rodeo Lagoon when the salinity was below 5 ppt.

Wang (1982) proposed the National Park Service to regulate the
lagoon salinities to as low as 0-5 ppt to minimize natural
spawning of the yellowfin goby in the lagoon. If the sandbar has
to be dredged to drain the lagoonm during flood season in order to
save the wooden bridge and sewage pipe which cross the lagoon the
pear sandbar, this author would recommend that the National Park
Service allow only a limited amount of seawater to be flushed in
each time.

Prickly Sculpin, Cottus asper Richardson

Prickly sculpin was at ranoked third in beach seining from 1980
through 1982. Various life stages were observed (Tables 1 and 2).
Prickly sculpin 1s a natlive Eto coastal lagoons, lakes, and
streams.,

Spawning occurs from January through April in Rodeo Lagoom, Rodeo
Lake, and Rodeo Creek.

Eggs, 1n clusters, are found oo the undersurfaces or in crevices
of rocks, gravel, or submerged objects. The male guards the
nesting site until hatching occurs (Krejsa 1967). Eggs adhere
strongly to each other, but less strongly to the substrate. The
fncubation period is about 15-16 days at 12 C (Krejsa 1967). The
egg hatching rate is higher at a salinity of 12 ppt than in fresh
water (Millikan 1968), indicating that the prickly sculpin has a

marine origin.

The newly hatched larvae are pelagic (Rrejsa 1967), and they were
found at the water's surface in Rodeo Lagoon. It is suggested
that larval sculpin may use surface tension to maintain their
position, since they have no air bladders (Mason and Machdori
1976). Prickly sculpin larvae are abundant in the Delta (Turmer

1966) and upper Sacramento-San Joaquin estuary (Wang 1981).

Juveniles become demersal at about 15 mm TL (Broadway and Moyle
1978). They were commen 1im the beach seining catch at all
gampling stations.

Juveniles feed on planktonic crustaceans. Large juveniles and
adults feed om aquatic insects, mysid shrimp, and amphipoda.



Prickly sculpin have some value as a forage species for salmon,
trout, bass, and birds (Moyle 1976).

Pacific Staghorn Sculpin, Leptocottus armatus Girard

The beach seining catch of the Pacific staghorn sculpin ranked
fifth in 1980 and sixth in 1981, and this species was not observed
in 1982 (Table 2). Various life stages were found in Rodec Lagoon

(Table 1).

Spawning occurred in the lagoon from November 1980 through March
1981, when the salinities 1n the lagoon ranged between 5 and
10 ppt. Egg clusters were collected with the ichthyoplankton net
near a boulder at Station ITI; larvae were collected near the
sandbar at Statiom I. In the Sacramento-San Joaquin estuary, the
spawning of this specles occurs from October through April in
polyhaline-to-mesohaline enviromments (Wang 1981). Eggs hatch in
9-14 days at 15 C (Jones 1962).

Newly hatched larvae immediately swim to the surface of the water
(Jones 1962). In Rodeo Lagoon, the larvae of the Pacific staghorn
sculpin were found at surface inshore at Stations I and II.

Juveniles inhabit the bottom, and very few were collected in rodeo
Lagoon. The major food items include mysid shrimp and amphipods,
and tidewater goby were occasionally found in the stomachs of
large Pacific staghoran sculpin. Thus, the Paeifie staghom
sculpin and the yellowfin goby are che major competitors and
predators of the tidewater goby in Rodeo Lagoon.

Pacific staghorn sculpin are able to live in fresh water but
unable to complete their 1life cycle there. Contrel of the
salinity at 0-5 ppt in Rodeo Lagoon will minimize the spawning

success of the Pacific staghorm sculpin,

Golden Shipner, Notemlgonus crysoleucas, (Mitchell)

Golden shiner was ranked sixth in the beach selning catch in 1980
and fourth io 1981 and 1982 (Table 2). This specles was generally
found only 1n Rodeo Lake 1in 1980 and 1981, but specimens were
observed in Rodeo Lagoon as far as Station I in January 1980 after
a severe winter storm. Golden shiner larvae and juveniles were

observed ino this study.

Spawning occurs in May and June in Rodeo Lake. Eggs are probably
deposited over and adhere to aquatic vegetation, as described by
Webster (1942). Newly hatched larvae remain near the bottom for a
short period and then swim to near the surface of the lake.

Juveniles form small schools and were often observed ia an open
area surrounded by aquatic vegetation at Statiomn IV.

