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ABSTRACT :

Oxygen affinity of the blood, Root cffect, blood pH and the number of hemo-

globins were studied in 12 species of marine fishes. A high correlation .betweerf oxygen a'ffmlty
and blood pH, activity level and pH were found. There was no sngn_:flc:mt c’hfferences in the
various parameters studied between the aquatic and aerial-aquatic breathing species.

RESUMEN:

Fn doce especies de peces marinos, se estudiaron los pardmetros sanguineos: afinidad

de la sangre por el oxigeno, el cfeco Root, el pH sanguineo y el nimero flc hemoglf)i;tmzs.
Se encontrd una alta correlacion entre la afinidad y el pH vy, entre éste y el nivel de acnyxda :
No se encontraron diferencias significativas entre los pardmetros estudiados entre las especies de

respiracion acudtica y las especies de respiracion aéreo-acuatica.

INTRODUCTION

Fishes represent an invaluable group of organisms
to study from a physiological point of view, how these
organisms are able to live in environments so different

fish do. Their distribution is limited by marked
Hluctuations of environmenral factors such as tempera-
ture, pressure, pH, salinity and oxygen availability.

In an earlier paper of this series (PEREZ e 4l.,
L981), we reported the hemoglobin concentration, he-
matocrit, number of red blood cells, mean corpuscular
hemoglobin, mean corpuscular volume, and mean cor-
puscular hemoglobin coacentration, in 12 species of
marine fishes. In species with aerial aquatic respira-
tion, large red blood cells, but fewer in number were
found, and in 10 species with aquaric respiration high
values of hemoglobin content were found. In the most
active species, a high number of small red blood cells
were found, characterized by a high conceatration of
hemoglobin. In this paper, we present the results of
some additional blood parameters, such as oxygen affini-
ty, Root effect, blocd PH and the number of hemoglo-
bins, in the same twelve species of marine fishes studied
earlier (PEREZ et al., 1981).

MATERIAL AND METHODS

12 species of adult, unsexed marine fishes were
used in this study. Two of these, Amphychthys cryp-
tocentrus and Batrachoides manglae (Batrachoididae)
present, in addition to aquatic respiration, aerial respi-
ration. The resf ot the species Mycteroperca rubra, M.
cidi (Serranidae); Lile piquitinga (Clupeidae); Ttra-
chinotus goodei (Carangidae); Haemulon bonariense;
H. steindachneri (Pomadasyidae); Abudefduf saxatilis
(Pomacentridae); Diplodus argentens (Sparidae); Ba-
listes vetula (Balestidae) and Gymmnothorax moringa
(Muraenidae ), have only aquatic respiration.

Fishes were collected in the Gulf of Cariaco and
near Margarita Island, in eastern Venezuela; inmedia-
tely after caprure, blood was collected after severing
the caudal peduncle. Specimens of G. moringa were
anaesthetized using 75 mg/l of ethyl - m - amino-
benzoate; the rest of the species were bled without
anaesthetic

The oxygen affinity and the Root effect of the
blood were calculated employing an Aminco Hem-O-
Scan oxygen dissociation analyzer, and following PoO-
WERS ez al. (1979). The gases employed were 250
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oxygen in nitrogen, and 10077 nitrogen. In order to
calculate the Root effect, a gas mixture consisting of
25% oxygen and 5,6 CO. in nitrogen was used. The
data are divided in four arbitrary categories following
FARMER et al. (1979), based on approximated percen-
tages: absent, less than 109 deoxygenation; low, 10-
209 deoxygenation, moderate, 20-400; deoxygena-
tion; and large, more than 409, deoxygenration.
The oxygen affinity was measured at two temperatu-
res; 20 & 30°C. Blood pH was measured employing
a Beckman microelectrode. In order to know the he-
moglobin electrophoretic pattern of each species, elec-
trophoresis in polyacrylamide, was used as given by
DAvis (1964). The samples were prepared according
to FYHN & SULLIVAN (1974). The hemolysate was
mixed with upper buffer which was 0.1 M in P. mer-
captoethanol and a small amount of sodium hydro-
sulfate, to make a final concentration of hemoglobin
of about 1 mg/ml. Carbon monoxide was bubbled into
this mixture, and the sample was then applied to the
gel. Gels were stained with a Coomassie Brilliant
Blue G250 (Sigma) in a perchloric acid solution
(MCFARLAND, 1977). The method to obtain hemo-
lysate was described by PEREZ & MACLEAN (1974).

