Reproductive biology of the barred sand

bass (Paralabrax nebulifer)

ABSTRACT

common species in the nearshore marine environment

and an important part of the marine recreational
fishery of southern California. Related species of
Paralabrax are either secondary gonochores or
protogynous hermaphrodites. The objective of this study
was to determine which reproductive strategy, if any,
prevailsin barred sand bass. A total of 437 specimens
were collected from June 1996 through April 1997 from
seven different locations aong the southern California
coast. Using the criteria outlined by Sadovy and Shapiro
(1987), gonadd tissue from dl individuals was examined for
the presence of features strongly indicative of protogynous
hermaphroditism. Two transtional individuals were found: a
273 mm standard length (SL) fish from Huntington Flats
and a 306 mm SL fish from San Diego Bay. All males
examined had a membrane-lined central cavity in the testes
and a sperm sinus in the gonadal wall. These features are
believed to result from individuas passing through afemae-
like juvenile stage before maturing based upon the examina-
tion of juvenile individuals. Fifty-two percent of the males
examined had atretic bodies. Maes and females were
equaly distributed throughout the size classes collected.
Although most barred sand bass examined appeared to be
secondary gonochores, some individuals had the ability to
change from female to male (protogynous hermaphrodit-
ism). This sexua strategy did not appear to differ between
locations.

The barred sand bass (Paralabrax nebulifer) isa

*California State University, Northridge, Biology Department,
Northridge CA 91330

164 Reproductive biology of barred sand
bass

Cheryl Baca-Hovey* and Larry D. Cooper

INTRODUCTION

Barred sand bass (Paralabrax nebulifer), commonly
Species in the nearshore marine environment, is an impor-
tant part of the marine recreationa fishery of southern
Cdlifornia. This species remains one of the most frequent
catches for sport-fishers, ranking second in the number of
fish taken in the state in 1989 (Oliphant 1990). Together
with the kelp bass (Paralabrax clathratus), it forms more
than 90% of the general “rock bass’ recreational catch in
the first half of this decade (Frey 1971). Barred sand bass
ranges from Santa Cruz, Cdifornia, south to Magdaena
Bay, Bga Cdifornia Sur, including Guada upe Idand (Miller
and Lea 1972), occupying a variety of different habitats
including kelp beds and sand flats on the open coast to
inland harbors and bays. They are a benthic, relatively
sedentary fish which are rarely found more than 3 m above
the substrate, closaly associated with bottom structure and
sand (Turner et al. 1969, Feder et al. 1974, Larson and
Demartini 1984). Barred sand bass are oviparous broad-
cast batch spawners that spawn from April to August with
apeak in July (Loveet al. 1996). They tend to form large
breeding aggregations, “breeding balls,” over mud flat areas
during their spawning season. Their eggs and larvae are
pelagic, drifting about in open water; juveniles appear in
shallow water from late summer to early winter (Love
1991). In barred sand bass, 50% of males matured at 21.9
cm, and 50% of females matured at 23.9 cm. Males
mature between the ages of 2 and 4 years, and females
mature between the ages of 2 and 5 years (Love et al.
1996). Barred sand bass is a warm temperate member of
the family Serranidae and one of the three species of
Paralabrax in southern Caifornia. Many serranids have
specialized reproductive strategies. Some species are
protogynous hermaphrodites and hence spend the early part
of their lives as females and later change sex to conclude
their livesas males. Odaet al. (1993) suggested that
barred sand bass might be protogynous hermaphrodites, but



other studies have been inconclusive. Studies on the other
two temperate Paral abrax species have shown varying
results. Kelp bass (Paralabrax clathratus) found in
nearshore coastal waters usually associated with hard
substrate and kelp are secondary gonochores and do not
change sex (Smith and Young 1966). Spotted sand bass
(Paralabrax maculatofasciatus) found in harbors and bay
(Allen et al. 1995) have specific populations that are
protogynous hermaphrodites (Hastings 1989, Hovey and
Allen 2000). The presence of protogynous hermaphrodites
was found to be related to population structure and location.

Knowledge of which reproductive strategy is practiced
isimportant for proper management of the fishery. The
objectives of this study are to determine if protogynous
hermaphroditism occurs in barred sand bass, determine the
sexua strategy(ies) practiced, and to determine whether
this strategy varies between different locations.

