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Abstract Organ-body mass relationships were examined for 36 different organs and parts in porgies,
Pagrus major, ranging in body mass from 0.0033 to 1200 g. Organs with high metabolic activity, e.g. brain,
intestine, pyloric caeca and heart showed negative allometry except during very early stages in the life
history. On the other hand, the trunk, which comprised mainly musculature with low metabolic activity,

showed positive allometry.

These results support our idea that the decline in mass-specific metabolic rate in animals with
increasing body mass can be explained, partly at least, by tissues with low metabolic rates becoming

heavier in proportion to the whole body with growth.

Mass-specific metabolic rate (metabolic rate per
unit body mass) of animals usually decreases with
increasing body mass. This phenomenon has been
widely observed and repeatedly discussed for various
animals, both homoiotherms and poikilotherms, in-
cluding many species of fish (Rubner, 1883; Winberg,
1956; Schmidt-Nielsen, 1984; Itazawa and Oikawa,
1986; Oikawa et al., 1991). The relationship between
the metabolic rate of an individual animal (M) and
its body mass (W) is expressed by an allometric
equation M=aW?®, where a and b are constants.
Because the mass-specific metabolic rate (M/W) de-
creases with increasing body mass, the b-value is
smaller than unity, that is, (b-1) in M/W=aW"' is
negative.

Much effort has been made to interpret the above
phenomenon (Rubner, 1883; Krebs, 1950; von Ber-
talanffy and Pirozynski, 1953; Ultsch, 1976). We
proposed a hypothesis that the decline in mass-
specific metabolic rate with increasing body mass
could be explained by a combination of an increase
in the relative size of tissues of low metabolic activity
and a decrease in the metabolic activity of tissues
with increasing body mass, and demonstrated its
validity, both qualitatively and quantitatively, for a
freshwater teleost, the carp Cyprinus carpio (Itazawa
and Oikawa, 1986). The present study examined the
validity of the hypothesis for a marine teleost, the
porgy Pagrus major. The relative growth of organs

and tissues comprising the body, as well as tissue
respiration of the organs or tissues at various body
mass are needed for such examination.

The relative growth of organs or tissues have been
reported for many species of fish, but most reports
were limited to a single or limited number of organs
for any one species, or to narrow ranges of body
mass.

This paper presents data on the relative growth of
36 different organs and parts, comprising the major
part of the body in the marine teleost, Pagrus major.

Materials and Methods

Measurements of the wet mass of 36 organs and
parts were made on 86 porgies, Pagrus major, rang-
ing from 0.0033 g (25 days old) to 1234 g (3+ years
old). Fish up to 2 g were hatched and raised at the
Saga Prefectural Sea Farming Center. Fish larger
than 2 g were raised at a commercial fish farm from
young fish spawned and raised at the Center. Four
groups were sampled as follows: Group Su=155 spec-
imens sampled from June to Sept. 1987 (0.0033-54 ¢
in wet body mass, 7.2-146 mm in total length);
Group Au= 14 specimens sampled in Oct. and Nov.
1987 (160-1234 g, 214434 mm); Group Wi=35 spec-
imens sampled in Dec. 1987 (16-95g, 101-178 mm);
Group Sp = 12 specimens sampled in Apr. 1989
(100985 g, 184-380 mm). Fish were not fed for 12—
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Relative growth of 15 different organs in the porgy. Figures alongside the regression lines indicate the

slope of the lines (the s-value in the equation P=kW?®). Symbols indicate different groups of porgies (see
text): O=Su, [J=Au, A=Wi, and @=Sp. For the spleen and gonads, values indicated by symbols in
parentheses were omitted from the calculation of regression lines.
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24 hr prior to experimentation.

