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The Calorific Value of Some Representa

of Freshwater Benthos
A, . Alimovand N, V, Shadrin

The relationships hetween dry and wet weights, water and ash
coutent and calorific value of dry and organic matter ifi four species
of bivalve mollusks in the course of growth, as well as the calorific
value of individual larvae of Trichoptera, Ephemeroptera, Plecopte
and Chironomidie and of two species of gastropod mollusks are de-
fined., FEguations relating thege values with growth are presented,

A widely used technique for study of ecological systems is analysis of ene
them, Given this tread, there is a need for accurate evaluation of energy conte
organisms. One must distinguished between the enexgy value (or the energy equ
the given organism and its calorific value, which is the energy vaiue per unit of
Though the difference between these two concept ha's been stressed [ 6], they ar
confused, - '

Among the aquatic invertebrates, we know leastabout the caloric value of
dwelling animals and, particularly, about freshwiter bivaive mollusks. Furthe
are virtually no data on the changes in caloric value during growth,

We therefore present here our data on the calorific value of the bhivalve m
tumidus Retz,, U, pictorum L., Anodonta piscinalis Nilss., and Sphaerium suec
from Lake Narcch' (Belorussian SSRY, and 2156 on Chat of larvae of Trichoptera
data with a fairly large weight range), Lphemeroptein, Plecoptera and Chironor
vidual measurements) from Lake Zelenetskoye (Barents Sea coast), Far the sar

" made individual measurements of the caloric value of Gastrepod mollusks, We -
Lake Naroch® in June-July 1873, and in Lake Zelenetskove in July-August 1971,

The wet weight of the animals was determined after drying on filter paper,
dry weight after drying to constant welght in a desiccator at 75-82°C for 516 6 h
fmollusks) and 2 to 3 hours {all other animals), The ash was determined on 80 ¢
batches dried to constant weight and thoroughty ground, and burned for 5 to 8 ho
muffle furnace at 530 to 600°C, All determinations were made in 2 to 3 replicat
Calorific value was determined by the bichromate oxidation method [61, as thea
3 to 4 measurements, For conversion to calories, an oxyealoric coefficient of 3
0 was used {51, Where the data were adequate, we defined individua! functional
ships hy the method of least BGUATES
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Calorific Value of the Bottom-Dwelling Animals of
Lake Zelenetskoye

Calorific value
+ Number of W W . -
determina- d +
ioms o We cal/mg Wiiry cal/mg W, ae

Plecopiera 3 24,5 4,9 1,20
 Ephemeroptera 3 15,0 4,5 ¢, 70

Chironomidze 5 14,5 5.4 0.8

Lymnoea peregra 3 25,5 2.7* 0,70%,

Anisus acronicus 4 31,9 1,5% 0,48*

Trichaptera 14 — 5,7 1,66

*Ine lus“;\;: of the shell.

In some ecological investigaf‘ions, it is-essential to know the ratio between
wet weights of the animals,” The dowest ratios were obtained for the larvae of (i
and Ephemeroptera and the highest for mollusks with fairiy large shells (Table }
basig of 28 meagurements of Trichoptera larvae in the 3 to 12 mg weight fange,
between their dry (Wiypy) and wet {(Wwet) weights (mg) is '

Wary = (0,120 & 0,01 WHE""] 7 = 0,874,

Similar equations were derived for Unio (26 determinations for each speci
0,845 to 79,760 g welght range, and for Apodonta {weight of 0. 880 fo 33,045 g):
for Unio ) .
Wary = {0,439 + 0,043 WL =008, — 0,006,

for Anodonta

Wapy = 0,203 £ 0,000 W ae ™% r == 0,901,

From Eqs, (1-3) we can see that the ratio between dry and wet weight iner
slightly as weight increases with age, especially in Anodonta. In spite of the fac
determinations were made in the mollusk Sphaerium suecicum, no systematic ch
noted in dry weight as growth proceeded. T He dry weight was 19 fo 34 (average
percent of the wet weight, the variation evidently being connected with the numbe
of different age in the marsupia. If this, as well as the irregularity of releage of
the population are taken into account, then there probably-is no defined relationt
and wet weight in viviparous mollusks.

Thé water content in the shells and body of Unionidae-did not charge with a;
averaged 3, 3 percent (in Unio} and 4, 7 percent {in Anodonta) of the weight of the
bodies containg an average of 84, 2 and 85, 6 percent water respectively, while th
residue of the cavity fluid accounts for 0.6 and 9, 7 percent of the weight of the fi
quantity of cavity fluid (Wf) changes with the age of the moliusks and its depender
wel weight (W) may be dpproximated by the pdwer-law eguations:

for Unio :

Wi = {0,204 == 0,049 Wi *"%% = g.903,
for Anodonta

Wy == (0,303 4 0,05) Wi 000 g ggq.

Shel] weight (Wg) also changes similarly:
for Unio

W == 0,317 2= 0,039 W™ =00, 1 1,503
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Since the differences in the exponents in Eqs, (6) and Ty are statistic
an average value of ‘1, 074 for the exponent may be used, Naturally, the va
constant in the equation also changes., From Eqs. 8) and (T} it can be seer
between shell and mollusk weights changes slightly with age, and it ig almo
Anodonata (32 and 14 percent) .

