
TABLE 1. - Caloric and ash values for some North Atlantic
copepoda. Species are recorded in order from largest to smallest
mean value under each category. Those species side-scored have
similar means (Duncan's New Multiple Range Test, P = 0.05).

Standard
Species Mean deviation

the seven species of copepods (Table 1) were as
follows: 5,251.9 cal/g dry weight, 5,626.3 cal/g
ash-free dry weight, and 6.70% ash. Statistical
analysis of the means of caloric values for each
species (Duncan's New Multiple Range Test, Steel
and Torrie 1960) indicated that Calanus /inmar
chicus had significantly higher values of both
calories per gram dry weight and calories per
gram ash-free dry weight than all other species,
that Temora longicomis had significantly lower
values for calories per gram ash-free dry weight
than all species except Centropages hamatus, and
that the differences between Acartia tonsa, Tor
tanus discaudatus, P. minutus, Centropages
typicus, and C. hamatus were minimal (Table 1).

Temora longicomis had the highest percent ash.
Acartia tonsa and P. minutus also had relatively
high ash values in comparison with the other
species, while Calanus /inmarchicus was inter
mediate and higher than the three remaining
species (Table 1).

cal/g ash-free dry weight
@a/anus finmarchicus 6,635.2

~
cartia tonsa 5,664.1

Tortanus d,scaudatus 5,642.0
Pseudocalanus minutus 5,541.9
Centropages typicus 5,503.4

[Centropages hamatus 5,212.3
LIemora longicornis 4,984.7

CALORIC VALUES OF SOME
NORTH ATLANTIC CALANOID COPEPODS

Evaluation ofthe dynamics of energy exchange of
a marine ecosystem necessitates a knowledge of
the caloric equivalents of its living constituents.
This information, in combination with informa
tion on growth, metabolism, and assimilation
rates can lead to predictions of energy conver
sion between trophic levels and estimates of pro
duction.

Researchers have accumulated a considerable
quantity of data concerning the caloric value of
marine organisms (Cummins 1967; Thayer et al.
1973; Tyler 1973); however, values recorded for
marine, planktonic copepod species have been few
(Slobodkin and Richman 1961; Comita et al. 1966;
Cummins 1967). My research reports the caloric
values for seven species ofmarine copepods, six of
which apparently have not been previously re
corded. These studies are part of an overall inves
tigation ofthe bioenergetics ofthe early life stages
of some North Atlantic fish species.

Materials and Methods

Plankton samples were collected in July and
August 1972 off Narragansett Bay, RI. except for
samples of Pseudocalanus minutus which were
collected in April 1971 offthe coast of Delaware.
All samples were preserved in 5% Formalinl and
were prepared and combusted in July and August
1972. Laboratory preparation ineluded rinsing the
samples in distilled water for 1 h, sieving through
a coarse mesh screen to remove large detritus, and
hand sorting adults ofthe various copepod species
under a dissecting microscope. Pure copepod
species samples were dried for 24 h at 90°C and
desiccated in a silica gel desiccator after which
they were made into pellets for combustion. All
combustion was done in a Parr 1241 automatic,
adiabatic calorimeter adapted for a microbomb.
Combustion samples for each copepod species were
done in triplicate. Percent ash for each copepod
species was determined by ashing uncombusted
pellets in triplicate at 500°C for 4 h in a muffle
furnace.