METHODS

A total of 437 specimens were collected by hook and
line from June 1996 through April 1997 dong the coast of
southern California at Redondo Beach, Long Beach,
Huntington Fats, Santa Catalina Idand, San Onofre,
Cardiff, and San Diego Bay (Figure 1). Each specimen
was weighed to the nearest gram (g), measured to the
nearest millimeter standard length (SL), and preliminarily
sexed. Gonads were removed, weighed (g), and preserved
in 10% formdin for later histological examina-
tion.

compound microscope. Initial sex determination was
confirmed based upon the finding of ovarian tissue (fe-
males), testicular tissue (males), and indeterminate tissue
(immature individuads).

Sadovy and Shapiro (1987) outlined the criteria neces-
sary for diagnosing hermaphroditism in fish. The following
features are strongly indicative of protogynous hermaphro-
ditism: (1) trangtiond individuals; (2) atretic bodiesin
Stages 1, 2, or 3 of oocytic atresia within the testes; (3) a
membrane-lined central cavity in the testes; and (4) sperm
snusesin the gonada wall. A fifth festure, population
dtructure, can also add support to a diagnosis of hermaphro-
ditism. All samples were examined to determine whether
any of these features were present.

RESULTS

A totad of 207 maes, 198 femdes, 20 immature individu-
as, and 2 trangitiond individuals were examined (Table 1).
The mgjority of the fish (males and females) were collected
from Huntington Flats. Immature individuals were taken
only from Cardiff, Catalina, San Diego, and San Onofre,
with the majority being collected from San Diego. One
trangtiona individua was taken from Huntington Flats and
one from San Diego. The fish ranged in size from 78-460
mm SL. Sizeat first maturity for the barred sand bass is

Gonads were fixed by immerson in
Davidson's solution for two weeks and then
transferred to 70% ethyl acohol. Cross-
sectional tissue samples (4 mm thick) were
removed from the mid-area of each gonad and
placed in Tissue Tek tissue cassettes. Using
the Tissue Tek tissue fixing unit, cassettes were
immersed in a series of increasing concentra-
tion (70, 80, 95, and 100%) ethyl acohol and
xylenes. The processed tissue was embedded
with paraffin (56° C) and placed in a vacuum
infiltrate for 1 h. The surface of the tissue
block was exposed and samples were soaked in
a detergent bath for 10 to 14 d. Samples were
sectioned at 6-12 mm using an 820 Spencer
microtome and mounted on dides. The dides
were placed in an oven and allowed to dry for 7
d at 35° C. They were then stained using
Mayer’s alum hematoxylin and eosin, allowed
to dry and sedled with cytosol and a cover dip.
Gonad morphology was examined using a

FIGURE 1. Map of sampling locations along the southern Califor-
nia coast for barred sand bass (Paralabrax nebulifer) reproduc-
tive study. Locations include: Redondo Beach, Long Beach,
Huntington Flats, Santa Catalina Island, San Onofre, Cardiff, and
San Diego Bay.
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TABLE 1. Number, size, and sex of barred sand bass (Paralabrax nebulifer) collected in reproductive biology

study, June 1996-April 1997.

Total Fish Immatures Females Transitional Males

Size Size Size Size Size Secondary

Range Range Range Range Range Males
Location No. (mm SL) No. (mm SL) No. (mm SL) No. (mm SL) No. (mmSL) No. (%)
Cardiff 80 170-310 1 183 33 170-310 0 na 46 200-290 33 72
Catalina 18  158-395 1 178 6 171-300 0 na 11 158-395 1 9
Huntington Flats 233 191-362 0 na 127 198-362 1 273 106 191-322 39 37
Long Beach 4 202-328 0 na 1 328 0 na 3  202-297 2 67
Redondo 6  250-405 0 na 1 285 0 na 5  250-405 4 80
San Diego 51 78-335 2,278-201 12 169-335 1 306 17 121-308 2 12
San Onofre 44 155-460 5,155-190 19 230-375 0 na 20  230-460 17 85
Total 436 78-460 2978-201 199 169-375 2,273-306 208  121-460 99 52
na = not applicable.

219 mm SL for males and 239 mm for femaes. Both
trangitional individuals were larger than the size at first
maturity (273 and 306 mm SL).

