NOAA
Technical
Memorandum
NMFEFS-SEXC-15

COMPARISON OF ECOLOGICAL AND “
LIFE HISTORY INFORMATION ON GOBIID
FISHES, WITH EMPHASIS ON THE SOUTH-
EASTERN UNITED STATES

GEORGE H. DARCY
MARCH 1980

U.S. DEPARTMENT OF COMMERCE
. Philip M. Klutznick, Secretary
National Oceanic and Atmospheric Administration
Richard A. Frank, Administrator
National Marine Fisheries Service

Terry L. Leitzell, Assistant Administrator for Fisheries



CONTENTS

ADStracCtecesseceecsescesosisosasossossssscsosoccsscssssossecssssssssossccensoscs 1
List Of TableSeeeveossocosossosssassesssscscssssccscssscscscscscsscsssccssesnes 2
List Of FigUreSeeececasceseosccassossssacscccsosossesossosscascscasascsasansssnnes 2
Introductioneseceseecseeesseessscecscsosstssssssssaossssacsesasscasnsccssces 3
Ec010gical PArameterSesescecssssssessssssssssescscsssscssssesscscssscsose D
FOoOod HabitSeesesessoseeovseeaccsosscsssrsoscsscssstossscssasscsasvsessascsssld
Life HiStOryeeceososeosvsscsoosssosccssssosscsssoccocossssossosecssscscssvesl3

Literature Citedececescesscececssocscossscssossosscscossososscscsscsssssessssechl?



Abstract

Fishes of the family Gobiidae are numerous and diverse, although they
share certain similarities in their life histories. This paper compares
several of these aspects: temperature and salinity tolerance ranges, food
habits, sizes and ages at maturation, maximum sizes, maximum ages, spawning
seasons, number of spawnings, intervals between spawning, fecundities, egg
sizes, incubation periods, lengths of newly-hatched larvae, times until
metamorphosis, and lengths of larvae at metamorphosis. Gobiids are impor-
tant as aquarium fishes and are used to some extent as food and bait,
though their major importance is probably their role in nearshore and pela-
gic food chains.
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Introduction

The family Gobiidae, of the suborder Gobioidei, is the largest family
of marine fishes, probably comprising over 2000 species (C.R. Robins, Univ.
Miami, Miami, Florida, pers. comm.). Primarily shallow-water, marine, trop-
ical fishes, gobies are most speciose in the tropical Indo-West Pacific,
but occur worldwide in tropical and temperate regions.  Gobies are
generally small fishes, ranging from 5 to 10 cm long (Herald, 1961), but
some species may exceed 50 cm (Jordan, 1905). They occupy a wide range of
habitats from true freshwater to marine, and several, such as the
mudskipper Periophthalmus, can withstand exposure to air for long periods.
Many species are commensals, living in association with burrowing shrimps
and echiuroids (MacGinitie, 1934, 1939; Luther, 1958; Palmer, 1963; Magnus,
1967).

Gobies occupy such varied habitats as headwaters of freshwater rivers
and streams, lakes, brackish lagoons, mudflats, estuaries, and tidepools on
rocky shores. Along with clinids and blennies, gobies form the dominant
small-fish fauna of coral reefs (Nelson, 1976). Gobies are among the most
successful marine fishes at entering low-salinity or fresh water (Panikkar,
1951), and are foremost among marine fishes colonizing freshwater habitats
in areas depauperate of primary freshwater fishes (BShlke and Chaplin,
1968; Nelson, 1976). However, even those gobies that inhabit fresh water
are seldom found far from the sea, and very few (e.g., Rhinogobius similis
and Tukugobius flumineus from Japan, Mizuno, 1960) are capable of
completing their life cycles in fresh water. Planktonic larvae of
freshwater and estuarine gobiles are usually swept to the sea where they
remain until they metamorphose into juveniles and reenter coastal rivers or
estuaries. Larvae of estuarine gobies are common in plankton samples from
the Gulf Stream off eastern Florida, and usually greatly outnumber larvae
of reef-dwelling gobies (C.R. Robins, pers. comm.), possibly due to the
greater abundance and higher fecundity of many estuarine species compared
to reef dwellers.

Gobies, although small, are of considerable importance ecologically
and commercially. They can be very abundant at certain localities, where
they may form an important component of the food web (de Sylva, 1975).
Skazkina and Kostyuchenko (1968) reported that Neogobius melanostomus
consumes up to 13 percent of the total benthos production of the Sea of
Azov each year. Kovtun (1976) found that Pomatoschistus microps
leopardinus is an important food competitor of the anchovy in the Sea of
Azov and may determine the strength of anchovy year-classes there.
Petersen (1917) stated that gobies are among the most common fishes of
Denmark and play an extremely important role in the nourishment of larger
fishes. Blegvad (1917) similarly reported gobies from the guts of several
important Danish food fishes such as cod, turbot, eels, and flounders, as
well as from several smaller fishes. Dawson (1966) found that at least ten
species of fishes and one species of bird prey on Gobiosoma species in
eastern North America, and stated that the importance of these gobies as
forage for food and sport fishes is underestimated.




Goby larvae may be very abundant at times, and undoubtedly play an
important role in pelagic food chains. De Sylva (1978) found that goby
larvae represented the highest biomass of any fish larvae collected by him
in Biscayne Bay, Florida. Houde et al. (1979) reported that 15.1 percent
of all fish larvae collected by them in the eastern Gulf of Mexico were
gobiids, making goby larvae second only to clupeid larvae in abundance in
the survey area. Goby larvae were common in all seasons, abundant in both
the northern and southern survey areas, and were commonly collected at both
inshore (<50 m deep) and offshore (>50 m deep) stations, with estimated
abundances usually higher at offshore stations. Houde et al. (1979) stated
that if one family of fish larvae were chosen that characterized
ichthyoplankton samples from the eastern Gulf of Mexico, Gobiidae would be
the best representative family. Unfortunately, identification of gobiid
larvae to species is seldom possible due to insufficient knowledge of early
life stages of most species. .

Several species of gobies are fished commercially for food, especially
in the Far East. At least six species of freshwater gobies contribute to
the goby fry fishery in the Philippines (Smith, 1901; Manacop, 1953; D6tu
and Mito, 1955a; Marquez, 1968). Fry of the goby Sicydium plumieri are
fished in Puerto Rico (Erdman, 1961). Adult gobies are considered
delicacies in Japan (Miyazaki, 1940; Okada, 1955), and are canned in Hong
Kong and sold frozen in Colombia (C.R. Robins, pers. comm.). Gillichthys
mirabilis is the basis for a live-bait fishery in southern California and
Mexico (Fitch and Lavenberg, 1975).

Gobies are popular aquarium fishes due to their often bright colors,
interesting behavior and general hardiness, with many species appearing in
the commercial aquarium trade. Among the most commonly sold gobies are the
neon gobies, Gobiosoma (Elacatinus) spp., particularly G. oceanops from
Florida coral reefs. Many other goby species are often seen in the trade
but are frequently not identified by the sellers by other than a
descriptive, but non-specific name such as '"banded goby", often applied to
more than one species.

This paper is an attempt to bring together information on ecological
and biological aspects of gobiid fishes. Although many species covered are
from outside the western Atlantic Ocean, the emphasis is on those gobies
from the southeastern United States. It is hoped that such comparative
data will be of use in the further study and understanding of this
important family of fishes; the importance of these fishes in the
estuarine, reef, and pelagic ecosystems is just beginning to be realized
and will almost surely demand increased attention to their role in coastal
food chains.



Ecological Parameters

Tenmperature and salinity are well known  as influencing factors of
species distribution and abundance. Inshore and estuarine species are
particularly affected by these factors. A comparision of salinity and
temperature records of 15 species of inshore gobiids and eleotrids from
Florida is presented in Table 1, and shown graphically in Figures 1 and 2.
Eleotrids are included because of their ecological similarity to the gobies
considered here. While these reports do not constitute maximum and minimum
tolerances, they do indicate tolerance ranges and probably reflect
ecological preferences of these species.



Table 1. Temperature and salinity ranges of selected gobies and eleotrids from the southeastern United

States, as reported in the literature.

Species

Bathygobius soporator (Valenciennes)

Cedar Key, Florida
Cedar Key, Florida
Tampa Bay, Florida

St. Lucie Estuary, Florida
Jupiter Inlet, Florida

Everglades National Park, Florida
Charlotte Harbor Estuary, Florida

Dormitator macuylatus (Bloch) (Eleotridae)

Everglades National Park, Florida
Jupiter Inlet, Florida
Everglades National Park, Florida

Eleotris pisonis (Gmelin) (Eleotridae)

Jupiter Inlet, Florida
Everglades National Park, Florida
Coral Gables Waterway, Dade County, Florida

Ranges are minimum and maximum values for observation records.