A fish (several in the case of very small specimens)
was anesthetized in ethyl p-aminobenzoate, 35-40
ppm, weighed, killed instantly by cutting the spinal
cord just posterior to the head, and promptly dis-
sected for excision of organs. The stomach, pyloric
caeca, intestine, hepatopancreas, spleen, gall bladder,
gonad, air bladder, head kidney, body kidney,
atrium, ventricle and arterial bulb were excised. The
excised organs were washed in chilled physiological
saline for marine teleosts (Yamamoto, 1949) to
remove blood and contaminants, and weighed to the
nearest 0.0001 g, after blotting with a piece of moist-
ened filter paper. After blood vessels, such as the
celiaco-mesenteric artery, and the urinary duct and
fat, had been removed from the abdominal cavity,
and the residual body washed with physiological
saline to remove blood and contaminants from the
cavity, the head, trunk and fins were separated and
weighed. In this paper, the “head” refers to that part
anterior to a vertical plane through the dorsal half of
the body at the posterior end of the operculum and a
plane through the ventral half of the body at the
posterior ends of the operculum and base of the
pectoral fin, and the anterior end of the ventral fin.
“Fins” refers to all fins. The “trunk” is the remaining
part of the above-mentioned “residual body,” after
removal of the head and fins, i.e., musculature, skel-
eton and skin with scales. The brain (from the telen-
cephalon to the vagal lobe), gill filaments (all fil-
aments on the Ist to 4th gill arch on the left side), all
gill arches and pseudobranchs on the left side were
excised from the head, and weighed. Scales were
removed from the trunk by forceps and weighed.
Skin was also removed from the trunk and weighed.
The mass of organs on the left side was doubled to
obtain total organ values (left and right sides).

Results

A log-log plot of the mass of an organ or part (P
in g) against body mass (W in g) showed a linear
relationship, expressed by the allometric equation
P=kW?°". Relative growth of an organ or part was
classified as negative allometry (s<1) or positive
allometry (s> 1), where s differed significantly (P<
0.05) from unity. Allometry with an s-value not
differing significantly from unity was classified as
isometry (s=1).

Results for the main organs and parts are shown
in Figs. 1 and 2, the regression analyses being sum-
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Fig. 2. Relative growth of 3 parts in the porgy.
Figures alongside the regression lines indicate
the slope of the lines (the s-value in the equation
P=kW?). Symbols indicate different groups of
porgies (see text): O=Su, [J=Au, and A=
Wi.

marized in Table 1. Many organs and parts show-
ed diphasic or triphasic allometry, wherein the
slopes decreased in the later stages. The brain,
heart, atrium, ventricle, arterial bulb, digestive tract,
stomach, pyloric caeca, intestine, spleen, head, fins,
scales of the trunk, air bladder, eye balls, and eye
lenses showed negative allometry against body mass,
except in the case of very small fish, in which the
brain and digestive tract were isometric. On the
other hand, the trunk, gill filaments and gonads
showed positive allometry at all developmental stages
examied. The trunk of a specimen of body mass 840 g
comprised white muscle 84.7%, scales 5.995, skin
5.4% and bones 4.096. The hepatopancreas, gall
bladder, head kidney, body kidney and ventral fin
showed isometry.

The mass of the hepatopancreas and gonads was
different between both groups and seasons (Table 1,
Fig. 1). Fish sampled in April showed gonad weight
values about 3 times larger than in October and
November.
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Table 1. Regression analyses based on the equation, log P=logk+s-log W, where P is the mass of an organ or
a part in grams and W the mass of the fish in grams