In order to estimate the dependence of variables,
the coefficient of correlation was calculated for the
oxygen affinity, Root effect, and pH of the blood,
the number of hemoglobins and the activity level and

to know the variability between species, a variance
analysis including the Ducan test was applied.

RESULTS AND DISCUSSION

Based on our observations, fishes used in this
study were separeted into 8 levels of activity, begin-
ning with the most active species: 8 = L. piguitinga;
7 = T. goodei; 6 = H. bonariense and H. steinda-
cheneri: 5 = A. saxatilis; 4 = M. rubra and M. cidi;
D. argentens; 2 = B. vetula and 1 =
B. manglae and A. cryptocentrus.

G. moringa;

The results obtained for the oxygen affinity of
the blood (at 20 and 30°C) are expressed as P; va-
lues. The partial pressures of oxygen at which hemo-
globin is 509% saturated, are shown in Table I. The
highest affinity (lower value of Ps) was found in
B. manglae (at 20°C) and A. saxatilis (at 30°C) on
the other hand, the lowest oxygen affinity (higher va-
lues of Ps) was found in the clupeoid L. piguitinga.
The effect of temperature, which in generally lowers
the affinity, was very small in both species of toad
fish, and also in A. saxarilis. This effect was considera-
bly higher both in D. argenteus and G. moringa. As
Ri1Ges (1970) stated “The properties of fish hemoglo-
bins reflect adaptations not only to the metabolic rate,
but also to the prevailing external oxygen pressure:

TABLE 1. BLOOD PARAMETERS IN TWELVE SPECIES OF MARINE FISHES: OXYGEN AFFINITY (P,,) AT 20 AND
30°C, ROOT EFFECT, pH AND NUMBER OF HEMOGLOBINS (N° Hbs). THE MEAN = SD. IS INDICATED. THE
NUMBER OF SPECIMENS EXAMINED FOR EACH PARAMETER IS SHOWN IN PARENTHESIS.

Species P,, (20°C) P,, (30°C) Root Effect pH N° Hbs.
L. piquitinga 363+ 12 (3) 51.3 &+ 2.3 (3) moderate (2) 6.78 = 0.19 (11) 5( 49)
T. goode: 163 +=04 (2) 238+ 04 (2) moderate (2) 7.03 =011 ( 6) 6( 20)
H. steindachneri 19.7 = 0.8 (3) 27.7 =15 (3) moderate (3) 7.24 = 0.03 ( 4) 2 ( 35)
H. bonariense 18.7 = 1.2 (3) 294 + 2.1 (3) moderate (3) 7.27 £0.02 ( 4) 2025
A. saxatilis 129 + 0.2 (3) 15.7 = 0.6 (3) moderate (2) 7.37 = 0.06 ( 7) 1(¢ 15)
M. ruhra 21.7+09(2) 345 + 0.7 (2) large (2) 7.23 £0.10 ( 5) 2 ( 20)
M. cidi 227 +1.2(2) 330+ 0.7 (2) large (2) 7.25 = 0.07 ( 4) 2( 27)
D. argentens 23303 (2) 422 +05 (2) moderate (2) 730 =008 ( 7) 6( 15)
B. vetula 223+ 1.1(2) 32.1 =2.1(2) large (2) 7.40 = 0.06 ( 4) 1.(21)
G. moringa 163 = 1.8 (2) 34,5 = 0.7 (2) absent  (2) 6.96 # 0.16 ( 8) (1Y
B. manglae 12.0 = 1.7 (6) 18.3 = 1.5 (6) moderate (4) 740 £ 0.09 (19) 4 (133)
A. eryprocentrus 15.9 &= 0.5 (3) 18.6 0.6 (2) moderate (3) 7.35 = 0.07 (18) 7( 37)
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the hemoglobin must not only be capable of combi-
ning with oxygen ac the environmental PO., but also
of unloading the oxygen at pressure appropiate for
the tissue merabolism”. In general, it is possible to
generalize that very active fishes have hemoglobins
with lower oxygen affinity (high values of Ps) than
less active fishes (RIGGS, 1970). This seems to be
true in this study, but only for some species such as
L. pignitinga, G. moringa, B. manglae, A. cryptocentrus,
but no in others. For example, we would expect higher