Temperature Range

Reference

Salinity Range
' (ppt)

23.8

w —
w oo
L]

- O W

[= ]

17.5

(°c)

17.0

17.0

25.0

Reid, 1954

Kilby, 1955

Springer and Wood-
burn, 1960

Gunter and Hall, 1963
Christensen, 1965
Roessler, 1967

Wang and Raney, 1971

Tabb and Manning, 1961
Christensen, 1965
Roessler, 1967

Christensen, 1965
Roessler, 1967
Darcy, 1978



Species

Gobioides broussonneti Lacépede

St. Lucie Estuary, Florida
St. Johns River, Florida

Gobionellus boleosoma (Jordan and Gilbert)
St. Lucie Estuary, Florida
Caloosahatchee Estuary, Florida
St. Johns River, Florida

*Gobionellus gracillimus Ginsburg

St. Lucie Estuary, Florida
Everglades National Park, Florida
St. Johns River, Florida

*Gobionellus hastatus Girard

St. Lucie Estuary, Florida
Everglades National Park, Florida
St. Johns River, Florida

*Gobionellus oceanicus (Pallas)

Everglades National Park, Florida
Charlotte Harbor Estuary, Florida

Gobionellus shufeldti (Jordan and Evermann)

St. Johns River, Florida

*The status of these closely allied species is

Gunter and Hall,

Gunter and Hall,

Gunter and Hall,

Gunter and Hall,

1963

1963

1963

1963

Wang and Raney, 1971

Salinity Range Temperature Range Reference
(ppt) (°c)
0-24 - 2505 14-4 - 28-7
000 - 2307 16-8 - 3204 Tagatz, 1967
0024 - 2509 1508 - 2601
0.12 - 8.6 Gunter, 1965
0.0 - 20.1 11.0 - 31.0 Tagatz, 1967
0.24 - 27.2 16.6 =~ 26.7
29.0 - 34.0 26.7 -~ 28.9 Roessler, 1967
22.7 26.4 Tagatz, 1967
0015 - 2505 1500 - 25-6 ]
17.9 - 34.0 25.0 - 28.9 Roessler, 1967
4.0 -~ 12.0 11.0 - 20.0 Tagatz, 1967
17.9 - 18.2 25.0 ~ 25.1 Roessler, 1967
37.2 25.5
0.0 - 21.3 12.0 - 31.6 Tagatz, 1967

uncertain (C.R. Robins, Univ.

of Miami, pers. comm.)



Species Salinity Range Temperature Range Reference

(ppt) (°c)
Gobionellus smaragdus (Valenciennes)
Everglades National Park, Florida 0.0 - 37.0 24.0 =~ 27.0 Tabb)and Manning, 1961
Jupiter Inlet, Florida 22.9 - 33.3 24.0 - 30.0 Christensen, 1965
Everglades National Park, Florida 17.9 - 42.9 23.3 - 28.9 Roessler, 1967
St. Johns River, Florida 15.3 34.1 Tagatz, 1967
Gobiosoma bosci (Lacépéde)
Tampa Bay, Florida 0.0 - 24.8 21.1 = 32.5 Springer and Woodburn,
1960
St. Lucie Estuary, Florida 10.0 26.0 Gunter and Hall, 1963
Caloosahatchee Estuary, Florida 0.09 - 33.0 (mean Gunter, 1965
4.2)
Mississippi Sound, Mississippi <22.3 Dawson, 1966
St. Johns River, Florida 0.0 -~ 26.8 11.0 - 31.0 Tagatz, 1967
Sapelo Island, Georgia 12.7 - 31.3 Dahlberg and Conyers,
. 1973
Gobiosoma longipala Ginsburg
Caloosahatchee Estuary, Florida 25.6 - 32.9 Gunter, 1965
Mississippi Sound, Mississippi 24.8 - 32.2 ’ Dawson, 1966
Gobiosoma robustum Ginsburg
Cedar Key, Florida 17.5 = 31.5 106.5 =~ 30.5 Reid, 1954
Cedar Key, Florida 28.1 - 37.6 19.0 - 23.0 Kilby, 1955
Bayport, Florida 7.0 18 Kilby, 1955
Tampa Bay, Florida 7.0 - 37.6 10.0 - 32.5 Springer and Woodburn,
1960

Everglades National Park, Florida 4.0 - 31.0 16.0 - 28.0 Tabb and Manning, 1961



Species : Salinity Range Temperature Range Reference

(ppt) (°c)
Gobiosoma robustum Ginsburg (continued)
Lower Matecumbe Xey, Florida 34.5 - 34.7 22.0 = 33.5 Springer and McErlean,
1962
Jupiter Inlet, Florida 31.5 = 31.9 18.5 - 29.0 Christensen, 1965
Mississippi Sound, Mississippi 22.3 - 32.3 Dawson, 1966
Everglades National Park, Florida 30.8 28.3 Roessler, 1967
St. Johns River, Florida 0.0 -~ 11.0 14.0 - 30.0 Tagatz, 1967
Charlotte Harbor Estuary, Florida 2.1 = 37.2 16.5 = 29.5 Wang and Raney, 1971
Crystal River, Florida 15.4 = 31.2 18.5 - 30.0 Mountain, 1972
Lophogobius cyprinoides (Pallas)
Marco Island, Collier County, Florida 0.0 - 39.3 20.9 - 31.8 Brockmann, 1974
Clearwater Pass, Whitewater Bay, Florida 0.0 =~ 30.0 24.0 - 28.0 Tabb and Manning, 1961
Snapper Creek, Dade County, Florida 0.0 - 34.0 21.7 - 28.5 Darcy, 1978
Coral Gables Waterway, Dade County, Florida 0.0 - 26.0 22.6 - 27.0 Darcy, 1978
Turkey Point, Biscayne Bay, Dade County,
Florida 17.0 = 30.0 19.5 - 39.5 Nugent, 1970
Microgobius gulosus (Girard)
Cedar Key, Florida 10.5 Kilby, 1955
Tampa Bay, Florida 0.0 - 35.0 Springer and Woodburn,
1960
Everglades National Park, Florida 0.0 - 32.0 16.0 - 29.0 Tabb and Manning, 1961
Caloosahatchee Estuary, Florida 0.18 - 11.1 : Gunter, 1965
Jupiter Inlet, Florida 1.5 - 36.6 18.0 -~ 34.0 Christensen, 1965
Everglades National Park, Florida 18.3 - 31.8 24.4 -~ 28.9 Roessler, 1967
St. Johns River, Florida 0.0 - 19.9 12.0 - 34.1 Tagatz, 1967
Charlotte Harbor Estuary, Florida 0.0 - 32.7 19.0 - 29.0 Wang and Raney, 1971
Crystal River, Florida ~17.0 - 33.0 16.5 =~ 33.5 Mountain, 1972



Figure 1.

Comparison of temperature ranges reported in the literature
for selected gobies (Microgobius, Gobiosoma [robustum and
bosci], Gobionellus, Bathygobius, Lophogobius) and eleotrids

(Eleotris, Dormitator) from the southeastern United States.
Fach bar or point represents ome report.
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Figure 2. Comparison of salinity ranges reported in the literature for
selected gobies (Microgobius, Gobiosoma [robustum, longipala,
boscil, Gobionellus, Bathygobius, Lophogobius) and eleotrids
(Eleotris, Dormitator) from the southeastern United States.
Each bar or point represeunts one report.
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Food Habits

Food habits of gobies are very diverse. Although most species are
caruivorous, many are omnivorous and a few are herbivorous. Most nearshore,
medium-sized gobies appear to feed mainly on small benthic invertebrates und
algae. In contrast, tropical reef-dwelling species may have very
specialized food habits. Several species of gobies are semi-pelagic and
feed on planktonic copepods. Species living in freshwater streams and lakes
often feed on diatoms and other microalgae. TFood habit information for
several gobies is presented in Table 2.

15
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Table 2. Comparison of food habits of several species of gobioid fishes as reported in the literature.

When available, percent dry weights are given, and appear in parentheses following the food items.

In all cases, food items are listed in order of dominance in the diet, or in the order they were

listed by the author.

Species and Locality

WESTERN ATLANTIC

Lophogobius cyprinoides (Pallas)

North River estuary, Florida

Dade County,AFlorida

Gobiosoma robustum Ginsburg

Cedar Key, Florida

Tampa Bay, Florida

North River estuary, Florida

All are gobiids unless otherwise indicated.

Food

Amphipods (43), plant detritus (24),
filamentous algae (11), mysids, caridean
and penaeid shrimps, Neanthes, ostracods,
bivalves, chironomid larvae, harpacticoid
copepods, isopods, Rhithopanopeus harrisii,
snails

Algae (64), crustaceans (17), mollusks
(12), insects (4), bryozoans (2), polychaetes
(1)

Shrimp, caprellid and gammarid amphipods,
mollusks ’

Copepods, isopods, gammarid amphipods,
bivalves, shrimp

Amphipods (42), chironomid larvae (18),
mysids (9), cladocerans (8), ostracods,
mollusks, algae, detritus, cumaceans

Reference

Odum, 1970

Darcy, 1978

o

Reid, 1954

Springer and Woodburn,
1960

Odum, 1970
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Species and Locality

Gobiosoma bosci (Lacépéde)

Chesapeake Bay

Gobiosoma ginsburgi Hildebrand and Schroeder

Chesapeake Bay

Bathygobius soporator (Valenciennes)

North River estuary, Florida
Coral Gables Waterway, Florida

Dormitator maculatus (Bloch) (Eleotridae)

Indian River, Florida

Eleotris pisonis (Gmelin) (Eleotridae)

Coral Gables Waterway, Florida

Microgobius gulosus (Girard)

Crystal River, Florida

Cedar Key, Flerida

Food

Gammarus, small crustaceans, annelids,

small fish, fish eggs

Gammarus, small crustaceans

Paleomonetes, chironomids, amphipods

Insects (100)

Mosquitos (99), cyclopoid copepods,
isopods

Insects, insect naiads, chironomid
larvae

Juveniles: detritus, copepods

Adults: detritus, amphipods, polychaetes

Copepods, mysids, amphipods

Reference.

Hildebrand and
Schroeder, 1928

Hildebrand and
Schroeder, 1928

Odum, 1970

Darcy, 1978

Harrington aund
Harrington, 1961

Darcy, 1978

Carr and Adans, 1973

Reid, 1954
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Species and Locality

Microgobius gulosus (Girard) (continued)

Tampa Bay, Florida

North River estuary, Florida

Gobionellus hastatus (Girard)

Tampa Bay, Florida

St. Lucie River, Florida

Coryphopterus glaucofraenum Gill

Virgin Islands, Caribbean Sea

Gnatholepis thompsoni Jordan

Virgin Islands, Caribbean Sea

Gobiosoma (Elacatinus) spp.

