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Haemoglobin and size dependent constraints
on swimbladder inflation in fish larvae
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Summary: In developmental studies of fish species (especially physostomians) it could be demon-
strated, that the lack of haemoglobin during larval and juvenile stages is a relatively common phenom-
enon. Generally it is linked with body translucency. In representatives of the families Galaxiidae,
Osmeridae and Clupeidae, partly reared, partly observed immediately after being caught in the wild, it
turned out, that this condition coincides with a considerable delay in swimbladder inflation. To detet-
mine the moment of its first inflation, larvae placed in a hermetic chamber were observed under a
dissecting microscope. While lowering the pressure, the expanding swimbladder showed whether or
not its content is really gaseous. The reason postulated to be responsible for the delayed inflation is
that larvae lacking haemoglobin do not have the possibility of oxygen transport to their buoyancy
organ by means of the blood. Apart of this, capillarity force calculations and body force estimations
show that with decreasing size the constraints linked with surface tension increase overproportionally.
While in larger sized larvae like trout we could demonstrate inflation by swallowing air, in species with
small larvae this was not the case. Below a certain size, even in physostomians, the ductus pneumaticus
is no alternative to the blood pathway for swimbladder inflation.
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Zusammenfassung: Bei Untersuchungen der Larvalentwicklung von (hauptsichlich physostomen)
Fischen fiel auf, dass es zahlreiche Arten mit himoglobinlosen Larven- und Jugendstadien gibt, was oft
mit stark durchscheinendem Aussehen verbunden ist. Bei Vertretern der Familien Galaxiidae, Osmeti-
dae und Clupeidae konnte durch Beobachtung von aufgezogenen oder frisch gefangenen Larven gezeigt
werden, dass dieser Umstand mit einer erheblichen Verspitung der Gasbefiillung der Schwimmblase
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einhergeht. Durch Beobachtung in einer hermetischen Kammer unter einem Préiparier-Binokular, konnte
bei Herabsetzung des Druckes durch die entsprechende Ausdehnung der Schwimmblase die Gas-Natur
des Schwimmblaseninhaltes und der Zeitpunkt seines Erscheinens ermittelt werden. Die Verspitung
der Gasbefiillung der Schwimmblase duirfte an der Unfihigkeit liegen, in Ermangelung von Himoglo-
bin tiber das Blut Sauerstoff zum Auftriebsorgan zu fihren. Berechnungen der Kapillarkrifte und Ab-
schitzungen der Korperkrifte zeigten, dass durch Oberflichenspannung bedingte Krifte mit abneh-
mender Gro3e tiberproportional ansteigen, und sich der chrleitung von Luft tiber den Ductus pneu-
maticus widersetzen. Dies ist bei grofieren Fischlarven, wie wir bei Salmoniden nachweisen konnten,
nicht der Fall. Selbst bei Physostomiern ist der Ductus pneumaticus, wenn es sich um kleine Larven
handelt, keine Alternative zur Blutbahn fiir die Gasbefiillung der Schwimmblase.

Schlusselworter: Schwimmblase, Himoglobin, Oberflichenspannung, Fischlarven, Durchsich-
tigkeitssyndrom, durchscheinende Jungfische, kritische Lebensstadien

Resumen: En estudios sobre el desarrollo larvario de peces (especialmente fiséstomos) pudimos
observar que hay numerosas especies con larvas y juveniles carentes de hemoglobina, lo que va acom-
pafiado de un aspecto altamente translucente. En representantes de las familias Galaxiidae, Osmeridae
y Clupeidae, tanto criados como recién capturados, se pudo constatar que esto coincide con un apre-
ciable atrazo en el acto de inflar su vejiga natatoria. La presencia de gas en la vejiga natatoria, como su
punto de aparicién durante el desarrollo, pudieron ser demostrados en una cimara hermética, obser-
vando por un microscopio de diseccion la dilatacién al hacer bajar la presion. Sostenemos que la razén
del atrazo es, que a falta de hemoglobina son incapaces de transportar oxigeno por via sanguinea hacia
su 6rgano hidrostatico. Célculos de capilaridad como estimaciones de la fuerza corporal demuestran
que con una disminucién del tamafio las fuerzas de tension superficial aumentan sobreproporcional-
mente. Larvas pequefias, y la gran mayorifa lo son, no pueden vencer la tension superficial para llenar la
vejiga natatoria tragando aire, como lo hacen las relativamente grandes larvas de Salmonidae. En
larvas pequefias, frente al llenamiento por via sanguinea, incluso tratindose de fiséstomos, el ductus
pneumaticus no es alternativa para inflar la vejiga natatoria.

Palabras claves: Vejiga natatoria, hemoglobina, tensioén superficial, larvas de peces, sindrome de
translucencia, puyes cristalinos, etapa critica de desarrollo

1. Introduction
1.1. Observations leading to this study

The finding that some Galaxiid juveniles
have no red blood up to a length of 6 cm
(Busse 1993) was the initial spark, which
lastly led us to do this study. Observing di-
verse developmental stages of some repre-
sentatives of the family Galaxiidae a strik-
ing phenomenon became evident: The al-
most transparent and scarcely pigmented
Galaxias maculatus larvae which lack red
blood are widely retarded in their ability to
achieve neutral buoyancy, while the red-
blooded Brachygalaxias gothei larvae soon af-
ter hatching are able to inflate their swim-
bladder and become buoyant. We observed
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larvae available of some other groups such
as Osmeridae and Clupeidae, which also
have transparent larval or juvenile stages,
realizing a similar delay of buoyancy swim-
ming, All seem to have constraints in their
ability for their initial filling of the swim-
bladder with gas. We suspected a close re-
lationship between haemoglobin and swim-
bladder inflation, even though they are phy-
sostomian fishes, which commonly are
thought to inflate it by gulping air and con-
ducting it via their ductus pneumaticus.

1.2. A gap in knowledge and possible
reasons

Physiological mechanisms of the swimblad-
der inflation and regulation of adult or at



