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ABSTRACT
Atkinson, E. G., and J. W. Wacasey. 1983. Caloric equivalents for

benthic marine organisms from the Canadian Arctic. Can, Tech.
Rep. Fish. Aquat. Sci. 1216: vii + 31 p.

Caloric equivalents and organic content values are presented for 97
invertebrate, 5 fish, and 2 plant species that were collected in 1976
from benthic marine stations located in Frobisher Bay, southern Baffin
Island.

The report discusses the techniques employed for analysis, the
problems peculiar to caloric determination and application of
appropriate correction factors, and the effects of preservation on
marine organisms relative to the determination of ash and caloric
values.

The results, presented in tabular form, consist of collection data,
data supportive of discussed techniques, caloric values, and the percent

organic content for the species collected.

Key words: Canada, Arctic, Frobisher Bay, zoobenthos, marine
invertebrates, demersal fish, algae, calories,

ash content.
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RESUME

“Atkinson, E.,G;, and J. W. Wacasey. 1983, <Caloric equivalents for
benthic marine organisms from the Canadian Arctic. Can. Tech.
Rep. Fish. Aquat. Sci. 1216: vii + 31 p.

Le présent rapport regroupe les &quivalences caloriques et les
contenus en matiéres organiques de 97 espéces d'invertébrés, 5 espéces
de poissons et 2 espéces d'algues. Les échantillons obtenus en 1976,
proviennent de stations benthiques situées dans la baie de Frobisher,

dans la partie sud de la Terre de Baffin,

Le rapport discute des techniques d'analyses, des problémes
inhérents & la détermination calorique et & 1'application des facteurs
de correction appropriés, et des effets qu'exerce la préservation sur la
détermination des contenus en matiére inorganique et des valeurs

caloriques des organismes marins.,

Les résultats, présent@s sous forme de tableaux, se composent de
données propres a 1'échantillonnage, de données &tayant les techniques
discutées, d'équivalences caloriques et de pourcentages du contenu

organique des espéces collectionées.
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INTROBUCTION

A growing fnterest in energy relationships in ecological work has
created a demand for caiorfc equivalents for as wide a range of species
as possible. The more traditional investigations into species-numbers
relationships, diversity indices, community classifications, biomass
comparisons based on whole wet weights, are gradually yielding to the
more fundamental insights into energy relationships and transfers that
reflect the basic organization of communities.

The purpose’of this study is to present caloric equivalents for
benthic marine species from the Canadian Arctic which together with the
list of values previously compiled by the present authors (Atkinson and
Wacasey 1976) will provide estimates for many species commonly occurring
in arctic marine communities, including the majority of species that
figure as dominants.

The data will be used initially to express biomass estimates as
calories per unit area, providing a fundamental basis for comparing

zoobenthic communities,
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METHODS

Collecting and Field Processing

Samples were c011eéted by trawl from stations in Frobisher Bay,
southern Baffin Island, in August 1976. The coordinates of these
stations and other relevant collection data are given in Table 1.
Temperature and salinity were not measured for these stations, but based
on previous data, the expected temperature range was from -1.5 to 1°C,
and the expected salinity range was from 31 to 33°/ ...

The samples were sorted fresh, identified to species and dried in a
forced air oven at 75°C for 24 hours. Specimens were usually dried
within 12 hours of sampling. Specimens from station 76-2 were held in
trays of seawater for 48 hours until they could be transported to the
field laboratory for drying. Tubes, shells, and other hard parts were
removed where possible; some before and some after drying, depending on
species. This includes the tubes of polychaetes, the tests of

barnacles, echinoids and the holothuroid Psolus fabricii, the calcareous

oral ring of the holothuroid Myriotrochus rinki, the gastropod shell

utilized by the hermit crab Pagurus pubescens, and the external shells

of gastropods and pelecypods. The carapace of arthropods was not
removed because the sclerotized exoskeleton has caloric value. Dried
specimens were transported in sealed glass jars to the Arctic Biological
Station at Ste. Anne de Bellevue where ash and caloric determinations

were carried out.
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Laboratory Procedures for Ash and Caloric Determinations

The dried meat, or Whole dry animal in the case of arthropods,
sponges, and most echinodefms, was milled and/or pulverized with mortar
and pestle until all the material was fine enough to pass through a
0.250 mm (#60) sieve. This ensured the homogeneity of the samples.,
Samples were then dried to constant weight at 100°C in a forced-air
oven; the process being complete in 36 to 48 hours, depending upon
species and amount of material.

