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I. ASSI.MILABILITY OF LIPIDS, PROTEINS AND CARBOHYDRATES* 

ABSTRACT: Analysis was· made of food and faeces composition of Asellus aquatic us L. 
distinguishing ash, lipids, proteins, carbohydrates and lignin contents. Calculated percentages were 
applitd ·10 absolute values of consumption and defecation rates assessed' earlier (Prus i 971) for 
various groups of these animals. Absolute values of components of assimilated food obtained by 
difference (C - F = A) Were then expressed as per cent of dry weight or ash-frel" dry weight. 
Efficiencies with which nutritional components of food were assimilated by various groups of these 
animals are also given. 
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1. INTRO.DUCTION 

In ecological bioenergetics, majority of data are finally converted to common units of the 
h~t energy. Such approach is by all means right one especially in studies of trophic levels or 
more complex ecological units such as biocenoses or ecosystems. However, when studying 
simpler ecological units such as species or population, a great deal of information on its 

*Praca wykonana w ramach problemu w1,zlowego nr !)9.1.7 (,,Produktywnosl! ekosystemow slodko
wodnych"). 
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physiology is lost when the approach is purely energetic. Such data are most valuable since they 

fall between two disciplines, namely bioenergetics and physiology. They can be used both for 

interpreting the obtained picture of energy flow through a species or population and for 

broadening our knowledge on physiology of such processes as feeding, digestion, respiration 
and excretion of animals. 

The present paper pertains to digestion and assimilability of food by Asellus aquaticus L. It 
aims at defining assimilability of main nutritional components such as lipids, proteins and 

carbohydrates of plant material by animals kept as singles or in groups; females (ovigerous and 

non-ovigcrous) and males studied in summer and in winter1 at a temperature of 10°C. 

Assimilability of these components by an average individual being a representative of a natural . 

population inhabiting the New Hinksey Stream (the River'Thames influent) in spring 1970 was 

also e8timated. 

2. MATElllAL AND METHODS 

Material for chemical analyses of maifi components of food and faeces was collected near 

Oxford from January to June 1970 wheri the author was carrying out experiments on assimila

tion efficiency by A. aquaticus in Animal Ecology Research Group, University of Oxford, 

Oxford, Great Britain. The animals brought from the New Hinksey Stream to the laboratory 

were acclimated to 10°C and fed with leaves of alder, Alnus glutinosa (L.) Gaertn. for at least a 

fortnight. Then the material was sexed and divided into two size classes. These groups 

corresponded in weight to the animals which were used in the assimilation efficiency 

experiments (Pr u s 1971) aiming at learning about the density effect (large individuals) and 

that of sex and reproductive slate (individuals of average size) on percentage assimilation. 

Thus the following groups of animals were distinguished: large males, large females, 

individuals of average size and large individuals (about 100 specimens in each),· and introduced 

into 4 beakers•each holding 200 ml of the stream water. The animals were fed with alder leaves 

stored in autumn and kept in water at a room temperature · for several months. About ten 

ha1f-leaves were given to the animals in each container, the other half-leaves being dried in oven 

at a temperature of 100°C and used later for chemical analyses of food. After 48 hrs food 

remains were removed from the containers and d.iscarded. The faeces were collected by means 

of a pipette, rinsed in •distilled water (for reasons - see Pr u s 1971), dried at 60°C, and used 

for chemical analyses of faeces. The chemical determinations of contents of ash, lipids, 

proteins, carbohydrates and lignin in food and faeces were carried out later, in the Department 

of Energetics and Biological Production of Nencki Institute of Experimental Biology, Warsaw, 

Poland. , 
Ash was determined by ignition in a muffle furnace at 550°C. Total lipids were determined 

after S t er n and S h a p i r o (1953). The apparent. fatty acid equivalent weight as high as 

780 was obtained by calibrating the method with a preparation of leaf lipids isolated by solvent 
extraction (for references see Dow g i aU o 1975). Crude· protein was estimated from 

Kjeldahl nitrogen multiplied by a factor of 6.25. 
The determinations of carbohydrates were carried out according to methods by 

H i n d e r m a n and B i e r I i n g (1968), the level of lignin being obtained by direct 

weighing the m!idue after hydrolysis with the mixture of Halse (H 2SO4 + HCl) or as the 

difference after suLtracting the sum of ash, crude protein, carbohydrates and lipids. 

