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pH 8.0 pH 7.0

Fig. 3 a. Migration of Hb at various pH values. 1. Abramis brama, 2. Leiiciscus ratilus,
3. Perea fluviatilis, 4. Esox lucius, 5. Esox lucius, 6. Perea fluviatilis, 7. Leuciscus rutilus,
8. Abramis brama.

of H8BO3 in the solution and there was also a distinct temperature variance
between the tests which was caused by increased electrical conductivity of
the buffer.

Whole fish blood has been found by the writer to be in pH range 6.9 to 7.1
depending upon the species. Upon standing for some minutes, the whole blood
of Esox lucius changed pH to a somewhat higher value (7.0 to 7.5 after
10 minutes). A determination of the pH of the various species has not been

pH 6.0 pH 5.0

Fig. 3b. 9. Abramis brama, 10. Leuciscus rutilus, 11. Perea fluviatilus, 12. Esox lucius,
13. Lucioperca sandra, 14. Esox lucius, 15. Perea fluviatilis, 16. Abramis brama.
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Fig. 3c. 17. Lucioperca Sandra, 18. Esox
lucius, 19. Perca fluviatilis, 20. Leuciscus

T erythropthalmus.

pH 4.0

attempted by the writer, nor has a determination of the isoelectric points
been made. Blood proteins have molecular electrical charges and the magni-
tude of these charges vary depending on the protein and the distance of the
pH value of the buffer from the isoelectric point, i.e. the point where the
electrical charge of the protein molecule corresponds to the field strength
of the medium (in this case the agar slide).

The results obtained in Figure 3 may therefore indicate that some species
have differing isoelectric points. It may be seen that as the pH value lowers,
the migration of the Hb is materially effected; Esox lucius being less effected
than Perca fluviatilis. Lundgren and Ward (1951) report that migration
of antibodies isolated from a number of animal serums vary in direction
and speed depending upon pH of the solution, and that the serums had
isoelectric points varying from 4.4 to 58. At low pH (3.1) some serums
migrated to the plus pole and at higher pH to the negative pole during
electrophoresis.

Rate or speed of migration seems also to be somewhat influenced by the
concentration of Hb in the sample and this in turn influences the degree of
separation obtained in a given distance. Thus samples containing “optimum”
amounts of Hb will migrate at different rates than samples containing higher
or lower concentrations as may be seen in Figure 4. From right to left, the
pits were charged with “full strength” Hb, Hb diluted one-half and to one-
fourth of the concentration in the original sample. Figure 5 illustrates the
effects of Hb concentration from “full strength” to very low concentrations
in the migration of Coregonus albula Hb. In lower concentrations, the faster
migrating components, present in very small amounts, do not represent a very
distinctive pattern. It will be noted, however, that the components shown
in Figure 5 have all migrated at about the same speed and there is not the
extreme variation as seen in Figure 4. This is because the orignal concentra-
tion of Hb in the sample from Coregonus albula was low.

This species, among others, dies very quickly when caught in gill nets
and it was difficult to obtain adequate numbers of fish when the experiment
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Fig. 4. The effect of concentration on migration of Hb. The three pits to the right con-
tain Lucioperca sandra Hb, to the left Esox lucius Hb in varying amounts.

was made. The Hb of this species apparently degrades very soon when the
fish is held motionless by the net. The Hb of very sensitive species may also
undergo a change from the oxyhaemoglobin to the methaemoglobin form of
the haemoglobin molecule while the fish is still alive. Presumably oxygen
deficiency or other physiological factors could cause this to happen. In most
instances, Oxy Hb does not change to Met Hb until after the material has
stood for a time; warming hastens this change also. In the Met form the

Fig. 5. The effects of very high dilution on migration of Hb of Coregonus albula. Each
pit, from right to left, received one-half the amount of Hb placed in the preceeding pit.
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Fig. 6. Hb of Lota lota. The | fraction is followed by a small amount of 1- fraction. (Time
of migration 480 Min.)

oxygen is more closely bound to the molecule, but just how this effects
mobility is not clear.

The condition of the fish (other than oxygen deficiency) prior to the blood
samples being taken might also have some bearing on the number of Hb
fractions which will show up in electrophoresis. Starvation seems to have
little effect in this connection, since a comparison of Hb from freshly caught
fish and fish held without food for several weeks indicates little change
in the Hb takes place. Hashimoto and Matsuura (1959) report that regard-
less of the individual or sex, the components of salmon (Oncorhynchus
ketd) Hb were found to be present in almost constant ratio. The present work
is in complete agreement with these findings, in that all fish examined
maintained characteristic species patterns and percentage ratios when
adequate and equal samples were compared.