Organ or Part Group of fish Slze(:)lnge N k (/\-"_*';EM) r
Brain Su 0.0033-0.035 8 0.113 1.026%0.026 0.998
Brain Su & Wi 0.021-95 36 0.0251 0.610+0.013*+* 0.993
Brain Su, Au & Wi 16-1234 17 0.0489 0.444£0.022%%* 0.983
Digestive tract$' Su 0.0033-0.64 17 0.0677 1.038£0.046 0.985
Digestive tract$! Su, Au & Wi 0.11-1234 31 0.0442 0.816+0.013%** 0.996
Stomach Su, Au & Wi 0.64-1234 29 0.0202 0.8010.071%%* 0.997
Pyloric caeca Su, Au & Wi 1.1-1234 27 0.00626 0.7201+0.025%** 0.985
Intestine Su, Au & Wi 1.1-1234 27 0.0124 0.898+£0.025%** 0.990
Hepatopancreas Su & Wi 0.0033-951 38 0.0170 1.008+0.019 0.993
Hepatopancreas Au 330-12341 9 0.00131 1.291%0.125 0.969
Spleen Su 0.082-2.1 13 0.000778 1.195£0.154 0.920
Spleen Su, Au & Wi 1.1-1234 27 0.00100 0.925+0.026** 0.991
Gall bladder Su, Au & Wi 0.24-1234 31 0.000643 1.062+0.045 0.975
Air bladder Su, Au & Wi 0.48-1234 24 0.00256 0.917+0.021%%* 0.994
Head kidney Su, Au & Wi 1.1-1234 27 0.00165 0.996+0.030 0.989
Body kidney Su, Au & Wi 0.18-1234 31 0.00173 0.996+0.019 0.995
Heart 52 Su, Au & Wi 0.082-1234 35 0.00211 0.872+0.016%** 0.994
Atrium Su, Au & Wi 0.64-1234 31 0.000246 0.917£0.026** 0.988
Ventricle Su, Au & Wi 0.64-1234 32 0.00120 0.8631+0.013%F* 0.997
Arterial bulb Su, Au & Wi 1.1-1234 30 0.000294 0.9050.023%** 0.991
Gill filaments Su 0.48-8.5 15 0.00486 1.2173+0.053** 0.988
Gill filaments Su, Au & Wi 2.8-1234 19 0.00613 1.073+0.017%%* 0.998
Gill filaments (1st) Su 0.48-8.5 14 0.00165 1.227+0.084* 0.973
Gill filaments (2nd) Su 0.48-8.5 14 0.00161 1.118%+0.089 0.964
Gill filaments (3rd) Su 0.48-8.5 14 0.00109 1.199+0.083* 0.973
Gill filaments (4th) Su 0.48-8.5 14 0.000540 1.384+0.126* 0.954
Gill filaments (1st) Su, Au & Wi 2.8-1234 19 0.00232 1.039+0.020 0.997
Gill filaments (2nd) Su, Au & Wi 2.8-1234 19 0.00166 1.075+0.022%* 0.996
Gill filaments (3rd) Su, Au & Wi 2.8-1234 19 0.00127 1.086+0.018%** 0.998
Gill filaments (4th) Su, Au & Wi 2.8-1234 19 0.000847 1.128+0.019%** 0.998
Pseudobranchs Su & Wi 2.0-17 6 0.000373 1.358+0.183 0.966
Pseudobranchs Su, Au & Wi 5.0-1234 11 0.00136 0.82210.033%F* 0.993
Gill arches Su 0.48-8.5 15 0.00440 1.169+0.075* 0.975
Gill arches Su, Au & Wi 2.8-1234 19 0.00616 0.992+0.013 0.999
Eye balls Su & Wi 0.068-37 24 0.0414 0.880+0.021%** 0.994
Eye balls Su, Au & Wi 16-1234 17 0.0704 0.726£0.029*** 0.988
Eye lenses Su & Wi 0.068-54 25 0.00357 0.956+0.039 0.981
Eye lenses Su, Au & Wi 16-1234 17 0.00981 0.670£0.033%** 0.982
Gonads Au 156-12341 9 0.000080 1.642+0.070%** 0.994
Gonads Sp 100-985" 12 0.000181 1.698+0.302* 0.871
Fat$? Su, Au & Wi 30-1234 12 0.0178 0.929+0.123 0.922
Head Su, Au & Wi 0.021-1234 42 0.355 0.963+0.006*** 0.999
Trunk Su 0.068-2.1 15 0.492 1.148£0.036** 0.994
Trunk Su, Au & Wi 1.5-1234 27 0.533 1.017+0.004%** 0.9998
Scales of trunk Su, Au & Wi 1.2-1080 12 0.0704 0.895+0.028** 0.995
Skin of trunk Su, Au & Wi 20-1080 6 0.0477 0.947+0.045 0.996
Fins Su, Au & Wi 0.068-1234 39 0.0243 0.939+0.012%** 0.997
Pectoral fins Su, Au & Wi 1.1-1234 29 0.00401 0.947+0.018*%* 0.995
Ventral fins Su, Au & Wi 1.1-1234 29 0.00269 1.009+0.018 0.996
Dorsal fin Su, Au & Wi 1.1-1234 29 0.00625 0.903£0.008*** 0.999
Anal fin Su, Au & Wi 1.1-1234 29 0.00258 0.906£0.015%** 0.996
Caudal fin Su, Au & Wi 1.1-1234 29 0.00553 1.032+0.012* 0.998

The difference of s-value from unity was determined by t-test.

*0.01<P<0.05, ¥*0.001 < P<0.01, ***P<0.001.

¥ The slopes were not significantly different, but the organ masses were significantly different (P<0.05), between the
roups.
' Composed of stomach, pyloric caeca and intestine.

§2Composed of atrium, ventricle and arterial bulb.

