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INTRODUCTION
 

High larval mortality in fish with pela.gic spawning is a well

known phenomena in larval culture and has been attributed mainly to
 

an insufficient nutritional regime during the transition to
 

external feeding. In many instances, however, this mortality has
 

been observed long before, or far beyond the "point of no return"
 

and was associated with a sinking or 'descent' of pelagic larvae to
 

the bottom of rearing tanks (Nash and Kuo, 1975; Houde et al.,
 

1976, and Spectorova and Doroshev, 1976). We propose that this is
 

the result of a 	malfunction in the larval mechanism of hydrostatic 

regulation, since one of the major developmental anomalies that ap

pears concurrently is the abnormal initial inflation of the swim
 

bladder (Doroshev, 1970; Spectorova and Doroshev, 1976 and Nash et
 

al., 1977).
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Although there are numerous studies concerning the adult swim
 

bladder, little is known about the initial inflation of the larval
 

physoclistus swim bladder (Copeland, 1969). In this study, we 

provide data on the timing and histological patterns of this event 

in two physoclistus species and discuss its importance with respect 

to larval culture. The striped bass, Morone saxatilis, was
 

selected because of its importance in the California sport fishery
 

and the present lack of an effective larval rearing technique.
 

Tilapia, Sarotherodon mossambica, although not a pelagic spawner,
 

was used for study because of the ease with which it can be spawned
 

throughout the year under laboratory conditions.
 

MATERIALS AND METHODS
 

Striped bass eggs were obtained by induced spawning (HCG) from
 

adults caught in the Sacramento River (Ca., USA) and incubated in
 

McDonald jars at 180 C. The larvae were reared in 18 1 aquaria at
 

18.0 + .5°C and fed with brine shrimp nauplii beginning on the
 

fourth day after hatching. Tilapia were spawned without hormonal
 

inducement in aquaria set at 25.5 + .50C. The eggs were extracted
 

from the female's mouth prior to hatching, and the larvae were held
 

without feeding in 18 1 aquaria (25.5 + .10 C) until completion of
 

swim bladder inflation.
 

Tilapia larvae were sampled daily from hatching through the
 

sixth day of development, and striped bass larvae were sampled from
 

hatching through the tenth day. Larvae were positioned longitudin

ally under a dissecting microscope, then examined for the presence
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of gas in the swim bladder, and photographed. The areas of the
 

yolk sac and oil globule, and the body length were measured from
 

the negatives using an Image Analyzing Computer (Quantimet 720).
 

Development of the swim bladder was studied histologically dur

ing the period of inflation. Tilapia larvae were preserved in
 

either Bouin's or Karnovsky's fixatives, and striped bass larvae
 

were fixed in 2% buffered formaldehyde. Serial longitudinal
 

sections of 6um were stained with Delafield's haematoxylin and
 

eosin. Plastic sections (.5 pm) were made from swim bladders of
 

the striped bass and stained with toluidine blue.
 

The specific gravity of striped bass larvae was estimated
 

daily. Ten anesthesized larvae were placed in a saline solution
 

and the percentage that sank was recorded. This was repeated for
 

several groups over a range of salinities. By using least squares
 

linear regression, the percentage that sank was expressed as a
 

linear function of specific gravity. Using the above linear
 

equation, a specific gravity was calculated at which 50% of the
 

larvae were predicted to sink. The percentage of larvae with
 

inflated swim bladders was determined in each sample using the
 

method described. Although specific gravity was not measured in
 

tilapia, larvae were considered neutrally buoyant when capable of
 

maintaining position in the water column without sinking or the aid
 

of swimming.
 

RESULTS
 

The larvae of the striped bass inflate their swim bladders at
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ABSTRACT
 

Doroshev, S.L and Cornacchia, J.W., 1979. Initial swim bladder inflation in the larvae of 
Tilapia mossambica (Peters) and Moronesaxatilis (Walbaum). Aquaculture, 16: 57-66. 