All of these factors suggest that the number of Hb fractions reported for
fish species to date, and including the present paper, are minimum numbers
and it is very likely that some species have a higher number of Hb fractions.

4. Terminology of Hb Fractions

As far as is known to the writer, Hb fractions have only been termed
I, I, Ill, or F for “fast” component and S for “slow” component, as used
by Hashimoto and Matsuura. In most of the fish tested by the writer, Hb
seems to migrate as a large, slow moving fraction with perhaps one or more
faster migrating fractions which vary in percent of total Hb in the sample.
This seems to occur in the majority of cases when fish have at least two
Hb fractions. In one species (Fig. 6) the large fraction although moving very
slowly, has a small trailing fraction which migrates even slower. So far,
Lota lota is the only species in which this has been observed to occur. It is
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Fig. 7. The differential migration of six species of fish. 1. Lucioperca sandra, 2. Leuciscus
erythropthalmus, 3. L. rutilus, 4. Salmo fontinalis, 5. Perea fluviatilis, 6. Abramis brama.
Duration of electrophoresis 420 minutes.

proposed, therefore, to term the large, slow moving fraction “I” and a
smaller, but slower migrating fraction as “1 . Thus | will refer to the large
fraction which is nearest the starting point, and Il or Il refer to fractions

which migrate at somewhat higher velocities.

5. Results and Discussion

After the Hb of a number of species had been investigated it became
evident that the Hb of each species migrated at a definite velocity, other
factors being equal. Figure 7 illustrates the differential migration of six
species of fish. Figure 8 duplicates the same experiment with some of the
species replaced with others. It may be seen that perch (Perea fluviatilis)
shows only one Hb fraction to be present in its blood (see following pages)
and this fraction tends to migrate at the same relative speed in both figures.
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Fig. 8. The differential migration of six species of fish Hb. The relative positions of

numbers 2, 3, 5, 6, remain the same as in Fig. 7. 1. Esox lucius, 2. Leuciscus erythropthal-

mus, 3. L. rutilus, 4. Tinea tinea, 5. Perea fluviatilis, 6. Abramis brama. Duration of
electrophoresis 420 minutes.

In order to determine the difference, if any, in the migration of Hb from
different individuals, the Hb of six specimens of the same species was tested.
Figure 9 shows that there is very little apparent difference in the rate of
migration between individuals. In this instance, the quantity of Hb in each
sample was controlled by comparing each sample to a color standard, and
diluting the sample until visual uniformity of samples was obtained.

Species showing homogeneous Hb

To date, five species of fish seem to have homogeneous Hb. It must be
emphasized, however, that there could be two or more Hb fractions present
which migrate at much the same speed and therefore would seem to migrate
as one homogeneous band. The closely related species Leuciscus rutilus and
Leuciscus erythropthalmus are interesting in that the one fraction present in
the Hb migrates with exactly the same velocity (Fig. 10). A number of tests
made with Hb of these two species show complete uniformity in all cases.
Perea fluviatilis and Tinea tinea (Fig. 7—38) also show only one apparent
Hb fraction in a series of tests involving a number of specimens.
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Fig. 9. The migration of Hb
from six different indivi-
duals of Coregonus nasus.
Each sample was of uni-
form Hb concentration.

Because only one specimen of the goldfish (Cyprinus auratus) was tested
(Fig. 11), the finding of a single Hb fraction is not thought to be conclusive.
Hashimoto and Matsuura (1959) report finding two Hb fractions in one
carp (Cyprinus carpio) and only one fraction in a sample from another
fish (Table 1.). In this instance, the test having only one Hb fraction was

made with Met-Hb.

Fig. 10. Four tests which show the uniformity of migration in Leuciscus erythropthalmus
(E) Hb, and Leuciscus rutilus (R) Hb.
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Fig. 11. Hb patterns of two Cyprinid fishes, Cyprinus carassius, to the right of the Figure,
has two Hb fractions. Cyprinus auratus, to the left, does not show indications of having
more than one Hb. Duration of electrophoresis; C. auratus 7 hours, C. carassius 8 hours.