1 In winter group t,xperiments and in summer single experiments were carried out. 
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In one sample of food and two samples of faeces carbohydrates were analysed in more detail 

by determining contents of hexose and pentose. Content of lignin in food was assessed 

gravimctrically and compared with that obtained by subtraction. Each analysis of a sample has 

two replicates and a mean value was calculated. 
Paralelly, material of food and faeces was burned in Phillipson bomb microcalorimeter in 

order to compare the calorific content assessed directly by ignition with that obtained by 

summation of calorific equivalents of each component determined by chemical analysis. 

3. RESULTS 

From the complete chemical analysis it results that the dry matter of decaying alder leaves 

contains 4.5% of ash, 14.3% - lipids, 21% - crude protein, and 61.7%-;- carbohydrates (lignin 

included). Carbohydrates of hexose and pentose type expressed as glucan and xylan amount to 

11.1% and 8.8%, respectively, 19.9% in total, the remaining 41.8% is lignin (Table I). The dry 

matter of A. aquaticus faeces consists of 11.6% of ash, 14.7% - lipids, 20.2% - protein and 

53% - carbohydrates (lignin included) with lower carbohydrates constituting 8.6% and lignin 

the remaining 44.4% (Table I). 

Table L Complete analysis of nutritional components of food (Alnus glutino· 

so decaying leaves) and faeces of Ase/lus aquaticus in per cent of dry 
matter 

Components Food Faeces 

Ash 4.5 11.6 

Lipids 14.3 14.7 

Proteins 21.0 20.2 

Carbohydrates 19.9 8.6 
heksosan 11.l 5.3 
pentosan 8.8 3.3 

Lignin 41.8 --
44.4 --

61.7 53.0 

Total 101.5 99.5 

When comparing main components of faeces with those of food it becomes evident that the 

percentage of ash in faeces doubles and the incidence of lower carbohydrates decreases more 

than by half. This would suggest a very intense assimilation of lower carbohydrates·by this 

species. 
The complete analysis of composition of food and faeces verifies to a certain degree the 

adequacy of the methods applied; the recovery is 101.5% and 99.5% of dry weight of the 

materials (food and faeces, respectively) which points to a high accuracy of these methods. 

Thr rdore , by accepting the content of lower carbohyd_rates to be 19.9% and 8.6% in food and 

faeces, respectively, for the whole material, it was possible to calculate the content of lignin as a 

rnmplement to 100% (Table II). 
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Despite of the £,act that the chemical analyses were carried out on the analogous material as 
that used in the assimilation efficiency experiments (Prus 1971), considerable differences· 
were found in the per cent of ash. Determinations of ash content carried out in Oxford al ways 
yielded higher values (both in food and faeces) than those obtained at chemical analyses carried 
out in Warsaw. This difference is considerable, especially when comparing the winter . 

experiments. It has a seasonal character and is connected with a variable balance of minerii.ls in 
this species (P r u s 1971). 

When recalculating the budgets ba~ed on dry weight units (Prus 1971) into budgets of 
nutritional components (Table III) real values of ash content found in the assimilation 

efficiency experiments were accepted both for food and faeces, since they were integrally 

connected with these budgets. Nolens volens the percentage contents of lignin as compared 

with the complete chemical analyses of food and faeces (Table II) must have been adequately 
fitted fo form 100% (Table III). · 

Table II. Percentage incidence of nutritional components in food and faeces of ;i se/lus aquaticus 