Tilapia and striped bass larvae inflate their swim bladders on the 7th-9th and 5th-7th 
days after hatching, respectively. The primordial bladder of Tilapia has no pneumatic duct 
and larvae do not gulp atmosphk ric gas for the initial swim bladder inflation. Prominent 
columnar epithelium is character stic of the bladder of Tilapia prior to inflation. Hypoxic 
conditions inhibit inflation and rf ult in degeneration of the columnar epithelium and the 
irreversible malfunction of the swivi bladder. The swim bladder of the striped bascz has a 
glandular epithelium and a pneumai ic duct prior to inflation. The mode of the initial in
flation and functional role of the pneumatic duct remain unclear, although strong aeration 
and turbulent water in the rearing containers were observed to be main factors enhancing 
normal inflation of the larval swim bladder. 

INTRODUCTION 

Larvae of fish develop a functional swim bladder before or during initiation 
of external feeding. Hydrostatic regulation is essential for efficient swimming, 
capture of prey and maintenance of pelagic larvae in the water column. Arti
ficial rearing of some marine and freshwater physoclistous species has, how
ever, resulted in the improper initial inflation of the larval swim bladder, sig
nificantly affecting the survival rate prior to metamorphosis (Doroshev, 1970; 
Nash et al., 1974, 1977; Spectorova and Doroshev, 1976). 

The mechanisms of initial swim bladder inflation are poorly understood. 
Physostomi were shown to gulp atmospheric gas and to pass it into the swim 
bladder lumen via the digestive tract through a pneumatic duct which remained 
open and functional throughout the life cycle of the individual (Hoar, 1937; 
Hunter and Sanchez, 1976). The same means of inflation was suggested for 
larvae of Physoclisti but which used a rudimentary pneumatic duct for the 
initial inflation (Von Ledebur, 1928; Von Ledebur and Wunder, 1937). This 
particular explanation was contradictory to anatomical and experimental 
evidence presented by McEwen (1940) and was later criticized by Marshall 
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(1960). In addition, it did not provide a good explanation for the extreme 
variability observed in the percentage of normal swim bladders inflated in 
larvae reared in identically shaped containers (Spectorova and Doroshev, 1976). 

Illucida',ion of the phenomenon, and the possible role of the environmental 
conditions at the time of inflation, appear to be important for the develop
ment of more efficient larval rearing systems in fish culture. 

MATERIALS AND METHODS 

Fertilized eggs of tilapia and striped bass were obtained from natural and 
induced spawning in the laboratory (the former) and hatchery (the latter). 
Larvae of both physoclistous species were reared in aerated 15-I aquaria under 
optimal temperature regimes (25-26°C for tilapia and 18'C for striped bass) 
and fed with brine shrimp nauplii. Changes in the swim bladder structure were 
inspected histologically and in vitro until about 3 weeks after hatch. 

The tilapia larvae were fixed in Bouin solution, and striped bass in 2% for
maldehyde. Serial sections (7 pm) were stained with Delafield's haematoxylin 
and eosin. Swim bladder tissue from striped bass was tested prior to inflation 
for the presence of carbohydrates by the periodic acid Schiff reaction (PAS) 
and for acid mucopolysaccharides by the alcian blue method (Lillie, 1965). 
In addition, swim bladders from striped bass were dissected prior to inflation, 
fixed in 2% gluteraldehyde, post-fixed in osmium tetroxide, and embedded in 
low viscosity epoxy resin (Spurr, 1969). Sections of 0.5 Mm were obtained 
and stained with haematoxylin. All observations were made with the light 
microscope. 

Pilot experiments were conducted to determine whether the larvae required 
access to the atmosphere for initial swim bladder inflation. Tilapia larvae (pro
genies from three females were used as replicates) were stocked at different 
densities on the 5th-7th day after hatching in 10-I jars, and in 0.5-1 flasks 
closed with stoppers. A thick film of mineral oil (5-7 mm) was deposited on 
the water surface in the jars, and those with a clean surface served as a control. 
All containers were placed in a waterbath at a constant temperature of 26°C. 
All larvae were removed frbm the containers on the 9th-11th day after hatch
ing and swim bladder inflation was determined in vivo under the dissecting 
scope. After the experiment, one batch of larvae from a closed flask stocked 
at high density was transferred into an aquarium and reared to metamorphosis 
under normal conditions. Evidence of normal swim bladder inflation in these 
fry was checked periodically. 

