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Abstract-—We studied changes in the respiration rate in five species of freshwater bivalves as a function of ani-
mal age and size. The species-specific lifespan was calculated on the basis of the obtained data: Rubnet’s con-
stant (Ru) and lifespan at standard temperature 20°C (Tyy). The longest and shortest lifespan among the studied
mollusks was specilic for the pearl mussel Margaritifera margaritifera (Ru = 37 kI and Ty = 36 years) and the

freshwater mussel Anodonta anatina (Ru = 8 kJ and Ty = 8 years), respectively.

Bivalves are among the animals with the longest
lifespan. An age of 50 vears is not uncommon for them,
and they often live over 100 years (Table 1). Appar-
ently, the most long lived species-—Arciica islandica,
220 years old according to Jones (1983)—has been
found among marine bivalves. Note, however, that
Zolotarev (1989) estimates the maximum age of this
species m the Barents and White seas populations as
low as 28 years. A maximum age variability has been
described for other moltusk species as well (Table 13

The highest lifespan among freshwater bivalves is
specific for the pearl mussel Margaritifera margaritifera
L. (family Margaritiferidae) (Hendelberg, 1960; Bauer,
1991, 1992). According to Bauer (1992}, the maximum
lifespan of the pear] mussel is 132 years. This is one
order of magnitude higher than that in related freshwater
mollusks of the Unionidae family, with this value esti-
mated as 10-20 years (Alimov, 1981).

The lifespan of poikilotherms depends to a large
extent on environmental conditions and termperature in
particular. For instance, Bauer (1992} demonstrated that
the top age of M. margaritifera ranges from 3¢ years in
southern populations {Spain) to 130 years in northern
populations {Sweden). Hence, the environmental con-
ditions should be normalized in order to compare the
lifespan of different animal species, or an environment-
independent test should be used. Rubner’s constant can
serve as such a test.

Rubner (1908) demonstrated that the amount of
oxygen consumed over the entire lifespan per weight
unit is constant for many animal species:

7
Ry = _}.%zdr,
0

{1

where Ru is Rubner’s constant, T'is lifespan, and ¢, is

the respiration rate (the rate of oxygen consumption per
weight unit).

Rubner’s constant is sometimes considered as a test
of species-specific lifespan (Zotin and Alekseeva,
1984; Zouin, 1993}, Zotin (1993) demonstrated that
Rubner’s constant can be used to determine the species-
specific lifespan in virtually all animal groups (includ-
ing bivalves).

Here, we measured the rate of respiration in five
bivalve species of various age. The species-specific
lifespan (Rubner’s constant} of these mollusks was cal-
cufated from the obtained data.

MATERIALS AND METHODS

Five freshwater bivalves species have been studied:
Margarififera margaritifera L., Dahurinaia laevis Haas
{Margantiferidae family), Unio pitorum L., U. tumidus
Philipsson, and Anodonta anatina 1.. (Unionidae fam-
ily). M. margaritifera was collected in August 1995 in
the Varzuga River (Terskii region, Murmansk oblast).
D. laevis was collected in June 1993 in the Bryanka
River {Anivskii region, Sakhalin oblast). The animals
of Unionidae family were collected in summer of 1996
in the Oka River (Kashirskii region, Moscow oblast).

The mollusks were acclimated to the experimental
temperature for at least one week: 14 and 20°C for
Margaritiferidae and Unionidae families, respectively.
The rate of oxygen consumption was determined by the
standard technique (Semikhatova and Chulanovskaya,
1963). In the case of Margaritiferidae family, the
obtained value was recalculated for 20°C using
Krogh’s normal curve (Zotin and Zotin, 1999);

: L 0085~ 20 :
Q(},1 = QIuE’ =0.6QIU!

where Q'o2 and Q{u are the rates of oxygen consump-
tion at 20 and 14°C, respectively.
The total weight, as well as weight of soft tissues

and the shell, was determined for calculating the mol-
lusks respiration rate (the rate of oxygen consumption
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Table 1. Maximum lifespan (T, years) of certain bivalve species

