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Introc1uction

Results of scrological studies on seals and wha1es for identifi"

cation of population units hav bacn discusscd in previous
reports (N~vdal 1966a, b, 1969a, b). Studios on ",haIes, mainly

thc fin whale, ~lcrc otarted in 1968 ",ith analyses of 1"lood

proteins (hernoglobins and serum proteins). A rather 1imitcd
material havc since thcn bcen collccted and ana1ysed including

spccirnens from fin whaleo, sperm whales, sei whales, minke

whales and bottle-nose whales in 1971. Analyses of tissue

extracts for identification of genetically controlled variations

in enzymes have also been started. The Drescnt report gives
pre1iminary results of blood protein analyses of whale species,
and isoenzyme analyses of hooded seals and whales.

riaterial and methods

In Table 1 an account i5 given of collected and analysed whale
blood sarnp1es.

Defore 1970 all b100d sampIes were collected on land stations
after the wha1cs were brought ashorc. Thc sam~les co11ccted
in 1971 and the 19 specimens of fin uhales from East-Greenland
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in 1970 ware co11ected on board thc wha1ing boats irnmediate1y

after the "rha1es \t!ere shot.

The b100d ~as centrifuged, sera pipcttcd off and co11s.and sera

frozen separate1y. For ana1yscs of isozymcs of bott1e~nose

\'!ha10s, a piece of musc1e ,,~as cut out and fro~cn. The' material

was stored and shipped in frozen state unti1 ana1yscd at the
Institute of Marine Research in Bergen.

Oftcn part of the ce11s were rupturod beforc centrifugation, and

consequent1y thc sera contained considerab1c amounts of- hernog10

bins. This ,-7as especia11y evident for sera co11ected at land

stations, and oftcn hüd a bad cffect on tho rcsu1ts (see be10w).

Thc.hernog10bins and r.er~~ proteins were ana1ysed in cornbined. .
starch and agar gel c1ectrophorcsis (!~~llor 1966), part1ya1so
in starch gol olectr6phoresis (Pou1ik 1957). Tissuo e~tracts,
'-Tere prcpared by grinding a piece of musc1e \lith sand and water,
and after ccntrifugation, the supernatant wa8 subjccted to
e1ectrophoresis. Extract of pancreas of hooded seals, co11ected
for ana1yses of amylase (U~vda1 1969b), ,,,,as prepared in thc same

way •

Thc gels were stained hy general protein stains (Amidob1ack lOB

or Nigrosin) and with o-dianisidinc for identification of
haptog10bins. For identification of lactate dehydrogcnasc (LDH)
and aspartate aminotrannforanc (~AT) in tiSSU8 extracts of
bott1e-nose whales and hooded seals, and in sera of fin ,,;hales,
thc gels were staincd by histochcrnica1 staining proccdures as

described by Odense, A11an and Lcung (1966).

Sera of fin wha1es havc bcen sent to Universal Sciontific Limitcd,

London, for ana1yscs by thcir Gradipore tcchnique, hut the

resu1ts have not bccn rcccivcd yct.
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Results

Hemoglobins

Usually clcar and weIl dcfincd oloctrophorctic pattcr~s wore
obtained by thc hemoglobin analyscs. Howcvcr, individunl

variation which could bc gonetically controllcd were ~ot found.
Thc hemoglobins of minke, fin and sei whalcs appoared 'to have

identical eloctrophoretic mobility. Thc relative electrophoretic

mobility of thc hemoglohins of the specics analysed i~ shown
• in Fig. 1. Thc only species which normally ahm,'od more than

onc hemoglobin pattern was thc bottle-nose whcre onc strong and
,

onc weaker componcnt were invariably seen. Occasionally also

a cathodic componcnt occurred in fin whales, but this compon3nt
probably represcnt denaturation produets.

Serum proteins

Thc fin whale spceimens from East-Grcenland 1970 gave clcar
elcctrophoretie patterns of serum proteins. Thc individual

I

patterns sho\1ed several individual variations, but the variations

were not clear enough for a grouping of tho spceimens into \1ell

defined phenotypes. In Fig. 2 some of the observed pqtterns are
• outlined together with serum protein patterns of minkq and

bottle-nose whales.

