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ABSTRACT. Eucyclogobius newberryi, the tidewater goby, is restricted to coastal, brackish-water habitats
in California, originally from the mouth of the Smith River in Del Norte County, south to Agua Hedionda
Lagoon, San Diego County. A southern Californian study population in Aliso Creek Lagoon, Orange
County, has an annual life cycle entirely within the lagoon. Males dig vertical nesting burrows 10-20 cm
deep in clean, coarse sand commencing in late April-early May at water temperatures of 18-22°C and
salinities of 5-10%o. Adult males and females do not differ in length. During courtship, females have
more striking breeding colors and display more aggressiveness than males. Females roam widely and court
individual males that remain in or close to a nesting burrow. The male occupies an enlarged area of the
burrow, where eggs hang from the ceiling and walls. Larvae hatch in 9-10 days at 5-7 mm and live in
midwater about vegetation until 15-18 mm SL when they become benthic. Juvenile and adult fish feed
visually from the substrate, primarily on ostracods, amphipods, snaiis, and chironomid larvae and pupae.
Among California bay gobies, Eucyclogobius represents an extreme of small size, reduced squamation,
short life span, low-salinity habitat, brief association with burrows, and only seasonally high aggression.
The lack of a marine phase in the life history indicates that geretic exchange seldom occurs between
separate lagoons. The present-day distribution may be a relict from an earlier period when brackish and/
or estuarine conditions were more widespread and/or continuous. Low vagility, restricted habitat, and
short life span make populations vulnerable to elimination by human activities and many populations
have disappeared, particularly in southern California and in the San Francisco Bay area.

INTRODUCTION

The tidewater goby, Eucyclogobius newberryi (Gi-
rard, 1857) (Fig. 1), has been poorly known because
of its small size and restriction to brackish water
habitats of coastal California. The species is of in-
terest because of its narrow adapration to brackish
water, a rare condition among fishes, particularly
on the west coast of North America. The disap-
pearance of populations has begun to raise concern
about the future of the species (Deacon et al., 1979;
Potter, 1982; Ono et al., 1983). In this paper we
describe the natural history of one southern Cali-
fornian population, review the relevant literature,
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present the results of a field- and museum-collec-
tion survey for its occurrence, describe its behavior’
in the field and laboratory, and discuss conservation
strategies.

Previous work, including some of the early re-
sults of this study, is summarized by Moyle (1976)
and Swift (1980). Tidewater gobies containing ovar-
ian eggs in all months of the year were found in
Aliso Creek Lagoon by Goldberg (1977). The dis-
tribution and seasonal occurrence of larvae of Eu-
cyclogobius in Rodeo Lagoon (Fort Cronkite),
Marin County, were studied by Wang (1982). Food
habits and habitat requirements in San Antonio
Creek, Santa Barbara County, based on quarterly
samples were described by Irwin and Soltz (1984).

5. Observations on behavior were curtailed at the Aliso
Creek site due to Nelson’s then ongoing work. After his
death his unpublished manuscript was made available.
Since many of his findings confirm or extend Aliso Creek
observations, they are here included, and Nelson is listed
as a coauthor of this paper.



Figure 1.

Female tidewater goby, from Aliso Creek Lagoon, LACM 42369-1, 33 mm SL, scale = 10 mm.

General natural history information appears in
faunal works and other papers (Girard, 1857; Jor-
dan, 1893; Jordan and Evermann, 1898; C.L. Hubbs,
1921, 1926; Dill and Shapovalov, 1939; Miller, 1939,
1943; Needham, 1940; C. Hubbs, 1947; Shapova-
lov and Taft, 1954; Hubbs and Miller, 1965; El-
dridge and Bryan, 1972; Fierstine et al., 1973;
MacDonald, 1977; Bell, 1978, 1979; Leidy, 1984;
McGinnis, 1984).