Sex or size 

average large 

Nutritional components 
large 
males 

la'rge 
females 

mean 
males 
and 

males 
and 

mean 

females females 

food 4.5 4.9 4.7 5.9 6.1 6.0 
Ash 

faeces 12.7 11.2 11.9 12.2 10.5 11.3 

food 19.3 18.5 18.9 19.0 16.6 17.8 
Lipids 

faeces 15.0 15.9 15.4 13.6 14.3 13.9 

food 21.0 21.8 21.4 19.2 20.6 19.9 
Proteins 

faeces 19.3 21.3 20.3 20.2 20.l 20.2 

Carbohydrates* 
food 

19.9 19.9 19.9 19.9 19.9 19.9 

Lignin** 35.3 34.9 35.l 36.0 :.1-6.8 36.4 

55.2 54.8 55.0 55.9 56.7 56.3 

8.6 8.6 8.6 8.6 8.6 8.6 Carhohydrafes* 
faeces 

Lignin** 44.4 43.0 43.8 
/\ 

45.4 46.5 46.0 

*Accepted from Table I; **complemented to l00o/o. 

Results of chemical analyses of food and faeces produced from it by males and females of 

different siz~ of A. aquaticus are given in Table II. The differences in composition of food 

replicates result solely from randomness of the material and accuracy o( the methods applied. 

However, the plausible differences in the composition of faeces, besides the above mentioned 

sources of variation, can depict differentiated assimilability of nutritional components in males 

and females of different size. Nevertheless the differences in chemical composition of both food 
and faeces are small and seem to be negligible. 

It would be possible to say a little more about the quality of the assimilated food, when the 
difference between the quantity of food consumed and that of faeces produced (the data 

https://minerii.ls
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derived from paper by Pr u s 1971, Tables 1, 3, 6, 8 and 10) is analysed both quantitatively 
and qualitatively by taking into account the data of Table II. Such compilation is given in 
Table III. 

Basing on the known percentages of nutritional components of the daily consumption rates 
(C) of an indivi,foal, assessed in wg dry weight (data marked with single asterisks in Table III), 
were expressed as weights of nutritional compopents. The same holds for defecation rates (F). 
The difference between consumed amount of each food component and its remains in faeces 
was considered as the assimilated amount of this compone.nt (A). Thus obtained absolute value~ 
of components of assimilated food were again related as per cent of total amount of assimilated 
food ( dry wt, ash free dry wt) resulting in chemical composition of the assimilated food - the 
information which is inaccessible neither by chemical analysis nor in the other way. 

The composition of the assimilated food was calculated for 5 series of experiments carried 
out on large animals kept in single cultures (J) and in groups (2) as well as for average-sized 
animals cultured individually: non-ovigerous females (3), ovigerous females ( 4) and males (5). 
By taking into account the proportions between three latter groups of animals (3-5) which 
were found in a natural population of A. aqaaticus inhabiting the New Hinksey Stream in 
spring 1970, the composition of the food assimilated by an average representative of this 
population was calculated. In other words, data (6) are a weighed inean of data 3 to 5. 

Besides the percentage composition of the assimilated food the data in Table III allow to 
calculate the assimilation efficiency for -each component (last column in this Table) and 
compare it with general assimilation efficiency calculated from calorific equivalent of food and 
faces (marked with doubled asterisks). The compostion of food assimilated by individuals of an 
average size in spring-lo-summer period is rather similar for both sexes and almost identical for 
ovigerous and non-ov:igerous females. Assimilated food consists of 6.5% of ash, _27.3-31.8% of 
lipids, 16.8-17.7% of crude protein, 37.3--46.6% of carbohydrates and from!~2.l to +11.2% 
of lignin. The composition of assimilated food calculated for a hypothetical individual of the 
New Hinkscy Stream population (Table III, 6) pertains to a population in which 34.9% of 
individuals were non-ovigerous females, 44.4% - ovigerous females, and 20.7% - males 
(P r u ·s 1971 ). Naturally, it can be calculated for any population of this species in an arbitrary 
way, according to the structure of population. The composition of assimilated food by such 
arbitrary individual is as follows: 6.3% - ash, 28.7%- lipids, 17.4% - crude protein, 
40.2% - carbohydrates of hexose and pentose type and 7 .4% - lignin. 

