AGE-RELATED CHANGES IN THE ABSOLUTE AND RELATIVE WEIGHIS OF
INTERNAL ORGANS OF THE PACIFIC WALRUS
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The absolute and relative growth of internal organs of the Pacific walrus have been
examined. In walrus pups, the growth of internal orgams, which experience a heavy
functional load from the first days of life, significantly exceeds the growth of
the total body weight. The walrus internal organ indices remain stably high
throughour the whole life span. The walrus differs in this from octher arctic
pinniped forms, which exhibit a clearly expressed fall in these indices with age.
The enhanced development of internal organs is explained by the high level of
metabolism, which is c¢losely connected with the lower environmental temperature

and the weak heat insulation properties of the subcutaneous fat,

In studying the morphoecological characteristics of animals, it is very important to
know the absolute and relative weights of internal organs. It has long been noticed chat
species with relatively small body dimensions have relatively heavier internal organs and a
higher metabolic level (Hesse, 1913; Bogolyubskii, 1939; Shvarcs, 1354, etc.). At the same
time, it has been established that in many cases this relationship is disturbed, and that anl-
mal internal indices are frequently decermined exclusively by the specific conditions of
existence. It is important to note that the ecological characteriscics of individual species
are demonstrated more clearly by the age-related changes of internal indices than by the char-
acteristics of adult animals (Shvarts, 1956). Unfortunactely, in the majority of investiga-
tions on marine mammals, the relative and absolute dimensions of internal organs are char-
acterized only when individual or small numbers of animals are discovered, as for example, by
Kleinenberg et al. (1964) and Yablokov (1966), and only certain workers have analyzed the age-
relaced changes of internal indices (Fedoseev, 1971; Fedoseev and Gol'tsev, 1974; Potelov,
1972; Bryden, 1971).

We have therefore actempted a more detailed analysis of the internal indices of the wal-
rus Odobaenus rosmarus and have compared the walrus indices with those of other pinniped
species. We have measured the changes of body weight and internal organ weights in 167 fe-
males and 142 males, caught in the Bering and Chukotsk Seas from June to September in 1972
and 1973. The age of the animals was determined from the cement layers on the molars.

Age-related changes in the mass (weight) of the internal organs and body (expressed as
a percentage of their masses in the adulc animal) show (Tables 1 and 2) that in two- to three-
month-old pups, the organs which are somewhat ahead in development are the heart and lungs
(probably due to features of embryonic development) and also che kidney and pancreas which
bear a heavy functional load from the first days of life. The diaphragm and liver are less
well developed in pups than in adults, obviocusly because of the relatively weak functional
activicy of these organs during early life. Up to the age of one year the growth in mass of
the internal organs directly associated with the metabolism of substances, significancly over-
take the growth in body weight. At two to three years of age, the difference in the rates
of increase in body mass and in the mass of the majority of internal organs beccmes insig-
nificant, i.e., the growth of internal organs becomes almost proportional to the growch of the
whole organism.

The unique rate of growth of respiratory organs (lungs and diaphragm) is interesting. A
sharp increase in the mass of these organs occurs at the age of two years when the young wal-
ruses become independent. With the changeover from milk feeding to catching food at the sea

bed, the requirement for oxygen sharply increases because of the frequent, prolonged submer-
sion.

. Pacific Research Institure of Fisheries and Oceanography, Magadan. Translaced from
Ekologiya, Ne. 6, pp. 52-57, November-December, 1977. Original article submitced September,
16, 1975.
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TABLE 1. Age-Related Changes of the Mean Weights of Male
Walrus Organs Expressed as a Percentage of the Adult
Weight at 21 to 37 Years