The larvae of striped bass, being more sensitive to hypoxia, could not be 
held in closed containers during the period of swim bladder inflation. The 
experimental larvae were kept in 1.8-1 beakers retained under a nylon mesh 
screen with an air stone located above; others in aerated beakers without re
taining screens acted as controls. Larvae from only one female were used in 
this experiment conducted between the 5th and 9th day after hatching. 
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RESULTS AND DISCUSSION 

The tilapia larvae completed inflation of the swim bladder between the 7th 
and 9th day after hatching, while initial inflation in striped bass occurred be
tween the 5th and 7th day. The process of inflation shortly preceded or was 
simultaneous with the initiation of feeding activity and was easily observed 
in vivo. 

Histological examination of the swim bladder of tilapia, just prior to infla
tion, revealed a flattened sac composed of an inner layer of large columnar 
epithelial cells surrounded by a thin squamous epithelium. Capillaries were 
found in the basal region of the columnar epithelium and in the primordial 
gas gland (Figs 1 and 2). There was no evidence'of a pneumatic duct or any 
other connection between the lumen of the swim bladder and that of the 
digestive tract. After inflation the columnar epithelial cells transformed into 
a flattened bladder epithelium (Fig.3). If the inflation did not occur between 
the 7th and 9th day after hatch, the columnar cells degenerated in older lar
vae (Fig.7). 

Tilapia larvae in the jars with a film of oil inflated their swim bladder at the 
same rate as in the controls. However, the rate of inflation for larvae in the 
closed flasks at a higher stocking density decreased, reaching 0% at 24-30 sp/I 
(Table I). Larvae with uninflated swim bladders obtained from these flasks 
were reared to metamorphosis under normal conditions but did not develop 
a functional swim bladder. 

The data obtained suggested that the larvae of Tilapia mossambica do not 
gulp atmospheric gas during initial swim bladder inflation. This was observed 
in another cichlid, Hemichromis bimaculata,by McEwen (1940) who described 
a pattern of swim bladder inflation almost identical. The lack of a pneumatic 
duct in both species cannot be explained as a particular adaptation for mouth
breeding fish, as H. bimaculatahas demersal eggs. The relationship between 
initial swim bladder inflation and stocking density in the closed flasks, and the 
structure of the primordial swim bladder described above, suggest that the 
larvae of tilapia transport gas (presumably oxygen dissolved in the water) 
through the respiratory and circulatory systems for filling of the swim bladder 
initially.The columnar epithelium in the primordial swim bladder may play an im
portant role in monitoring inflation. This would be consistent with the current 
hypothesis of gas production in the swim bladder of adult Physoclisti (Cope
land, 1969). 

The swim bladder of striped bass, as in tilapia, appears as a flat
tened sac prior to inflation; however its anatomy differs greatly. The dorsal 
portion of the epithelium is composed of cuboidal cells, while the ventral part 
includes a highly differentiated glandular epithelium with a distinct layer of 
goblet shaped cells reminiscent of the secretory cells found in the vertebrate 
gastrointestinal tract (Figs 4 and 5). These cells are strongly eosinophillic and 
contain a large dense rucleus. Preliminary histochemical tests revealed a slight
ly positive PAS reactio and a lack cf any acid muccpclysaccharides. Remnants 
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Figs 1-3. Longitudinal sections of the swim bladder of Tilapia mossambico. 
(1) Prior to inflation, 5 days after hatch (x 200). 
(2) Columnar epithelium prior to inflation (X 400). 

(3) After inflation, 8 days after hatch (x 100).
 