Species showing dual Hb

Very likely the cyprinid fishes have at least two Hb fractions; the results
obtained with Cyprinus auratus and the carp which showed homogeneous
Hb not withstanding. The closely related cyprinid, Cyprinus carassius (Fig.
11), has in all tests to date shown the presence of two components which
migrate at almost equal velocities. Fraction Il requires a long time (7—38
hours) to migrate through fraction | to become apparent as a less dense
leading element. The limitations of the apparatus prevented unusually long
runs which might have resulted in a complete separation of the fractions.

A group of 13 species have been found to exhibit evidence of at least two
distinct Hb fractions (Fig. 12). The two Abramis species are of particular
interest. Abramis brama and Abramis blicca have two Hb fractions each, but
the Il fraction of Abramis blicca migrates twice as fast as the Il fraction of
Abramis brama. The | fraction of both species migrates at the same speed
and seems to be of approximately the same percentage of the total Hb in
the sample. Species differentiation can always be made when the Hb of the
two species are placed side by side in the same electrophoresis run.

The reason for the differential migration of the Il elements in these very
closely related species (natural hybridization seems to occur frequently in
some lakes) is not apparent at this time. If the difference should be due to
the Il fractions having differing isoelectric points, however, then there is
a very great possibility that all closely related species (Leuciscus rutilus and
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Fig. 12. Hb patterns of nine species of fish having two fractions. Time required for

migration as shown follows species name. 1. Cyprinus carassius 8 hours, 2. Lucioperca

sandra 4 hours, 3. Abramis brama 8 hours, 4. Abramis blicca 8 hours, 5. Lota lota 7 hours,

6. Lucioperca sandra 8 hours, 7. Esox lucius 8 hours, 8. Acerina cernua 10 hours, 9. Cottas
poecilopus 5 hours, 10. Phoxinus phoxinus 8 hours.

L. ergthropthalmus for instance) having almost identical Hb characteristics
can be differentiated by pH manipulation. If the pH of the medium should
be adjusted close to the isoelectric point of one species, the Hb of the related
species may continue to migrate, thus indicating some degree of species or
race distinction.

Lota lota Hb has a pattern upon electrophoresis that seems to be confined
to this species alone; at least it has not been observed in any other species
studied to date. The | fraction of most species contains the largest percentage
of the Hb found in the sample; this is nearly always the slowest moving
fraction. In Lota lota Hb, the I fraction is trailed by a I*“ fraction which
contains only a small portion of the total Hb in the sample. (Fig. 12). This
trailing I- fraction is thought not to be just an artifact which happens to be
left in the medium after the main body of Hb has passed through. This
has never happened with Hb of other species, but always occurs when
Lota lota Hb is electrophorized.

The Hb of Lucioperca sandra and Esox lucius (Fig. 12) was tested a
number of times before a satisfactory separation was obtained. The Hb of
these species has been found to be extremely sensitive to aging and must be
subjected to electrophoresis soon after it is obtained from the living fish.
The agar medium must also be maintained at a low temperature while the
run is in progress. In a number of instances, Hb samples from these species
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were not held ice cold while they were being washed and centrifuged, and
consequently the Il fraction, which migrates only slightly faster than the |
fraction, did not separate discernably. It seems likely that Oxy-Hb of these
species changes very quickly to the Met form upon warming. Specimens
tested later in the spring did not seem to have this tendency, probably
because the lake water (and fish body temperature) was considerably warmer.

Acerinci cernua, Phoxinus phoxinus and Cottas poecilopus are small species,
thus a number of each species had to be combined in order to obtain adequate
quantities of erythrocytes for analysis. Presumably the method of obtaining
blood, i.e. letting the fish swim about in citrated saline while they bled,
resulted in all Oxy-Hb changing to Met-Hb. In every instance a number of
tests (with the same samples) gave uniform results (Fig. 12) and the three
species showed differing, but consistant Hb patterns. In Cottus poecilopus
and Acerina cernua Hb, the Il fraction migrates from two to three times
faster than the | fraction. Phoxinus phoxinus Hb seems to be characterized
by a very small Il fraction which migrates only slightly faster than the |
fraction.