Stomach contents of the golden shiner included small insects,
cladocerans, and other zooplankton (Moyle 1976).
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The golden shiner is a freshwater fish native to the Atlantic
coast and inland to the Mississippi River drainage (Scott and
Crossman 1973). This species was introduced to southearn
California as a bait fish in 1981 (Moyle 1976). They are very
common in the Delta. The appearance of this species in Rodeo Lake
(amd also 1in Rodeo Lagoon) could be a result of the release of
bait fish by sport Eishermen in Rodeo Lake.

Adult golden shiner can tolerate salinities as high as 14 ppt
(Hildebrand and Schroeder 1928). It remains to be seen whether a
reproductive population will establish itself in Rodeo Lagoon 1in

the next few years.

Jacksmelt, Atherinopsis californiensis Girard

¥o specimens of this specles were observed in 1980. Three larvae
(Rank 7) and a cluster of about 50 eggs were collected by beach
seine in 1981. One larva (Rank 7) was taken in 1982 (Tables 1 and

2).

Spawning takas place along the coast and in bays in seawater-to-
polyhaline environments. Eggs collected in Rodeo Lagoon were
apparently carried over the sandbar by a high tide or introduced
during the period when the sandbar was breached. Some eggs
hatched out at salinities as low as 5 ppt, but no juvenile
jacksmelt were found in the lagoon, indicating that the larvae
perished from lower salinities in the lagoon.

Topsmelt, Atherinops affinis (Ayres)

Three juvenile topsmelt (Rank 7) were collected in Rodeo Lagoon in
1980. None were observed in 1981 or 1982 (Tables 1 and 2).

Spawning occurs mostly in bays and estuaries from sgeawater to
mesohaline conditicus. The specimens collected in Rodeo Lagoon

were apparently from the Pacific Ocean. Salinity ipo the lagoon 1s
too low to maiptain a reproductive population there. Those

topsmelt that are entrapped in the lagoon will die.

Goldfish, Carassius auratus (Linnaeus)

Two juveniles (Rank 6) were collected im 1982, one from Rodeo Lake
and another from Rodeo Lagoon (Tables 1 and 2).

Goldfish were introduced into North America in the 1late 19th
Century (Scott and Crossman 1973). The specles 13 widespread in
the warm waters of California (Moyle 1976). Judging from small
juveniles (35 mm TL) taken, there is a reproducing population 1in

Rodeo Lake.

Green Sunfish, Lepcmls cyanellus Rafinesque

One adult male (Rank 7) was captured at Station IV, Rodeo Lake, in
July 1982 (Tables 1 and 2).

10
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It is uncertain whether this species will spawn in Rodeo Lake or
not, since neither larvae nor juveniles have yet been seen,

The green sunfish is of great adaptability to various eavironments
(McCarracher 1972), becanse of their aggressive territorial
behavior and fierce feeding competition (Moyle 1976). This may

pose a potential threat to the tidewater goby, particularly if a
green sunfish population establishes itself in the wvicinity of
Station IIT in the future,

Other fish species may be expected to be fouad in Rodeo Lagoon,
Rodeo Lake, and Rodeo Creek: most of the streams along the
northern Califormia coast have been used as spawning grounds by
steelhead, Salmo gairdmeri and coho (silver) salmon, Oncorhynchus
kisutch. Those anadromous fish may cross the sandbar at high tide

or swim through the channel when the sandbar is broken during

winter storms. Juvenlle steelhead were found in Redwood Creek and
the lagoon at Muir Beach during a fish survey carried out there in
July 1982 with Judd Howell and his assoclates. The lagoon at Muir
Beach has a physical structure similar to that of Rodeo Lagoon.
Either one or both speciles of these anadromous fish are antici-
pated in Rodeo Lagoon, Rodeo Lake, or Rodec Creek.

11
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SIMMARY

A total of 10 species of fish were observed in Rodeo Lagoon and Rodeo Lake
during 1980-1982. The ecological status of those specles have been

investigated and interpreted.

Rodeo Lagoon provides all the survival requirements for the tidewater
goby, a native goby that is becoming increasingly uncommon in its entire
distribution as well as in this locale, For this reason, the tidewater
goby 1in Rodeo Lagoon deserves special protection in the Golden Gate

Recreation Area.

Yellowfin goby, an introduced speclies and a competitor of the tidewater
goby, was abundant in the lagoon in 1980, although the population declined

drastically in 1981 and 1982.

The 1life cycle of the tidewater goby can be completed at salinities of
5 ppt or less, but not in fresh water; for yellowfim goby, reproduction 1is

at 5 ppt and unsuccessful below 5 ppt. Control of salinity in

marginal
of

the Rodeo Lagoon at and just below 5 ppt will minimize the populations
yellowfin goby and other coastal marine fish in the lagoon.