The following errors in identification were dis-
covered, based on examination of museum speci-
mens (or the lack thereof) or on discrepancies in
the original accounts. The account of Eucyclogo-
bius by Carpelan (1961) was based on Gillichthys
mirabilis, and the records for Carquinez Straits
(Messersmith, 1966) are also misidentifications.
Gravid Gillichthys from Mendocino County re-
ported by Starks and Morris (1907) were based on
Eucyclogobius, as was the record of Gillichthys
from Waddell Creek (Snyder, 1938). The Gilli-
chthys reported by Metz (1912) from Aliso Creek
Lagoon in Orange County represent the population
of tidewater gobies herein studied.

METHODS AND MATERIALS
TIME OF FIELD STUDY

Field observations were conducted at Aliso Creek from
March 1973 to January 1977, but mostly from December
1973 to August 1975. The California coastline was sur-
veyed for the species in 1970-1975, again in 1980-1982.
Several biologists besides the authors provided informa-
tion on localities during the study.

COLLECTIONS

Museum collections canvassed include California Acad-
emy of Sciences (CAS), Natural History Museum of Los
Angeles County (LACM), Scripps Institution of Ocean-
ography (SIO), University of Michigan Museum of Zo-
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ology (UMMZ), University of California, Los Angeles
(UCLA), National Museum of Natural History (USNM),
Moss Landing Marine Laboratory (ML), Humboldt State
University, and Santa Barbara Museum of Natural History
(SBMNH). Museum records, including specimens col-
lected during our surveys, are listed in the Appendix.

Collections were made with small seines and dip nets;
selected samples were preserved in 10% formalin and
transferred after a week to 45% isopropynol or 70% eth-
anol.

BEHAVIOR

Behavior was observed both in the field and in aquaria.
Field observations were with the unaided eye, standing
or sitting 1.5-5 m from fish in clear water up to 0.5 m
deep. Observations in 1972 and 1973 in Waddell Creek
and Bean Hollow lagoons, San Mateo and Santa Cruz
counties, respectively, were made by Nelson. He made
all laboratory observations presented in this paper on fish
in aquaria 19 x 40 x 23 cm and 28 x 74 x 30 cm with
water of 10%o salinity at room temperatures of 21-25°C.
Because of his death, many of Nelson’s observations have
not been confirmed. Details of some of his methods are
lacking, and thus are distinguished in the results section.

LIFE HISTORY

Length frequencies were taken from live individuals, most
of which were returned to the lagoon. Standard length
(to the nearest millimeter) and weight (to the nearest mil-
ligram) were taken on 3 December 1973 from live fish
collected the previous day. Fish weighed were blotted
dry, weighed fresh, preserved, and later sexed; all had
empty digestive tracts. Otoliths and scales were examined
for age marks; otoliths were treated with Beechwood
Creosote (Sawyer, 1967) for examination whole under
50 % magnification.

FOOD

Diet was analyzed from the contents of the whole intes-
tinal tract in three lots (37 specimens) of half-grown to
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adult fish. Most data are from fish taken in initial seine
hauls from undisturbed areas. For each stomach, the vol-
ume of each individual food organism was visually esti-
mated using 25 X magnification. Food items were pooled
for all fish from one locality and date.

REPRODUCTIVE BIOLOGY

Fecundity was determined by complete counts of ovarian
eggs, using fully gravid fish apparently full of yellow eggs
that were mostly 0.5-1.0 mm in diameter. No size classes
were apparent in these large eggs; smaller grayish, un-
yolked eggs 0.1-0.4 mm in diameter were not counted.
In a few fish that apparently had already spawned, these
smaller eggs predominated; these fish were not included
in computations.

Embryonic development was described from live ma-
terial collected in the gastrula stage and maintained in
petri dishes until hatching. Post-hatching larvae were il-
lustrated from preserved specimens collected in the la-
goon.

The relationships between standard length and weight
and between standard length and number of eggs were
described with log-transformed variables (natural logs) in
least squares and geometric mean regressions (Sokal and
Rohlf, 1981).