Virgin Islands, Caribbean Sea

Food

Copepods, gammarid amphipods, other
crustaceans, polychaetes, bivalves, algae

Amphipods (43), harpacticoid copepods
(21), chironomid larvae (10)

Algae (Enteromorpha)

Ostracods, copepods, insect larvae

Algae and detritus (50), ostracods (12),
ophiuroids (19), unidentified eggs (10),
bivalves (10), copepods (8)

Algae and detritus (74), copepods (18),
amphipods (4), ostracods (2), unidentified
crustaceans (2)

Gnathiid (sopods

- Reference

Springer and Woodburn,
1960

Odum, 1970

Springer and Woodburn,
1960

Springer and Woodburn,
1960

Randall, 1967

Randall, 1967

Randall, 1967
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Species and Locality

Sicydium plumieri (Bloch)

Puerto Rico: freshwater
EASTERN ATLANTIC

Aphia minuta (Risso)

Denmark, Belt Sea

Gobius niger Linnaeus

Denmark

Gobiusculus flavescens (Fabricius)

Denmark

Pomatoschistus microps (Krgyer)

Denmark, Belt Sea

Pomatoschistus minutus (Pallas)

Denmark

Denmark, Belt Sea

Food

Algal slime on rocks

Harpacticoid copepods, barnacles,
mysids, unidentified crustaceans, algae

Amphipods, mysids, decapod crustaceans,
polychaetes, mollusks, insect larvae, small
fish, algae

Calanoid and harpacticoid copepods,
larvae of small crustaceans, small poly-
chaetes, small mollusks

Harpacticoid copepods, mysids, amphi-
pods, polychaetes

Amphipods, mysids, Crangon, calanoid
and harpacticoid copepods, small mollusks

Harpacticoid copepods; polychaetes,
mysids, amphipods, bivalves, crustaceans,
mites

Reference

Erdman, 1961

Hesthagen, 1971

Blegvad, 1917

Blegvad, 1917

Hesthagen, 1971

Blegvad, 1917

Hesthagen, 1971
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Species and lLocality

Gobius cobitus Pallas

Thorogobius ephippiatus (Lowe)

Western Europe
EASTERN PACIFIC

Typhlogobius californiensis Steindachner

Baja California

Gillichthys mirabilis Cooper

Baja California

Clevelandia ios (Jordan and Gilbert)

British Columbia

Food
Juveniles: copepods, ostracods, small
amphipods
Adults: algae, gammarid amphipods,

crabs, isopods, chironomid larvae and
adults, small fish

Crustaceans, polychaetes

Animal tissue and debris gathered by
commensal shrimp

Polychaetes, mollusks, small worms

Larvae: planktonic eggs, copepods,
copepod nauplii, barnacle larvae

Adults: diatoms, green algae, tin-
tinnids, eggs and young of ghost shrimp

Reference

Gibson, 1970

Miller, 1949

MacGinitie, 1939

Fitch and Lavenberg,
1975

Barraclough and Fulton,
1967, 1968
Hart, 1973
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Species and Locality

INDO-WEST PACIFIC

Gobiopterus chuno (Hamilton)

India

Acentrogobius neilli (Day)

India: freshwater

Boleophthalmus boddaerti Valenciennes

Singapore, SE Asia

Scartelaos viridis Swainson

Singapore, SE Asia

Parioglossus taeniatus Regan

Japan

Gobius poecilichthys Jordan and Sayder

Southern Japan

Zonogobius boreus Snyder

Japan

Pterogobius elapoides (Gunter)

Japan

Food

Copepods

Enteromorpha, other algae

Algal layer on mudflat

Mud surface layer containing algae,
nematodes, harpacticoid copepods

Planktonic copepods

Juveniles: planktonic copepods
Adults: mollusks, crustaceans

Small crustaceans

Copepods, detritus, algae

Reference

Pillay and Sarojini,
1950

Aiyar, 1935

¥hoo, 1966

Khoo, 1966

Dotu, 1955a

DGtu, 1955b

Shiogaki and Dotsu, 1974

NBtu and Tsutsumi, 1959
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Species and Locality

Eutaenichthys gilli Jordan and Snyder

Japan: estuaries

Sicydium japonicum Tanaka

Japan: freshwater

Paleatogobius uchidai Takagi

Japan

Rhinogobius giurinus (Rutter)

Southwest Japan: freshwater,
estuaries

Chaenogobius scrobiculatus Takagi

Southwest Japan: estuaries

Apocryptodon bleekeri (Day)

Ariake Sound, Japan

Glossogobius giuris (Hamilton)

Philippines: freshwater

Food

Organic detritus

Diatoms, blue-green algae

Worms, young fish, detritus

Insects, small fishes, mollusks,
crustaceans, detritus, fish eggs

Small crustaceans, mollusks,
detritus, algae

Juveniles: copepods,\detritus
Adults: mud, diatoms

Microalgae, diatoms, some fishes,

sponges

Reference.

DGtu, 1965

D8tu and Mito, 1955b

Ddtu, 1958a

Ddtu, 196la

DOtu, 1961b

Datu, 1961c

Marquez, 1968



Life History

Life history data are lacking for the great majority of gobies.
However, certain similarities exist within the family which may be
appreciated through comparison of these parameters.

Most small shore fishes tend to be short-lived, many gobies having
lifespans of only 1-2 years, with maturation occurring in the first year
of life, although larger species may live considerably longer and mature
later (Table 3). The great majority of gobies spawn over a period of
several months, usually in spring and summer, although several Japanese
species spawn in winter (Table 4). The number of eggs produced at each
spawning is quite low in most gobies. However, numerous spawnings may
take place over the season, with relatively short intervals between
spawnings (Table 4). Reef-dwelling gobies generally have low fecundities
relative to other goby species, although other species which guard their
eggs also tend to shed few eggs at each spawning. Most fishes which
build demersal nests and guard eggs shed fewer than 2000 eggs per
spawning (Carlander, 1969); fishes such as gobies which are limited in
fecundity by their small size often compensate by exhibiting parental
care (Dahlberg and Conyers, 1973).

Egg-size of small fishes such as gobies is limited at least somewhat
by their small body-size. Goby eggs tend to be small, aspherical, and
bear filaments on their germinal ends (Hildebrand and Cable, 1938;
Tavolga 1950a; Breder and Rosen, 1966). Of all teleosts, the gobies show:
the most departure from a spherical egg~shape (Breder, 1943), the eggs
typically being pear- or spindle-shaped. Egg sizes and sizes of
newly-hatched larvae of gobies are compared in Table 5. Incubation
periods of most goby eggs is 4-14 days, depending somewhat on
temperature (Table 5).

Larvae of most gobies are planktonic, and little is known of the time

until metamorphosis of most species. Lengths of larvae at metamorphosis
are somewhat better known, although known for few species (Table 6).
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Table 3. Comparison of size at maturation, age at maturation, maximum adult size, and lifespan of several

species of gobies.

Species

Acentrogobius neilli (Day)

Aphia minuta (Risso)

Apocryptodon bleekeri (Day)

Bathygobius soporator (Valenciennes)

Chaenogobius castanea 0’Shaughnessy

Chaenogobius scrobiculatus Takagi

Chaenogobius urotaenia (Hilgendorf)

Chaeturichthys hexanema Bleeker.

Chaparruda flavescens (Fabricius)

Clevelandia ios (Jordan and Gilbert)

Crystallogobius linearis (Diiben)

Futaenichthys gilli Jordan and Snyder

Gillichthys mirabilis Cooper

Length at
Maturation (mm) Maturation (yrs)

20

40

55

40

35

27

55 - 73

135

30 - 45

34

Age at

Maximum
Length

o)
?9

(mm)
80

60

70 T.L.

150

60
51

50
40

200+

Maximum
Age
(yrs)

Reference
Aiyar, 1935

Miller, 1961;
Wheeler, 1969

DOtu, 196lc
Tavolga, 1954;
Bohlke and
Chaplin, 1968
Dotu, 1954
D6tu, 1961b

Dotu, 1955¢

Ddtu, Mito,
and Ueno, 1955

Wheeler, 1969
Carter, 1965

Miller, 1961;
Wheeler, 1969

D6tu, 1965

Weisel, 1947;

Walker et al.,
1961;

Barlow, 1963
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Species

Glossogobius giuris (Hamilton)

Gobiosoma bosci (Lacépéde)

Gobiosoma ginsburgi

Hildebrand and Schroeder

Gobiosoma oceanops (Jordan)

Gobiosoma robustum Ginsburg

Gobius cobitus Péllas

Gobius niger Linnaeus

Gobius paganellus Linnaeus

Gobius poecilichthys

Jordan and Snyder

Lebetus orca (Collette)

Lophogobius cyprinoides (Pallas)

Length at
Maturation (mm)

105

25

25

13.

50

dd'
$?