12



ACKNOWLEDGEMENTS

this 3-year study was partially supported by the Golden Gate
National Recreation Area, Fort Mason, San Francisco, and the National Park
Service Cooperative Park Studies Unit at the University of California, Davis.
Mr. Judd Howell and Dr. Charles van Riper III are to be thanked. Aquatic
vegetation was identified by Leslie Zander, editing was done by George Read,
and word processing by Loulse Principe. The author expresses his appreciation
to Ecological Analysts, Inc., Concord, California for allowlng him to use

working space.

tunding of

L3



LITERATURE CITED

Bigelow, H,B. and W.C. Schroeder. 1953. Fishes of the Gulf of Maine. U.S.
Fish Wild. Serv., Fish, Bull. Vol., 53, 577 pp.

Breder, C.M., and D.E. Rosen. 1966. Modes of reproduction in fishes.
Distributred by T.F.H. Publicatioans, Neptume City, N.Y. 941 pp.

Brittan, M.R., A.,B. Albrecht, and J.B. Hopkirk. 1963. An oriental goby
collected in the San Joaquin River Delta near Stockton, Califormia. Calif.
Fish Game 49(4):302-304.

Brittan, M.R., J.D. Hopkirk, J.D. Conners, and M. Martian, 1970. Explosive
spread of the oriental goby, Acanthogobius flavimanus, in the San Francisco
Bay-Delta region of California. Proc. Calif. Acad. Sci., 4th Ser. 38(1l1):

207:214.

Broadway, J.E. and P.B. Moyle. 1978. Aspects of the ecology of the prickly
sculpin, Cottus asper Richardson, a persisteant native specles in Clear Lake,
Lake County, Califormia. Environ. Biol. Fishes 3(4):337-343,

Dotsu, Y, and S. Mitoe. 1955. On the breeding-habits, larvae and young of a
goby, Acanthogobius flavimanus (Temminck et Schlegel). Jpn. J. Ichthyol.

4(4-6): 153-161.

Fowler, H.W. 196l. A synopsis of the fishes of China. Part IX., The gobioid

fishes. Q.J. Taiwan Mus. (Taipei) 14(3-4):203-250.

Goldberg, S.R. 1977. Seasonal ovarian cycle of the tidewater goby,
Eucyclogoblus newberryi (Gobiidae). Southwest. Nat, 22(4):557-559.

Haaker, P.L. 1979, Two Asiatic gobiid fishes, Tridentiger trigonocephalus
and Acanthogobius flavimanusg, in southern Califormia. Bull. South. Calif.

Hildebrand, S.F. and W.C. Schroeder. 1928. Fishes of Chesapeake Bay. Bull.
U.S. Bur. Fish. 43(1927). 366 pp.

Jones, A.C. 1962. The bilology of the euryhaline fish Leptocottus armatus
armatus Girard (Cottidae). Unilv. Calif. Publ. Zool. 67(4):321-367.

Krejsa, R.J. 1967, The systematics of the prickly sculpin, Cottus asper
richardson, a polytypic species. Part II. Studies on the ife history, with

egpecial reference to migration. Pac. Scl. 21(3):414-422,

Kukowski, G.E. 1972. Southern range extension for the yellowfin goby,
Acanthogobius flavimanus (Temminck and Schlegel). Calif, Fish Game

58(4):326-327.

1972. Survival of some freshwater fishes Iin the alkaline

McCarraher, D.B.
J. Fish, Res. Bd. Canada 28(6):1811-1814.

eutrophlc waters of Nebraska.



Mzson, J.C, and S, Machidori. 1976. Populations of sympatric sculpias,
Cottus aleuticus and Cottus asper, in four adjacent salmon-producing coastal
U.S. Natl. Mar. Fish. Serv. Fish. Bull.

streams on Vancouver Island, B.C.
74(1):131-141,

Miller, D.J. and R.N. Lea. 1972 (1976). Guide to the coastal marine fishes
of Califormia. Calif. Dept. Fish Game Bull. 157. 249 pp.

Millikan, A.E. 1968, The life history and ecology of Cottsu asper Richardson
and Cottus gulosus (Girard) in Conner Creek, Washington. M.S. Thesis,
Ilmiv. Wash., 8l pp.

Miyazaki, I. 1940, Studlies on the Japanese common goby, Acanthogobilus
flavimanus (Tomminck and Schlegel). Bull. Jap. Soc. Sci. Fish. 3(4):159~180,

Moyle, P.B. 1976. Inland fishes of California. Univ. of Califormia Press,
Betkeley. 405 pp.