SALINITY

Salinity preference was determined by taking salinity data
with collections, and salinity tolerance during three ex-
periments conducted in a greenhouse from 10 February
to 3 June 1975 at prevailing photoperiods in Los Angeles.
Water temperatures ranged from 12.2 to 15.5°C. Test fish
and controls were held in aerated 3.5-liter jars half-full
of water. Fish were fed dry fish food every other day. Fish
were observed twice a day for the first three or four days
and daily thereafter, and dead fish were removed. Salt
water was Instant Ocean sea salt diluted with deionized
water, and all salinities (field and laboratory) were deter-
mined with an American Optical Company Refractometer
accurate to 0.6%c. Fish were transferred directly from
holding water into water at test salinities.

Experiment 1 on 10 February-7 March 1975 was with
fish collected on 14 December 1974 and maintained in
fresh water. Eight to 10 fish each were tested at 18.0,
35.4, 48.6, 60.0, 70.8, and 81.6%c; a control group re-
mained in fresh water (1.8%o). Experiment 2, 20 March-
11 April 1975, fish collected on 12 March in 13.2%0 were
tested at 33.6,44.4,46.2,49.2,and 55.2%c; a control group
was held in fresh water (0%c). Experiment 3, 11 April-2
June 1975, utilized two groups of fish held at 13.2%o since
12 March; a control group at 16.2%o0 and test group at
40.2%o. Experiment 3 fish experienced a gradual increase
in salinity due to evaporation.

SAND PARTICLE SIZE

A sample of sand from the vicinity of breeding burrows
was analyzed for particle-size distribution with a settling
tube.
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ALISO CREEK STUDY AREA

Aliso Creek Lagoon (Fig. 2), where most of the field ob-
servations were conducted, is about 8 km SE of Laguna
Beach on U.S. Hwy. 1, Orange County, California. It varies
seasonally from 350 to 450 m by 10 to 20 m, and covers
about 7500 m? (0.75 ha). Water depth is 1.5-2.0 m under
the highway bridge and gradually shallows upstream. Most
of the year the inlet stream is small (<0.03 m3/sec), but
during winter runoff can flow up to 0.84 m*/sec. In sum-
mer and fall runoff from a golf course and outflow from
an Orange County Sanitation District Sewage Treatment
Plant maintain some flow. Typically, the first winter rains
(November to January) fill the lagoon to overflowing,
breaking through the sandbar, emptying the lagoon, and
leaving a sandy-bottom stream. Within a few days a bar
builds up again at the mouth and at least a small lagoon
quickly reforms. Several partial drainings and invasion of
marine water may occur from December to March or
April. Usually by April the lagoon closes to the sea. Inflow
is balanced by evaporation and percolation through the
sandbar, and only occasional waves from the highest tides
wash over the barrier bar into the lagoon.

The bar and beach at the mouth and about 80% of
the lagoon bottom are sand. The clean, light-colored sand
bottom slowly accumulates a veneer of darker sediment.
In the landward half of the lagoon the subsurface sand
often turns black by midsummer with the buildup of
hydrogen sulfide. Sand from the upper one-fourth of Aliso
Creek Lagoon (in which several breeding burrows were
discovered) was a well-winnowed coarse sand of relatively
uniform size freshly washed during the previous winter
(two particle-size analyses, mean diameter: 0.54, 0.58 mm;
SD 0.81, 0.84; skewness, 0.30, 0.35; kurtosis, 2.77, 2.72).
Under the highway bridge (20-40 m upstream of the mouth)
and in the uppermost channelized portion of the lagoon,
concrete boulders, rock, and gravel make up about 50%
of the bottom. The bottom along the south shore is clay.
Clay banks line both shores above the bridge, and con-
crete block (south) and conglomerate rock cliffs (north)
line the shores below.

Upstream of the bridge, aquatic vegetation (Typha,
Scirpus, Salicornia, and Distichlis) grows at the water’s
edge. Ruppia occurs in scattered patches on the bottom
in shallow water. Small beds of a narrow-leaved species
of Potamogeton develop in the middle and upper lagoon
in the summer. Below the bridge, algae grow on the rocks.
In late spring and summer, algal blooms often turn the
water yellowish or greenish. Winter floods decimate aquatic
vegetation, which begins reinvading in March or April.