The composition of food assimilated by large individuals cultured, both individually and in. 
groups in winter renders interpretational difficulties because of "dissimilation" of minerals, i.e., 
discardi~g more ash in faeces that has been taken in food. Negative values of assimilation of 
minerals (ash) are compensated by the artificially augmented percentage of assimilated lignin. 
The interpretation becomes more plausib~e, if percentage composition of ash-free dry weight of 
the assimilated food is considered (Table III, 1-2). The percentage composition of organic 
matter of the food assimilated by large individuals in winter does not differ much from 
analogous values obtained for individuals of the average size studied in summer (Table III, 

3-5). 
Besides chemical composition of the assimilated food the data presented in Table III 

permitted calculation of assi~lalion efficiencies1(i·x100) for various food components, i.e., to 

estimate what per, cents of ash, lipids, crude proteins and carbohydrates that were present in the , 
food became assimilated by different groups of these animals. Efficiencies of assimilation by 
individuals of the average size range 18.4-22.2% for ash, 49.8-56.6% for lipids, 26.1-36.3% 

https://compone.nt


Table II! . . Budget of nutritional components, percentage composition of assimilated food and percentage assimilation of these components in various 
groups of Alel/1.u aquaticus 

Rate = mg dry wt/ind. per 24 hours 

No. Density 
Sex and 

reproductive 
state 

Mean wet 
weight 
of one 
individual 

mg 
-

Nutritional 
components 

Consumption 
C 

per cent rate 

Defecation 
F 

per cent rate rate 

Assimilation 
A 

per cent 
per cent 

of ash 
of dry 

free 
wt 

dry wt 

Assimi-
lation 
efficie-
ncy 

ash 13.9 . 0.0325 29.2 0.0531 -0.0206 -39.5 - -63.4 

I 
single 

cultures 

mostly 

males 
32.14 

lipids 

proteins 

carbohydrates 

lii;nin 

total 

18.9 
21.4 
19.9 
25.9 

100.0 

0.0443 

0.0501 

0.0466 
0.0606 

0.2341* 

15.4 
20.3 

8.6 
26.5 

100.0 

0.0281 

0.0369 
0.0156 
0.0482 
0.1819* 

0.0162 

0.0132 

0.0310 
0.0124 

0.0522* 

31.2 
25.3 
59.4 
23.7 

100.0 

22.3 
18.1 
42.6 
17.0 

36.9 
26.3 
66.5 
20.5 
26.3** 

2 

group 

cultures 

ofl0 

mostly 

males 
28.39 

ash 

lipids 

proteins 

carbohydrates 

lignin 

total 

13.5 

18.9 
21.4 
19.9 
26.3 

100.0 

0.0342 

0.0478 

9.0541 
0.0503 

0.0666 
0.2530* 

21.5 
15.4 
20.3 
8.6 

34.2 
100.0 

0.0355 

0.0254 
0.0335 
0.0142 

0.0565 
0.1651"' 

-0.0013 

0.0224 

0.0206 
0.0361 
0.0100 
0.0878* 

-1.5 
25.5 
23.4 
41.1 
11.4 

100.0 

-
25.1 
23.1 
40.6 
11.2 

-4.l 

51.0 
38.1 
71.8 
15.3 
34.9** 

3 
single 

cultures 

non-ovige-

rous 

females 

8.66 

ash 

lipids 

proteins 

carbohydrates 

lignin 

total 

11.9 
19.0 
19.2 
19.9 
30.0 

100.0 

0.0698 
0.1115 

0.1127 
0.1168 
0.1761 
0.5869* 

14.9 
13.6 
20.2 

8.6 
42.7 

100.0 

0.0543 
0.0496 

0.0736 
0.0313 
0.1556 
0.3644* 

0.0155 
0.0619 

0.0391 
0.0855 
0.0205 
0.2225* 

7.0 
27.8 
17.6 
38.4 

9.2 
100.0 

-
29.9 
18.9 
41.3 
9.9 

22.2 
55.5 
34.7 
73.2 
11.6 
40.8** 



4 
single 

cultures 

ovigerous 

females 
12.00 

ash 

lipids 
proteins 
carbohydrates 

lignin 
total 

13.0 . 