- 114.5

- 30

- 58

30.0
2805-30-0

Maximum Maximum
Age at Length Age
Maturation (yrs) (mm) (yrs)
1 _— —
1 —— ———
1 — —
1 34 2
005 - 0.7 (fd : 44 ].
Q9 29
——= - 10+
1 -2 170 4+
2 -3 120 8 - 10
_ 80 T.L. 4+
1 39 2
1 folo 80.0 2
ole] 57.0

Reference

Marquez, 1968

Hildebrand
and Cable,
1938

Hildebrand
and Cable,
1938

Feddern, 1967;
Colin, 1973,
1975

Springer and
McErlean, 1961

Gibson, 1970
McIntosh and
Masterman,
1897; Wheeler,
1969

Miller, 1961;
Wheeler, 1969

D6tu, 1955b

Wheeler, 1969

Darcy, 1978
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Species

Microgobius thalassinus

(Jordan and Gilbert)

Mistichthys luzonensis Smith

Paleatogobius uchidai Takagi

Pandaka pygmaea Herre

Parioglossus taeniatus Regan

Pomatoschistus microps (Krgyer)

Pomatoschistus minutus (Pallas) -

Rhinogobius giurinus (Rutter)'

Sicydium japonicum Tanaka

Thorogobius ephippiatus (Lowe)

Typhlogobius californiensis

Steindachner

Length at
Maturation (mm)

20 - 37 T.L.

3 : 31.75
R ¢ 29.0
45
33
70 T.L.

Maximum

Age at Length
Maturation (yrs) (mm)

1 35
1 35+ S.L.
1 70
1 95
1-2 70 T.L
2 _—
4+ ——

Maximum
Age
(yrs)

1-2

1-2

2+

1-2

10-12

Reference

Schwartz, 1971

Te Winkel,
1935; Liu and
Walford, 1970

DStu, 1958a

Liu and Walford,
1970

Dotu, 1955a

Miller, 1964;
Jones and

Miller, 19663
Wheeler, 1969

McIntosh and
Masterman, 1897;
Shann, 1910;
Wheeler, 1969;
Healey, 1971;
Hesthagen, 1977

Dotu, 196la

Dotu and
Mito, 1955b

Miller, 1969

- MacGinitie, 1939
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Table 4. Comparison of spawning seasons, number of spawns per season, intervals between spawnings, and

fecundities of several species of gobies.

to eggs actually spawned, when specified by the author.

The abbreviation (ov) refers to ovarian egg counts, and (sp)

spawnings, the locality is followed by (aq).

Species

Acanthogobius flavimanus

(Temminck and Schlegel)

Acentrogobius neilli

(Day)

Acentrogobius masago

(Tomiyama)

Acentrogobius viridopunctatus

(Cuvier and Valenciennes)

Aphia minuta (Risso)

Apocryptodon bleekeri (Day)

Barbulifer ceuthoecus

(Jordan and Gilbert)

Bathygobius soporator

(Valenciennes)

Chaenogobius castanea

0’Shaughnessy

Chaenogobius scrobiculatus

Takagi

Spawning
Location Season
Japan Jan-Mar
India peaks

Oct~Nov
Japan May-Sep
Europe —-—
NW Europe May-Aug
Japan May-July
Bahamas —_—
Florida July-Aug
Japan Jan-Apr
(freshwater)
Japan May-June
Japan Jan-Apr

Number of
Spawnings

Interval Between

Spawnings Fecundity
-—- 3000
— 1800 -~ 2000
-—= 592 - 5826 (ov)
- 177 (ov)
7-16 days 800 - 1000

15000 - 18000

When fecundity was reported from aquarium

Reference
Dotu and
Mito, 1955a
Aiyar, 1935
DOtu, 1958b

Jones, 1937

Wheeler, 1969

- Dotu, 196lc

Bohlke and
Robins, 1968

Tavolga,
1950a, 1956
Tavolga, 1954
D8tu, 1954

Muroya and Sato
1963

Dotu, 1961b
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Species

Chaenogobius urotaenia

(Hilgendorf)

Chaeturichtys hexanema

Bleeker

Chaparruda flavescens

(Fabricius)

Chasmichthys dolichognathus

(Hilgendorf)

Clevelandia ios

(Jordan and Gilbert)

Coryphopterus nicholsi

(Bean)

Crystallogobius linearis

(Duben)

Gillichthys mirabilis

Cooper

Ginsburgellus novemlineatus

(Fowler)

Glossogobius giuris

(Hamilton)

Spawning Number of
Spawnings

Location Season
Japan Jan-May
(freshwater)

Japan Feb-May
NW Europe May-July
Japan Dec-Feb

California Dec-Aug

California Apr-Oct

NW Europe  May-Aug
South Jan-July
California

South Jan-Sep
California

Saint -—
Barthélemy
Philippines ---

2-3

Interval Between

Spawnings

40-50 days

1 month

Fecundity

885 - 2257 (ov)

1731 - 19258

1100

1700

3000

4000 - 9000

Reference
D6tu, 1955¢
DOtu, Mito,
and Ueno, 1955
Wheeler, 1969
Okada, 1955

Carter, 1965

Ebert and
Turner, 1962

McIntosh,

1896; Wheeler,
1969

Weisel, 1949;
Barlow, 1963

Fitch and
Lavenberg, 1975

Bohlke and

Robins, 1968

Marquez, 1968
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Species

Gobionellus boleosoma

(Jordan and Gilbert)

Gobiopterus chuno

(Hamilton)

Gobiosoma bosci

(Lacépéde)

Gobiosoma evelynae

(Bohlke and Robins)

Gobiosoma gemmatum

(Ginsburg)

Gobiosoma ginsburgi

Hildebrand and Schroeder

Gobiosoma longipala

Ginsburg

Location
North
Carolina
India
North
Carolina
Georgia
Mississippi
Sound

(aq)

Grenadines
Grenadines
North

Carolina

Georgia

Spawning
Season

May-Oct

Sep-Dec

Apr-Sep

Apr-July

Apr-Aug

Apr-Sep

Apr-Aug

Mississippi May-Aug

Sound

Number of
Spawnings

Interval Between

Spawnings

days

Fecundity
230 - 300
701 - 1382
300 - 500

424 (ov)

114 (ov)
354 - 790

Reference
Hildebrand
and Cable,
1938

Pillay and

Sarojini, 1950

Hildebrand

and Cable, 1938

Dahlberg

and Conyers,
1973

Dawson, 1966

Colin, 1973,
1975

Bohlke and
Robins, 1968

Bohlke and
Robins, 1968

Hildebrand
and Cable,
1938
Dahlberg
and Conyers,
1973

Dawson, 1966
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Species

Gobiosoma louisae

BShlke and Robins

Gobiosoma oceanops

(Jordan)

Gobiosoma pallens

(Ginsburg)

Gobiosoma prochilos

Bbéhlke and Robins

Gobiosoma robustum

Ginsburg

Gobiosoma saucrum

(Robins)

Gobius cobitus

Pallas

Gobius niger

Linnaeus
Gobius paganellus

Linnaeus

Gobius poecilichthys

Jordan and Snyder

Lebetus orca

(Collette)

Location

Bahamas
(aq)
Grand

Cayman Is.

Saint
Barthélemy

Mississippi
Sound

Tampa,
Florida
Saint
Barthélemy

NW Europe

NW Europe

NW Europe
S. Japan

NW Europe

Season

Dec-May

May-Sep

Mar-June
Apr-Sep

Apr-June

May-Aug

Mar-Aug

June-Sep

Apr-Aug

Spawning Number of
Spawnings

35

Interval Between

Spawnings

1-2 weeks

Fecundity

78 (ov)

300 - 450

106 (ov)

154 (ov)

152 (ov)

2000 - 12000

1500 - 8500

Reference

Bbhlke and
Robins, 1968

Valenti, 1972
Bdhlke and
Robins, 1968

Bb6hlke and
Robins, 1968

Dawson, 1966
Breder, 1942
Springer

and McErlean,

1961

Bohlke and
Robins, 1968

Gibson, 1970

Wheeler, 1969

Miller, 1961;
Wheeler, 1969

Ddtu, 1955b

Wheeler, 1969
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Species

Lebetus orca
(Collette)

Lophogobius cyprinoides

(Pallas)

Mistichthys luzonensis

Smith

Neogobius fluviatilis

(Pallas)

Neogobius melanostomus
(Pallas)

Nes longus (Nichols)

Paleatogobius uchidai
Takagi

Pariogobius taeniatus
Regan

Pomatoschistus microps
(Krgyer)

Pomatoschistus minutus
(Pallas)

Location

NW Europe

Panama (aq)

S. Florida
(aq)

- S. Florida

Philippines
(freshwater)
Black Sea
Black Sea
Biscayne Bay,
Florida
Japan

Japan

NW Europe

NW Europe

Spawning

Season

Apr-Aug

Mar-June,
Sep-0Oct

Mar-Sep

year-
round

Apr-July

May-Aug

Jan-Mar
July-Sep

Apr-Sep

Feb-Sep

Number of
Spawnings

Interval Between

Spawnings

Fecundity

1000 (sp)

1480 (ov)

20 - 40

1771 (ov)

158 - 430

947 - 2433 (ov)

2556 - 2749

Reference
Wheeler, 1969

Delmonte et
al., 1968
Stahl,

pers. comm.,
in Darcy, 1978
Darcy, 1978

Te Winkel, 1935
Bil‘ko, 1968
Bil’ko, 1968
Bohlke and

Robins, 1968

DGtu, 1958a
Détu, 1955a

Miller, 1964;
Jones and
Miller, 1966

Wheeler,

1969; Healey,
1971, 1972;
Hesthagen, 1977
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Species

Pterogobius elapoides

(Glinther)

Rhinogobius giurinus

(Rutter)

Rhinogobius similis

Gill

Sicydium japonicum

Tanaka

Sicydium plumieri

(Bloch)

Sicyopterus extraneus

Herre

Thorogobius ephippiatus
(Lowe) '

Tukugobius flumineus

Mizuno

Typhlogobius californiensis

Steindachner

Zonogobius boreus

Snyder

" Location

Japan

Japan
(freshwater)

Japan
(freshwater)

Japan
(freshwater)

Puerto Rico
(freshwater)

Philippines
(freshwater)

NW Europe
Japan
(freshwater)

South
California

Japan

Spawning
Season

Dec-Mar

July~Oct

June-July

July-Sep

Apr-July

year-

round

May-July

June~July

May-July

June-Oct

Number of
Spawning

many

Interval Between
Spawnings

2-3 weeks

Fecundity

1800

1118 - 22515 (ov)
1723 - 2061 (sp)

1100 - 1800

224,960

J4 - 127

2500 - 15000

Reference

Nakamura,
19363 DOtu
and Tsutsumi,
1959

DOtu, 1961la
Mizuno, 1960
Dotu and
Mito, 1955b
Erdman, 1961
Manacop, 1953
Miller, 1969
Mizuno, 1960
MacGinitie,

1939

Shiogaki
and Dotsu,
1974
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Table 5. Comparison of egg size, incubation period, and size of newly-hatched larvae of gobies.