Scott, W.B. and E.J. Crossman, 1973, Freshwater fishes of Canada. Bull.
Fish. Res. Board Can. 184. 966 pp.

Swift, C.C. 1980. Eucyclogobius newberryl (Girard), Tidewater goby. in
Atlas of North American Freshwater Fishes. WNorth Caroline State Museum of

Natural History. 854 pp.

Tonlyama, I. 1936. Gobiidae of Japan. Jpn. J. Zool. 7(1):37-112,
tule

Turner, J.L. 1966. Distribution of threadfin shad, Dorosoma petenense,
perch, Mysterocarpus traskii, and crayfish spp. in the Sacramento-San
Joaquin Delta, Part II (J.L. Turner and D.W. Kelley, Comp.), pp. 160-168.
Calif, Dep. Fish Game Fish Bull. 136.

Wang, J.C.S. 198l. Taxonomy of the early life stages of fishes -- fishes of
the Sacramento-San Joaquin Estuary and Moss landing Harbor - Elkhorn Slough,
California. Ecological Analysts, Inc., Concord, Calif. 168 pp.

Wang, J.C.S. 1982. Early life history and protection of the tidewater goby
Eucyclogobius newberryi (Girard) in the Rodeo Lagoon of the Golden Gate
National Area. Cooperative National Park Resources Studies Unit, University

of Califormia at Davis. Technical Report No. 7. 24 pp.

Webster, D.A. 1942, The life histories of some Connecticut fishes. 1In A
fishery survey of important Connecticut lakes. Conn. Bd. Fish Game, Geol.
Nat. Hist. Surv. Bull. No. 63:122-227,



NOLLYLS 2MIdwwe S K

Wy 5o

+3 oozl eoB Qov o

G

N

Al

AR
\55%&

_

-

Adava
1L 20

4\‘4 =
A 41y DDav

T_ _umvm,ﬁ:@“m_ﬁ_mﬂ##f Tw,\_ oh _n_oa H uﬂs _ﬁ

AN
d3

N D0
A DA

I
3 2

DLIMNGUD
L 2o

ﬁ
FL...- i




= R
“. _ . P “ " i [
i ; | EEEA RN |
i " N - ) ) . . A . f . 0 _ . " -
H 1 ’ i - wz:.—” \I. q——%vﬂv\ .qu,)\ .mwﬂ ..ll.l.ll.l
e || PEq 2P | apD g2l oDy o g 44“_“ 1 _" .
_ . IR i I ! m i _ |
T » “ RN
! _ | __ . _ ‘ __
! : o | L] b
[N i — ! N
. b— ' q i . |
a i = BARERERE
DL . i | : LN
BN _ e A
i “ _ - _ b ! 1"7: \KL.- _lm
| e e
.u 1 \. 1 | o - . _
N N AR _ T
! | s /Iv _._ : \\\l\\_ _ _ R
1 - » ' ! -
] : 1 n /-/// _ _ _ . \__\\\ _ T " ,
_ /, AN | | s’ s dJ“l..-;- g )
! _ “ b //J/ R G A P 0y
o S / I D o _ I ! _\\illllv\\\ 0o L |
_ | I /V N __ m\h\ 7 o S _“
a | ) ol . - \ H ' 0 R
h 3 _\T H \\ £ _ ! u w
| : L/ w1 /! ! e _ “ o 1 _
IRE RN ARy Ly
_ - _— i~/ m , - _|Jll ]lw.l.w I.“ -
._ -7 1 [
T « P ; ! ,
m g m ™ f 4\\‘. _ i . i '
| “ i ‘ o N I I
b : S _ . j .
L] IRERE i s
i " og_w_ 1 . M I O 8 Sl SRS S AR R B Y
i | | T
. : o I : . Sy Y2 17 3uno
H ¥y O3 Oy al«\m."agﬁ_) Q3% im%:rﬂwasﬂ.ﬁ ﬂu | v ; ,w m u N | n_w |
T IR R ENE s
“ 1 _ ' | R — pa oy N PR | S o o 6o
-% L l_r.. | ._ 1..| _ ; -1 . . ol —