Species T Habitat Reference
Family Arcticidae
Arctica islandica 28 White and Barents seas Zolotarev, 1989
220 Middle of Atlantic shelf (USA, New Jersey)! Jones, 1983
Family Mytilidae
Crenomytilus grayanus 95 Sea of Japan, Lazurnaya Bay Zolotarev, 1980, 1989
108 Sea of Japan, Vostok Bay
150 Sea of Japan, Vityaz’ Bay
Modiolus modiolus 61 Sea of Japan, Vostok Bay Zolotarev, 1980, 1989
Family Margaritiferidae
Margaritifera margaritifera 80 Germany Rubbel, 1913
100 Germany Israel, 1913
116 Sweden Hendelberg, 1960
132 Sweden Bauer, 1992
Family Hiateliidae
Panape generosa 120 Pacific Ocean, Puget Sound Bay Jones, 1983
Family Malletiidae
Tindaria callistiformis 100 North Atlantics, 3800 m depth Turekian et al., 1973
Family Veneridae
Callista brevisiphonata 63 Sea of Japan, Vostok Bay Zolotarev, 1980, 1989
76 Sea of Japan, Astaf’ev Bay
Family Glycymeridae
Glycymeris yessoensis 64 Sea of Japan, Vostok Bay Zolotarev, 1980, [98%
Family Tellinidae
Peronidia zyonoensis 61 Sea of Japan, Vostok Bay Zolotarev, 1980, 1989
Family Carditidae
Verericardia crebricostata 58 Sea of Okhotsk, Penzhinskaya Bay Zolotarev, 1980, 1989
Family Mactridae
Spisula voji 52 Komandorskie Islands Zolotarev, 1980, 1989
16 Pacific Ocean
8. Sachalinensis 55 Sea of Japan, Vostok Bay Zolotarev, 1980, 1989

per weight unit). In addition, the shell length-—the
maximum distance between the anterior and posterior
ends—was measured,

The mollusks age was determined by counting
annual rings. False annual rings and their number in the
corroding area of the shell were accounted for using
Bertaianffy’s growth equation (Zyuganov et al., 1993).

The calculation of coefficients of allometric equa-
tions and statistical processing of the data were carried
out as described elsewhere (Zotin, 2000).

The data approximation by Egs. (5) (below) was
carried out by the Newton—Gauss method (Nosach,
1994).

RESULTS AND DISCUSSION

Weight used for calculating respiration rate. The
problems of calculating the respiration rate in bivalves
is complicated by the fact that most of their weight—
the shell and mantle cavity flurd—is ot involved in
oxygen consumption. This suggesis accounling only
for the mollusks body weight; however, the shell is built
by metabolic processes using the oxygen and, hence, its
weight should be accounted for when calculating Rub-
ner’s constant from the total respiration rate during the
entive lifespan.

Hereafter, we present the values of respiration rate
calculated per soft body weight, while in the case of

BIOLOGY BULLETIN Vol 28 No. 3 2001
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Table 2. Ratios of shell weight (M), soft tissue weight (M), and mantle cavity fluid (M) to total weight (M) in different

bivalve species; # is number of mollusks

Species MJmM

MM MM

Anodonta anatina 0.295 £ 0.008 (n=21)
0.448 £ 0.0066 (n = 29)
0.445 £ 0.008 (n = 33)
049120005 (n=27)

0478 £0.007 (n=21)

Unio pictarum
U. tumidus
Margaritifera margaritifera

Dahurinaia laevis

0.313 £ 0.008 (n = 54)
0.297 £ 0.007 (n = 34)
0.364 £ 0.019 (n =22)
0.164 £0.004 (n = 38)
0.166 £ 6.005 (n = 28)

0392+ 0.016 (n=21)
0.235 £0.009 (n = 28)
G.161 £ 0.009 (n =32}
0.345 £ 0.006 (n=27)
0.336 £0.010 (n=21)

Rubner’s constant the calculations are given per total
weight without the mantle cavity fluid.