$3 Within abdominal cavity.
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Among the gill filaments on the Ist to 4th gill
arches, the mass of those on the 4th gill arches was
the smallest (Table 1).

The trunk comprised the largest part of the whole
body, its proportion increasing from 35% to 60% in
fish of 0.1g to 1000g, respectively. On the other
hand, the proportion comprising viscera decreased
with growth (Fig. 3).

Discussion

The mass-specific rate of routine metabolism
(M/W in pl-g~'-min~") of intact porgies, ranging
from 0.0044 to 270 g, at 20°C, has been reported to
decrease with increasing body mass (W in g), follow-
ing the equation M/W=6.3W ™' (Oikawa et al.,
1991).

The mass of the trunk relative to the whole body
mass increased with increasing body mass, while that
of the viscera decreased (Fig. 3). The trunk was
composed mainly of white muscle, which has very
low metabolic activity (0.26 z1-g~'-min~" in tissue
respiration, Qo,, at 20°C, in a porgy of 100 g in body
mass), whereas the brain, intestine and other visceral
organs have high metabolic activities (e.g. pyloric
caeca: 10.1, brain: 9.3, intestine: 9.1 g~ '>min~" in
Qo, at 20°C, in a porgy of 100g, Oikawa and Ita-
zawa, in press). This is considered to support the
hypothesis that the decline in mass-specific metabolic
rate with increasing body mass can be explained,
partly at least, if tissues with low metabolic activity
increase in mass relative to the whole body with
growth (Itazawa and Oikawa, 1986).

Among the visceral organs with high metabolic
activity, only the gill filaments contradicted the gen-
eral tendency for a decline in mass-specific metabolic
rate with increasing body mass showing positive
allometry (Fig. 1). However, this apparent contra-
diction is balanced by a decrease in Qo, of the gill
filaments with increasing body mass (Oikawa and
Itazawa, in press). In the respiratory organ, dimen-
sion of the surface area rather than the organ mass is
functionally significant. Mass-specific surface area of
an organ theoretically decreases by —1/3 power of
the organ mass as the latter increases. The positive
allometry shown by the gill filaments is suggested to
be a compensation for the loss of mass-specific area
of the organ with growth.

In many fish species, relative growth has been
studied for various organs, including the brain
(Sasaki, 1926; Matsui, 1942; von Geiger, 1956; Smir-
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Fig. 3. Changes in relative mass of various parts of

the porgy. “Viscera” comprised brain, gill
filaments, pseudobranchs, heart, head kidney,
body kidney, digestive tract, hepatopancreas and
spleen. “Trunk” refers to musculature, skeleton,
skin, and scales of body posterior to head.
“Head” does not include brain, gill filaments,
pseudobranchs, head kidney and heart.
“Residual” includes air bladder, gall bladder,
fat, blood vessels, urinary duct, blood and traces
of other tissues. Relative mass of gonads was
calculated from data from group Sp (see text).

nov and Brusynina, 1972; Packard and Wainwright,
1974; Bauchot et al., 1977), heart (Wilber et al.,
1961; Poupa et al., 1981; Feller, et al., 1983; Weath-
erley and Gill, 1983), liver (Yamamura and Kondo,
1949; Noguchi and Bito, 1953; Delahunty and de
Vlaming, 1980; Weatherley and Gill, 1983), Spleen
(Weatherley and Gill, 1983), ovary (Hanaoka, 1977;
Delahunty and de Vlaming, 1980; Erickson et al.,
1985), and skeleton (Reynolds and Karlotski, 1977).
These works, however, were limited to a single or
few organs for each species. Krumholz (1956) stud-
ied the relative growth of various organs and tissues
of several freshwater teleosts, but his specimens were
limited to a narrow range of body mass.

Relative growth of organs and parts composing
the most part of the body of a single species has been
studied only in the smooth dogfish, Mustelus canis
(Kellicott, 1908; Kearney, 1914) and the carp
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(Oikawa and Itazawa, 1984), covering wide ranges
of body mass. Patterns of relative growth of organs
and parts in the porgy were similar to those in the
carp. Distinct differences in organ size between the
two species occurred in the body kidney and gill
filaments, the relative mass of these organs in a fish
of 100 g being 1.7% and 0.86% for the gill filaments,
and 0.31-0.76% and 0.17% for the body kidney, in
the carp and porgy, respectively.