19.0 

19.2 

19.9 
28.9 

100.0 

0.0497 

0.0725 
0.0733 
0.0760 
0.1102 
0.3817* 

17.2 

13.6 
20.2 

8.6 
40.4 

100.0 

0.0398 

0.0315 
0.0467 

0.0199 
0.0934 
0.2313* 

0.0099 
0.0410 

0.0266 
0.0561 

0.0168 
0.1504* 

6.5 

27.3 
17.7 

. 37.3 
11.2 

100.0 

-
29.2 

18.9 
39.9 
12.0 

19.8 

56.6 
36.3 
73 .8 
15.3 
43.6** 

5 
single 
cultures 

males 11.82 

ash 
lipids 

prote!ns 
carbohydrates 

lignin 
total 

11.2 

19.0 
19.2 
19.9 
30.7 

100.0 

0.0944 
0.1602 
0.1618 
0.1678 
0.2588 
0.8430* 

13.0 
13.6 
20.2 

8.6 
44.6 

100.0 

0.0770 
0.0805 
0.1196 
0.0509 
0.2640 
0.5920* 

0.0174 

0.0797 
0.0422 
0.1169 

-0.0052 
0.2510* 

6.9 
31.8 
16.8 
46.6 
-2.1 

100.0 

-
34.1 
18.1 
50.0 
-2.2 

18.4 

49.8 
26.1 
69.7 
-2.0 
33.2** 

g 
"' (') 

0 o· 
(!9. 

" e. 

6 

the New Hinksey 

l',tream po~ula-
tion 

hypothetical 
individual 

10.80 

ash 
lipids 
proteins 
carbohydrates 

lignin 

total 

12.2 
19.0 
19.2 
19.9 
29.7 

100.0 

0.0669 
0.1043 
0.1053 
0.1093 

o.~63o 
0.5488* 

15.5 
13.6 

_20.2 
8.6 

42. l 

100.0 

0.0546 
0.0479 
0,0712 
o'.0303 
0.1484 

0.3524' 

0.0123 
0.0564 
0.0341 
0.0790 
0.0146 

0.1964* 

6.3 
28.7 
17.4 
40.2 

7.4 

100.0 

-
30.6 
18.5 
42.9 

8.0 

18.4 
54.1 
32.4 
72.3 

9.0 
40.2* 

*Data from paper by Prus (1971 ); **based on calorific equivalents of food and faeces (Pr u s 1971 ). 
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for crude protein, 69.7-73.8% for carbohydrates and minus 2.0-15.3% for lignin. All minima 

were those for males and maxima ( except of ash) - for ovigerous females. Efficiencies of 

assimilation in non-0vigerous females fall between those values. 

Both from the differentiated assimilation efficiency''assessed earlier (Prus 1971) as well as 

from a rather constant chemical composition of assimilated food irrespective to the sex and 

reproductive state of fe1rnles (present data) it can be inferred that the differences in assimila

tion efficiency by A. aquaticus do not involve lhe preference of one component of food to the 

others. For example, if ovigerous females r~veal the highest general assimilation efficiency 
43.1% they assimilate proportionally more of each nutritional component, i.e., lipids, proteins, 

and carbohydrates. Similarly males, which show the lowest general assimilation efficiency 

(33.2%) assimilate proportionally less of each food component, although somewhat higher 

percentage of lipids in the assimilated portion of food can sugge,,t that they probably are a 

compensatory source of energy which is ncc·essary to wver a higher loss of energy resulting 

from higher activity, as evidenced by augmented metabolism in this sex (Prus - in press). 

Th0 assimilation efficiencies in large individuals for main nutritional components are within 

the limits characteristic for the individuals of the average size. The great differences in 

percentage assimilation of nutritional components obtained for single and group cuftures 

(Table III, 1- 2) do not allow to infer about the possible effect of size and or season on the 

efficiency of assimilation of these compounds. 