Thc y-globulins ''lere seen at thc cathodie side of thc applieation

point. Tho albumins with ono prealbumin band showcd the highest

anodie mobility. Dotween the alb~~ins and the application point
six bands were located, Fig. 2. Additional bands oeeurred, but
all very \·Tcak.

The three bands nearcst to the alhumins reprosent thc fraG
haptoglobins. In these bands clcar intraspeeifie variations
were seen. Howcver, whcn hcmoglobins are added to sera thc
haptoglobins bind hemoglohins and change, their rnobility. This
is illustratcd in pattern C and D in Fig. 2 where thc same
serum with and without hemoglobin is analysed. Only one of the
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bands is prescnt when sera contnin homoglobins. Thio band

stains \<1i th o-dianisidine else \'lhen noarly invisible nrnounts
of hcrnoglobins is prcsent. Bccausc only vcry fe\>, sera were

comp1ete1y froe of hemoglobins, classification cf the sera into

weIl defincd phcnotypes on thc basis of varintions in tho froe
hemoglobins was very difficu1t.

Thc sera of fin "'lha10 from other arens shml1ed thc same general
patterns as thc sampIe from East-Greenland, but due to n high
degree of hcmolysis, it was impossible to dccidc whcther thore

could bc qualitative variation of systematic value among these
sampIes.

Thc serum samples of sei and spcrm "1haIes shoued too much
hemolysis to be uscd for dcscription of patterns of scr~~ pro
teins of these spccies.

5elected serum protein patterns of bottle-nose and minke \"hales

are outlincd in Fig. 2. In thc bottle-nose t~10 bands.locüted
behind thc albumins showed intraspecific variation. One or bOtil

of these (tcntatively called Fand S) occurred in each individual,

and in spitc of limitcö materinl (21 spccimens only) thc distri
bution below indicate control by a two allele system.'

FF(F only) FS (both) 58 (5 only)

obsorvod

expected lIard~{-l'Jeinberg

distribution

2

3.0

12

9.9

7

8.1

No clcar variation in thc serum puttern of minke whales \-ms

seen, hut only two specimens havc bean analysed and the results
thercfore are not conclusivc.

Enzymes

Analyses have been started on lactate dehydrogenase (LDH) and
,

aspartate aminotransferrase (AAT) and preliminary rcsults of
studies on pancreas amylase have been reported earlier (N~vdal

1969b) •
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'l'he LDH püttcrnn of fin whales and hooded seals \'lcre similür,

Fig. 3, and they rcsemble the normal rnarnrnnlian pattern "(Ilith four

or five different zones produeed by eornbinntion of two different
kinds of polypeptide ehains (l'1amlell and Düker 1970, I~UI':1nehi.

1970). The pattern of the bottle-nose \>1halo, ho,,~cver; differed
quite mürkedly from the t\'!O other püttcrns, ünd in this spccics
also individual variütion \laS indieatcd, Fig. 3. Thc'pattern

to the right uns neon in three out of 27 npeeimens nnqlyscd.
~;hether this pattern represent genetie variation eQnnot be tola
at prcsent, but this ean probably be vcrificd when a larger

material is analysed •

Only a fev speeimens of hooded seals and fin vhales hüve yct

been analysed for MT, and they all gave only one zone of MT
intensity giving no indieaticn cf intraspeeifie variation.

Discussion

The hcmoglobins of ,,,halos as Hell as of Deals (NiEvdal ~96Gb)

hava not shown genetieally eontrolled vüriations at high frc

quencies, and thcy seem to be cf little value as syst0rtatie
tools on thc subspeeifie lovel.

• It i5 diffieult to draw any general eonclusion about the excist
anee of serum protein pclymorphism in whalos from the analyscd
sampIes. 0 A grcnt part of the material h~va hcan of poor quality
when analyscd ünd the results therefore are diffieult to inter
pret. IIO't'lcver, also in the fin whale samplo \'1hieh 9'üve cleetro"

phoretogrrums cf high quality, no weIl cefined variations "(I1hieh
eould bo used for idcntification of populations, were seen.

o '

Beeause of poor quality of the material, no eonclusions übout

thc sei and sparm ",haIes can bc dra"m, and of minJ::e \l1hales only
two sp~eimcns have boen analysed. Only tho bottle-nose whale

have shown individual variation \lhieh sccmß to bc gcneticülly

eontrollcd, and although thc two clcetrophoretie bands showing
this variation, ~ere rather poorly rcpresented, identifieation

of threc phcnotypcs prcsented no real difficulty.
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The material analysed is too limited to draw any conclusions
on the occurrenco of isoenzyme polymorphism in marine fficmmals.