The lagoon has both a longitudinal and vertical salinity
gradient. Salinity is 0-10%o at the upper end and near the
surface, and 10%o or more near the ocean and in deeper
water. Stream water entering the lagoon is 1.8-2.4%o due
to effluent from a sewage treatment plant upstream. When
swollen with winter rain, stream water is 0%o. From fresh
or nearly fresh water in spring, salinity slowly increases
until winter rain repeats the cycle.

Water temperature in the lagoon is about 15°C in the
winter and up to 23°C in late summer. In winter marine
water washing into the warmer lagoon, or stream water
(8-9°C) cooled by low air temperatures, results in even
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Figure 2.

Aliso Creek Lagoon, Orange County, California, spring 1975.

cooler temperatures for short periods. In summer and fall
the lagoon is usually cooler than the ocean and warmer
than the stream by 3-4°C.

Similar seasonal cycles have been described for other
lagoons in southern California (Carpelan, 1967), and for
Lake Merced (Miller, 1958; Fahy, 1974), Waddell Creek
Lagoon (Shapovalov and Taft, 1954), and Salinas River
Lagoon (Hubbs, 1947; Smith, 1953) in central California,
all of which historically held tidewater gobies.

RESULTS

AGE, GROWTH, RECRUITMENT,
AND MORTALITY

No distinct annual markings could be found on
otoliths or scales from 20 adult fish. Scales do not
develop until fish are about two-thirds grown (25-
30 mm SL). Then only those posterolaterally on
the body grow large enough to overlap each other.
Scales never develop anterodorsally or anteroven-
trally on the body.

Spawning commences in April or May at Aliso
Creek and at Waddell and Bean Hollow lagoons.
At this time only large adult fish were present at
Aliso Creek. Several other museum collections tak-
en in late spring before spawning begins also con-
tain only large fish, despite the frequent abundance
of small individuals into the winter (Fig. 3). Al-
though length-frequency data (Fig. 3) appear to in-
dicate that small individuals present in December
1973 grew into the younger of two size (age) classes
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in June, no small individuals were present during
the observations on breeding behavior in April and
May. Therefore the smaller class of fish sampled
in June must be derived from the most recent spring
spawning. The progression of this June peak through
the summer indicates these early offspring predom-
inate in the fall and winter population. Late summer
and fall spawning was much less successful in 1974;
fewer smaller individuals were present. Our data
indicate that Eucyclogobius has an annual life cycle
in southern California; specimens in museum col-
lections suggest a similar pattern farther north (Fig.
4).
Considerable post-spawning mortality is indicat-
ed by a reduction in numbers of large individuals
from midsummer onward, particularly males, and
the frequent occurrence of emaciated and dead
adults. Aquarium males fed little or not at all while
guarding eggs and often appeared emaciated. Eggs
take 9-11 days to hatch and with multiple clutches,
males may go longer with minimal feeding. Females
predominate in the sample of 3 December 1973,
and female:male ratios from 16:1 to 3.1:1 cannot
be rejected at the 0.01 level by the log-likelihood-
ratio test (Sokal and Rohlf, 1981). Lengths of adult
fish collected on 12 March 1975 (Fig. 5) did not
differ significantly between sexes (t = 1.498, df =
136, p = 0.2) nor did the sex ratio deviate signifi-
cantly from 1:1. Apparently older female fish die
over the winter leaving the younger-year class with
a 1:1 sex ratio.
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Eucyclogobius newberryi at Aliso Creek Lagoon, 1973-
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LENGTH AND WEIGHT

The length-weight relationships on 3 December
1975 for the Aliso Creek population as a whole,
indicate that females are only slightly, and not sig-
nificantly, heavier than males and no fish exceeded
1 g in weight (Table 1). There is little variability
and narrow confidence limits because gonads were
much reduced and stomachs empty. Gravid females
are probably significantly heavier than males early
in the breeding season.