Age, Body id Dia-
years weight Heart Liver Lungs idney phragm Pal.gcrgas
This year 7.1 9,0 5,7 8,9 10,8 5,2 8,9
1 16.6 17.1 20,6 18,8 22,3 13,6 -
L 30,8 24.8 28,0 32,8 33,6 33,0 38.6
3 ar.2 31.3 33,9 38,6 40,7 .5 37,1
4 36.9 44.9 40,9 49,1 42,1 37.9 —
5 45,1 11,3 49.7 50,9 51,5 54,9 65,0
6 44,0 41.6 49,7 46,3 48,6 48,9 42,1
7 51.4 57.3 56,5 54,2 53,8 56,8 55,4
8 55,0 58,2 53,6 58,9 58,8 56,8 59,1
9 49.8 48,4 55,0 50,5 56,0 56,1 53,2
10 57,1 59,4 56,7 60,5 65,3 61,5 52,8
11 66,1 64,1 71,7 80,0 69,8 70,3 74.7
12 69,1 70,0 72,2 67,4 76,8 81,8 86,5
13 77.6 7.7 73.9 80.5 74,8 86,3 91,4
14 77.6 69,6 78,3 74,2 72,7 88,8 80,4
15—20 90,0 85,9 80,0 87,4 82,6 94,8 82,2
21-=-37* 100 100 100 ledr 100 100 100

*The following weights, kg, are taken to be 100%; body
1201; heart 8.09; liver 36.1; lungs 19.0; kidney 3.63;
diaphragm 8.98; pancreas 2.28.

TABLE 2. Age-Related Changes in the Mean Weight of Fe-
male Walrus Organs as a Percentage of the Organ Weight
of Adults (14 to 30 years)

Age, Tortal .| Dta=
years body Heart Liver ' | Lungs | Kidney | phragm Pancreas
© |weight
This year 10.3 11,4 9,5 10,9 12,8 8,1 10,0
12 15,0 24,5 29,3 4.8 26,1 21.6 —
3 54.4 53,6 64,4 77.6 44,2 48,0 56,8
4 54,4 55,3 64,9 63.8 55,1 55,4 73,5
5 66,8 51,9 74.1 60,1 70.7 58,6 55,0
6 80,9 74,5 92,4 79,3 80,3 82,0 9,0
7 67,9 64,3 72,7 64,8 72,3 65,6 79,0
8 90,1 96,6 99,0 100,0 90,6 98,4 90,7
9. 88.8 84,0 95,6 84,5 85,2 91 4 79,8
o 94,9 88.8 100,0 95,7 96,5 100,0 10,1
11 94,5 93,5 94,1 97.4 92,3 100,0 84,3
12 96,6 95,3 100,0 88,8 92,0 100,0 98,4
13 100,0 97.8 100,0 100,0 94,7 100,0 95,9
14—30* 100 100 100 100 100 100

*The following weights, kg, are taken to be 1007%: body
698.1; heart 4.699; liver 20.5; lungs 11.6; kidney 2.488;
diaphragm 5.318; pancreas 1.496.

In six-year-old females and seven-year-old males there was a sharp increase in body mass
and in the weights of all internal organs, assoclated with the onser of sexual macurity. In
the first years of sexual maturity, the kidney, liver, pancreas, and body welghts noticeably
increased. '

In the majority of cases the relative dimensions of internal organs, expressed as parts
per thousand of the body mass (sze Fig. 1), remain stable almost throughout the whole life
span, apart from the first two years, especially in gexually mature animals., The exceptions
are the heart and kidney weights of pups under two years, which on average are greater than
they are in the remaining groups. Diaphragm weights have a clear tendency to imecrease up to
the period of sexual maturity. The indices show sexual differences in that the amplitude of
the individual variation is greater in females than in males. Moreover, in sexually mature
females the kidney index is noticeably higher. This apparently indicaces a higher level of
metabolism due to gravidicy.
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Fig. 1. Age-related changes in the indices of internal organs of the Pacific walrus; vertical lines show the
range of the various indices and horizontal lines show their mean valuesg; thin lines represent males and thick
lines females: a) heart; b) lungs; c) diaphragm; d) liver; e) kidney; f) pancreas; g) spleen.




TABLE 3, Relative Internal Organ and Body Weights of Arctic
Pinniped Forms:.'(expressed in %,mean values)

Pusa Histriophaca | Ph. vitulina| Erignathus | Odobaenus
Organ hispida {asciufa largha burbatus rosmurus
Heart 7.8 8,1 7.5 4,7 6,8
Lungs 20,0 7.3 16,0 14,0 16,7
Diaphragm 5,7 6.7 5.5 4,9 7.6
Kidney 4,5 2.8 3.3 4,0 3.4
Pancreas 3,0 1.8 — 1,8 2,1
Liver 30,5 23,5 3,5 0.9 30,0
Blubber 7 40,0 31,3 32,0 30,0 3.5
Body weight, kg a7 72 8 216 977
No, of individuals 64 a3 29 3l 76

Note. These data apply to physically mature animaiz (the re-
sultas are presented in greater detail in the article of Fedo-
seev and Gol'tsev, 1974).