Ashing was done in a muffle furnace at 500°C from four to five
hours. Samples were ashed in duplicate and a mean was determined from
the two values when they differed by no more than 1%.

After grinding and drying, samples were prepared for calorimetry.
Samples were formed into pellets with a Parr pellet press and stored in
a dessicator. While optimum pellet size was found to be 150 to 200 mg,
pellets as light as 70 mg were occasionally used, depending on the
nature of the organism and the amount of material available. Sample
size was calculated to release no less than the recommended 200
calories, Benzoic acid in known amounts was added to samples which were
less than 25% organic to promote proper ignition and ensure complete |
burning. All weights were determined on an electronic analytical
balance to 0.02 mg accuracy.

Determinations were made with a Parr model 1243 adiabatic bomb
calorimeter with automatic temperature control and using the 1107
semi-micro bomb, Most samples were burned with monel wire in a

stainless steel fuel capsule. Invertebrates containing substantial
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amounts of CaC03 were burned with 32 gauge‘piatinum wire in a platinum
fuel cabsu]é, the reaSon‘for which will be given in the subsequent
discussion. The use of monel instead of platinum wire is more
economical and yields satisfactory results for the biological material
dealt with here. The only noticeable difference is a slightly higher
variability among replicate values using monel wire. This is negligible
considering the inherent variability of biological material. General
calorimetric procedures, as given in Parr manuals 142 and 144, and ASTM
Standards for Bomb Calorimetry, were followed. All appropriate
corrections for fuse wire and heat of formation of acid were applied to
all calculations. Samples were determined in triplicate, and an
accuracy of 3% between tests of a given sample was accepted (Golley
1961). Exceptions are noted in Table 5. Occasionally, with a sample
requiring addition of benzoic acid, the three gross caloric values were
within 3%, but failed to achieve this degree of accuracy when corrected
for the acfd. In all cases these values were accepted and a mean
derived from them; such instances being noted in Table 5. The

calorimeter was restandardized every two months using calorimetric

standard benzoic acid at 6318 cal/g.
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RESULTS AND DISCUSSION

Drying of Samp]eé

The temperature at wﬁich material is dried in preparation for
ashing and calorimetry is of importance in that it may affect the
resulting values. After some experimentation, a temperature of 100°C
was decided upon,

Portions of several samples were dried at temperatures from 80 to
120°C, in increments of ten degrees, then determined for caloric
content. In general, values increased from 80 to 100°C, presumably from
driving off increased amounts of moisture. From 100 to 120°C values
declined, presumably from driving off volatile organic components. A
particularly marked demonstration of this was shown in samples of muscle
tissue from the Atlantic salmon, Salmo salar, which was treated as
above. Percent organic content and caloric values determined at each
drying regime are presented in Table 2. The significance of the
difference between a caloric value and its adjacent value from the next
lowest drying regime is evident from the adjacent "t" value as
determined from Student's "t" test, Maximum caloric value is achieved
when material is dried at 100°C. The increase from 80 to 90°C was not
significant at the .05 level, but from 90 to 100°C the increase was
highly significant. Similarly, neither the decline from 100 to 110°C,
nor that from 110 to 120°C was significant, but that from 100 to 120°C
was. The organic content values indicate that water loss stabilized at»
or around 100°C. As no apparent reduction in organic content occurred