Note that the proportions between total weight and
weights of the shell, soft tissues, and the mantle cavity
fluid do not depend on age. Hence, the presented data
on the respiration rate can be recatculated per total mol-
lusk weight nsing the coefficients presented in Table 2,

Table 2 demonstrates variability of relative shell and
soft tissues weight in the studied species. Mollusks of
Margaritiferidae family feature the most massive shell
(48.5% total weight on the average) and the smallest
refative body weight (16.5%), which reliably distin-
guishes them from those in Unionidae family. The least
massive shell is specific for the freshwater mussels
Anodonta anatina (29.5%), while the highest relative
body weight is observed in the pearly mussel Unio
tumidus (36.4%),

Relationship between respiration rate and mollusk
age. Respiration rate in adult specimen decreases with
age in most animal species (Zotin and Zotina, 1993).
The studied bivalve species constitute no exception to
this relationship. The data presented in Table 3 and
Fig. 1 demonstrate gradual decrease in respiration rate
with age in all five mollusk species.

Let us consider the thermodynamics of nonequilib-
riam processes in order to determine the nature of the
respiration—age relationship. Zotin et al. (Zotin, 1984;
Zotin and Zotina, 1993, Zotin and Zotin, 1999) demon-
strated that in thermodynamical terms the respiration
rate can serve as the measure of “specific function of
external dissipation” (W

Yi=4o, (2)

This function increases with the rate of entropy pro-
duction and describes the level of thermodynamic sys-
tem deviation from equilibrium. The system evolves
towards equilibrium so that its probability increases.
Linear approximation reduces it to (Zotin and Zotina,
1993)

dp

% = Blra-p), ®
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where p is probability of the system condition at the
current moment, p,, is probabiiity of the system at the
final stationary condition, and {3 is a constant.

On the other hand, the specific function of external
dissipation varies inversely with the probability of the
condition of the system (Zotin and Zotina, 1993

Pa
Wa = Wals )

where W, is the specific function of external dissipation
at the final stationary condition.

Table 3. Dependence of soft tissue weight (M, g), rate of
oXygen consumption (Qoﬁ, mW), and respiration rate (ch",
mW/g) on the mollusk age (¢, years): n is number of meilusks

Species H n M Q.(}l 6)02
Anodonta -2 5 2.6 0.316 | 0.132
anatina 3.4 37 1 165 | 0737 | 0.043

5-6 6 | 257 | 0918 | 0.036

>6 6 | 349 | 0739 | 0620

Unio 1-2 i6 L5 10377 | 0.329
fumnidus 34 15 | 42 | 0547 | 0.187
5.6 16 | 74 | 0475 | 0073

>6 7 | 142 | 0746 | 0.054

U. pictorum 1-2 28 1.8 0.304 | 0.231
34 18 | 62 | 0630 | 0145

5-6 8 | 7.7 | 0998 | 0.116

>6 9 | 139 | 1572 | 0.098

Margaritifera| 20-26 4 44 | 0711 | 0168
margarififera | o 33 | 14 | 64 | 0.883 | 0.138
34-40 T 11 82 | 1.010 | 0.119

>40 7 1 112 | 1179 | 0112

D. laevis 7-8 6 | 39 | 0750 ! 0184
9-13 8 | 78 | 1317 | 0171

14-20 5 1139 | 164l | 0.121

>20 4 1239 ! 2200 | 0090
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Fig. 1. Respiration rate as a function of age in freshwater

Considering Egs. (2)—{4), one can record the respi-
ration rate:

L2 _ o= do)
T dt - st Y0,/
do, ‘ (5)
. §u
90: = T Aexp(—ht)’

where ¢, is respiration rate at the final stationary con-
dition, o= Ppy, k= o4y, A = 1-44/q, is the differentia-
tion constant, and ¢, is the respiration rate at the initial
moment ¢ = (}.

Equation (5) satisfactorily approximates the experi-
mental data (Fig. 1). The coefficients of Egs. (5) for the
studied mollusk species are presented in Table 4.