Two or possibly three salmonid fishes have been tested which show only
two Hb fractions in their blood. This is surprising because the majority
of the salmonids investigated show at least three distinct Hb fractions upon
electrophoresis. Hashimoto and Matsuura (1959) report that they obtained
only two distinct fractions upon electrophoresis (Starch and free-electro-
phoresis, and other methods) of Hb from a species of Pacific salmon (Oncor-
hynchus keta). The writer would have suspected his own results if it were not
for the confirmation that some salmonids have only two Hb fractions. The
various analytical methods of the above named authors, in checking the
results of their own electrophoresis findings, make the presence of dual Hb
in some salmonids indisputable. The | fraction of Oncorhynchus keta is
reported to contain 55 %, and the Il fraction 45 % of the total Hb in the
sample (see table 1.).

The Atlantic salmon (Salmo salar) investigated by the author also seems to
have only two components (Figures 1—13) and the percentages of Hb in each
fraction are in close agreement with corresponding percentages given for the
Pacific species named. The Atlantic salmon studied had been living in a
hatchery for 10 years since the fry stage. Sea-run brown trout (Salmo trutta
trutta) and the landlocked form (Salmo trutta lacustris), of the same age
as the salmon, were also present in the hatchery. These fish had been reared
in the same water, received the same food and had an environment in com-
mon which was the same in every conceivable way. A most surprising devel-
opment occurred when the Hb of the three species (forms) was investigated
(Fig. 13). The Hb of Salmo salar and Salmo trutta trutta consistently showed
only two distinct fractions, while Salmo trutta lacustris always produced
three distinct Hb fractions. The Il and Ill fractions migrated very close
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Fig. 13. Hb patterns of 1. Salmo trutta fario, 2. Salmo salar, 3. Salmo trutta trutta, 4. Salmo
tratta lacustris. Duration of electrophoresis in 1, 2, 3, was 8 hours; number 4 was 3 hours.

together, but separated from the | fraction very soon after electrophoresis
had begun. This seems to be usual in other salmonid species studied (possible
exceptions being Coregonus albula and Thymallus thymallus). Salmo trutta
trutta Il fraction also migrates at a relatively faster rate than the IllI
fraction of Salmo trutta lacustris.

When the differences between the two forms of brown trout were seen, it
was of some interest to learn if Hb of the brook form (Salmo trutta fario)
would migrate as two or three fractions. Subsequently two small specimens
were obtained from Semlanan, a small stream which supposedly contained
S. trutta fario, and the combined blood subjected to electrophoresis. The Hb
of these fish migrated as two fractions much resembling those of S. trutta
trutta. It must be noted, however, that there is a hatchery near the stream
and it is not certain under the circumstances if the specimens tested were
“genuine” S. trutta fario, or were in reality small S. trutta trutta which had
escaped from the hatchery. The hatchery manager asserted that fish from
the hatchery had not been stocked in the stream, but since the factor of fry
escaping is a possibility, the data on S. trutta fario must be considered incon-
clusive until fish of known origin are examined.

The sea-run and landlocked forms of the brown trout studied, were off-
spring of fish of known parentage, thus the difference in both number of
fractions and the speed of migration of fractions points up some interesting
theories. There has been a difference of opinion, dating back many years,
as to whether the fish are separate species or merely the same species having
forms which may or may not migrate to sea.
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Schnakenbeck (1940) investigated the juvenile development of the three
Salmo trutta forms (among other species) and is of the opinion that there
are discrete, but definite differences present. He considers S. trutta trutta
and S. trutta fario to be more similar in juvenile development than they are
to S. trutta lacustris, but that all three species have progressed quite some
distance along the path of divergent evolution. Otterstrom (1936), on the
other hand, is of the opinion that the forms are not yet completely separated,
but that S. trutta trutta and S. trutta fario are also more closely related to
each other than they are to the landlocked form S. trutta lacusris. Alm
(1948) and Fabricius (1953) are of the opinion that there exists no principal
inherited difference between the forms, and that differences are the result
of environment (Alm) or food supply (Fabricius).

It is noteworthy, in this connection, that in North America where the brown
trout (Salmo trutta fario) has been introduced, the form does not grow very
large; 3—-5 kilo being a very large fish. Many rivers and small streams flowing
into the Great Lakes and other large bodies of water contain populations of
S. t. fario, but no population of very large, lake dwelling brown trout similar
to S. t. lacustris has developed. In large Swedish lakes S. t. lacustris reaches
a considerable size and weight; specimens of 5 kilo being relatively common
and fish up to 15—16 kilo are not infrequently encountered here and in other
areas of Europe where large lakes are found.