Species

Acanthogobius flavimanus

(Temminck and Schlegel)

Acentrogobius masago

(Tomiyama)

Acentrogobius neilli

(Day)

Acentrogobius ornatus

(Riippel)

Acentrogobius viridopunctatus

(Day)

Aphia minuta

(Risso)

Apocryptodon bleekeri

(Day)

Barbulifer ceuthoecus

(Jordan and Gilbert)

Bathvgobius soporator

Valenciennes

Boleophthalmus boddaerti

(Pallas)

Egg Size (mm)

5.5

1.2

1.2 X 0.4
0.85 X 0.40
2.4

1.16 X 0.86

1.0 (ovarian)
0.5-0.6 (ovarian)

2.36

1.6

Incubation Period
and Temp. (°C)
28 days (13)

4 days (21-25)
70 hrs (24-26)

8-10 days (27-29)

5-7 days

6 days (29)

96-100 hours (27-29)

5.5-7 days (26)

Length of Newly-
Hatched Larva (mm)

Reference

DOtu and Mito,
1955b

DStu, 1958b

Aiyar, 1935
Vijayaraghavan,
1975

Jones, 1937
Wheeler, 1969
Dotu, 196lc
Béhlke and Robins,

1968

Breder, 1943
Tavolga, 1950a
Tavolga, 1954

Jones, 1937
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Species

Brachygobius xanthozona
(Bleeker)

Chaenogobius castanea
0’ Shaughnessy

Chaenogobius dotui
Takagi

Chaenogobius scrobiculatus
Takagi

Chaenogobius urotaenia
(Hilgendorf)

Chaeturichthys hexanema
Bleeker

Chaparruda flavescens
Fabricius

Chasmichthys gulosus
(Guichenot)

Chasmichthys dolichognathus

(Hilgendorf)

Clevelandia ios
(Jordan and Gilbert)

Egg Size (mm)

4.1

2.0

3.15 X 1.05
3.0 X 1.0
2.9 X 0.8
0.75 X 0.6
4.65

4.15
0.7-0.85

Incubation Period
and Temp. (°C)

6~7 days (28-30)
5~7 days

14 days (15)

10.5 days (14-17)

10 days

10-12 days (15-15.5)

Length of Newly-
Hatched Larva (mm)

4.2

2.6

2-7-308

Reference

Roloff, 1935
Janov, 1947

Ddtu, 1954

Dotu, 1958c
Dotu, 1961b
Dotu, 1955c

Hamada, 1968

Dotu, Mito, and
Ueno, 1955

Wheeler, 1969

Nakamura, 1936

Nakamura, 1936

MacGinitie, 1935;
Prasad, 1958a, 1958b;
Carter, 1965
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Species

Coryphopterus nicholsi

(Bean)

Crystallogobius linearis

(Duben)

Eutaenichthys gilli

Jordan and Snyder

Gillichthys mirabilis

Cooper

Ginsburgellus novemlineatus

(Fowler)

Glossogobius giuris brunneus

(Temminck and Schlegel)

Gobionellus boleosoma

(Jordan and Gilbert)

Gobiosoma bosci

(Lacépéde)

Gobiosoma gemmatum

(Ginsburg)

Gobiosoma oceanops

(Jordan)

Egg Size (mm)

2.10
1.35 X 0.5
2.7 X 0.8
3.07

0.8 (ovarian)

3.5

0.3

1.3

0.6 (ovarian)

2.3

Incubation Period
and Temp. (°C)

8.5 days (23)

10-12 days

80 hrs (26)

18 hrs

5 days

175 hrs (24-27)
150-160 hrs (28)

Length of Newly-
Hatched Larva (mm)

2.97

4.6

1.2

2.0

&~ W
.
O

Reference

Ebert and Turner,
1962

Wheeler, 1969

D8tu, 1965

Weisel, 1947

Bdhlke and Robins,
1968

Ishikawa and Nakamura,

1940

Kuntz, 1916
Kuntz, 1916

Bohlke and Robins,
1968

Feddern, 1967
Valenti, 1972



9¢

Species

Gobiosoma pallens
(Ginsburg)

Gobiosoma robustum

(Ginsburg)

Gobiosoma saucrum

(Robins)

Gobiosoma (Elacatinus) spp.

Gobius cobitus

Pallas

Gobius ferrugineus
Kolombetovié

Gobius jozo
Linnaeus

Gobius lidwilli
McCulloch

Gobius niger
Linnaeus

Gobius nudiceps
Valenciennes

Egg Size (mm)

0.4-0.5 (ovarian)

0.6-0.7 (ovarian)

1-5-303
0.45-0.8 (ovarian)

3.4 X 1.1

1.8

1.5
0.476-0.782 (ovarian)

Incubation Period

and Temp. (°C)

approx. 1 wk

4.5 days (25)

Length of Newly-
Hatched Larva (mm)

5.1

8-4.0

Reference

BShlke and Robins,
1968

Breder, 1942

Springer and

McErlean,

1961

Bohlke and Robins,
1968

Colin, 1973, 1975
Bohlke and Robins,
1968

Wheeler, 1969
Sparta, 1936
Sparta, 1934a
Kinzer, 1960
Dotu, 1957a

Wheeler, 1969

Gilchrist, 1916
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Species

Gobius paganellus

Linnaeus

Gobius poecilichthys

Jordan and Snyder

Lophogobius cyprinoides

(Pallas)

Luciogobius guttatus

Gill

Luciogobius saikaiensis

D8tu

Mesogobius gymnotrachelus

(Kessler)

Mistichthys luzonensis

Smith

Neogobius batrachocephalus

(Pallas)

Neogobjus ratan

(Nordmann)

Egg Size (mm)

2.8

1.87

2.24

2.5

2.4

1.8 X 0.35
1.3 X 0.4
2.5

3.0 .

3.27 X 1.64
0.375

4.01 X 2.15
3.73 X 1.91

Incubation Period

and Temp. (°C) Hatched Larva (mm)
3 weeks 3.6-3.8

19 days 4=4.8

65 hrs (23~27) 2.3

>100 hrs , 1.5

120 hrs (27) 1.5-2.0

10 days (15-20)

10 days (15-20)

Length of Newly-

Reference

Lo Bianco, 1888;
Skowron, 1926
Holt and Byrne, 1897
Sparta, 1934b
Miller, 1961
Wheeler, 1969

Dotu, 1955b

Delmonte et al., 1968
Stahl, pers. comm.,
in Darcy, 1978;
Darcy, 1978

Dotu, 1957b

Dotu and Mito, 1958
Bil’ko, 1968

Te Winkel, 1935

Bil“ko, 1968

Bil“ko, 1968



8¢

Species

Neogobius syrman
(Nordmann)

Nes longus
(Nichols)

Paleatogobius uchidai
Takagi

Parioglossus taeniatus
Regan

Periophthalmus barbarus

Linnaeus

Pomatoschistus microps
(Krgyer)

Pomatoschistus minutus
(Pallas)

Pomatoschistus pictus
(Malm)

Pterogobius elapoides
(Gunther)

Pterogobius zonoleucus
Jordan and Snyder

Egg Size (mm)

4.21 X 1.89

0.8 (ovarian)

2.40

1.3 X 0.6

0.76

0.93 X 0.675

0.8
1.17 .
1.24 X 0.75

0.9
0.65 (ovarian)

0.775
0.80 X 0.65

2.3 X 0.8

2.1 X 0.6

Incubation Period
and Temp. (°C)

Length of Newly-
Hatched Larva (mm)

-— 4.3
4 days (25-28) 2
25-26 days —-—

14 days 3

10 days 2.5
-— 3-4
14 days 3
— 2-3
— 2.68
14 days 2.7=3
—_— . 3
15+ days (10) 2.5

Reference

- Bil“ko, 1968

Bohlke and Robins, 1968

Dotu, 1958a

Dotu, 1955a

Kimura, 1958

Lebour, 1920
Nyman, 1953
Wheeler, 1969

Holt, 1890

Lebour, 1920
Wheeler, 1969
Healey, 1971

Holt and Byrne, 1897

Lebour, 1920
Wheeler, 1969

D6tu and Tsutsumi,
1959

DStu, 1955d
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Species

Rhinogobius giurinus

(Rutter)

Rhinogobius similis

Gill

Sicydium japonicum

Tanaka

Sicyopterus extraneus

Herre

Stigmatogobius hoevenii

(Bleeker)

Triaenopogon barbatus

(Giinther)

Tridentiger undicervicus

Tomiyama

Typhlogobius californiensis

Steindachner

Zonogobius boreus

Snyder

Egg Size (mm)

2.4 X 0.45

0.6

0.45

2.83
1.5
1.15

2.78

Incubation Period
and Temp. (°C)

4 days (25)

<2 days (25)

20~-30 hrs (27.5)

4 days (25)

4 days (25)

10-12 days (17-20)

>110 hrs (21-23)

Length of Newly-
Hatched Larva (mm)

2.6

4.0

1.5

1.1

3.25

2.07-2.52

Reference

DOtu, 196la

Mizuno, 1960
DOtu and Mito,
1955b
Manacop, 1953
Szabados, 1937
D6tu 1957c¢
Ddtu, 19584

MacGinitie, 1939

Shiogaki and Dotsu,
1974
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Table 6. Comparison of metamorphosis times and sizes of several species of gobies.