Relationship between respiration rate and mollusk
dimensions. Ample experimental data demonstrate that

bivaives; the data were approximated by equation {3}

the respiration rate-body weight relationship can be
approximated by allometric function (Brody, 1945;
Dol'nik, 1968, 1978; Vinberg, 1976; Zotin and Zotin,
1999

qO" - aMﬁb,

(6}

where M is body weight, while a and b are constants.

A similar relationship is specific for bivalves as well
(Zyuganov ef al., 1993; Zotin and Zotin, 1999},

Coefficient a, also called the relative metabolic rate
(Zotin, 1984; Zotin and Zotin, 1999}, can be interpreted
as the respiration rate provided that the body weight
equals unity. This coefficient can be used to compare
the respiration rate in animals with different weights as
fong as the exponential coefficient & from the allomet-
ric equation (6} is the same in the compared animals,

Table 4. Rubner’s constant (Ru) calculated for total weight and soft tissue weight for freshwater bivalves, the indices required
for its calculation from equation (10), and lifespan at 20°C (T calculated from equation (11): # ts amount of data used for

the calculations

Calculation per Calculation
Species k, year! o y soft tissue weight per total weight ;ﬁ{.’s
G- mWig (R kI .. mWig  [Ru kI

Anodonta anating | .2735 £0.0092 | 0.0060 £ 0.0005 | 0.895{ 0.0304 £ 0.0019 | 25 1 0.0095 % 0.0006 8 8
Unio tumidus 0.1448 £ 0.0068 | 0.0294 £ 0.0019 |0.899  0.0675+0.0060 | 84 | 0.0200+0.0018 | 25 16
U. pictorum 0.1930 £ 0.0047 | 00963 £ 0.0013 [ 0.899 ] 0.0703 £0.0040 1 51 | 0.0256:+0.0014 | 18 1i
Margaritifera (L0558 £ 0.0003 | 0.0900 £ 0.0018 | 0.879 | 0.0939 £0.0030 | 228 | 0.0154 £ 0.0005 | 37 36
margaritifera

Dahurinaia laevis | 0.0536 £ 0.0005 | 0.0902 £ 0.0013 | 0.855 : 0.0775+0.0036 | 186 | 0.0126 + 0.0006 | 23 34
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Fig. 2. Respiration rate as a function of soft tissue weight in ali studied mollusks, the data were approximated by allometric equation (6.
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Fig. 3. Respiration rale as a function of shel! length in ail studied mollusks; the data were approximated the ailometric equation (7).

Calculations on the basis of the linearity test (Zotin,
2000} demonstrate that the respiration rate—soft tissue
weight refationship in bivalves can be approximated by
the universal allometric equation {6) with coefficients
a= 0318 % 0.00% and b = 0.567 £ 0.033 (n = 235
(Fig. 2). Hence, the studied species are indistinguish-
able by the relative metabolic rate.

The relationship between respiration rate and shell
length (L) in bivalves can also be approximated by an
atlometric equation:

do, = IL”.

In this case, the data for all moHusk species can also
be approximated by a universal equation with coeffi-
cients I = 8.73 £ 025 and ¢ = 1.02 £ 0.12 {n = 185)
(Fig. 3). Note that constant ¢ does not reliably differ
from unity. Hence, the approximate respiralion rate
grows inversely with the shell length:

8.73

do, = =5 {7}

BIOLOGY BULLETIN Vol. 28 No. 3 2001

Equation (7) can be used in particular for the
approximate calculation of respiration rate from the
shell length of freshwater bivaives.

Note that Eq. (7) can also be derived from the equa-
tion of mollusk linear growth. Multiple studies demon-
strate that linear growth of the mollusk shell can be
approgimated by Bertalanffy’s equation in the form
(Alimov, 1974, 1981; Zyuganov ef al., 1993)

L = L.(1-Aexp(-kt)), (8)

where L. is the limiting length that £ tends to at 7 — oo,
A is the constant of initial conditions, and % is the
growth constant.