Histologica sections of atypica femae show primary,
secondary, and vitellogenic oocytes (Figure 2). Sections of
atypica male show spermatocytes, seminiferous tubules,
and the crypts containing the developing sperm (Figure 3).
Sections of the immature individuas showed developing
tissue. All immature individuas were found to pass through
afemae-like stage with undeveloped tissue resembling
immature female features. Histologica sections of a
transtiona individual show proliferating testicular tissue and
degenerating ovarian tissue (Figure 4). Vitellogenic oocytes
represent the degenerating female tissue, while the pres-
ence of developing sperm, sperm sinuses, and spermato-
cytes show the proliferating male tissue. The transitiona
individual shown was taken from Huntington Flats in August
1996 (during the later part of the breeding season). The
second transitiona individual was taken from San Diego in
April 1997. Thisindividua was taken outside of the breed-
ing season and showed resting ovarian tissue rather than
vitellogenic oocytes, and also contained proliferating testicu-
lar tissue. A membrane-lined central cavity (gonadal
lumen) and the presence of a sperm sinus in the gonadal
wall were found in all males examined (Figure 5). The
sperm sinus was found to be used for the transportation of
sperm in some of the males examined. Atretic bodies were
found in 52% of all males examined (Figure 3).

The distribution of males, females, and immature
individuals throughout the size classes was examined.

Males and females were found to be equally distributed
throughout the different size classes (Figure 6).

166 Reproductive biology of barred sand
bass

FIGURE 2. Female morphology in barred sand bass
(Paralabrax nebulifer) showing primary oocytes (P),
secondary oocytes (S), and vitellogenic oocytes (V).

FIGURE 3. Male morphology in barred sand bass
(Paralabrax nebulifer) showing seminiferous tubules
(ST), spermatocytes (SP), and developing sperm (DS).
Also pictured is an atretic body (AB) showing the
characteristic yellow-brown pigment, and granulose
cells (GC).
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FIGURE 4. Transitional individual in barred sand bass DISCUSSION
(Paralabrax nebulifer) showing degenerating ovarian (DO)
tissue surrounding proliferating testicular tissue (PT).

The increasing presence of the barred sand bass in the
sportfish industry (Oliphant 1990) demonsirates a need to
study the life history of this species as a meansto effec-
tively manage the fishery. The objective of this study was
to determine what reproductive method(s) is practiced by
the barred sand bass. This objective was accomplished by
examining the specimens to see whether protogynous
hermaphroditism occurs. The five criteria used to diagnose
this condition were the presence of: (1) transitiond individu-
as, (2) amembrane-lined centra cavity (gonada lumen) in
males; (3) asperm sinusin the gonadd wall of males; (4)
atretic bodies in Stages 1, 2, or 3 of oocytic atresia (in
males), and (5) population structure (Sadovy and Shapiro
1987).

The first and strongest criterion used to indicate sex
change is the presence of transitional individuads (i.e.,
FIGURE 5. Gonadal lumen in male tissue of barred sand individuals that are in the process of changing sex). The

bass (Paralabrax nebulifer) showing gonadal (G) ; ; ;
lumen and squamos (SQ) epithelium cells. Also pic- gonadd tissue of protogynous hermaphrodites will show a

tured is a sperm sinus (SS) (containing developing degen_eration_()f theinitial OVG'_'i_an tisg,le'ar)d aproliferation
sperm) in the gonadal wall of a male showing the of tegticular tissue. Two trangtional individuals were found
muscle (M) layer and gonadal wall (GW). in this study. While this number may seem relatively small,

trangtiona individuds are relatively uncommon in field
studies. They are more typically seen in laboratory studies
where sex change is induced experimentally (Sadovy and
Shapiro 1987). The fact that trangtional individuas were
found at al supports the theory that at least a small portion
of the population of barred sand bass has the ability to
change sex.

The second criterion examined was the presence of a
membrane-lined central cavity (gonadal lumen) in the
testes. The gonadd lumen is thought to be a remnant of the
ovarian lumen, which is used for egg transportation in
femaes. All males examined were found to have gonadal
lumens. The presence of agonadal lumen isonly avalid
criterion if it is non-functional in males. Sperm was found in
this cavity in some of the males examined. This may
indicate that the cavity was used for the transportation of
sperm in some individuads. If so, this criterion would not be

FIGURE 6. Population structure of barred sand bass
(Paralabrax nebulifer) showing males and females
equally distributed throughout the size classes.

met.
70 - The third criterion examined was the presence of the
0 - Femalos sperm sinus in the gonadal wall of the males. The sperm

EEER 'mmatures

sinusin the gonada wall is thought to develop from the
splitting of the muscle layers of the ovarian capsule. All
males examined were found to have a sperm sinusin the
gonada wall.

