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CONCLUDING REMARKS.
The principal results of the present paper ma)' be briefly 

summarized as follows.
It is an astonishing fact that both in a rapidly breathing fish 

like the trout and in the much more slowly breathing eel, as 
much as 80 per cent. of the oxygen is withdrawn from the in- 
spired water during its passage over the gills. In fact, three 
important features co-operate to render the gill-apparatus of 
fishes highly efficiënt:

(a) the respiratory water comes into intimate contact with 
the gill-lamellae;

(b) blood and water flow past each other according to the 
counter-current principle2;

(c) the respiratory current flows continuously and not inter- 
mittently over the gills. Since, of course, in the case of a con- 
tinuous current the time available for gas-exchahge is greater 
than if the same amount of water were to pass discontinuously, 
the water can be more completely utilized.

In Arenicola the utilization is lower than in fishes, viz. 30—50 
per cent. In Nereis it ranges from 20—75 per cent.

It need occasion no surprise that in normat water the utiliz
ation in these worms is in general lower than in fishes, since 
in the former the gills are rather poorly developed (Arenicola) 
or are even lacking (Nereis), whereas in the latter a highly de
veloped gill apparatus is present.

Since in man the utilization percentage is about 25 per cent., 
it seems probable that as a general rule the utilization percent
age in gill-breathing animals is much higher than in lung-breath- 
ing animals. This is of great importance for aquatic animals. 
Since the oxygen content of 1 L. of water is approx. 30 times 
as low as that of 1 L. of air, a fish which had a utilization of 
only 25 per cent. would require a ventilation volume 30 times 
as large as a mammal consuming the same amount of oxygen. 
As, however, the true utilization is approx. 75 per cent., its ven
tilation volume in reality need only be approx. 10 times as 
large. This, however, still requires a great deal of work, since 
the specific gravity of water at 18 °C. is as much as 823 times
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as largc as that of air. For this reason it is clear that during 
dyspnoea the increase in oxygen consumption resulting from 
the extra vvork done by the respiratory muscles is greater in the 
case of gill-breathing fhan in that of air-breathing animals.

In trout and especially in eel the utilization percentage is 
not affected by a rise in temperature nor by a fall in oxygen 
content through a fairly wide range. Two factors will balance 
each other up to a certain velocity of the respiratory current, 
viz.:

(a) an accelerated ventilation, tending to lower the utiliz
ation percentage; and

(b) an accelerated circulation of blood (which, moreover, rnay 
become steadily poorer in oxygen) tending to increase it.

It is surprising that in the eel the utilization percentage does 
not decrease until the oxygen content of the water has fallen 
below 25 per cent. of the normal value, in Arenicola and Nereis, 
even, not until it has fallen below 5 per cent. of the normal 
value. These figures form a striking proof of the great affinity 
of the haemoglobin of these animals for oxygen.

In eel and trout carbon dioxide caused the utilization to fall 
considerably and at the same time produced a dyspnoea.

C02 might act in two ways, viz.:
(1) by stimulating the respiratory centre, thus producing a 

dyspnoea, which tends to lower the utilization;
(2) by decreasing the affinity of the haemoglobin for oxygen, 

i.e. by lowering the utilization percentage, thus producing 
oxygen lack, which in turn causes a dyspnoea.

It is not yet possible to decide between these two possibilities.
It is very remarkable that an eel in well-aerated water often 

ventilates only one side of its gill-apparatus. As far as I am 
aware a similar mode of ventilation is not known to occur in 
any other animal.

In normal water of about 17°C. cutaneous respiration in the 
eel must be considered to be of little or no importance: no in
crease in oxygen intake through the gills can be detected when 
cutaneous respiration has been made impossible.

The normal utilization percentage in Anoclonta amounts to 
only 2—10 per cent. This very low utilization need occasion 
no surprise since the animal forces a strong current of water
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through its gills in order to obtain a sufficiënt quantity of food; 
as far as oxygen supply is concerned a much slower current 
would be sufficiënt. For this reason the utilization percentage 
in filterers must be expected to be in general much lower than 
in other gill-breathing animals.

Like Myci arenaria, Anodonta pays off an oxygen debt (i.e., 
increases its oxygen intake) chiefly by means of a greatly in- 
creased utilization; in contrast with this Anguilla, Salmo, Are- 
nicola and Nereis increase their oxygen intake only by means 
of a greatly increased ventilation volume. Probably, in filterers 
the normal water current is already practically at its maximum; 
hence the fact that the utilization is so low. Only by increasing 
their utilization can they take in more than the normal amount 
of oxygen.

In non-filterers, on the other hand, the utilization is normally 
always at its maximum, or in other words, the ventilation volume 
is at its minimum. Only by increasing their ventilation volume 
can they take in more oxygen.

It is evident that for filterers a large ventilation volumie is 
desirable (food supply); for other gill-breathing animals a high 
utilization is more desirable (restriction of the amount of work 
done by the respiratory muscles).

Intermittent ventilation was found to occur in various aquatic 
animals. This phenomenon is probably of more common occur- 
rence than is at present known.

All experiments, except those on Arenicola and Nereis, were 
carried out at the Zoological Laboratory of the University, 
Groningen, Holland.

I wish to express to Professor Dr. E. H. Hazelhoff, the 
Director of the Laboratory, my profound appreciation of the 
many suggestions and valuable criticisms he offered during the 
progress of the work and the preparation of the manuscript.

The experiments on Arenicola and Nereis were carried out at 
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