Species

Acanthogobius flavimanus

(Temminck and Schlegel)

Apocryptodon bleekeri
(Day)

Bathygobius soporator
Valenciennes

Chaenogobius castanea
0’Shaughnessy

Chaenogobius urotaenia
(Hilgendorf)

Chaeturichthys hexanema
Bleeker

Eutaenichthys gilli
Jordan and Snyder

Gobiosoma bosci

(Lacépéde)

Gobiosoma ginsburgi

Hildebrand and Schroeder

Gobiosoma oceanops

(Jordan)

Gobius niger
Linnaeus

Time until
Metamorphosis

7

Lenggg at
Metamorphosis  (mm)
12-15
20 (T.L.)
7.0
20 (T.L.)
25 (T.L.)
21 (T.L.)
15.3 (T.L.)
<10
<10

10 (S.L.)

10-20

Reference

D6tu, and Mito, 1955a

Dotu, 196lc

Tavolga, 1950a

Dotu, 1954

DStu, 1955¢

DOtu, Mito, and Ueno, 1955

D6tu, 1965

Kuntz, 1916; Hildebrand and
Cable, 1938

Hildebrand and Cable, 1938

Feddern, 1967

Wheeler, 1969
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Species

Gobius paganellus

Linnaeus

Lophogobius cyprinoides

(Pallas)

Paleatogobius uchidai

Takagi

Pomatoschistus microps

(Krgyer)

Pomatoschistus minutus

(Pallas)

Pomatoschistus pictus

(Malm)

Rhinogobius giurinus

(Rutter)

Zonogobius boreus

Snyder

Time until
Metamorphosis

17-18 days

35 days

6-9 weeks

2 mo.

Length at
Metamorphosis (mm)

9.5-10.5
10-20

6.4 (S.L.)

15 (T.L)

12

10

Reference
Miller, 1961
Wheeler, 1969

Stahl, pers. comm., in Darcy,
1978

Delmonte et al., 1968

D6tu, 1958a

Jones and Miller, 1966

Shann, 1910; Wheeler, 1969

Wheeler, 1969

Détu, 196la

Shiogaki and Dotsu, 1974



Literature Cited

Aiyar, R.G.
1935. Observations on the development of Acentrogobius neilli (Gobius
neilli Day). Zool. Anz. 111: 83-92.

* Barlow, G.W.
1963. Species structure of the gobiid fish Gillichthys mirabilis from
coastal sloughs of the eastern Pacific. Pacific Sci. 17: 47-72.

Barraclough, W.E. and J.D. Fulton.

1967. Data record -- number, size composition, and food of larval and
juvenile fish caught with a two-boat surface trawl in the Strait
of Georgia, July 4-8, 1966. Fish. Res. Board Can. MS Rep. Ser.
940: 1-82.

Barraclough, W.E. and J.D. Fulton.

1968. Data record -- food of larval and juvenile fish caught with a
surface trawl in Saanich Inlet during June and July 1966. Fish
Res. Board Can. MS Rep. Ser. 1003: 1-78.

Bil’ko, V.P.
1968. Reproduction of Black Sea gobies in the Dnieper-Bug estuary.
Probl. Ichthyol. 8: 536-543.

Blegvad, H.
1917. On the food of fish in the Danish waters within The Skaw. Rep.
Dan. Biol. Stn. 24: 17-72.

Boddeke, R.
1963. Size and feeding of different types of fishes. Nature (London)
197: 714~715.

Bohlke, J.E. and C.C.G. Chaplin.
1968. Fishes of the Bahamas and adjacent tropical waters. Acad. Nat.
Sci. Philad. Livingston Publ. Co., Wynnewood, Pa. 771 p.

B6hlke, J.E. and C.R. Robins.

1968. Western Atlantic seven-spined gobies, with descriptions of ten new
species and a new genus, and comments on Pacific relatives. Proc.
Acad. Nat. Sci. Philad. 120(3): 45-174.

Breder, C.M., Jr.

1942. On the reproduction of Gobiosoma robustum Ginsburg. Zoologica
(NOYO) 27: 61-65.

Breder, C.M., Jr.

1943. The eggs of Bathygobius soporator (Cuvier and Valenciennes) with a
discussion of other non-spherical teleost eggs. Bull. Bingham
Oceanogr. Collect. 8(3): 1-49.

42



Breder, C.M., Jr. and D.E. Rosen.
1966. Modes of reproduction in fishes. T.F.H. Publicatiomns, Inc.,
Jersey City, N.J. 941 p.

Brockmann, F.W.
1974. Seasonality of fishes in a South Florida brackish canal. Fla.
Scientist 37: 65-70.

Carlander, K.D.
1969. Handbook of freshwater fishery biology, Vol. 1. Iowa State Univ.
Press, Ames, Iowa. 752p.

Carr, W.E.S. and C.A. Adams.

1973. Food habits of juvenile marine fishes occupying seagrass beds in
the estuarine zone near Crystal River, Florida. Trans. Am. Fish.
Sec. 102: 511-540.

Carter, W.R.

1965. Racial variations of the arrow goby, Clevelandia ios (Jordan and
Gilbert, 1882), in Puget Sound and on the coast of Washington
State. M.S. Thesis, Univ. Wash. 91 p. (Not seen).

Christensen, R.F.
1965. An ichthyological survey of Jupiter Inlet and Loxahatchee River,
Florida. M.S. Thesis, Fla. State Univ. 318 p.

Colin, P.L.

1973. Comparative biology of the gobies of the genus Gobiosoma, subgenus
Elacatinus in the western North Atlantic Ocean. Ph.D.
Dissertation, Univ. Miami. 247 p.

Colin, P.L.
1975. The neon gobies. T.F.H. Publications, Inc., Neptune City, N.J.
304 p.

Dahlberg, M.D. and J.C. Conyers.
1973. An ecological study of Gobiosoma bosci and G. ginsburgi (Pisces:
Gobiidae) on the Georgia coast. Fish. Bull., U.S. 71: 279-287.

Darcy, G.H.
1978. Ecology of the crested goby, Lophogobius cyprinoides (Pisces:
Gobiidae), in southern Florida. M.S. Thesis, Univ Miami. 283 p.

Dawson, C.E.
1966. Studies on the gobies (Pisces: Gobiidae) of Mississippi Sound and
adjacent waters. I. Gobiosoma. Am. Midl. Nat. 76: 379-409.

Delmonte, P.J., I. Rubinoff and R.W. Rubinoff.

1968. Laboratory rearing through metamorphosis of some Panamanian gobies.
Copeia, 1968:  411-412.

43



de Sylva, D.P.

1975.

Nektonic food webs in estuaries. Pages 420-447 in E. Cronin, ed.
Estuarine research, Vol. 1. Academic Press, New York. 587 p.

de Sylva, D.P.

1978.

DGtu, Y.
1954,

DOtu, Y.
1955a.

D8tu, Y.
1955b.

Dotu, Y.
1955¢c.

Dotu, Y.
1955d.

Dﬁtu, Y.
1957a.

Dotu, Y.
1957b.

D6tu, Y.
1957c.

Dotu, Y.
1958a.

DOtu, Y.
1958b.

Ecology and distribution of larval fishes of Biscayne Bay,
Florida. Proj. Rep. R800996-03 to the Office of Research and
Monitoring, U.S. Environ. Prot. Agency, Wash., D.C. 412 p.

On the life history of a goby, Chaenogobius castanea
0‘Shaughnessy. Jap. J. Ichthyol. 3: 133-138.

The life history of an eleotrid goby, Parioglossus taeniatus
Regan. Sci. Bull. Fac. Agr., Kylshu Univ. 15: 489~496.

Life history of a goby, Gobius poecilichthys Jordan et Snyder.
Sci- Bullo Fac. Agro, Kyﬁshﬁ UniVQ 15: 77"85.

The life history of a goby, Chaenogobius urotaenia (Hilgendorf).
Sci. Bull. Fac. Agr., Kyishu Univ. 15: 367-374.

On the habits and egg-development of a goby, Pterogobius

zonoleucus Jordan et Snyder. Sci. Bull. Fac. Agr., KyiGsht Univ..

15: 483-487.

The life history of the small, transparent goby, Gobius lidwilli
McCulloch. Sci. Bull. Fac. Agr., Kylsht Univ. 15. (Not seen).

The life history of the goby, Luciogobius guttatus Gill. Sci.
Bull. Fac. Agr., KyGshu Univ. 16: .93-100.

The bionomics and life history of the goby, Triaenopogon barbatus
{(Gunther) in the innermost part of Ariake Sound. Sci. Bull. Fac.
Agr., KyGshd Univ. 16: 261-274.

The bionomics and life history of gobioid fish, Paleatogobius

uchidae Takagi. Jap. J. Ichthyol. 6: 97-104.

The life history of the gobioid fish, Acentrogobius masago
(Tomiyama). Sci. Bull. Fac. Agr., Ky@ishi Univ. 16: 359-370.
(Not seen).

44



D6tu, Y.
1958c.

DOtu, Y.
1958d.

DGtu, Y.

1961la.

Détu, Y.
1961b.

D8tu, Y.
1961c.