Abbreviations: ys = yolk sac, nc notochord, da = dorsal aorta, es = esophagus, ce = colum
nar epithelium, cp =capillaries. gg =gas gland, er = erythrocytes, be = bladder epithelium,
 

Im= swim bladder lumen, i = intestine.
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TABLE I 

Percentage of the larvae with inflated swim bladders under various experimental conditions 
(survival in parentheses) 

Tilapia 

Females 

Ja*rs 

Open surface Oil film 

Closed flasks Density 
(sp/l) 

A 
B 

C 

100 (100) 
100 (100) 

94 (91.5) 

95.6 (76.7) 
100 (100) 

9"4 (80) 

60 (100) 
33(90) 
0(67) 

50 (90) 
11 (90) 
0(84) 

10 
20 
30 
10 
20 
24 

Morone Beakers* 

Replicates Open surface Screened 

1 
2 
3 
4 

81.8 (91.7) 
88.9 (75) 
71.4 (58) 
25 (100) 

14.3 (58) 
0 (50) 
0 (0) 
0 (0) 

*Density 3-4 sp/l. "Density 6 sp/l. ***Larvae were removed on 6th day after hatch, 

inflation was not completed. 

of large osmiophillic vesicles were also observed within the glandular cells. 
During inflation, the glandular tissue was observed to diminish into a layer 

of cuboidal epithelium and, as in tilapia, the remainder of the bladder lining 
flattened into a squamous epithfclium (Fig.6). If inflation did not occur be
tween the 5th and 7th days after hatch, the swim bladder remained perma
nently unfilled and the glandular tissue showed some signs of degeneration, 
though not so obvious as in tilapia (Fig.8). 

The supply of blood to the swim bladder prior to inflation consisted of a 
bed of capillaries situated in close proximity to the glandular tissue. Sinu
ses appeared within the glandular tissue dorso-anterior to this capillary bed 
(Fig.9). 

A major difference between the swim bladder of striped bass and tilapia 
is the presence of a tube connecting the digestive tract with the swim bladder, 
which is usually identified as the larval pneumatic duct. This tube opens into 
the intestine posterior to the pyloric caecum, traverses the swim bladder and 
terminates with an opening at the posterior end of the bladder (Figs 9-18). 

Striped bass larvae appear to gulp atmospheric gas for initial swim bladder 
inflation (Table I), but a lack of swim bladder inflation obtained in the 
screened beaker experiments might be explained by a depressed viability of 
larvae due to the relatively stagnant water conditions caused by the screening. 
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Figs 4-6. Longitudinal sections of the swim bladder of Morone saxatilis. 
(4) Prior to inflation, 5 days after hatch (x 200). 
(5) Glandular epithelium prior to inflation (x 1,750). 
(6) After inflation, 8 days after hatch (x 200).
 
Abbreviations: ge = glandular epithelium (for remainder, see Figs 1-3).
 



63 

Figs 7-8. Longitudinal sections of the uninflated swim bladder in fry approaching meta. 
morphosis. 
(7) Tilapia mossambica, 20 days after hatch (x 200). 
(8) Morone saxatilii, 23 days after hatch (x 350). 
Abbreviations: see Figs 1-6. -

A more sophisticated technique is required to determine whether pelagic lar
vae require access to the water surface for initial swim bladder inflation. 

The percentage of larvae with inflated swim bladders reared in the control 
beakers (with well aerated and turbulent water) was higher than in any batches 
of larvae reared simultaneously in the laboratory in larger tanks (from 5 to 
60%estimated). Large tanks provided far more space and lacked a strong tur
bulant current. High larval mortality associated with the 'descent' of larvae to 
the bottom at the time corresponding to initial swim bladder inflation was re
peatedly reported for the mullet (Nash et al., 1974; Houde et al., 1976). A sig
nificant increase in larval survivl was observed for both the mullet (Nash et 
al., 1977) and sea bass (Barahona-Fernandes, 1978) when aeration and hence 
the turbulence of water in the rearing tanks, was increased. 

There are striking similarities between tilapia and striped bass in the overall 
pattern of the initial swim bladder inflation. Both species demonstrated a cri
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Figs 9-18. Serial cros sections of the swim bladder and pneumatic duct in striped bass
 
larvae, 6 days after hatch (X 400).
 
Abbreviations: pd - pneumatic duct, sn = sinuses (for remainder, see Figs 1-6).
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tical period of time during development, after which normal inflation, if de
layed, was impossible. A highly differentiated glandular epithelium developed 
in the primordial swim bladder prior to inflation, and morphological changes 
occurred immediately after inflation including a general minification. One 
may conclude that the mechanism of swim bladder inflation in early larval 
stages of Physoclisti is more sophisticated than a simple gulping of air from 
the water surface. Further research is required to clarify whether the bladder 
epithelium is indeed secretory and whether initial inflation is regulated by gas 
exchange between the circulatory system and primordial swim bladder com
plex. 
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the completion of yolk sac resorption on the fifth day after 
hatch

ing, which coincides with the initiation of feeding (Figure 1A).
 