The difference in gill filament mass between these
two species is considered to be due, not to differences
in filament length and gill area, but to structural
differences such as in the degree of development of
the interbranchial septum and the central venous
sinus of the gill filaments, because the total filament
length and total secondary lamellar area are not
much different between the carp (Oikawa and Ita-
zawa, 1985) and the porgy (Oikawa, unpublished
data). The difference in body kidney mass between
the two species is considered to reflect their different
habitats, freshwater and seawater.

Acknowledgments

This work was supported by Grants-in-Aid for
Scientific Research to Y. I. from the Ministry of
Education, Science and Culture of Japan. We wish to
thank Mr. M. Miisho, former Director of the Saga
Prefectural Sea Farming Center, and the staff for
providing fish.

Literature Cited

Bauchot, R., M. L. Bauchot, R. Platel and J. M. Ridet.
1977. Brains of Hawaiian tropical fishes; brain size and
evolution. Copeia, 1977: 42-46.

Delahunty, G. and V. L. de Vlaming. 1980. Seasonal rela-
tionships of ovary weight, liver weight and fat stores with
body weight in the goldfish, Carassius auratus. J. Fish
Biol.,, 16: 5-13.

Erickson, D. L., J. E. Hightower and G. D. Grossman.
1985. The relative gonadal index: an alternative index for
quantification of reproductive condition. Comp. Bio-
chem. Physiol., 81A: 117-120.

Feller, G., R. Bassleer, G. Goessens and G. Hamoir. 1983.
Relative size and myocardial structure of the heart of an
Antarctic fish devoid of haemoglobin and myoglobin,
Chaenichthys rhinoceratus. J. Zool. Lond., 199: 51-57.

Hanaoka, T. 1977. Relationship of osmotic pressure in
body fluid to maturation and migration in marine fishes.
Pages 587-596 in N. Kawamoto, ed. Fish physiology.
Koseisha-Koseikaku, Tokyo. (In Japanese.)

Itazawa, Y. and S. Oikawa. 1986. A quantitative interpreta-
tion of the metabolism-size relationship in animals. Exp-
erientia, 42: 152-153.

Kearney, H. L. 1914. On the relative growth of the organs
and parts of the embryonic and young dogfish (Mustelus
canis). Anat. Rec., 8: 271-297.

Kellicott, W. E. 1908. The growth of the brain and viscera
in the smooth dogfish (Mustelus canis, Mitchill). Am. J.
Anat., 8: 319-353.

Krebs, H. A. 1950. Body size and tissue respiration. Bio-
chim. Biophys. Acta, 4: 249-269.

Krumbholz, L. A. 1956. Observations on the fish population
of a lake contaminated by radioactive wastes. Bull. Am.
Mus. Nat. Hist., 110: 277-368.

Matsui, K. 1942. Growth, water and fat contents of the
brain in tunas. Kagaku Nanyo, 5: 106-116. (In Japa-
nese.)

Noguchi, E. and M. Bito. 1953. On the seasonal variations
of the liver weight and oil content of the mackerel. Bull.
Japan. Soc. Sci. Fish., 19: 525-529. (In Japanese with
English abstract.)

Oikawa, S. and Y. Itazawa. 1984. Relative growth of
organs and parts of the carp, Cyprinus carpio, with spe-
cial reference to the metabolism-size relationship.
Copeia, 1984: 800—803.

Oikawa, S. and Y. Itazawa. 1985. Gill and body surface
areas of the carp in relation to body mass, with special
reference to the metabolism-size relationship. J. Exp.
Biol., 117: 1-14.

Oikawa, S. and Y. Itazawa. In press. Allometric relation-
ship between tissue respiration and body mass in a
marine teleost, porgy Pagrus major. Comp. Biochem.
Physiol.

Oikawa, S., Y. Itazawa and M. Gotoh. 1991. Ontogenetic
change in the relationship between metabolic rate and
body mass in a sea bream Pagrus major (Temminck &
Schlegel). J. Fish Biol., 38: 483-496.

Packard, A. and A. W. Wainwright. 1974. Brain growth of
young herring and trout. Pages 499-507 in J. H. S.
Blaxter, ed. The early life history of fish. Springer-Verlag,
Berlin.

Poupa, O., L. Lindstrom, A. Maresca and B. Tota. 1981.
Cardiac growth, myoglobin, proteins and DNA in devel-
oping tuna (Thunnus thynnus thynnus L.). Comp. Bio-
chem. Physiol., 70A: 217-222.