Table IV. Comparison of calorific values (kcal/g dry wt) of food and faeces of Asel/us aquaticus 

obtained by two methods 
NS - non-significant at 95% probability level, S - significant at 95% probability level, n - number 

of replications, S.D. - standard deviation 

Food F~eces 

Statistical para-
meters 

chemical 
composi-

bomb 
combus-

proba-
bility 

signi-
{ican-

chemical 
composi-

bomb 
combus-

proba-
bility 

signi-
fican-

tion tion p ce tion tion p ce 

n 4 6 4 6 

Mean 5.1824 5.2618 0.05 NS 4.7222 4.9004 0.05 s 
0.0791 0.1814 S.D. 0.0931 0.0345 

Calorific values of food and faeces calculated from chemical composition of the materials 

were compared with those assessed by me~ns of bomb microcalorimeter. When expressing 

organic compounds in the form of heat the following relations were accepted after H a r r o w 
and M a z u r (1958): 9.45 kcal/ g dry wt -of lipids, 5.65 kcal/ g dry wt of proteins, and 

4.10 kcal/g dry wt of carbohydrates and lignin. These values were multiplied by i~cidences of 

nutritional components determind for 4 groups of individuals (in Table II) to get calorific , 

,Ialues of food and faeces. Thus obtained values were•then comp!U"ed with the corresponding 

values obtained by combustion in bomb microcalorimeter (Phi 11 ipso n 1964) (Talile IV). 

The calorific y~ues calc~lated from chemical composition were lower than those obtained by 

direct combustion. The difference between calorific values of food was insignificant, and that 

between calorific values of faeces - significant one. Lower calorific value of faeces calculated 

. from chemical comr.osition than that obtained by combustion could result from few replicates 

as well as from higher variance of this material as compared with the variance of calorific value 
~~fu~ . 
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4. DISCUSSION 

Relatively high content of proteins (about 20%) was found in tlle alder leaves which were 
the food of A. aquaticus. K au s h i k and H y n e s (1968) reported that the content of 
crude protein in autumn shed leaves of related species, A lnus rugosa (Du Roi) Spreng, amounts 
to 10.1% air dry weight and after 50 days washing out in the running stream water it decreases 
to 7.9%. However, these authors 1.nentioned that "these values would have been greater if the 
calculation had been made on the basis of oven-dry weight", which was the case in the present 
work. The other reason of a high protein content in this particular material can he an extremely 
rich soil ~n which the alder tree grew, since the fallen leaves were collected from under the alder 
tree growing in the Botanical Garden 9f Oxford. This choice was made after failure to·find an· 
adequate amount of alder leaves in the natural habitat around Oxford (C. S. Elton - personal 
communication). The ground UJ1der the tree was ·covered with a sort of fertilizer. Bearing in 
mind how humid weather can he in this part of England, especially in autumn, it can he easily 
supposed that the fallen leaves became enriched in nitrogen when staying on the ground. This 
idea can he supported by findings of Ka u s hi k and Hynes (1971) who found nitrogen 
content of A. rugosa leaves kept in enriched water (N, P) to increase from 2.12% (in controls) 
to 2.40 at 10°C and 2.54% at 20-23°C. These authors also mention that the results for alder 
leaves, unlike those for · elm, show considerable variation. Similarly M a t h e w s and 
K o w al c z e w s k i (1969) observed that the content of nitrogen of decaying leaves in a river 
tends to increase. 

The content of lower carbohydrates in alder leaves is also high (about 20%). Although the 
division of these compounds into lower carbohydrates and Iignin does not follow strictly the 
distinction between structural and non-structural fractions proposed by S m it h (1969), 
considering the lignin as a substance less assimilable made it possible to infer about the degree 
of assimilahility of the remaining carbohydrates. · V a n S o e s t and W i n e (1967) reported 
that even animals capable of gastrointestinal fermentation of structural carbohydrates utilize 
less efficiently food with higher content of structural carbohydrates than that with lower one. 