Despite the fact that active feeding is established, growth in
 

length ceases between days five and eight. Resorption of the oil
 

globule is slow compared with that of the yolk sac, and only 55% of
 

its original amount 
is resorbed by the tenth day. The estimated
 

specific gravity of the larvae increases from hatching, reaching a
 

maximum during days five and six (Figure 1B).
 

The primordial swim bladder in the striped bass is easily ob

served in vivo beginning the third day after hatching and 
is con

siderably enlarged by the fifth day (Plate I, 1). 
 In those larvae
 

that have not inflated, the swim bladder appears under the micro

scope as a flattened 
sac (Plate I, 2). The inflated condition is
 

characterized by a light-refractive bubble (Plate I, 4) readily ob

servable without magnification. As 
shown in Figure 1, the percent

age of larvae with inflated swim bladders increases from 14 to 20%
 

on the fifth day, to 70% on the eighth day, and to 80% on the tenth 

day. 

Prior to inflation, the ventral wall of the swim bladder is 

lined with a prominent glandular epithelium, while the dorsal
 

aspect is composed of cuboidal cells (Plate I, 2 and 3). At the
 

initiation of inflation, the glandular tissue becomes vacuolated
 

and transforms into a cuboidal epithelium. The dorsal lining flat

tens until the majority of the bladder wall is composed of a squam

ous epithelium (Plate I, 5). 
 In larvae that fail to inflate, the
 

development of the swim bladder is arrested at 
a stage resembling
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that prior to inflation, and with time, the glandular tissue de

generates (Plate I, 6). A pneumatic duct 
is present and appears
 

constricted at the mucosa of the intestine as early a. six days
 

after hatching.
 

The process of swim bladder inflation begins about the fourth
 

day after hatching in tilapia, with 
50% of the yolk sac remaining
 

(Figure 2). Inflation proceeds and the larvae become neutrally
 

buoyant by the seventh day, which coincides with the completion of
 

yolk sac resorption. Initiation of inflation cannot 
be observed
 

easily in vivo due to heavy pigmentation. Growth in length is
 

linear through the sixth day.
 

Major cytoarchitectural modifications 
occur during inflation in
 

the swim bladder epithelium of tilapia. Prior to inflation on the
 

fourth day, the bladder wall is composed of one row of large
 

columnar cells that 
line a narrow lumen (Plate II, 1). A highly
 

developed capillary bed is opposed ventrally to the swim bladder,
 

while numerous capillaries surround and are contiguous with the
 

basal portion of the columnar cells. By the fifth day, when
 

cytomorphosis is completed, the columnar cells transform into 
a
 

squamous epithelium as the lumen swells with gas (Plate II, 2, 3, 

and 4). An eosinophilic material lines the lumen of the s:iin 

bladder during initial inflation and in swim bladders thdt did not 

inflate successfully. 

Tilapia with uninflated swim bladders are rare by the sixth day 

after hatching (< 1%). When examined histologically, they resemble
 

the stage prior to inflation (Plate I, 5); the columnar cells are
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less elongate, slightly amorphic, and the nuclei appear faintly
 

basophilic. The epithelium of uninflated swim bladders becomes
 

highly necrotic by the twentieth day posthatch (Plate I, 6).
 

There is no evidence of a pneumatic duct in the larvae during the
 

stages described. 

DISCUSSION
 

The timing of swim bladder inflation demonstrates the signific

ance of this event during the transition from yolk resorption to
 

external feeding. Inflation began when yolk reserves were
 

exhausted and specific gravity had increased to a maximum. The
 

development of a functional larval swim bladder provides the
 

capability for hydrostatic regulation and the ability to overcome
 

increasing specific gravity. The achievement of neutral buoyancy
 

greatly reduces the energetic cost of swimming and improves preda

tory efficiency (Alexander, 1972; Hunter, 1972). This is
 

particularly important for pelagic larvae, such as the striped
 

bass, in facilitating the initiation of feeding.
 