The ash in the shellg of Unio, Anodonta and Sphaerium amounted to 51
53. 9 percent of dry weight, reéspectively, In the dry residue of the cavity f
(two determinations), ash accounted for 17,1 percent, The ash content in #
5 to 30 g Unidnidae wag virtually the same in the different species
15 percent as the weight increaged. Ag growth proceeded in Anodoggi}, the .
their body cantinued o Increase (22 to percent 23 percent in mollugks with =
30 to 35 @), while in Uplo it remained at the same level {14 to 16 percent)

may be connected with the differences in the iife span (Anodenta species are
more rapidly than Unio and their life span ig shorter),” The ash content in 5
suecicum decreases systematically with age:

Wy o

1,5 6.5 290 37,0
Ash content, w He 7 1,7

5,
4 85,8 47,4

4
K
(The measurements were made on mollusks with shells), In other words, th
inereuse inthe organics content, which may be connected with the viviparity of tt

We detected no systematic changes in the calorific value of the shells a
grew, On the average, it did not excesd 0.22, 0,16 and 0., 19 cal/mg dry she
Unio, Anodonta and Sphaerium, respectively, The calovific value of the body
higher in Unio than in Anodonia (see Table 2). In hath animalg, ata weight ¢
this value declined from about 4.6 to 4.8 to 3.6 cal/mg dry weight. In Unio s
over 30 g, it remained at Z.81t0 4.0 cal/mg dry weight,

o In 'eIevating the calorifie value of the dry matter of the moilusk as u whe
with the equation:

where K, Kgand Ky are the calorific values of the mollusks as a whole and |
shell and body separately, while Win, Wg and Wy are the weights of the mollu;
and the hody, respectively,

The calenlation showed that the calorifia value of tha dry matter of molly
family Unionidae was virtually the same and that it decreaged very slightly wit
(Fig. 1), The change in ealorific value of mollasks {with their shelly with gron
approximated by the linear equation .

Y= (4,136 40,041y — (0.01¢ £ 90,0018y,

where Y ig the calorific value of the dry matter of the mollusk {cal/mg dry wel,

its wet weight (g}, More accurate results can be obtained with Separafe, eguat;
“for Unio

¥ = {0,526 o, 0,029y — (0,000 = 0,081 X,

for Ancdonta

Y =(1320 & 0,169 — (0,015 = 0,009) X,

Tl}e calori_fic value of the Sphaeriidae ig g0 little dependent on their size tl
visible data do not indieate only dependence on weight (Table 3). The calorific v

mollusks changed irregularly from 1,29 to 0,66 cal/mg dry mollugks weight {inc
the shell) :



Ash Content and Calorific Value of Mollusks of the
Family Unionidae

sk cont Calorific V}lhl..le Ask con. Calorific value
Wwet‘ & ‘te:t %“ cal/mg dry -{ cai/mg Wwet’ g tent, % éal/mg dry |cal/mg
' body weightl gfg?élf body wt, | ganic r
U, tumidus ’ A, piscinalis

1,422 1 48,88 — o 1,293 1 46,27 _— -

9,810 6,70 4,81 5,16 1,465 47,78 l—- -

13,180 6,10 5,1 5,43 2,453 | 44,10 — -

15,070 5,38 4,85 5,18 3,716 | 46,32 —_ -
16,835 8,93 4,22 4,62 4,380 | 12,54 4,64 5,30
30,505 | 15,16 3.81 4,51 4,770 9,57 4,70 5,20
25,620 | 11,50 4,07 4,57 5,095 9,99 5,05 5.60
35,505 16,92 3,70 4,48 i 8,650 6,31 4,25 4,54
41,785 | 14,19 3,51 4,56 11,010 9,85 4,99 4,76
45,460 15,91 4,17 4,96 11,385 | 11,70 4,72 5,32
52,900 | 14,43 | 3.8 4,50 12,460 7,89 4,59 4,98
59,040 18,50 oo 4,96 15,020 18,70 4,17 4,95
79,760 8,60 4,25 4,56 13,075 9,49 4,83 5,34
: 15,390 8,77 4,68 5,02

: . ¢ pictorum . . 15,400 |7 1165 /{7 4,30 4,87
. ’ 16,956 8,43 4,50 4,92

2:223 oggz 581" 5.07 | 18710 | 13,852 388 | 4
5845 7.00 45 4.95 18,960 | 12,50 4,45 5,05
4 535 6 85 4.80 517 19,020 | 1082 4,15 4,64
8,500 839 4.5 4.7 19,7:0 | 10,50 4,69 5,24
9,900 6,85 4,48 4,81 22,155 12,97 4,45 5,12
14,465 12,20 168 550 22,305 | 13,07 3.94 4,54
14,990 | 9,10 5,10 5,60 | 22,6101 24,50 3.57 4,73
8,715 | 15,10 | 5.3 5,00 | MEIO 14,95 3,56 4,20
20,305 8,47 5"“) 5.57 23,970 17,40 3,88 4,70

32,850 | 12,80 4,50 5,19 | 2570 ] 20,90 i
°33,830 18,12 4,40 5,25 23,045 23,47 4,17 - 5,32

cal/mg dry matter
%
o0

Fig, 1. Calorific value of dry matter : . ‘ ;
of Unionidae mollusks in relation to -

their wet weight: ' Fig, 2. Fraction of ener
T i , " the mollusk Unio stored i
Q) U, tumidus: &) U, pictorum; shell.