Dotu, Y.
1965.

D6tu, Y.
1955a.

DOtu, Y.
1955b.

Dstu, Y.
1958.

DOtu, Y.
1955.

Datu, Y.
1959.

The bionomics and life history of the gobioid fish, Ctenogobius
dotui Takagi. Sci. Bull. Fac. Agr., Kyushi Univ. 16:  427-432.

The bionomics and life history of two gobioid fishes, Tridemtiger
undicervicus Tomiyama and Tridentiger trigonocephalus (Gill) in
the innermost part of Ariake Sound. Sci. Bull. Fac. Agr., Kyushi
Univ. 16: 343-358.

The bionomics and life history of the gobioid fish, Rhinogobius
giurinus (Rutter). Bull. Fac. Fish., Nagasaki Univ. 10: 120-125.

The bionomics and life history of the gobioid fish, Chaenogobius
scrobiculatus Takagi. Bull. Fac. Fish., Nagasaki Univ. 10:
127-131.

The bionomics and life history of the gobioid fish, Apocryptodon
bleekeri (Day). Bull. Fac. Fish., Nagasaki Univ. 10: 133-139.

On the life history of a gobioid fish, Eutaeniichthys gilli Jordan
et Snyder. Bull. Biogeogr. Soc. Jap. 16-19: 338-344.

and S. Mito
On the breeding-habits, larvae and young of a goby, Acanthogobius
flavimanus (Temminck et Schlegel). Jap. J. Ichthyol. 4: 153-161.

and S. Mito
Life history of a gobioid fish, Sicydium japonicum Tanaka. Sci.
Bull. Fac. Agr., Kyiish@ Univ. 15: 213-221.

and S. Mito /
The bionomics and life history of the gobioid fish, Luciogobius
saikaiensis DOtu. Sci. Bull. Fac. Agr., Kyushu Univ. 16: 419-426.

, S« Mito and M. Ueno

The life history of a goby, Chaeturichthys hexanema Bleeker. Sci.
Bull. Fac. Agr., KyGshi Univ. 15: 359-365.

and T. Tsutsumi.
The reproductive behavior in the gobioid fish, Pterogobius
elapoides (Giinther). Bull. Fac. Fish., Nagasaki Univ. 8: 186-190.

Ebert, E.E. and C.H. Turner.

1962.

The nesting behavior, eggs, and larvae of the bluespot goby.
Calif. Fish Game 48: 249-252.

45



Erdman, D.S.
1961. Notes on the biology of the gobiid fish Sicydium plumieri in
Puerto Rico. Bull. Mar. Sci. Gulf Caribb. 11: 448-456.

Feddern, H.A.
1967. Larval development of the neon goby, Elacatinus oceanops, in
Florida. Bull. Mar. Sci. 17: 367-375.

Fitch, J.E. and R.J. Lavenberg.
1975. Tidepool and nearshore fishes of California. Calif. Nat. Hist.
Guide 38. Univ. Calif. Press, Berkeley, Calif. 156 p.

Gibson, RoNo
1970. Observations on the biology of the giant goby Gobius cobitus
Pallas. J. Fish Biol. 2: 281-288.

Gilchrist, J.D.F.
1916. Eggs and larvae of Cape fishes. Mar. Biol. Rep. (Union of South
Africa) 3: 1-26. (Not seen).

Gunter, G.
1965. A biological investigation of the Caloosahatchee estuary of
Florida. Gulf Res. Rep. 2: 1-71.

Gunter, G. and G.E. Hall.

1963. Biological investigations of the St. Lucie estuary (Florida) in
connection with Lake Okeechobee discharges through the St. Lucie-
Canal. Gulf Res. Rep. l: 189-307.

Hamada, K.

1968. Development of a goby, Chaenogobius urotaenia, with special
reference to the gill and chloride cell. Bull. Fac. Fish.,
Hokkaido Univ. 19: 185-198.

Harrington, R.W., Jr. and E.S. Harrington. )
1961. Food selection among fishes invading a high subtropical salt
marsh. Ecology 42: 646-666.

Hart, J.L.
1973. Pacific fishes of Canada. Bull. Fish. Res. Board Can. 180: 1-740.

Healey, M.C.
1971. Gonad development and fecundity in the sand goby Gobius minutus
Pallas. Trans. Am. Fish. Soc. 100: 520-526.

Healey, M.C.
1972. Bioenergetics of a sand goby (Gobius minutus) population. J.
Fish. Res. Board Can. 29: 187-194.

46



Herald, E.S.
1961. Living fishes of the world. Doubleday and Co., Inc., Garden City,
N.J. 304 p.

Hesthagen, I.H.

1971. The winter food of the gobies from one of the deeper channels of
the Belt Sea, with particular reference to the sand goby,
Pomatoschistus minutus (Pallas). Kiel. Meeresforsch. 27: 28-35.

Hesthagen, I.H.
1977. Migrations, breeding, and growth in Pomatoschistus minutus (Pallas)
(Pisces, Gobiidae) in Oslofjorden, Norway. Sarsia 63: 17-26.

Hildebrand, S.F. and L.E. Cable.
1938. Further notes on the development and life history of some teleosts
at Beaufort, N.C. Bull. U.S. Bur. Fish. 48: 505-642.

Hildebrand, S.F. and W.C. Schroeder.
1928. Fishes of Chesapeake Bay. Bull. U.S. Bur. Fish. 43: 1-366.

Holt, E.W.L.
1890. On the ova of Gobius. Ann. Mag. Nat. Hist., Ser. 6, 6: 34-40.

Holt, E.W.L. and L.W. Byrne.

1897. Notes on the reproduction of teleostean fishes in the
south~-western district. J. Mar. Biol. Assoc. U.K., N.S. 5:
333-340.

Houde, E.D, J.C. Leak, C.E. Dowd, S.A. Berkeley and W.J. Richards.

1979. Ichthyoplankton abundance and diversity in the eastern Gulf of
Mexico. Rep. to the Bur. of Land Management under Contract No.
AA550-CT7-28. 546 p.

Ishikawa, M. and N. Nakamura.

1940. On the breeding habit and development of a goby, Glossogobius
brunneus (Temminck and Schlegel). Bull. Jap. Soc. Sci. Fish. 8:
365~366.

Janov, F.E.
1947. The bumble bee fish Brachygobius xanthozona. Aquar. J., San
Francisco 18(6): 11, 18. (Not seen).

Jones, S.

1937. Observations on the breeding habits and development of certain
brackish water fishes of Adyar, Madras. Proc. Indian Acad. Sci.,
Sect. B, 5: 261-289.

Jones, D. and P.J. Miller.

1966. Seasonal migrations of the common goby, Pomatoschistus microps
(Krgyer), in Morecambe Bay and elsewhere. Hydrobiologia 27:
515-528.

47



Jordan, D.S.
1905. A guide to the study of fishes, Vol. 2. Henry Holt and Co., New
York.. 599 p.

Khoo, K.G.
1966. Studies on the biology of periophthalmid fishes in Singapore.
Unpublished report. Univ. Singapore. 49 p. mimeo. (Not seen).

Kilby, J.D.
1955. The fishes of two Gulf coastal marsh areas of Florida. Tulane
Stud. Zool. 2: 175-247.
Kimura, M. !
1958. Early development of the mud-skipper, Periophthalmus cantonensis
(0Osbeck). Bull. Jap. Soc. Sci. Fish. 23: 745-757.

Kinzer, J.

1960. Zur Ethologie und Biologie der Gobiiden, unter besonderer
Beriicksichtigung der Schwarzgrundel Gobius jozo L. Zool. Beitr.,
N.S. 6: 207-290.

Kovtun, I.F.
1976. Materials on the ecology of the goby, Pomatoschistus microps
leopardinus, from the Sea of Azov. J. Ichthyol. 16: 28-34.

Kuntz, A.
1916. Notes on the embryology and larval development of five species of
teleostean fishes. Bull. U.S. Bur. Fish. 34: 407-429.

Lebour, M.V.
1920. The eggs of Gobius minutus, pictus, and microps. J. Mar. Biol.
Assoc. U.K. 12: 253-260.

Liu, R.K. and R.L. Walford.
1970. Observations on the life-spans of several species of annual fishes
and of the world’s smallest fishes. Expl. Geront. 5: 241-246.

Lo Bianco, S.

1888. Notizie biologiche riguardanti specialmente il periodo di maturita
sessuale degli animali del Golfo di Napoli. Mitth. Zool. Stat.
Neapel 8: 385-440; 13: 448-573. (Not seen).

Luther, W.

1958. Symbiose von Fischen (Gobiidae) mit einem Krebs (Alpheus
djiboutensis) im Roten Meer. Z. Tierpsychol. 15: 175-177. (Not
seen). ‘

MacGinitie, G.E
1934. Burrowing crustaceans and commensals. Am. Midl. Nat. 15: 166-174.

48



MacGinitie, G.E.
1935. Ecological aspects of a California marine estuary. Am. Midl. Nat.
16: 629-765.

MacGinitie, G.E.
1939. The natural history of the blind goby, Typhlogobius californiensis
Steindachner. Am. Midl. Nat. 21: 489-505.

McIntosh, W.C.
1896. Notes from the St. Andrews Marine Laboratory. Ann. Mag. Nat.
HiSt., Sero 6, 18: 44-61-

McIntosh, W.C. and A.T. Masterman.
1897. The life-histories of the British marine food-fishes. C.J. Clay
and Sons, London. 516 p.

Magnus, D.B.E.

1967. Zur Okologie sedimentbewohnender Alpheus - Garnelen (Decapoda,
Natantia) des Roten Meeres. Helgol. Wiss. Meeresunters. 15:
506-522. (Not seen).