All maes examined in this study contained gonadal
lumens and sperm sinuses in the gonada wall. Two theo-
ries other than hermaphroditism can account for these two
features being present in al males examined. Thefirst is
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historical era when the species was hermaphroditic (Smith
and Young 1966). Speciesthat fal into this category are
termed secondary gonochores. The second theory is that
these features result from al individuals passing through a
femae-like juvenile stage (Sadovy and Shapiro 1987). An
examination of juvenile individuas in this study supported
the later theory.

The next criterion examined was the presence of atretic
bodies. Atretic bodies are germ cell remnants of theinitial
sex that are retained after the sex change has occurred.
These remnants can be caused by degenerating oocytes
(going through atresid), but may also result from the degen-
eration of other types of cedlls (Smith and Y oung 1966).
Alternative explanations for the presence of atretic bodies
other than oocytic atresia include parasitic encystation (Atz
1964), sperm degeneration (Warner 1975b), and non-
specific tissue degeneration (Smith 1965). Atretic bodies
were found in 52% of the males examined.

An attempt was made to estimate the number of
individuals that had undergone sex change. Since the
gonada lumen and the sperm sinus in the gonadal wall were
common characteristics among all males examined, the
presence of atretic bodies was used as an indication that
sex change had occurred. Males possessing atretic bodies
are termed secondary males based upon the assumption
that they began their lives as females and secondarily
changed to males. The percentage of secondary males
varied among collection sites on the southern California
coast (Table 1). While some of the percentages appear
rather high, it isimportant to note that a small number of
males were examined at some of those locations. Also, the
percentages for San Diego Bay and Huntington Flats are
not among the highest; however, these were the only two
locations with trangitional individuas. The number of
individuas undergoing sex change may have been underes-
timated because atretic bodies are not retained indefinitely.
As time passes following the change of sex, fewer germ
cell remnants are present. On the other hand, the number
may be overestimated since some atretic bodies are formed
by methods other than oocytic atresia (Smith and Y oung
1966). It isimportant to remember that this estimate is being
based solely upon one characteritic.

Thefina criterion examined was population structure.
Typicd protogynous populations have a bimoda distribution,
with females making up a greater portion of the smaller
individuals and males making up a greater portion of the
larger individuas. In this study, an equd distribution of
males and femal es was found throughout the size classes
(Figure 6). Similar results were found for individua loca
tions. However, factors that may obscure bimodality in
protogynous populations include: (1) lack of sexual dimor-
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phism; (2) dternative pathways of male sexua develop-
ment; (3) bisexual juveniles; and (4) variation in Size at sex
change (Sadovy and Shapiro 1987). Thus, protogyny was
not ruled out on the basis of the length-frequency distribu-
tion graph. In addition, barred sand bass generaly form
large breeding aggregations during their spawning season
and many of the individuals used in this study were obtained
during this period. Individuas were grouped based upon
their capture location. One sampling location may have
contained aggregating individuals from severd different
subpopulations or locations.

Protogyny is advantageous where larger males are able
to dominate access to females (Warner 1975a). In the large
breeding aggregations that are formed by barred sand bass,
size does not gppear to be an issue. Individuals group
together and al release their gametes (regardless of their
sze). This spawning behavior may explain why
protogynous hermaphrodites were infrequently found at any
of the sites. However, this study did not look at the indi-
vidual populations that occur outside of the breeding season
(where alarger size may hold an advantage). Kelp bass
and barred sand bass are known to gather in large schools
during spawning (Limbaugh 1955) and both species are
thought to be gonochoristic. Studies conducted on the
spotted sand bass showed protogynous hermaphroditism to
be most prevalent in dense, isolated populations (Hovey and
Allen 2000).

In conclusion, barred sand bass does possess the ability
to change sex, as shown by the presence of transitional
individuals and supported by males possessing atretic
bodies. However, few individuas actualy do so. Instead,
this species exhibits a combination of two different repro-
ductive strategies. protogynous hermaphroditism and
gonochorism, with the latter appearing to be the most
prevalent. Based upon the sites examined in this study,
location does not appear to be a determining factor.

LITERATURE CITED

Allen, L.G., T.E. Hovey, M.S. Love and T.W. Smith. 1995. Thelife
history of the spotted sand bass (Paralabrax maculatofasciatus)
within the Southern California Bight. California Cooperative Fish-
eries Investigations Reports 36:193-203.