The age-related changes in the internal indices of the walrus differ sharply from those
of other Arctic pinniped forms (the ringed seal Pusg hispida, the ribbon seal Histriophoca
fasciata, the common seal Phoca vitulina largha, and the beatded seal Erignathus barbatus),
which, in spite of the characterisctics of individual species, tend to decrease more clearly
with age (Fedoseev and Gol'tsev, 1974). '

A comparison of the mean values of walrus and seal indices (Table 3) shows that the rela-
tive weight of the walrus heart is greater than that of the bearded and common seals and lesg
than that of the ringed and ribbon seals. The weight of the diaphragm, which characterizes
the depth and frequency of respiratory movements, is significantly higher in the walrus than
in any of the seals examined.

The weights of organs which carry out metabolic processes (kidneys and liver) are almost
the same in the walrus as in seals. except for the higher kidney weight in the ringed and
tearded seals. The relative weight of far (blubber) is similar in walrus and seals, ex—
cept for the ringed seal, which has a higher fat index. However, the walrus fat has a lower
unsaturated facty acid content (iodine No. 132 ro 168) than that of the other circumpolar
species, such as the ringed seal (154 to 198) and the bearded seal (150 vo 174).

The walrus body weight is many times greater than that of any comparable North Pacific
pinniped species; nevertheless the relative weights of walrus internal organs are high, de-
spite Hesse's serial law (Hesse, 1924). Unfortunately, because there are no data on the
metabolism and ecology of the walrus, it is difficult to give a direct explanation of such a
paradox, i.e., why the relative weights of intermal organs of the walrus, in gpite of its
huge body size, are the same as they are in small Arctic seal forms.

We will now propose a possible explanation of this phenomenon. Firstly we should note
the quality of subcutaneous fat in the walrus, which as mentioned above has a lower unsatu-
rated acid content. It is therefore less chemically active and has a higher solidification
point; because of this it has lower thermal insulacion properties that the fat of such Arcric
species as cthe ringed and bearded seals. The walrus obviously maintains a constant body tem-
perature by increasing the level of metabolism, which thus affects the development of the
internal organs. We propose that the seasonal migrations and the continual existence under
icy conditions associated with benthos feeding require a large energy expenditure. Such
loads remain constant throughout the year, so that the functional load on the internal organs
remains stable ar all stages of life.

Thus with the aforementioned type of existence and the thermal insulation properties of
the far, the walrus apparently maintains an energy balance mainly by its relatively large de-
mand for food and by a corresponding increase in the functional load on the incternal organs,
rather than by any biochemical adaptations at the tissue level, as are observed in some ani-
mals (Shvarts et al., 1968). The "uneconomical" maintenance of an energy balance in the wal-
Tus is compensated for by its ability to undertake a prolonged migration (from May to Novem-
ber) in search of food. 1In the fattening period, this extends its area from the Bering to
the Chukotsk, Eastern Siberian, and Beaufort seas.
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However it arises, the fact of the relarively high level of metabolism in the walrus
in conmnection with the proposed features of malntaining an energy balance, is in itself eg-
pecially interesting, since it may be one of the principal factors which limit the possibil-
ities of a growth in populacion numbers., This is extremely important to know, so that special
care can be taken to avoid using walruses on a large scale.

An analysis of age-related changes of body weight and internal organ weights in the
Pacific walrus has therefore shown that in spite of a certain decrease in the relative weights
of some organs during the first three years, their indices remain qulte high and constant
throughout the subsequent years of life. This indicates that the degree of the functional
load on walrus internal organs and correspondingly the level of merabolism remain stable at
all stages of life, except for the first three years.

The morphoecological characteristics of the walrus are somehow interrelated with 1its
type of energy exchange. Some of the possible factors which determine the type of energy
exchange and the internal features of these animals are: the extensive biocenotic links
caused by the migration for food over long distances; their frequent existence in water at
low temperatures; and the relatively weak thermal insulation properties of the subcutaneous
fat, in comparison with such other Arctic pinniped species as the ringed and bearded seals.