Manacop, P.R.

1953. The life history and habits of the goby Sicyopterus extraneus
Herre (anga) Gobiidae with an account of goby fry fishery of
Cagayan River, Oriental Misamis. Philipp. J. Fish. 2: 1-538.

Marquez, J.R.S.

1968. Age and size at sexual maturity of white goby (Glossogobius
giuris), a common fish of Laguna de Bay, with notes on its food
habits. Philipp. J. Fish. 8: 71-100.

Miller, P.J. -
1961. Age, growth, and reproduction of the rock goby, Gobius paganellus
L., in the Isle of Man. J. Mar. Biol. Assoc. U.K. 4l: 737-769.

Miller, P.J.
1964. The biology of the goby Pomatoschistus microps. Rep. Challenger
Soc. 3(16): 42-43.

Miller, P.J.

1969. Systematics and biology of the leopard-spotted goby, Gobius
ephippiatus (Teleostei: Gobiidae), with description of a new
species and notes on the identification of G. macrolepis
Kolombatovié. J. Mar. Biol. Assoc. U.K. 49: 831-855.

Miyazaki, I.
1940. Studies on the Japanese common goby, Acanthogobius flavimanus
(Temminck et Schlegel). Bull. Jap. Soc. Sci. Fish. 9: 159-180.

49



Mizuno, N.

1960. Study on a freshwater goby, Rhinogobius similis Gill, with a
proposition on the relationships between land-locking and
speciation of some freshwater gobies in Japan. Mem. Coll. Sci.,
Univ. Kyoto, Ser. B, 27: 97-115.

Mountain,. J.A.

1972. Further thermal addition studies at Crystal River, Florida with an
annotated checklist of marine fishes collected 1969-1971. Fla.
Dept. Nat. Resour. Mar. Res. Lab. Prof. Pap. Ser. 20: 1-103.

Muroya, Y. and M. Sato.
1963. Spawning habit of a goby, Chaenogobius castanea, in a freshwater
pond in Hirosaki city. Zool. Mag., Tokyo 72: 297-299.

Nakamura, S.
1936. Larvae and young of fishes in the vicinity of Kominata, II-VI. J.
Imp. Fish. Inst. (Jap.) 31: 131-166. (Not seen).

Nelson, J.S.
1976. Fishes of the world. John Wiley and Sons, New York. 416 p.

Nugent, R.S.
1970. The effects of thermal effluent on some of the macrofauna of a
subtropical estuary. Ph.D. Dissertation, Univ. Miami. 198 p.

Nyman, K.J.
1953. Observations on the behavior of Gobius microps. Acta Soc. Fauna
Flora Fenn. 69: 1-11.

Odum, W.E.
1970. Pathways of energy flow in a South Florida estuary. Ph.D.
Dissertation, Univ. Miami. 162 p.

Okada, Y.
1955. Fishes of Japan. Maruzen Co., Ltd., Tokyo. 434 p.

Palmer, G.

1963. A record of the gobiid fish Cryptocentrus lutheri Klausewitz from
the Persian Gulf, with notes on the genus Cryptocentrus.
Senckenbergiana Biol. 44: 447-450. (Not seen).

Panikkar, N.K.
1951. Physiological aspects of adaptation to estuarine conditions.
Indo-Pac. Fish. Counc. Proc., Ser. 3, 1950: 168-175.

Petersen, C.G.J.

1917. On the development of our common gobies (Gobius) from the egg to
the adult stages, etc. Rep. Dan. Biol. Stn. 24: 3-16.

50



Pillay, T.V.R. and K.K. Sarojini.

1950. On the larval development of the Indian transparent goby,
Gobiopterus chuno (Hamilton) with observations on its bionomics.
Proc. Nat. Inst. Sci. India, Pt. B, 16: 181-187.

Prasad, R.R.

1958a. Reproduction in Clevelandia ios with an account of the embryonic
and larval development. Proc. Nat. Inst. Sci. India, Pt. B, 25.
(Not seen).

Prasad, R.R.
1958b. Notes on the habitat and habits of Clevelandia ios. Proc. Nat.
Inst. Sci. India, Pt. B, 24: 314-324. (Not seen).

Randall, J.E

1967. Food habits of reef fishes of the West Indies. Pages 665-847 in
Proceedings of the International Conference on Tropical
Oceanography, Nov. 17-24, 1965, Miami Beach, Florida. Stud.
Trop. Oceanogr. 5.

Reid, G.K., Jr. r
1954. An ecological study of the Gulf of Mexico fishes in the vicinity
of Cedar Key, Florida. Bull. Mar. Sci. Gulf Caribb. 4: 1-94.

Roessler, M.

1967. Observations on the seasonal occurrence and life histories of
fishes in Buttonwood Canal, Everglades National Park, Florida.
Ph.D. Dissertation, Univ. Miami. 155 p.

Roloff, E.
1935. Die Pflege und Zucht von Gobius xanthozona. Wochenschr. Aquar.-
Terrarienk. 32: 545-547; 562-564.

Schwartz, F.J.

1971. Biology of Microgobius thalassinus (Pisces: Gobiidae), a sponge-
inhabiting goby of Chesapeake Bay, with range extensions of two
goby associates. Chesapeake Sci. 12: 156-166.

Shann, E.W.
1910. Some notes on the life~history and rate of growth in Gobius
minutus. Ann. Mag. Nat. Hist., Ser. 5, 8: 217-239.

Shiogaki, M. and Y. Dotsu.
1974. The life history of the gobiid fish, Zonogobius boreus. Bull.
Fac. Fish., Nagasaki Univ. 37: 1-8.

Skazkina, Y.P. and V.A. Kostyuchenko.
1968. Food consumption of the Azov goby Neogobius melanostomus (Pallas).
Probl. Ichthyol. 8: 238-245.

51



Skowron, S.
1926. Sur le development des hybrides de téléostéens. Comptes Rendus
Soc. Biol., Paris, Ser. 2, 99: 971-973. (Not seen).

Smith, H.M. :
1901. The food fish of Lake Buhi, Luzon. Bull. U.S. Fish. Comm.
21: 167-171.

Sparté, A.
1934a. Uova e larve di Gobiidae. 1II. Gobius jozo L. R. Comit. Talasso.
Italiano Mem. 216: 1-8.

Sparta, A. .
1934b. Uova e larve di Gobiidae. I. Gobius paganellus L. R. Comit.
Talasso. Italiano Mem. 209: 1-10.

Sparta, A.
1936. Uova e larve di Gobiidae. III. Gobius ferrugineus Kolomb. R.
Comit. Talasso. Italiano Mem. 228: 1-5.

Springer, V.G. and A.J. McErlean.

1961. Spawning seasons and growth of the code goby, Gobiosoma robustum
(Pisces: Gobiidae), in the Tampa Bay area. Tulane Stud. Zool. 9:
87-98.

Springer, V.G. and K.D. Woodburn.
1960. An ecological study of the fishes of the Tampa Bay area. Fla.
State Board Conserv. Mar. Lab. Prof. Pap. Ser. l: 1-104.

Szabados, A.
1937. Die Laichabgabe der Marmorgrundlen. Wochenschr. Aquar.-Terrarienk.
34: 637.

Tabb, D.C. and R.B. Manning.

1961. A checklist of the flora and fauna of northern Florida Bay and
adjacent brackish waters of the Florida mainland collected during
the period July 1957 through September 1960. Bull. Mar. Sci. Gulf
Caribb. 11: 552-649.

Tagatz, M.E.
1967. Fishes of the St. Johns River, Florida. Q.J. Fla. Acad. Sci.
30:  25-50.

Tavolga, W.N.
1950a. Development of the gobiid fish, Bathygobius soporator. J.
Morphol. 87: 467~492.

Tavolga, W.N.
1950b. Pattern variability among populations of the gobiid fish
Bathygobius soporator. Copeia, 1950: 182-194.

52

sy



Tavolga, W.N.

1954,

Tavolga,

1956.

Reproductive behavior of the gobiid fish, Bathygobius soporator.
Bull., Am. Mus. Nat. Hist. 104: 427-460.

w‘N.
Pre-spawning behavior in the gobiid fish, Bathygobius soporator.
Behaviour 9: 53-74.

Te Winkel, L.E.

1935.

A study of Mistichthys luzonensis with special reference to
conditions related with reduced size. J. Morphol. 58: 463-535.

Valenti, R.J.

1972.

The embryology of the neon goby, Gobiosoma oceanops. 'Copeia, 1972:
477-481.

Vijayaraghavan, P.

1975.

Studies on fish eggs and larvae from Indian waters. TI.
Development of eggs and larvae of Acentrogobius ornatus (Riippell).
Indian J. Fish. 20: 523-532.

Walker, B.W., R.R. Whitney and G.W. Barlow.

1961.

The fishes of the Salton Sea. Pages 88-91 in B.W. Walker, ed.
The ecology of the Salton Sea, California, in relation to the
sportfishery. - Calif. Fish Game Bull. 113. 204 p.

Wang, J.C.S. and E.C. Raney.

1971.

Distribution and fluctuations in the fish fauna of the Charlotte.
Harbor estuary, Florida. Contrib. 112 Mote Mar. Lab. (Sarasota,
Florida). 113 p.

Weisel, G.F., Jr.

1947.

Breeding behavior and early development of the mudsucker, a gobiid
fish of California. Copeia, 1947: 77-85.

Weisel, G.F., Jr.

1949.

Wheeler,
1969.

The seminal vesicles and testes of Gillichthys, a marine teleost.
Copeia, 1949: '101-110.

A.

The fishes of the British Isles and north-west Europe. MacMillan
and Co., Ltd., London. 631 p.

53



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54