values of P for T. goodei, A. saxatilis and lower Ps
for B. vetula; but, it must be pointed out that we are
dealing with species that belong to different phyloge-
netic lines and which may follow diverse adaptative
strategies. As is shown in Table II, the correlation
between oxygen affinity expressed as P;, and activity
was not significant at any of the two temperatures.
As one would expect, the correlation was very high
berween Ps, at 20 and 30°C, and was high but negative
with pH: low pH-high A Ps.

TABLE 1I. CORRELATION COEFFICIENTS BETWEEN BLOOD PARAMETERS AND THE ACTIVITY LEVEL (ART.)
SIMBOLS AS SHOWN IN TABLE I. 0.05=0.576; 0.01=0.708
Pg, (20°) P, (30°) Root PH N¢ Hbs. Act.
P, (20°C) 1.000
» 30-C) 0901 =% 1.000
Root 0.251 0.007 1.000
pH —0.437 —0.641* 0.400 1.000
N¢ Hbs. —0.102 —0.109 0.109 —0.031 1.000
Act 0.431 0.225 0.110 —0.584* —0.042 1.000

The shape of the curves, that relate the degree of
oxygenation of blood hemoglobin to oxygen pressure
has long been held to be very important. Mammalian
wvgen equilibrium curves are sigmoidal (n, the degree

chac this type of curve indicates a high unloading
oxygen pressure in the tissues relative to the loading
pressure in gills or lungs. The curves of many fish
are nonsigmoidal (GRIGG, 1974) with much lower
values of n. Any value of n above 1 is taken to indicate
the presence of cooperativity between at least some
of the oxgen binding sites (hemes). In the present
study, we did find sigmoid curves only in one species
L. piquitinga (n = 22), but in all cases n > 1:
A. saxatilis = 1.8; A. cryptocentrus = 1.7; T. goodei
= 1.6; B. vetula and G. moringa = 1.5; H. bonariense
and H. steindachneri = 14; D. argentens = 1.2; M.
ruba and M. cidi = 1.2.

JOHANSEN & LENFANT (1972) compared the
oxygen affinity of the blood of three species of water-

breathing fish with selected air breathers and found
that the affinity was lower in the last ones. However,
POWERS et al. (1979) in a large quantity of Amazonian
fishes belonging to 40 genera failed to find such dif-
ference. The obligate and facultative air-breathing fish
presented blood oxygen dissociation curves that fall
within the range occupied by the curves of the blood
of the water breathers. As in our data, the general
hypothesis that air breathers have lower oxygen affini-
ty than water breathers as an adaptation to an aerial
life was not true. As POWERS ef al. (1979) suggested
that perhaps the hypothesis in correct for amphibians
as found by LENFANT & JOHANSEN (1969) but for
a large variety of fish is less than compelling. JOHANSEN
et al. (1978) indicated that in fishes the trend is not
as clear, probably because of the diverse morphological
adaptations for breathing air.