The age-related changes noted for the internal organs, apparently associated with metab-
olism, suggest that the food requirement in walruses per unit body weight 1s more or less
constant at all stages of life, after three years. Such a type of energy balance mainte-
nance limits the possibilities for an increase in the number of animals in a population. How-
ever, this "lack" is possibly compensated for by another ecological adaptive property, i.e.,

the abilicy to undercake long migrations for food, which extend the terricory of the wal-
Tuses.
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BO3PACTHBIE H3MEHEHHSA ABCOJOTHbIX
H OTHOCHTEJIbHbLIX MOKA3ATEJIEH
BHYTPEHHHX OPTAHOB THXOOKEAHCKOIO MOP)XA

I'. A. dedocees, 0. A. Byxtuapos, B. H. Toasyes, I'. . llimakosa

PaccMmatpanaercs aGconioTHR W oTHOCHTENBHEIT pPOCT BHYTPEHIIHX OpraHOB THXOOKe-
dHCKOTO MOpka. ¥ MEHKOB MOPKa POCT BHYTpENHHX Opranos, HCNLITHIBAIOULX BLICOKYIO
DYHKUHOHANLHYIO HATPY3KY © NEPBLIX ANeR JKHIHH, INAINTEALHO cnepexaer poct ofulero
beca Tena. MHAEKCHl BHYTDEHHHX OPraHoB MOpKA OCTAIOTCA CTAGHABHO BLICOKIMH Ha npo-
TAMEHHH BCeH XHIHH. JTHM MOPH OTAHYAETCA OT JApyrux JeAoseix $opM JacTOHOTHX, ¥
KOTOPEIX YETKO BHIPAMEHO NajleHHe HHIEKCOB C Do3pacToM. OcoBeHnocTs CHABHOIO paa-
RHTHA BHYTPEHHHX OPraHOB OOBLACHRETCA BHICOKHM YPOBHCM MeTaGoaH3Ma, KOTOpHIE Haxo-

MHTCR B TECHOH CBA3H ¢ HH3IKOIl TeMNepaTypoit OKpyMalowed CPeasl H cAaGuMU TepMo-
N30IAUHOHHLEMH  CBOMCTBAMH MOIKOMHOTO IKHpA.

[Ipn u3yuennn mopdo-3xoaornueckoi crneuHGHKI HHBOTHLIX GoJibluoe
3haueHHe HMEIOT NaHHble, XapaKTepH3yloUlMe abCOMOTIIBIT H OTHOCHTED-
HBIX BEC BHYTPEHHHX OPraHos. ¥»e NaBHO ObIIO OTMEYUEHO, YTO BHABI C OT-
HOCHTE/IbHO MEJKHMH pa3MmepaMi Tesna 064aaloT OTHOCHTENBbHO BGOMDBUIHM
RECOM BHYTPEHHIX opraHoB i Gosiee BLICOKIM ypoBiicM Mertaboamnama ([ec-
ce, 1913; Boroawo6ekuit, 1939; Ilsapu, 1954 u ap.). B 1o xe Bpems ycrta-
HOBJIEHO, 4TO BO MHOTHX CJYYaaX 3Ta 3aBHCHMOCTL HapyllaeTcs H HHTEpL-
CPHbLIE NOKA3ATENH MHBOTHLIX HePe[KO ONpeneNsioTcs HCKAYHTEALHO clie-
UHDHYECKHMH YCAOBHAMH CYILeCTBOBaHHA., BaikHo OTMETHTD, YTO 3IKOJOTH-
Heckas cneuH(HKa OTAe/NbHEIX BHAOB GO/ee OTYET/AHBO NPOSBARETCH B Xa-
PaKTepe BO3pPACTHBIX H3MENHCHHeN HHTePLEPHLIX MoKa3aTedeil, a He B npua-
Hakax B3pocheix ocoGeit (LUsapu, 1956). K comanennio, 8 60JbUIHHCTBE
Pabot no HCCENOBAHHIO MOPCKHX MJAEKOMHTAIOWNX OTHOCHTE/bIbE H a6co-
‘I0THLIE Da3MEpLl BHYTPEHHHX OPraHoB XapaKTepH3yloTCH Ha ocHoBe BCKpbI-
THil OTAEABHBIX HAH HeGONLWIOr0 YHCAA HBOTHHIX, Ha 4YTO o6Gpalann BHU-
manne C. E. Knefinenbepr u np. (1964), A. B. H610Kos (1966), n Toabko
B HEKOTOPLIX aHAJH3NPYIOTCA BO3PAcTHble H3MEHEHNIs HHTEpPLePHBIX NoKa- -

gaTeneﬁ (Penocees, 1971; Denocees, Tonbues, 1974: [Totenor, 1972; Bry-
en, 1971).