High contents of both crude .protein and lipids in food can he of exogen~us (bacterial or 
fungal) origin. The percentage composition of_ the food that has been assintilated indicate that 
the assimilable diet of A. aquaticus consists mostly of carbohydrates (:40.2%) and lipids 
(28.7%), and to a lesser degree of proteins (17.4%), Iignin (7.4%) ·?Ild minerals (6.3%). Such 
composition of the assimilated food seems to be fully justified if one remembers that this 
animal feeds upon dead or alive organic matter of a plant origin. Gross of the assimilated 
carbohydrates were sugars of the hexose and pentose type, the assimilated amount of lignin can 
result either from an error (lignin was calculated as a l.complement of 100% and the contents 
of minerals in food and faeces analysed in this paper d,iffered greatly with those found in the 
assimilation efficiency experiments), or it can also ·be a fraction of lignin decomposed by 
microorganisms that is really assimilable by A. aquaticus. 

N q s son (1974), basing on the percentage· content of protein in food (alder or beech 
leaves) and faeces of Gammarus pulex L., has concluded that this species assimilated proteins 
less efficiently than carbohydrates. Similfil' conclusion can he drawn for A. aquaticus from the 
present results. The efficiency with which A. aquaticus (the New Hinksey Stream population) 
assimilates food components is highest for carbohydrates (72.3% of the total carbohydrate 
content in the food is assimilated) - high for lipids (54.1% of the total lipid content is 
assimilated) - lower for crude protein (32.4%) and lignin (9%). 
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By and large, it can be said that besides lower sugars which form a main core of the 

assimilated food, lipids, because of ~heir high energy content, are also eagerly assimilated. It is 

interesting to note that the assimilation efficiency varying with sex or reproductive state of 

females does not depend on a preference_ to one of the nutritional components, but it affects 

assimilability of all the components. This may be in support of the idea that the assimilability 

of food by Crustacea depends mainly on the speed with which it passes through the intestinal 

canal (Watson 1966, White 1968, Hargrave 1970, Nflsson 1974, Kic

k o w s k i and D u n c a n 1975 and others). 

In order to rank the nutritional components according to their importance in the feeding of 

A. aquaticus one can venture calculation of indices that describe the utilization of food com

ponents (they are different from utilization of food sensu, e.g., Nilsson 1974). Such an 

index could be calculated as a product of the incidence (fraction) of a component in food and 

the assimilation efficiency (per cent) of this component typical for a given species. Thus 

utilization of food component (VFC) = fraction of this component in food (FF) multiplied by 

percentage assimilation efficiency of this component (AE). For shortening: UFC = FFC X AE. 

Such indices, calculated for A.aquaticus fed with decaying alder leaves, ranked in decreasing 

sequenc~ are the following: carbohydrates -14.3%, ·lipids•- 10.3%, proteins - 6.2%, lignin 

- 2.7%, ash - 2.2%. They characterize the importance of various components in the feeding of 

the species, their sum equals to the total assimilation efficiency as calculated on the dry weight 

basis. When reduced by the ind.ex of utilization of minerals (ash) it c~rresponds to the assimilation 

efficiency calculated on the ash-free dry weight basis, and in the case of A. aq:uaticus it is lower 

by about 6.5% from total efficiency assessed from calorific equivalents of food and faeces. To 

exemplify, an index of 14.3% for carbohydrates says that these compounds which had been 

assimilated formed 14.3% of dry weight of food consumed. The UFC-s are resultants of (1) the 

incidences of components in food and (2) assimilabilities of these components typical for a given 

species, thus are a good measure of the role of main organic compounds in nutrition of animals. 

When comparing assimilation efficiencies of A. aquaticus calculated for different food 

components with those for all animals reported by B ta x t er (1963) one can conclude that 

they are generally in a close agreement each other. Crude protein, which was assimilated .less 

efficiently, is an exception. 
The assimilation efficiencies for nutritional components of food obtained in this paper are 

close to those reported by F i s c h er (1972) for a fish, Ctenoplwryngodon idella Val. fed 

with plant food in the case of carbohydrates, with animal food in the case of lipids and in the 

case of crude protein approach the mean value of assimilation efficiency obtained for both 

types of food. 
To su~ up, determinations of chemical composition of the assimilated food permitted to 

evaluate the importance of main nutritional c_omponents in the feeding of A. aquaticus. 

l wish to thank Di: .A. DowgiaUo for his help in chosing adequate methods of chemical analyses as well as 

for his invaluable suggestions when preparing this. paper. Thanks llfe also due to Mrs. M. Witkowska who 

carried out the chemical analyses of the material. 