The allometric relationship is satisfied if constants A
and k equal to the corresponding constants of Eq. (5). It
follows thai the rate of respiration should grow
mversely with the shell length. Denoting the ratio
between the current respiration rate and that at the final
stationery condition as r,, we have

do, L.
= qO» - (9)
81

e
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Rubner’s constant and species-specific lifespan. As was
already noted, Rabner’s constant can serve as a test of
species-specific lifespan. We will use the integral repre-
sentation of the respiration rate-age relationship (3)
and respiration rate—shell length relationship (93,
.
('?st CZSE CXP (kT} - A
Ru = J'w—wmmmdt = —Ih——_
YT T Aexp (i [
0
or, expressing Ru from equation (9},
_ s

Ru = m-ln(l o)y

o 1o

where rp and r; are relationships (9) at the initial
moment { = (} and maximum age 7, respectively.

All constants 1 Eq. (10) except »r were determined
approximately from the data in Eq. (5.

Let us use the conclusions of Alimov (1981) based
on freshwater bivalves investigation: (1) bivalves are
well protected from external factors and many of them
survive to the maximum age; (2) the proportion
between the shell length at the maximum age and lim-
iting length (L/L..) is constant for a given mollusk spe-
cies.

Hence, r,value can be determined from the propor-
tiont between the shell length of the oldest animals in
the population and the Hmiting length. The limiting
length can be determined from Bertalanffy’s growth
equation (8).

Rubner’s constant values and the indices required
for its calculation are presented in Table 4, The calcula-
tions were carried out for total weight and soft tissues
weight. In the both cases, the lowest and highest Rub-
ner's constant was specific for A. anatina and M. mar-
garitifera, respectively. The obtained values of Rub-
ner’s constant are similar io those obtained for other
mollusks: 67.3 kJ for Lymnae sp. (Gastropoda) and
30.3 KJ for Ostrea virginica (Bivalvia) (Zotin, 1993).

In order to express the species-specific lifespan in
conventional units, it can be calculated on the basts of
synthetic equation of respiration rate (5) with an
account of equation (9). Since the respiration rate was
calculated for 20°C, the resulting value can be inter-
preted as the lifespan at 20°C (Ty,):

(L=ry)
(1—-rp)

Note one more advantage of using Ty, to determine
the species-specific lifespan as compared to Rubner’s
constant: this value is independent from the accounted
weight.

The results of T,y calculations are presented in
Table 4. The calculated lifespan at 20°C corresponds to
the experimental values for Unionidae midlatitude pop-
ulations (Alimov, 1981) and Margaritiferidae southern
populations (Bauer, 1992),

Ty =

iln (1)

ZOTIN, VLADIMIROVA

Note in conclusion that, although the species-spe-
cific lifespan of the pearl mussel M. margaritifera is
higher as compared to other studied mollusks, its value
for 20°C (36 years) is not maximal for animais,

ACKNOWLEDGMENTS

We are grateful to V.V. Zyuganov and L.P. Nezlin
for their help in coliecting molusks of the Margaritifer-
idae family.

REFERENCES

Alimov, AF., Growth Patterns of Freshwater Bivalves
Growth, Zh. Obshch. Biol., 1974, vol. 35, no. 4, pp. 576-589.

Alimov, AE, Funkisional’'naya ekologiva presnovednykh
dvustvorchaiykh mollyuskov (Functionat Ecology of Fresh-
water Bivalves), Leningrad: Nauka, 1981,

Bauer, (., Plasticity in Life History Traits of the Freshwater
Pearl Mussel—Consequences for the Danger of Extinction
and for Conservation Measure, Species Conservation: A
Population—Biological Approach, Basel: Birkhauser Verlag,
1991, pp. 103120,

Bauer, G., Variation in Lifespan and Size of the Freshwater
Peart Mussel, /. Animal Ecol., 1992, vol. 61, pp. 425-436,
Brody, S., Bivenergetics and Growth, New York: Reinhoid,
1945.

Dol'nik, V.R., Energy Metabolism and Animal Evolution,
Usp. Sovrem. Biol., 1968, vol. 66, no. 5, pp. 276293,

Doi’nik, V.R., Energy Metabolism and Animal Size: Physical
Substantiation of Their Relationship, Zh. Obshch. Biol.,
1978, vol. 39, no. 6, pp. 805-816.