POPULATION SIZE

From late summer to early fall at Aliso Creck La-
goon, a few hundred gobies could be collected with
a few sweeps of a small seine in most areas of the
lagoon. Extrapolation to the whole lagoon indi-
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Figure 5. Length-frequency of male and female tide-

water gobies from Aliso Creck Lagoon on 12 March 1975.

cates a population size of 10,000-15,000. In late
winter and early spring before spawning occurs,
equal collecting effort indicates a population size
of 1000-1500 fish.

Aliso Creek Lagoon is about average size for
coastal lagoons, but the extremes are considerable.
Arroyo del Oso and Leffingwell creeks, San Luis
Obispo County, are 10-30 m long and up to a few
meters wide. Probably fewer than 100 fish over-
winter in each of them. Fish are abundant at the
few sample sites in Lake Earl (Del Norte County);
with an area of about 1100 ha, it may contain a
few million fish.

FOOD

Half-grown to adult tidewater gobies were seen
feeding on live animals on the surface of sandy or

muddy substrate. Seventeen fish taken on 27 Oc-
tober 1973 at Aliso Creek contained 70% chiron-
omid pupae by volume, 25% small invertebrate eggs,
and 5% fragmentary algae. Ten fish (29-37 mm SL)
collected on 13 June 1974 at Aliso Creek contained
4% snails, 60% ostracods, 30% chironomid larvae
and pupae, and 6% amphipods. Eight of 10 speci-
mens (29-39 mm SL) taken on 22 May 1970 at
Jalama Creek, Santa Barbara County, contained
food: 27% ostracods, 18% mayfly nymphs, and 55%
chironomid larvae; two specimens were empty. In
the fall of 1973, ostracods, amphipods, snails, and
dipteran larvae were found in stomachs of 20 fish
collected on 15 March 1973 from Waddell Creek.
Fifty-seven ostracods (among 12 fish), 64 snails
(among nine fish), and 14 dipteran larvae (among
four fish) were tallied. Fish from San Antonio and
Shuman lagoons, Santa Barbara County (Irwin and
Soltz, 1984), contained ostracods, amphipods, chi-
ronomid larvae, and a minor contribution by aquat-
ic insects and mysids.

HABITS

Tidewater gobies occur on the substrate in loose
aggregations of a few to several hundred individuals
with no apparent size segregation. Fish move along
the bottom in short spurts. Individuals occasionally
hover in midwater along steep drop-offs or in dense
aquatic vegetation. Except for adult males in the
breeding season, fish do not burrow into the sub-
strate in either nature or an aquarium. The escape
mode is fleeing in long dashes (1-2 m) into deeper
water or aquatic vegetation.

Tidewater gobies were typically abundant in shal-
low water (<1 m deep), but deep water was seldom
sampled. However, many smaller lagoons have lit-
tle or no water deeper than 1 m.

PREDATION

Two documented occurrences of predation on
tidewater gobies are known. A 32-cm-TL Salmo

Table 1. Least squares and geometric mean regressions of standard length and weight for Eucyclogobius newberryi
collected on 2 December 1973. Log-transformed values are used, X = weight (centigrams); Y = length (mm).

95%
Confidence
interval for
Group n r Least squares Geometric mean slope
Males 42 0.9919 In X=3.5183 InY — 8.3859 3.5471 InY — 8.48317 0.040616
In X =0.27963 In X + 2.3996 0.281911n X + 2.39154 0.040596
Females 93 0.9960 In X=3.6159 InY — 8.7461 3.63028In Y — 8.79438 0.018604
In X =0.27438 In X + 2.4262 0.27546 In X -+ 2.41992 0.018489
All fish 135 0.9952 In X=3.6053 InY — 8.7008 3.622441In Y — 8.75861 0.016729
InY =0.274741n X + 2.4224 0.27605 In X + 2.41787 0.016729
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