:-l%ii.ﬂ!l-l; - T T =i | T T
S Al I | |
| AN oo
" _ . el . _ SR, g t
.E....H b T Zcrq(.\;
0 |3 08 w0 =
T T il
) B i ! ' i .
g S EEEE I i - pL
m - ol Biiand _ _ . ﬁ.,“ Hw ZD_L‘/\JTW
- [ ; |
et f -
[ I q . R
u : HR s by ; ok
% -1 |- -~ - B § | | F
n ' o \
: N N . L 3 za_ﬂc
: . I I o |
o | | _
| T T -
ot ) ...u - L:._ Ira ...”.” .w HM.,.“MM.MF .r....n.. ..l..w_w:. o m
¥ Lged i ..* _ d__ K
A i | B EER T
T3, oprgys

[

|

—— ] —
»
[

- =L
o
!
0

o e
T“‘
T
=
%
3
el
|3

—pi—

%
:
bl 3 ke
5 af%_d'l“i_i
k. 4
;{.‘:ru
Had

. o i o < m
P arsraretias e M ol <...-.... R i a5 ixﬂ_a. . | | iy
q R — - 3347 11 r.t . .,.. L r..\.-..... ' F ..-u,.—. - ﬁ..w. _ _? _L._/\Lr
| _ i |
ﬁ‘l N _— [l _ 1
. = -
|

4 -y L

H._'ifi R
3 ——-—Ji—--_a .

Pivm /s e v eSEY |

o H-I:

1 ;
| 1 ' ﬁ
4 _ Coer | )
v, i __ _ 1 T NG 1L
| ] | ol |
1S AN wvwv | g33 | oo !
_1 L e L

A P! Ni- 333 A

il

1RERE

MAMYIB QA HUHDI Ag [aRipa[Ig
J\ A B dwmr«‘ mﬁcl.m:u = A

g

v

S R S P

?



JUTTRYAIny £q08 utrjymoyyax

X X X X paonpoijuy SNUBRWFABY] snTqodoyauroy
2EPIIq0n

I93emysalg Y9FIune usain

X X paonpoijuy snTTauRi> sywodaq
9BPTYRIRIIUIY

uyTRylIiny A BQITHOFI8 surdssaayg

X X X X X JATIEN BNJBI[ND® BN3IIB0I3]6EY

2E¥PTa] BO1318EY

dUTIEN T®ISVO) ITIWs Yo 8p
X X X 2ATIUN BTSUITUIOITTED SF8dOUTIAYIY
SUTIEL T¥I6BOY, ITsmsdog
X X aaTIEy sTut3ye sdoutisyly
9BpIUTIaYIY
I338MYRa1y 13UTYS uIpTon
X X X X pPa2anpo1juy §80N370841) enuoITme]oy
1938MYyBaly Y8TIPI0D
X paonpoijuy 8NJVINE BNIBEBIE,
avprut 1dLn
uooien e SITNPY BITTUSAN[L BEAIEB] 6333 T uiStag - gafoads puw AyTumey
0apoy  oapoy
AUOTIRD0T T gede1g al1yq

TA6T-0861 'HAVI GETO¥ GNV NOOSVI 04G0% NI QaLOFTT0D SAHSIA 40 SATIEAS 40 ISIT V1 F1avi .;




uoofe] ayeq
0apoy ospoy

FUOTIEI07

SITnpy

S9TTUSAN, 9BAIE| 8I33

89d®1g 3JT]

sureykIny
dATIEN

I91EeMYy 83l
9ATIEN

aurTeyLinyg
IATIEN

© T ultag

ugdrnos UIOYFRIE DTJTIRg
ENJemI® sNn330003da7

utdinos A1wdo1ag
Jodew en3309

28PTII0N

Aqof za3mmapyy
TA119qmau 8niqoBoraLony

(pamuyluod) @2®pIIqOn

ga1dads pue ATmeg

(*INOD) T T14Vl



TABLE 2 TOTAL CATCH OF FISHES AND FISH EGGS BY A BEACH SEINE (1.2 x 1.0-m,

WITH 1.0-mm MESH) IN RODEQ LAGOON AND RODEO LAKE, 1980-1982

Threespine stickleback
Tidewater goby

Yellowfin goby

Prickly sculpin

Pacific staghorn sculpin
Golden shiner

Jacksmelt

Topsmelt
Goldfish
Green sunfish

Total

Total Sampling Effort
(Seine haul)

1980 1981 1982
Total Rank Total Rank Total Rank
365+ 1 611+ 1 1,838+ 1
177 4 442 2 386 2
207 2 27 5 4 5
194 3 150 3 170 3

13 5 18 6 =
10 6 32 4 8 4
= 3 7 1 7
(A cluster of
eggs, Ca. 50)
3 7 - -
= - 2 6
= = 1 7
969+ 1,283+ 2,140+
(A cluster of
eggs, Ca. 50)
44 60 68