Individual variation in pancroas amylase have been observed
(N~vdal 1969) but classification of thc speci~ens on the basis
of this variation ~7as very difficult. The patterns of LDH of. ,

bottle-nose whales may repres~nt genetic variation, but no proof
can be given at present.

For analyses of serum pr6teins it is obviously ireportant that
the blood sampIes are collected soon after the animals are killed.

If this precautions can he taken, it seoms worth while to continue

analysing blocd samplcs, and cspecially it would be intercstinq
to confirm the hypcthcsis ef genetically controlled variations

in thc bettle-nose serum proteins. Also analyses of tissue

isoenzymes will be continued. These characteristics seems to
withstand storing much better than do serum proteins, and
therefore material are much easier obtained.



•

•

- 7 -

Referencos

M~ller, D. 1966. Serum transferrins in cod. FiskDir. Skr.

Sero lIavUnders., 14 : 51-61.

Numachi, K. 1970. Lactate and m~1atc dehydrogenase isozymc

patterns in fish and mürinc ma1'lU'l!a1s. Bul1.~.

Soc. Sei. Fish., 36 : 1067-1077.

n~vda1, G. 1966 a. Protein po1ymorphism used fo= identification

of harp seal populations. Ärbok Univ. Bergen, 1965

(9) : 1-20.

1966 b. Hcmog1obins and serum proteins in four

North At1antic seals, studied by e18ctrophorcsis.

FiskDir. Sl:r. Sero HavUnders., 14 ~ 37-50.'

1969 a. Transferrin po1ymorphism in hnrp seals off,
eüstern Canada. J. Fish. Res. Bn. Can., 26
1397-1399.

1969 b. Sero1cgica1 studies on marine marnma1s. lnt.
Coun. Exp1or. Sen, Special ~. on "The Soro1oqical

and Biochcmica1 Identification of Fish Stocks.",

Dub1in 1969 (15) : 1-7.

Odense, P.R., Allen, T.M., nnd Leung, T.C. 1966. Multiple forms
of lactate dehydrogennse and aspartate aminotransferrase

in herring (C1upea hnronqus harongus L). Can. J.

Biochem., 44 : 1319-1326.

Pou1ik, ll.D. 1957. Starch gel e1ectrophoresis in a disconti
nuous systems of bufferso Nature, Land., 180
1477-1479.



.....

.L. npGcies n~a17ced for i~traspecific variation in

•

blood p:::,otei:'ls.

l_":L"'Cc. Year ICi:~~:e
r' • Fi:l SnCrl:i Bottle:::lose0e~

02.:1.ac!a ( cast const ) 1963 7

Iccla:1d 1963 3 23 23

CE'..~ada ( east coast \ 1969 12)

ITor1/Jay ( TrorJ.Gz
.

1969 2 2i

lT Or1'Tay ( TrOr:1S0 I 1970 1.}

:~ast - G:''''C0..:l1~:-:d 1970 19

0a:.;..ad~ ( Labr[~do::,
\

1971 21j

Horuw7 2
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Fig. 1. Hemoglobin pattern in

rour whale species by co~bined.
starch and agar gel electro-

phoresls. Legend in this and

thc f'ollowing rigures: Filled

in bars: Strong bands. Hatched

bars: Moderately stron bands.

Single lines: Point bands.

Ar~ow indicatcs the point 01'

application.
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FIL;. 2. Serum protein patterns in three whale species.

Lel;end: F'ig. 1. I"or 'f'urther explanation, sec text •
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Fie. J. Patterns 01' lactate

dohydrogenase (LDU) in throc specic5
i

01' marine mammals by combined starvh

und agar gel elcctrophorosis.
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