5. SUMMARY 

Percentage contents of ash, lipids, proteins, carbohydrates and lignin in dry weight of food ( decaying alder 

leaves) and of faeces of A. aquaticus (cylindrical pellets) were assessed by means of chemical analyses 
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(Table I, II). Taking into account the obtained percentages of main nutritional components the consumption . 
rates obtained earlier (P r u s 1971) for various groups of the animals ( differing in sex, size, and reproductive 
state of females) were expressed in weights of these components (Table Ill). Calculate<! by subtraction 
amounts of nutritional components that had been assimilated ( C - F = A, Table Ill) w!!re then changed into 
per cents, thus resulting in percentage composition of assimilated food which is as follows l ash - 6.3o/o, 
lipids - 28.7o/o, crude protein - 17.4o/o, carbohydrates - 40.2o/o, and lignin- 7.4o/o. 

The assimilation efficiencies of nutritional components were also calculated. Out of the components taken 
with food the following per cents are assimilated: lipids - 54.1 o/o, crude protein - 32.4o/o, carbohydra
tes - 72.3o/o and lignin - 9"/o. The differences both in percentage composition of the assimilated food and 
assimilation efficiencies for its components in relation to sex, size and reproductive state of females are also 
discussed. 

Comparison is also given of the calorific values of food and faeces of A. aquaticw with those determined 
in the bomb microcalorimeter. The diff~nces between the pairs of values were insignificant for food, hut 
significant for faeces (Table IV). 

Indices of utilization of food components were proposed in order to characterize the importance of main 
food compounds in nutrition of this species. 

6. POLISH SUMMARY (STRESZCZENIE) 

Metod.\ analiz chemicznych wyznaczono procentowe zawartosci popiolu, lipidow, biatek, w9Powodanow i 
ligniny w suchej masie pokarmu (gnij,ice liscie olchy) i kalu. A. aquaticu& (tab. I, JI). Uwzgl«;,dniaj,ic procenty 
poszczeg6lnych skladnikow, otrzymane wczesniej dobowe wartosci konsumpcji dla r6znych grup zwie~t 
(plec, wielkosc, stan rozrodczy· samic) tego gatunku (Prus 1971) przedstawiono w jednostkach wagowych 
poszczegomych skJadnikow (tab. III). Obliczone ze wzoru: C - F = A ilosci asymilowanych skhdnik6w 
pokarmowych pnedstawiono nast~pnie w_procentach, otrzymuj<1,c w ten sposob procentowy sldad asymilo
wanego pokarmu: 6.3o/o popiolu, 28. 7o/o lipid ow, l 7.4o/o bialek, 40.2% wrglowodanow i 7.4o/o ligniny (tab.III). 

Wyznaczono rowniei pnyswajalnosc poszczegolnych skladnik6w pokarmowych. Z pobranych w pokarmie 

skladnikow asymilowane jest: 54.lo/o lipidow, 32.4% bialek, 72.3% wc;glowodanow i 9o/o ligniny. Omowiono 
roinice zarowno w procentowym skfadzie pnyswojonego pokarmu, jak i w wydajnosci asymilatji poszcze
golnych skJadnikow w zaleznosci od ph:i, wielkosci osobnik6w i stanu fizjologicznego samic A. aquaticus. 

Porownano kalorycznosc pokarmu i kalu obliczonll!na podstawie skladu chemicznego z wyznaczon,i za 
pomoc<1, homby mikrokalorymetrycznej. R6znica w wartosci kalorycznej pokarmu jest statystycznie nie
istotna,natomiast wartosci kaloryc~nej kalu - istotna (tab. IV). 

Ohliczono wskazniki wykorzystania pokarmu charakteryzuj4ce udzial glownych skJadnikow pokar-
mowych w od:iywianiu sii_ A: aquaticus. · 
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