between 100 and 120°C, the reason for the decline in caloric value may




be a change in the energy states of certain organic compounds due to the
vheat, rather than a direct volatilization of organic constituents.
Since the lipid content of this tissue was particularly high, it may be
inferred that most organisms would not be detrimentally affected by
drying at 100°C. Organisms containing large amounts of hydrated
skeletal material such as CaCO3 and Si0, would have their caloric values
more accurately estimated by drying at the highest temperature
consistent with maintaining the integrity of the organic structure, The
drying tempefature of 105°C, suggested by Cummins and Wuycheck (1971),
may be the most suitable, since it would ensure that all water not
chemically bonded would be removed. The results of our experiments
support this; however, samples with known organic fractions that
volatilized at these temperatures would be more appropriately dried by

freeze drying.

Test samples ashed for varying periods up to 24 hours at 500°C
indicated that combustion was complete after four hours. A loss in ash
weight was observed after 24 hours, with a maximum of 0.82%.1n the
species tested. Since various salts decompose at temperatures higher
than 500°C (Paine 1966, 1971), it seems advisable to ash for no longer
than five hours at 500-550°C., Ash values derived from the calorimeter
are usually in error and should not be used. This has been discussed by
the present authors (1976) and by others (Paine 1964, 1971; Cummins and

Wuycheck 1971). Samples were ashed in duplicate and a mean was
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A determined from the two values when they differed by no more than 1%.
EXcépiions to this are noted in Table 5. For convenience, percent

organic content rather than percent ash has been presented.

Storage of Samples

It has been suggested by Cummins and Wuycheck (1971) that material
be stored frozen from the fresh state. However, material that has been
dried at 100-105°C, and presumably freeze-dried material as well,
appears to keep fn satisfactory condition if stored in air-tight
containers. Three species of invertebrates, dried at 100°C and stored
in glass vials with either polyethylene snap-caps, or bakelite screw
caps with conical polyethylene seals, were redetermined after six years
storage. Two showed a slight decrease in caloric value of 0.46 and 1%,
and one showed an increase of 0.67%, none of which was significant at

the .05 level. Freezing of dried material might be expected to provide

the most satisfactory method of long term storage, should it be desired

k4
)
H

to retain the remains of determined samples for future reference.

Sources of Error and Applied Corrections

Paine (1964, 1966, 1975) has discussed a wide variety of potential
sources of error in deriving caloric values. The procedures described
above have minimized many of these, including: mensural errors, fuse
wire corrections, heat of acid formation, addition of carrier material
to ensure complete combustion, drying technique, and method of ash

determination. Two other potentially large sources of error are the




influence of:water retained by hydrated skeletons such as Si0, and

CaCO3,'and'the endothermic breakdown of salts, principally CaC0O3, which

may occur in the bomb.. Methods of correcting for these sources of error

have been determined and discussed by Atkinson and Wacasey (1976). The
organic content values for all echinoderms whose skeletons were not

removed, and for the decapod Pagurus pubescens, whose exoskeleton

contains large amounts of CaCO3, have been corrected for water of
hydration in the following manner. Based on the mean organic content of
species without skeletons and judged to be similar in trophic level, the
assumption was made that weight loss on ashing of a skeletal bearing
species represented 85% of the dried flesh alone with the remaining 15%
representing ash from the flesh. The ash associated with the flesh was
calculated, subtracted from total ash, and the difference taken to be
the CaCO3 content for that species. Using the empirical value of 0.27

g mol wt of water associated with each g mol wt of CaCO3 (Atkinson and
Wacasey 1976), the water of hydration was calculated, expressed as a
percent of whole dry weight, and used to adjust the organic content
values. MWater of hydration values for the siliceous skeletons of the

sponges Polymastia mammillaris and Tetilla sibirica were determined

directly and the organic content adjusted accordingly. VYalues for

Haliclona gracilis and Lissodendoryx indistincta were corrected in a

similar fashion to species containing CaCO3, assuming that weight loss
on ashing represented 75% of the flesh and that 0.21 g mol wt of water
was associated with one g mol wt of Si0,. This value was obtained as
the average of three directly determined species. The caloric values in