The period of development following yolk sac resorption is
 

characterized by a growth plateau for many marine pelagic larvae,
 

as well as for the striped bass (Farris, 1959). During swim
 

bladder inflation and the transition to exogenous nutrients, yolk
 

sac reserves are not available for further growth; apparently, only
 

maintenance energy requirements are met (Warren and Davis, 1967).
 

Even with an adequate nutritional regime, one would predict that a
 

delay or complete failure of inflation would further depress 
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growth, ultimately producing inviable larvae. For example, in the
 

demersal spawner Gasterosteus aculeatus, growth was depressed
 

considerably in animals artificially prevented from inflating their
 

swim bladders (Ledebur and Wunder, 1938). The oil globule probably
 

provides a supplementary source of energy during this time but does 

not appear to aid in floatation (Doroshev, 1970a).
 

The timing of initial swim bladder inflation in species with
 

demersal eggs is somewhat different from that in pelagic spawners.
 

The larvae of tilapia and largemouth black bass began inflation
 

when a considerable portion of the yolk sac remained (Johnston,
 

1953), however, in both these species and in the striped bass, a
 

pelagic spawner, neutral buoyancy appears to be attained near the
 

end of yolk sac resorption. It is interesting that abnormal
 

inflation generally has not been reported in the larvae of demersal
 

spawning fish.
 

The histological description of the larval physoclistus swim
 

bladder provides the anatomical basis for at least two modes of
 

inflation. A temporary pneumatic duct exists during inflation in
 

many physoclistus larvae and may act as a passageway for gas
 

transfer from the digestive tract to the swim bladder (Johnston,
 

1953; Duwe, 1955; Schwarz, 1971). Ledebur (1938) prevented
 

inflation in Gasterosteus aculeatus by denying larvae access to the
 

surface and concluded that larvae accomplished inflation by gulping
 

atmospheric gas. The pneumatic duct in physoclistus larvae
 

eventually occludes and degenerates, however, little is known about
 

the timing of this event. The region of occlusion is located in
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the mucosa of the intestine in striped bass (Doroshov and
 

Cornacchia, 1979), largemouth black bass (Johnston, 1953), and
 

haddock (Schwarz, 1971). Scarcely any information exists
 

describing the functional significance, if any, of this structure
 

in physoclistus larvae. The larvae of two cichlids, Sarotherodon
 

mossambica and Hemichromis bimaculata, lack a pneumatic duct
 

(McEwen, 1940; Doroshov and Cornacchia, 1979).
 

Other evidence suggests a second possible mode: that
 

physoclistus larvae may secrete gas into the swim bladder during
 

initial inflation. The pronounced glandular epithelium observed in
 

tilapia, striped bass, largemouth black bass (Johnston, 1953), and
 

the haddock (Schwarz, 1971) is a transitory larval structure and it
 

may function as a larval gas gland. The cytomorphological changes
 

of the epithelium during inflation resemble morphological and
 

histochemical changes that occur in the hypersecreting gas gland of
 

the physoclistus adult. Inflation in the adult swim bladder is
 

characterized by the production of lactic acid in the gas gland,
 

accompanied by a decrease in both glycogen content and cell size
 

and by extensive vesiculation (See review by Copeland, 1969). A
 

marked reduction in the cell volume of the glandular epithelium 

occurs during bladder expansion in striped bass (Plate I), tilapia
 

(Plate II), haddock (Schwarz, 1971), largemouth black bass
 

(Johnston, 1953), and the green sunfish (Duwe, 1955). During
 

larval inflation in the striped bass and haddock, this epithelium
 

becomes vacuolated and acidophilic. Schwarz (1971) reported that
 

the larval swim bladder became less PAS positive after inflation,
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as seen in earlier work on the adult killifish, Fundulus
 

heteroclitus (Copeland, 1952). The cichlids Hemichromis bimaculata
 

and tilapia inflated their swim bladders although they were denied
 

access to atmospheric gas, and inflation appeared to be depressed
 

in tilapia under hypoxic conditions (McEwen, 1940; Doroshov and
 

Cornacchia., 1979). The above evidence suggests that the glandular
 

tissue is secretory and that inflation may be accomplished by gas
 

secretion in some physoclistus larvae.
 