Atz, JW. 1964. Intersexudlity in fishes. pp. 145-232 in: Intersexu-
ality in Vertebrates Including Man. C.N. Armstrong and A.J.
Marshall (eds.), Academic Press. London, England.

Feder, H.M., C.H. Turner and C. Limbaugh. 1974. Observations
on fishes associated with kelp bedsin southern California.
California Department of Fish and Game, Fish Bulletin 160.



Frey, HW., ed. 1971. Cadlifornia’sLiving Marine Resources and
Their Utilization. California Department of Fish and Game Marine
Resource Agency. Sacramento, CA.

Hastings, P.A. 1989. Protogynous hermaphroditism in Paralabrax
maculatofasciatus (Pisces: Serranidae). Copeia 1989:184-188.

Hovey, T.E. and L.G. Allen. 2000. Reproductive strategies of six
populations of the spotted sand bass, Paralabrax
maculatofasciatus, from southern and Bgja California.  Copeia
2000:459-468.

Larson, R.J. and E.E. Demartini. 1984. Abundance and vertical
distribution of fishesin cobble-bottom kelp forest off San Onofre,
Cdlifornia. Fishery Bulletin 82:37-54.

Limbaugh, C. 1955. Fishlifein the kelp beds and the effects of
kelp harvesting. IMR Reference 55-9. University of California,
Institute Marine Resources. La Jolla, CA.

Love, R.M. 1991. Probably More Than Y ou Wanted to Know
About the Fishes of the Pacific Coast. Really Big Press, Santa
Barbara, CA.

Love, M.S,, A. Brooks, D. Busatto, J. Stephensand P.A. Gregory.
1996. Aspects of the life history of the kelp bass, Paralabrax
clathratus, and the barred sand bass, P. nebulifer, from the
Southern California Bight. Fishery Bulletin 94:472-481.

Miller, D.J. and R.N. Lea. 1972 (addendum added 1976). Guideto
the Coastal Marine Fishes of California. California Department of
Fish and Game. Fish Bulletin 157.

Oda, D.L., R.J. Lavenberg and J.M. Rounds. 1993. Reproductive
biology of three California species of Paralabrax (Pisces:
Serranidae). California Cooperative Oceanic Fisheries Investiga-
tions Reports 34:122-131.

Oliphant, M. 1990. Recreational fishery. Inreview of some
Cdlifornia fisheries for 1989. California Cooperative Oceanic
Fisheries Investigations Reports 31:9-21.

Sadovy, Y.and D.Y. Shapiro. 1987. Criteriafor the diagnosis of
hermaphroditism in fishes. Copeia 1987:136-156.

Smith, C.L. 1965. The patterns of sexuality and classification of
serranid fishes. American Museum Novitiates 2207:1-20.

Smith, C.L. and P.H. Young. 1996. Gonad structure and the
reproductive cycle of the kelp bass, Paralabrax clathratus
(Girard), with comments on the rel ationships of the serranid
genus Paralabrax. California Fish and Game 52:283-292.

Turner, C.H., E.E. Ebert and R.R. Given. 1969. Man-made Reef
Ecology. Cdlifornia Department of Fish and Game, Fish Bulletin
146.

Warner, R.R. 1975a. The adaptive significance of sequential
hermaphroditism in animals. American Naturalist 109:61-82.

Warner, R.R. 1975b. The reproductive biology of the
protogynous hermaphrodite Pimelometopon pulchrum (Pisces:
Labridae). Fishery Bulletin 73:262-283.

ACKNOWLEDGEMENTS

| would like to thank all of the students at California State
University, Northridge (CSUN): Holly Harpham; the crew of the
RV Ydlowfin (Jim Cvitanovich, Danny Warren and Paul), who
hel ped with the field collection; and Woody Bacafor hishelpin
sample work-ups and data recording. Many thanksto Tim Hovey
for all of hisadvice and suggestions. Thanks to the Southern
Cdlifornia Coastal Water Research Project (SCCWRP) for itshelp
in funding this project. Special thanksto Dr. M. James Allen
(SCCWRP) for hisreview of thisreport and Dr. Stephen B.
Weisberg (SCCWRP) for alowing me the opportunity to conduct
my research at their facility. Most importantly, | would liketo
thank Dr. Larry G. Allen (CSUN), my graduate advisor. He has
been a source of vast knowledge, amentor, guide, and friend for
more yearsthan | can remember. Without his direction, this study
would not have been possible.

Reproductive biology of barred sand bass 169