Temperature is a very important factor in those
fishes from environments subject to either short term
or seasonal temperature fluctuations. For example,
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LENFANT & JOHANSEN (1968) compared the influence
of temperature on the oxygen affinity of the blood of
two species of fishes with aerial respiration, Protopterus
aethiopicus and Neoceratodus forsteri. They found that
the blood of P. aethiopicus that lives in a zone with
stable temperature, is sensitive to changes in tempera-
ture, while in N. forsteri, a fish that inhabits areas with
great variations in temperature, the blood is less sen-
sitive. On the other hand PEREZ et al. (1980) found
that the blood of Hoplosternum litterale, a siluriform,
with aerial respiration, presents blood even less sensi-
tive than N. forsteri to changes in temperature and
lives in a tropical environment. In the present research
the tempererature is stable. However, the responses in
oxygen affinity showed great variations: the toad fish,
A. saxatilis in one extreme with little changes; while
D. argentens and G. moringa in the other extreme with
great changes.

The Root effect (ROOT, 1931), the reduction in
oxygen capacity of the blood in response to CO, or
more properly to low pH, has been assumed to be a
mechanism to facilitate O, into the swimbladder
( FANGE, 1966). WILLMER (1934) found in some
South American fishes that the blood of the air breath-
ers was less sensitive to low pH than non-air-breathing
fishes; thus supporting the idea of CARTER (1931)
that the evolution of aerial respiration was preceeded
by the evolution of blood less sensitive to the presence
of CO, than in typical freshwater or marine fish. The
results obrained by FisH (1956); JOHANSEN (1966);
LENFANT et al. (1967); LENFANT & JOHANSEN
(1968): LENFANT et al. (1966) showed a similar
pattern: the greater the dependence of the lung fish
species on air breathing, the smaller the Bohr effect
(reduction of the affinity Hb-O, to low pH). In this
study, no significant differences were found between
the Root effect of fishes of aerial-aquatic and aquatic
respiration. The results obtained by the R.V. Alpha
Helix expedition to the Amazon River, FARMER e/ al.
(1979) also revealed that Roort effect in several species
of air-breathing fishes not in agreement with Carter’s
hypothesis. Moreover, they found a positive correlation
between the distribution of choroid retia mirabile in
the eyes and the Roort effect, but no relation was found
with the presence of a swimbladder rete mirabile.
Choroid rete is a vascular counter-current organ located
behind the retina of the eye, and is responsible in part
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for the maintenance of a high partial pressure of
oxygen due to the oxygen thac is liberated from the
hemoglobin by acidification of the blood. The choroid
rete is found widely distributed among teleosts and is
nearly always present in the superorder Acanthopterygii
(WITTEMBERG & HAEDRICH, 1974), which includes
most of the species of this study with the exception of
L. piquitinga, G. moringa, B. manglae and A. crypto-
centrus. Table 11 shows that Root effect is not signifi-
cantly correlated with the rest of the parameters, being
the highest correlation (not significant) with pH.

Blood pH was correlated significantly with oxygen
affinity (at 30°C), low pH was associated with high
values of Py. A high correlation between blood pH
and the activity level was found: highly active fishes
as L. piquitinga and T. goodei presented lower values
of pH. In contrast, the less active fishes as B. manglae

and A. cryptocentrus showed high values of pH, the
exception being G. moringa.

The number of hemoglobins (Table I & Fig. 1),
varies berween 1 in B. vetula and A. saxatilis and 7
in A. cryptocentrus. It has been suggested that multiple
hemoglobin could be related to an adaptative strategy
to cope up with thermal fluctuations in the environ-
ment (SULLIVAN, 1977). However the results of PE-
REZ & RYLANDER 1985) do not support this explana-
tion for the establishment of hemoglobin heterogeneity
in fishes. On the other hand, correlation between the
number of hemoglobins and the rest of the parameters
was very low (Table II).
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Fig. 1. Hemoglobin electrophoretic phenotypes of (from lefr

to right): G. moringa. L. piguitinga, B. manglae,
A. eryptocentrus, M. aidi, T. goodei, H. steindachneri,

A. saxatilis, D. argenteus and vetula, O indicates the
origen.
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