Reynolds, W. W. and W. J. Karlotski. 1977. The allometric
relationship of skeleton weight to body weight in teleost
fishes: a preliminary comparison with birds and mam-
mals. Copeia, 1977: 160-163.

Rubner, M. 1883. Ueber den Einfluss der Korpergrosse auf
Stoff- und Kraftwechsel. Z. Biol., 19: 535-562.

Sasaki, K. 1926. On a formula for determining the weight
of the brain of Carassius auratus from the weight and
length of the entire body, taking into consideration the
regular seasonal changes in the relative weight and the

— 248 —



Oikawa et al.: Relative Growth of Porgy Organ

difference in sex. Sci. Rep. Tohoku Imp. Univ., Ser. 4, 1:
239-260.

Schmidt-Nielsen, K. 1984. Scaling: why is animal size so
important? Cambridge Univ. Press, Cambridge, 241 pp.

Smirnov, V. S. and I. N. Brusynina. 1972. The relationship
between body weight and brain weight in fishes. Ekolo-
giia, 1972: 20-27. (In Russian.)

Ultsch, G. R. 1976. Respiratory surface area as a factor
controlling the standard rate of O, consumption of aqua-
tic salamanders. Respir. Physiol., 26: 357-369.

von Bertalanffy, L. and W. J. Pirozynski. 1953. Tissue
respiration, growth, and basal metabolism. Biol. Bull.,
105: 240-256.

von Geiger, W. 1956. Quantitative Untersuchungen iiber
das Gehirn der Knochenfische, mit besonderer Beriicks-
ichtigung seines relativen Wachstums. 1. Teil. Acta
Anat., 26: 121-163.

Weatherley, A. H. and H. S. Gill. 1983. Relative growth of
tissues at different somatic growth rates in rainbow trout
Salmo gairdneri Richardson. J. Fish Biol., 22: 43-60.

Wilber, C. G., P. F. Robinson and J. B. Hunn. 1961. Heart
size and body size in fish. Anat. Rec., 140: 285-287.

Winberg, G. G. 1956. Rate of metabolism and food require-
ments of fishes. Fish. Res. Bd. Can., Trans. Ser. No. 194,
1-202.

Yamamoto, T. 1949. Experiments on animal physiology.
Kawade-Syobo, Tokyo, 212 pp. (In Japanese.)

Yamamura, Y. and S. Kondo. 1949. Study on the vitamin A
in ‘Aburazame’ liver (I). Bull. Japan. Soc. Sci. Fish., 15:

7-12. (In Japanese with English abstract.)
(Received August 10, 1992; accepted October 1, 1992)

VYA DEHREOHEBREN D HI-KHE—FERR
BRI 5 - IHEHTF - IRBE

WY OB EY O BEHER M/W) &, KE (W) oK
ICE->TIERTFL, BETR—BIC WS ICHBIL TETFT 5.
COBRIBEISOHEL EICH-> TRFESNTELEW¥ LD
WHMPEEMETH 505, FOHANCO LW TIREKFZICIHSHTHE L

Br i3, ko KEsoRictky, REEEoSVHIEOAE
i 2 ERESETL, RHcRBEHOEVHGO AT
L 2HEEES ERLT, ZOBRIOBREEETIOTEE
WirEEZ, LTI ORESERENICOERNICSFZ YT
BlL%, KEBROINIIODVTEIE L., & SIcHiKER
D= 51T HiRiEPTHY, AR TRZO—REL
T, 0.0033-1200g D =< ¥ 4 Pagrus major \-%F 5 36 10 DERE
Lo ER (P, g) &{AE (W, g) OMFR%E, HIxtKER
P=kW* ICHESWTL &7z,

M, HALE, I8 ERBEHOE W BE oMk, Aif
L DY) EER X negative allometry (s<1) T, CHhODEWEDA
FICEDZEGRIEREICE->TET LA BlAEKOETELE
{KE 0.01g FIZ TR 10%TH - 12 bDH, ZhLIEEKTOR
NicHE->TIETL, 1000g TIR0.1%TH-1. Zhicxfl, ¥
&L THREE®OE L BLHRD SRS LTV 2 KB,
positive allometry (s>1) T, {K#HIZ D 2HGRKEICHE-T
359% ({AFH 0.1g) » 5 60% (A% 1000g) £ THWEALE. Th
ORI, koL 0EE, EHNICKET 0TS 5.
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