Clearly, it would be valuable to understand the mechanism of
 

larval inflation and the effects of culture methods on this 

process. In many cases, pelagic larvae reared under artificial
 

conditions have demonstrated highly abnormal inflation. For
 

example, nearly an entire population of Psetta maeticus either
 

failed to inflate or developed excessive inflation (Spectorova and
 

Doroshev, 1976). Nash et al. (1977) reported excessive inflation
 

in the larvae of the grey mullet, Mugil cephalus. The percentage
 

as
of uninflated swim bladders in the larvae of striped bass may be 


high as 90%, but variations of 20 to 70% are encountered normally
 

(Doroshev, 1970).
 

We suggest that this anomaly in the development of pelagic
 

larvae may be common in artificial rearing systems and might
 

explain the second peak of larval mortality described for Mugil
 

,urema (Houde et al., 1976), Dicentrarchus labrax (Girin, 1975),
 

and Mugil cephalus (Nash and Kuo, 1975). Further work is in
 

progress to ellucidate both the mechanism of larval inflation and
 

the environmental conditions responsible for inducing swim bladder
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abnormalities during larval culture.
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Figure 1. (A) Resorption of the yolk sac (1), oil globule
 

(2) and growth in length (3) of the larvae of the
 

striped bass. Bars enclose 95% confidence interval
 

(B) 	Estimated specific gravity (1) and the percentage
 

of striped bass with inflated swim bladders (2).
 

Figure 2. Resorption of the yolk sac (1) and growth in length
 

(2) of the larvae of tilapia. Bars enclose 95% 

confidence interval. 
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Plate I. 	Larval swim bladder of the striped bass
 

(1) Day 5, posthatch, dark field (30X)
 

(2) Day 5, (300X)
 

(3) Day 6, .5pm section, toluidine blue (O00OX) 

(4) Day 5, dark field (30X)
 

(5) Day 6, (300X)
 

(6) Day 23 (350X)
 

Symbols: 
 sb, swim bladder; og, oil globule; i, intestine; n,
 

notochord; 1, lumen; ge, glandular epithelium; v,
 

vacuole; cp, capillary; pd, pneumatic duct.
 

Plate II. Swim bladder inflations in the larvae of tilapia
 

(1), (2) (3), Day 4, posthatch, (200X)
 

(4) Day 5, (70X)
 

(5) Day 6, (200X)
 

(6) Day 20 (200X)
 

Symbols: 	 ce, columnar epithelium; arrows indicate eosinophilic
 

material, see Plate I for the explanation of other sym

bols. 
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Development of the Swimbladder and Initial
 
Inflation in the Physoclistous fish Morone
 
saxatilis (Walbaum) J.W. Cornacchia Univ. 
Calif., Davis (Intr. by S.R. Wellings)
 

The swimbladder anlage in larvae of 
2.5 to 4.5 days posthatch develops into an 
enlarged fluid filled sac characterized by
 
a dilated translucent lumen. During this
 
process, a temporary pneumatic duct is
 
formed accompanied by morphogenesis of the 
inner bladder lining. Prior to initial in
flation, the cells of the glandular aspect

of the bladder epithelium develop complex
 
infoldings of the basal lamina in the
 
perivascular zone apically opposed by sur
face villi and laterally bounded by large

intercellular spaces. Lamellar bodies
 
appear in the cytoplasm and the inter
cellular spaces. The ultrastructure of the

cells resembles that of the hypersecreting
 
gas gland cells of the adult physoclistous

swimbladder during reinflation. However,
 
when larva are denied access to atmos
pheric gas they do not inflate their swim
bladders. The gas from over-inflated swim
bladders of three week old larva was
 
composed of 21.1% 02, This evidence
 
indicates that subsequent gas secretion
 
requires the dilation of the lumen fol
lowed by the ingestion of atmospheric gas.

(Supp. by AID/DSAN-G0102) 