) A, piscinalis, Here and in Fig, 2
wet weight of the mollusks is plotted
on the ahscissa. -

Assuming that the calorific value of the shell does not change with age, w
the fraction of energy of the whole mollugk storead inthe shell, As one might e
creases with growth, This incrense is lnear as can be seen from the example
(Fig. 2).and, depending on the weight, can be approximated by a linear functinn



T iDL ba) o+ (U204 4 O028) X

for Anodonta

Y = (8,51 & 2,38 -i= (0,205 = 0,069 X,

where Y is the fraction of the total energy stored in the shell (%), and ¥ is the
of the mollusk {g). It follows that the shell stores a higher energy fraction in
Anodonta, : :

" The calorific value of the organic matter of Unio and Ancdonta is virtual
and does not change with age, Its value varied from 4.2t0 5,8 {average 4, 9y o
oTganic matter, This fits with lterature deta {6, 8]. From Tahie 2, it can h
calorific value of the body of the méllusks likewise changes irregularly from 3
cal/mg dry weight, Simiiar valtes have been obtained byother authors [ 1, 2] for
(3.22 to 4,78 cal/mg dry body weight), U. tumidus (3, 35 to 4, 41y, é,‘gisciﬁmlj

4.78), Sphaerium rivicola, other Sphaeriid species and numbers of marine and
mollusks, We can Pherefore state that the calovific value of the body in most b
varies from 3, 16 to 5, 31 cal/mg dry welght, Among the animals studied, the h
calorific values oceurred in Trichoptera larvae and the lowest in the Gastropoc
{see Table 1),

The power-law relationship between dry and wet weight ig systematic, si:
ships having heen defined for the animalg of most diverse kinds 3, 12, 167, b
values for the exponents in our equations (1,07 te 1, 228) are very close to thos
animals, for example, the izrvae of Chironomids and Trichoptera [18Land Bl
[3]. This means that our relationships have a wider applicability than just to ¢
Investigated, They suggest that in animals of different taxonomic positions, dif
origins and ecology, the ratios between dry and wet weights increase with 2row
the same rate, ‘

The calorific values and ash contents of animals studied by us are virtual)
as the values given in the literature 1, 6,8, 10, 11]. One cannot, however, s
lower calorific value of organic substances in mollusks as compared, for examy
‘those in inseect larvae [ 11, One must distinguish betweean the calorific value of t
substance of the body of the motlusk, which, as we and other authors [17, 18] 1
amounts to about 5 cal/mg organic substance, and the calorific value of the shel
extremely low,

and crustaceans {9, 12, 14], Thie type of eq
the experimental data, and the functional relationship between the two values shg
sidered as empirieal, virtually devoid of any theoretical hasig, Naturally, appr
the empirical data by a straight lines makes sense in this case only within strict
limits, sinceat X = ¢ v # 0, a proposition devoid of any biological meaning, F
rect application of equalions of this type, thercfore, the thresholds of validity of
tions must be stated, Thus, for the mollusks studied, the eguation stating the de
calorific value on weight can he used onty within the 0.8 to 89 g weight range,

Table 3

Caleoric Content of Sph. suecium (with Shell)

M SO Yary SRR Ty [Caleti on) W Culonc o
mg dry matter mg | -dry matfer i omg ldry ’mat’tper mg ?dry matter
§
2,5 E 1,09 23,0 0.8 5,5{ U, 87 42,0 0,78
2,5 1,09 23,0 1,02 7.0 083 47,5 0,77
3,5 1,19 5,5 1,05 9,5 0,88 52,5 4,96
4.5 0,82 27,0 1,00 I 0,96 62,5 0,74
4,5 { £,29 29,0 0,67 7.5 4,50 19,1 0,86
4,5 | 0,50 36,0 0.83 | 19,0 1,01 - -
5.5 £.05 37,0 0,76} :9,51 0,9 — -
5.5 1,00 0701 0z |




T eew eype UL GULLEALION E1VES only an extremely rou
+ relationship invelved. Indeed, it is well known that the calorific value of anin
the time of the onset of sexual maturity, physiological condition, feeding cond
perature, the time of year, ete, [1, 7, 117, our equations are adequate for
average calorific values of animals during growth. But where greater accura.
account must be talen of the different kinds of deviations from the average, brc
various factors; Still, in ecclogical investigations it ig generally quite suffies
mine average calorific values, as per our equations, ’
We thank the staff of the Laboratory for Experimental Biology at the Be
University and V. G, Viasova, laboratory assistant at the Zoological Institute ¢
Academy of Sciences, for their help, i
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