Secondary lamella

Primary lamella

Direction of
water flow

Constrictor

Hierla blood flow
Buccal
chamber \ Gill skeleton Efferent blood vessal
] (C)
Blood =
vessels = S Septum  Primary
\ : % Water flow ~ Secondary /
B \ o lamella
AN == Opercular
%ﬁ chamber
(o
Primary -d"" == Secondary
lamellae ®) 3 lamellae Direction of
water flow

Direction of
blood flow

(E) D)

Adapted from Eckert et al. 1988.



Blood flow is opposite the direction of water flow over the gills

(countercurrent flow)
water — 200 100 20

(parallel flow)
water— 200 100 100

results in greater
extraction of oxygen
than parallel flow
because blood passing
through the lamellae 1s
continually being
exposed to water with a
higher oxygen
concentration

up to 90% efficient
under favorable
conditions



stages 1n pumping;:
close opercles, open mouth
¢xpand buccal and opercular cavity - to pull water into mouth
close mouth, open opercles (more negative pressure in opercular
cavity)
scontract buccal cavity - to push water over gills
scontract opercular cavity

to force water out gill opening

Mouth or oral valve Mouth or oral valve
open closed

Buccal chamber
contracting
(pressure positive)}

Opercular
chamber
expanding
{pressure
negative)

ol

Opercular

Opercular e
valve open
closed

Suction pump phase Pressure pump phase

Adapted from Hildebrand 1988,
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FIGURE 5.1 Cross-sections of swimbladders or lungs (as viewed from the
anterior end) showing relationships to the digestive tract in various fishes. Many of
these fishes (C-G) can use the swimbladder or lung as an air-breathing organ (see
Chapter 3). A. Typical (water-breathing) phystoclistous species. B. Typical (water-
breathing) phystostomous species. C. Gars (Lepisosteus spp.) and bowfin (Amia
sp.). D. Climbing perches ( Erythrinus sp.). E. Australian lungfish (Neoceratodus
sp.). E. Reedfish (Erpetoichthys sp.) and bichirs (Polypterus spp.). G. African and
South American lungfish (Protopterus spp. and Lepidosiren sp., respectively).
Adapted from Dean (1895) and Graham (1997).

Swimbladder



Respiratory membrane

Respiratory
memi}:_rane

Arborescent
organ

Respiratory
fan

First gill arch Second gill arch Third gill arch Fourth gill arch

— Labyrinthine plates

(B)

(A) Adapted from Munshi 1976.(B) Adapted from Peters 1976.




(A) (B)

Bohr Effect Higher pH Root Effect

Lower pH Higher pH

Lower pH

% Hemoglobin Saturation
% Hemoglobin Saturation

Partial Pressure of Oxygen (pO,) Partial Pressure of Oxygen (pO.)



% Hemoglobin Saturation
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At the Tissues

Go;

O,

Tissues

Plasma

At the Gills
0, CO,
T Water
J Plasma
H,O +CO,

- : - Hoasco,
. | Red
Blood
Cell




To liver
—_—

Rete

To heart
Gas space

Esophagus
Prneumatic duct

(A)

pH=76
Lactate = 4.6 mmol/l
pCO» =0.009 atm

Q}g =0.06 atm

Gas gland
(gas secretion)

Qval
esvee.....(gaS resorption)

‘\\ O, HY  lactate
/ | | |

v '
/’

Lactate = 2.6 mmol/l
pCOo =0.005 atm
pO2 =0.05 atm

(©)

= P RS e
(gas secretion)
(B)
pH=7.1
Lactate = 7.9 mmol/|
pCOp =0.082 atm
pOo =0.39 atm
CO, /
| CO 1>
v V0,
\ 4 Lactate

pH=7.3 1 CO,

Lactate = 5.5 mmol/l
pCOs =0.041 atm
pOp =0.37 atm

(3as bladder

Gas bladder lumen

wall

(A}, (B) After Eckert et al. 1988, Data presented in (C) are for eels (Anguifla), from Kobayashi et al. 1989, 1990.



C=E+R+P

INPUT OUTPUT

not digested

Consumption (C) feces Excreta (E)

urine

/

excretion of metabolic wastes

Assimilated
energy

used for assimilation

\ specific

__———" dynamic action

used for digestion,

| __—— transport, storage
standard Respiration (R)
metabelism
Metabolizable \
s active
metabolism
\ repairs
Production (P)

growth

reproduction

Adapted from Videler 1993.