Jones, B.S., Sclerochronology: Reading the Record of the
Moiluscan Shell, Am. Sci., 1983, vol. 71, no. 4, pp. 384-391.

Hendelberg, J., The Freshwater Pearl Mussel Margaritifera
margaritifera (1..), Rep. Inst. Freshwaier Res. Drortning-
holm, 1960, vol. 41, pp. 149-171.

Israel, W., Biologie der Siisswassermuschem, Stuttgart,
1913,

Nosach, V.V., Reshenie zadach approksimatsii s pomoshch'yu
personal’'nykh komp yuierov (Solving Approximation Prob-
lems using Personal Computer), Moscow: MIKAP, 1994,

von Rubbel, A., Beobachtungen tber das Wachstum von
Margaritana margaritifera, Zool. Anz., 1913, vol. 41, no. 4,
pp. 156-162,

Rubner, M., Das Problem des Lebensdaner und seine Bezie-
hungen zu Wachsmum und Enuhrung, Munchen, 1908.

Semikhatova, O.A. and Chulanovskaya, M.V., Manome;-
richeskie metody izucheniya dykhaniya i fotosinteza rastenii
{(Manometric Methods of Respiration and Photosynthesis
Investigation in Plants), Moscow: Nauka, 1965.

Turekian, K.X., Cochran, F. K., Kharkar, D.P, et al., Slow
Growth Rate of a Deep-Sea Clam Determined by **Ra
Chronology, Proc. Nail. Acad. Sci. USA, 1975, vol. 72, no. 7,
pp. 2829-2832,

Vinberg, G.G., Energy Metabolism as a Function of Body
Mass in Aquatic Poikilothermic Animals, Zh. Gbshch. Biol.,
1976, vol. 37, no. I, pp. 56-70.

Zolotarev, VN, Lifespan of Bivalves in Seas of Japan and
Okhotsk, Biol. Morya, 1980, no. 6, pp. 3-12.

BIOLOGY BULLETIN Vol 28 No. 3 200!



RESPIRATION RATE AND SPECIES-SPECIFIC LIFESPAN

Zolotarev, V.N., Sklerokhronologiya dvustvorchatykh molly-
uskov (Sclerochronolegy of Bivalve Mollusks), Kiev: Nauk-
ova Dumka, 1989,

Zotin, A A., Statistical Estimation of Allometric Coeffi-
clents, Izv. Ross. Akad. Nauk, Ser. Biol., 2000, no. 5, pp. 517~
524.

Zotin, AL, Bicenergetic Direction of Evolutionary Progress,
Termodinamika i regulyatsiva biclogicheskikh protsessov
(Thermodynamics and Regulation of Biological Processes),
Moscow: Nauka, 1984, p. 269-274,

Zotin, AL, Progressivaaya evolyutsiva zhivotnykh. 1. Kon-
stanta Rubnera v klasse miekopitayushchikh (Progressive
Evolution of Animals, Part 1: Rubner’s Constant in the Class
of Mammals}, Available from VINITI, 1993, no, 762-V93.

BIOLOGY BULLETIN Vol 28 No. 3 2001

279

Zotin, AL L and Alekseeva, T. A, Rubner’s Constant As a Cri-
terion of Specific Life Duration, Fiziol. Zh,, 1984, vol. 30,
no. 1, pp. 59-64.

Zotin, A. I. and Zotin, A.A., Napravlenie, skorosi” i mekha-
nizmy progressiviol evolyutsii, Termodinamicheskie i eks-
perimental’nye osnovy (Direction, Rate, and Mechanisms of
Progressive Evelution, Thermodynamic and Experimental
Bases), Moscow: Nauka, 1999,

Zotin, AL and Zotina, R.S., Fenomenologicheskaya teoviye
ragvitiya, rosta i stareniya organizmov (Phenomenological
Theory of the Organism Development, Growth, and Aging),
Moscow: Nauka, 1993.

Zyuganov, V.V, Zotin, A A, and Tret'yakov, V.A., Pearl
Mussels and Their Relationship with Salmon Fishes, Mos-
cow: TsNIITEllegprom, 1993,