B cBs3H ¢ 3THM HaMH npennpHHATa noneiTka Hodee meTanbHoro dHaJH3a -

HHTEPBEPHBIX MOKA3aTeJeil MOPXa H CPaBHEHHA HX € aHaJOrHUHBLIMH Ma-
TEPHANaMH Mo LPYyrHM BHLAaM JacToOHOTHX. B ochosy nacrosuweii paGoTw
NOJOMKEHEl HIMEHEHHRA Beca Te/la H BHYTPEHHHX opraHos 167 camok o
142 camuos, n06biThix B Bepnurosom u UyKoTckoM MOpAX B HioHe—ceHTH G-
pe 1972—1973 rr. Bospact xuBoTHBIX onpegensnic 10 CJAOAM LEMEeHTa Ko-
peHHuIX 3yGoB. '

BoapacTHele uamenenns maccul (Beca) BHyTpenHux opranoB u Tena
(BLIp@)KEHHBIX B NPOLEHTAX OT KX Macchl Y B3pOCAbIX JKHBOTHBIX) MOKa3hl-
BaloT (1aba. 1, 2), 4T0 ¥ ABYX-TPeXMeCAUHBIX LIEHKOB HOCKOMbKO GOJbILIErD
PasBHTHA JIOCTHraloT ceplue i JerkHe (YTo, BEPOATHO, 06YCAOBAEHO 0COGEH-
HOCTAMH 3MGPHOHANBHOrO Pa3BHTHA), a TAKIKE MOUKH W nollykenyfouHan

~ 7keJie3a, KOTophle NOJAYYAIT CHABHYIO tpym(uuouanbuylo HAarpys3ky c nepshiX

ihedt xu3nn. JnabparMa u nevens y wenkos Menee pas3puThl, YeM Y B3poc-
“IBIX, OHEBHAHO, H3-32 OTHOCHTENBHO cnaGoil GYHKIIOHANBHON AeATCABHOCTH
2TIX OpranoB Ha nepbuix nopax xu3nk. [lo rofosasoro so3pacta Hapacta-
HHC Macchl BHYTPEHHHX OPraHoB, HEMOCPEACTBEHHO CBA3AHHBIX C OGMCHOM

. s Apie 4 B o ARty TR

BO]pﬂCT"hIE HaveneHirq .

Bo3pactHoe uamelenne
B 0, OoT Becad OpraHot

Baoaspacr, Bec Cepaue | |
roast Tegaa
7.1 9.0
CEFO-;IETKH 166 171
9 30,8 | 24,8
1 37,2 31,3
i 36,9 44.9
5 45,1 41,3
6 44,0 41,6
7 51,4 | 57,3
8 55,0 58,2
9 49,8 48,4
10 57,1 59,4
11 66,1 64,1
12 69,1 70,0
13 77.6 7.7
14 77,6 69,8
15—20 90,0 85,9
2]1—37* 100 100

* 3a 100% npuunT sec, k2: Teaa - |
NOUYKH — 3,55; anadiparset — 8,98; e

BospacTHoe H3MeHenHe
B 04 or Beca opra

Boapacr, | O6umifi
rcEibl sec Tena Ceprue
eroJleTKH 10,3 11,4
g 1 15,0 24,5
9 % =
3 54,4 53,6
4 54 .4 55,3
5 66,8 51,9
6 80,9 74.5
7 67,9 64,3
8 90,1 96,6
g 88,8 84,0
10 94,9 88,8
1 94,5 93,5
12 96,6 95,3
13 100,0 97.8
14—30* 100 100

* 33 |00% npuuaT BEC, K2 TEAa —
nouk — 2, 43“5:' Auadparmer — 5,318

BellecTs, 3HAYHTENbHO OMepe:.
Bo3pacTe pa3Huua B TeMne yi
peHHHX OPTaHOB CTAHOBHTCH
FaHOB CTAHOBIITCH MOUTI NMPOI

[pnenekaer BHHMaHIE CI
(nerkue u anadparma). Peax