Table 5 have been corrected, where appropriate, for water of hydration.
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wheré CaCO3 constitutes 25% or more of total dry weight, a
siénificant reduction in éstimated caloric value can be expected due to
the endothermic breakdown of CaC03 at high temperatures in the bomb
(Paine 1966, Atkinson and Wacasey 1976). Samples known to contain large
amounts of skeletal material in the form of CaCO; (echinoderms from

which skeletons were not removed and the hermit crab Pagurus pubescens)

were ignited in the calorimeter with platinum fuse wire to minimize the
problem of fusing wire globules with the ash, thus permitting
calorimeter ash to be accurately weighed after appropriate drying. The
difference between muffie furnace ash (uncorrected for H,0 of hydration)
and calorimeter ash was taken to be the weight of CO, evolved in the
reaction, CaCO3 + Ca0 + CO,, and lost on opening the bomb. An empirical
value of 0.77 cal/mg of ash weight lost (CO, evolved) was used to
calculate the amount of heat consumed by the dissociation of CaCOj
(Atkinson and Wacasey 1976). This is equivalent to 0.33 cal/mg of CaCO,
broken down, and falls between Paine's (1966) empirical value of 0.14
cal/mg and the theoretical value of 0.43 cal/mg. The caloric values in
Table 5 have been corrected, where appropriate, for CaCOj dissociation.
Values for fish have not been similarly adjusted, since their skeletons
were estimated to make up less than 25% of the total dry weight, and
salts other than CaCO3, such as Caz(P0y,),, may make up a significant
proportion of the skeleton and for which suitable correction factors are
unavailable,

Application of the above correction factors for water of hydration
and CaC0O; breakdown may involve some error but this error is thought to

be negligible compared to the inaccuracy of an uncorrected value.




Caloric Determﬁnatéon of Preserved MateriaT

To determine the effects of formalin and alcohol preservation on
the caloric value and organic content of marine organisms, and to
establish whether such results reliably represent values obtained from
fresh material, the following experiment was conducted. Populations of
species representative of several of the dominant taxa were collected
and divided into three equal portions. One third was dried fresh, the
other two thirds was preserved in a 10% formalin solution and allowed to
stabilize for several months. Half of this material was then dried out
of formalin; the balance was transferred to 70% ethanol and then dried
after reaching stability. Drying and all other preparations were
carried out as described in the Methods section. Caloric value and
organic content were determined for each of the three conditions, and
the results are presented in Tables 3 and 4, respectively.

An increase in caloric value ranging from 2.26 to 11.59% was
observed in the six species, five invertebrate and one plant, which had
been preserved in formalin. Four out of six of these increases were
significant at the .05 level, using Student's "t" test. Following
additional fixation in alcohol, four of six values increased by 0.1l to
4.79%, one being significant, while two values decreased fbom formalin
by 1.89 and 7.05%, both being significant. The net effect from fresh to
alcohol preservation with intervening retention in formalin was an
increase in five values varying from 1.94 to 16.94%, four of these being
significant. The single net loss was not significant. There appears to
be a general trend for caloric va]ues‘to increase with preservation,

although in degree this is not consistent.
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The effects bf preservation on organic cdntent are similarly
érkatice From fresh to formalin three values declined, ranging from
1.39 to 8.56%, and three increased varying from 0.64 to 19.74%. In
alcohol, five values increased from their formalin counterparts from
4,03 to 11.72%, while one fell from its respective formalin value by
0.89%. The net effect from fresh to alcohol preservation with
intervening retention in formalin was a gain in four values from 3.30 to
31.46%, and a loss in two of 1.48 and 3.88%. The indication is that
formalin alone is inconsistent in its effect, while further fixation in
alcohol tends to increase organic content. As for the caloric value,
the magnitude of the change is unpredictable.