Whether S. salar, S. trutta trutta and S. trutta fario have a third Hb fraction
which migrates at much the same velocity as the Il fraction, and thus is not
readily evident, must be determined by future studies on the three species.
It would seem highly probable that a third fraction is present (at least in the
S. trutta forms) in light of the results obtained with Fib of the other members
of this family.

Species with multiple Hb

Of the species of fresh-water fish studied to date, only the salmonidae
exhibit more than two distinct Hb fractions in electrophoresis. Seven species
of salmonid fishes have been found to have heterogeneous Hb which contains
three distinct fractions. Hashimoto and Matsuura (1959) report that an
eighth species, the rainbow trout (Salmo iricleus) (See table 1) has three Hb
fractions also; the Il and Ill fractions migrating comparable to the corres-
ponding fractions of the species studied by the present writer. Unfortunately,
the Hb of the species shown in Figures 13—14 were not electrophorized under
exactly the same conditions and therefore the results cannot be accurately
compared in regard to absolute rates of migration.

In almost all instances, the Il fraction quickly separated from the | fraction,
and after a short time the Ill fraction migrated through the Il fraction, to
become a distinct band. It is noteworthy that the Hb fractions of the North
American char Salmo (Salvelinus) fontinalis and the Swedish specimens of
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Fig. 14. Hb patterns of five species showing multiple Hb fractions; duration of electro-

phoresis follows species name. 1. Salmo (Salvelinus) fontinalis 8 hours, 2. Salmo (Salve-

linus) alpinus 7 hours. 3. Coregonus nasus 4 hours, 4. Coregonus oxyrhynchus 4 hours,
5. Coregonus albula 10 hours.

Salmo (Salvelinus) alpinus migrate at approximately the same speed, but
the separation of the Il fraction takes a longer time in S. fontinalis (Fig. 14).
A comparison of the Hb of northern S. alpinus with Hb of a large char form
(sometimes named S. salvelinus salvelinus) from Lake Vattern in southern
Sweden, show some differences. Due to circumstances, it was impossible to
obtain fresh material from both forms at the same time and thus test the
Hb simultaneously. The stored Hb from Vattern char had been frozen for
several months and undoubtedly changed from Oxy-Hb to Met-Hb. A com-
parison of S. alpinus Oxy and Met-Hb (same sample stored some days
in refrigerator) (Fig. 15) shows that although all fractions are present
in the Met sample, the time of separation and other characteristics have
materially altered. The Il and Ill fractions of Met-Hb did not separate until
the sample had been undergoing electrophoresis for 12 hours and had
migrated some five cm. from the starting point. The two leading fractions
also never became very distinct bands, but showed two areas of higher
concentration in the same band.

A comparison of Met-Hb from northern and Vattern char (Fig. 16) is

13
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Fig. 15. A comparison of fresh Oxy-Hb and Hb
which had been stored in a refrigerator for several
days and changed to Met form. Duration of electro-
phoresis, 7 hours for Oxy-Hb, 12 hours for Met-Hb.

Oxy-Hb Met-Hb
Salmo alpinus

not thought to give clearly distinctive patterns which might point up any
species (or race) difference, and so conclusions as to species or racial differ-
ences in these fish are not possible at this time.

The Coregonine fishes studied (Fig. 14) show, depending upon the species,
some variance in electrophoretic pattern. Coregonus nasus and Coregonus
oxyrhynchus have very similar patterns and the two leading Hb fractions
of both C. nasus and C. oxyrhynchus separate from the | fraction and are
distinct as separate bands after 15—20 minutes of electrophoresis.

The two leading fractions of Coregonus albula Hb, however, migrate at
very nearly the same speed (Fig. 14) and do not separate into more or less
distinct bands until after a long period of electrophoresis. The Il and Il
fractions act very much like samples of Met-Hb (as seen in Vattern char, for
example) and are apparent only as an area of greater density in the same
band where the two fractions overlap. This may be due to the factors
mentioned in the chapter discussing methods.

Because only one species of grayling (Thymallus thymallus) is found in
Europe (other species or races being found in central and northern Russia
etc.), the Hb pattern of this species is comparable only to the Hb of other
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Fig. 16. A comparison of Met-Hb from northern and
Véttern char. Duration of electrophoresis 8 hour.

Véttern northern
char char

salmonid fishes in general. Grayling Hb conforms to the majority of the
salmonids in having three Hb fractions (Fig. 1). In the samples examined,
the two leading fractions did not separate until they had migrated a long
distance together, and then did not become really distinct bands.