In the absence of biochemical analysis, the mechanism of these
changes is largely speculative. The tendency towards a net gain in
organic content may result from dissolving some of the inorganic
fraction of a sample. The general net gain in caloric value may in some
cases be due to chemical recombination into new organic compounds of
higher energy; the losses possibly explained by a simple so]vént and
leaching effect on various organic fractions, presumably having its
strongest effect on lipids. Since the observed changes are not all in
the same direction, the constitution of the specific organism must
affect the results. It is also probable that the observed effects would
have been different in degree had the volume of sample to volume of
preservative ratio been different; i.e. a different equilibrium would
have been reached with a greater or lesser amount of preservative

surrounding the sample.




12

'Since the popu]ations of the above épecies were split into 3
portions oﬁ a volume basis with no systematic attempt to divide size
classes equally, if i$ possible that individual diffenenﬁes may have
tended to obscure a more clear-cut result. Consequently, a similar test
was run on subsamples of salmon muscle tissue, which is homogeneous and
should tend to obviate such differences. The caloric values and organic
content are presented at the ends of Tables 3 and 4, respectively. The
caloric value of the muscle tissue in formalin dropped significantly,
and again on transfer to alcohol, although not significantly (.05
level). This is contrary to the trend in invertebrate material where
there was an increase in caloric value with preservation. Since salmon
muscle has a high 1ipid content, the result seems to confirm the
suspicion of a leaching effect of preservation on lipids. Little can be
said concerning the organic content values, except that the observed -
increase in alcohol preservation follows the previously observed trend.

Despite the observed trends toward increased organic content and
caloric value in preserved material, changes are not always in the same
direction, and the magnitude of the changes is quite variable,
indicating preserved material does not provide reliable results.

Where a caloric equivalent is required but fresh material is
unavailable for analysis, the best estimate to use would be the value of
a similar species, preferably from the same genus, or else the mean
derived from available values for a given taxon. Lacking these, a value
of 5436 cal/ash-free gram may be applied, as representing the mean of

all invertebrate values (Atkinson and Wacasey 1976 and present). The
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potential source of error inherent in the application of representative,
réther than dete}mined vaTues, is more critical with organic content
than with caloric contenf. Among various values available for a given
species, organic content values usually show greater variability than do

the corresponding caloric estimates,
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Table 1. 'Coordinates and associated data for stations sampled in
| Frobisher Bay, 1976.
North West Depth

Station Date latitude longitude (m)
76-5 4 Aug 63°40' 68°26' 60
76-5 5 Aug 63°40" 68°26" 60
76-5 21 Aug 63°40' 68°26' 60
716-2 13 Aug 62°34,.3' 65°43.3' 90
76-25 18 Aug 63°43,3' 68°31.4" 30
76-LA 20 Aug 63°44' 68°30.5" littoral
76~-LB 19 Aug 63°43,6' 68°32' littoral




Table 2. Comparison of organic content and mean calories per ash-free
gram (H) of Salmo salar muscle tissue dried at various

temperatures (t.os = 4.303).

Drying % %

temp. organic _ % change
°C content H change t 100-120°C t
80 93.15 6626
90 93.10 6645 +0.3 0.693

100 92.26 6738 +1.4 7.482

110 92.24 6701 -0.6 1,277

120 92.43 6602 -1.5 2.712 -2.0 5.761
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Explanatory notes to Table 5

The sample contained an indeterminate amount of tube material. The
organic value is not an accurate indication of the organic content

of the dry meat alone,

Percent organic content was not determined in duplicate due to lack

of material,

Only two caloric determinations were made due to lack of material.

Only one caloric determination was made due to Tack of material,

Juveniles comprise several size classes, from approximately half to

three quarters of maximum adult size.

Duplicate organic content values were more than 1% apart. There
was insufficient material for additional determinations.

Triplicate caloric values varied by more than 3%. There was

insufficient material for additional determinations.

Triplicate caloric values varied by more than 3% due to use of

benzoic acid.

Determinations were made on the blade only, with stipe removed.
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