Conclusions

During the investigation an attempt was made to obtain as many related
species as possible in order to examine the possibility that the Hb of fish
might show some family or generic similarity in over-all pattern. Un-
fortunately the limited number of species available during the survey provides
only a provocative hint of some possible family of generic relationships.

The salmonidae have been the largest group investigated by the writer to
date, and all indications point to the family having multiple Hb of at least
two or three fractions. Of the thirteen salmonid species (or forms) studied
or reported by the available literature, nine species show three Hb fractions
and four species (or forms) have but two Hb fractions. The interesting point
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Table 11.
Fish Species Number of tests Number of Hb present

CYPRINIDAE

Leuciscus rutilus ...,
Leuciscus erythropthalmus
Abramis brama ...
Abramis blicca ...
Phoxinus phoxinus . .
Tinea tiNea ...
Cyprinus carassius
Cyprinas auratus ..
(Cyprinus carpio)

GAD1DAE
Lota 10ta ....cccoooveecccccceeee s 3 0

PERCIDAE

Perea fluviatilis.....
Lucioperca sandra . .
ACErina CErNUA .....ccocevvceieeeeeee e

ESOC1DAE
ESOX [UEIUS L..oooieieciiieiiiieccee e 5

COTTIDAE
Cottus poecilopus ........ninnnnnnes 11

SALMONIDAE

Salmo Salar ...
Salmo trutta trutta
Salmo trutta 1acustris ...
Salmo trutta fario (?) .
Salmo (Salvelinus) fontinalis
Salmo (Salvelinus) alpinus....
Lake Vattern char........cnnnnns 1
COregonuS NASUS ..o

Coregonus oxyrhynchus
Coregonus albula.............
Thymallus thymallus ...
(Oncorhynchus keta) .
(Salmo IFIdEUS) ..o 521

N—Wwrrrhnhoo o
o —
PP NS NN - -

N

= O
N o~

WhEPWWW
=

— WwnN O
WNWWWWWWWN WNN

1 Combined blood from a number of individuals.
2 Reported by Hashimoto and Matsuara (1959).

here is, that there should be a similarity in the number of obtainable
fractions in such widely separated genera as Salmo (salar) and Oncorhynchus
(keta), while the sub-species (or forms) Salmo trutta trutta and Salmo trutta
fario? have but two fractions and the supposedly closely related subspecies
Salmo trutta lacustris has three; thus following the trend of the majority of
the salmonids studied.

This anomaly may suggest that Hb of species originates independent of
genetic (or taxonomic) relationship, in response to some physiological re-
quirement induced by habitat. Hb thus would be a poor indicator of taxo-
nomic relationship. On the other hand, if Hb fractions are inherited under
the same genetic laws as govern other blood groups, it seems possible that
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lib proteins may be used in taxonomic studies with some degree of accuracy.
The seeming anomaly of the Salmo trutta subspecies (or forms) would then
be in reality a reflection of real differences. An other alternative is, of course,
that electrophoresis or the treatment given samples creats artificial similari-
ties or dissimilarities as the case may be. It will be necessary in future work
to include other methods of analysis such as heat coagulation, spectrophoto-
metry etc. to confirm the electrophoretic findings.

The species investigated to date, with few exceptions (i.e. the brown trout
forms), seem to indicate that Hb is a good indicator of genetic relationship
because many species studied show strong generic or family similarities. No
instance was noted where one species had a different number of Hb fractions
than other species of the same genus (Table II), although each species, with
few exceptions, seems to have Hb components which migrate with distinctive
velocities. Of twenty-three species only two or possibly four species (Leuciscus
rutilus and L. erythropthalmus being distinctive in this connection) have Hb
fractions which migrate with identical velocities. Further work, particularly
with attention to isoelectric points, with these species might result in the
possibility of demonstrating differences in their Hb. This is almost certain
in the case of the Coregonus species mentioned where three Hb fractions are
involved.

In general, this study has not resulted in enough concrete evidence to allow
definite taxonomic comparisons to be made. The many variable factors which
have entered into the work allow only relative comparisons to be made, but
these often show very great differences between the species Hb. The study
in fact has but formed the ground work for a much more intensive study in
species Hb relationships to be attempted in future work. A problem none the
less interesting concerns the function of the various Hb fractions in the
physiological processes of the various species.
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