@a/anus finmarchicus

~
ortanus discaudatus

Centropages typicus
Acartia tonsa
Pseudoca/anus minutus
Centropages hamatus

[Iemora longicornis

[femora longicornis

[Acartia tonsa
LEseudocalanus minutus

@a/anus ffnmarchicus

rn
entropages typicus

Tortanus discaudatus
Centropages hamatus

cal/g dry weight

% ash

6,425.1

5,398.3
5,244.7
5,160.0
5,070.9
4,998.6

4,466.3

10.40

8.90
8.50

6.00

4.70
4.32
4.10

±187.0

±14.6
±183.3

±78.8
± 181.7
:246.3

±92.8

:191.2

±86.6
±15.3

±198.6
±192.3

±256.9
:103.6

±0.16

:0.16
±0.11

±1.82

±0.28
±0.07
±0.13

Results

Mean values for the caloric determinations of

'Reference to trade names does not imply endorsement by
National Marine Fisheries Service, NOAA.
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Discussion

Since the species in this study were preserved in
Formalin for short periods of time and rinsed in
distilled water to remove the Formalin before pro
cessing, the estimates of caloric and ash content



and dry weight may have been slightly affected
due to an unknown loss of chemical constituents.
Methods of preservation of animals before com
busting or determining chemical composition and
weights have been a subject of debate. Omori
(1970) showed there was considerable variation
with no apparent trend of chemical composition
and weight ofCalanus cristatus that were frozen,
dried, or preserved in Formalin. Except for dry
weight, which was lowest in Formalin-preserved
specimens, he found no clear relationship between
percent ash, carbon, nitrogen, and hydrogen com
position and the methods ofpreservation. Faustov
and Zotin (1965) determined that fixing by drying
or in 4% Formalin had no significant effect on the
caloric value of fish embryos and, consequently,
results obtained with fresh or fixed material could
be directly compared. In the present study, sam
ples of fresh and preserved (5% Formalin) C.
finmarchicus were compared. Calories per gram
dry weight and percent ash were less for the pre
served sample, however, the differences were min
imal (274.8 cal/g dry weight and 3.78% ash which
corresponds to 275.0 cal/g ash-free dry weight) and
only slightly greater than one standard deviation
(Table 1).

In view ofthe apparent lack of specific effects of
preservation method on chemical composition,
weights, and caloric values reported in the litera
ture and the results with C. finmarchicus in this
research, it may be concluded that the values pre
sented in this paper are only slightly underesti
mated, if at all. Also, since all samples in this
study were treated the same way, relative com
parisons between them should be valid.

Attempts to explain the differences in caloric
values on the basis of phylogeny proved in
adequate. All species are calanoid copepods and,
although C. finmarchicus and P. minutus are
members ofa different, more primitive taxonomic
subdivision under the Calanoida than the other
species (Sars 1903), the values for P. minutus
were statistically more similar to the lower values
for the other species than to C. finmarchicus.

There is a lack of information on the specific
chemical composition of the species tested in this
research with the exception of C. finmarchicus.
Calanus finmarchicus is known to have a reasona
bly high fat content. Comita et al. (1966) noted
that, upon fixation, globules of fat were extruded
from living specimens and that a layer of oil
formed on the surface of the fixed sample. They
determined the caloric value of the fat of C.

finmarchicus to be 9,500 cal/g. Fisher (1962) de
termined the lipid content for a number ofmarine
Crustacea and found the concentrations in C.
finmarchicus to be consistently among the higher
values recorded. Although there are no fat content
values for the six other species tested in this re
search to compare with C. finmarchicus, the im
plication is that the lipid content in C. finmarchi
cus may be the cause of its higher caloric value.
The caloric determinations of C. finmarchicus
recorded in this research (Table 1) compare closely
with the results ofother workers (Slobodkin 1962;
Comita and Schindler 1963; Comita et al. 1966). In
fact, the caloric values of C. finmarchicus have
been some of the highest recorded for copepods.

Temora longicornis had lower caloric values
than the other species and the highest percentage
of ash (Table 1). This may be the result of its
morphology which is somewhat different com
pared to the other species. It has a proportionately
rounder and deeper cephalothorax that may con
tribute to a higher percentage of inorganic exo
skeleton.

The overall means for the caloric values of all
the species (5,251.9 cal/g dry weight and 5,626.3
cal/g ash-free dry weight) are similar to composite
sample caloric values recorded by other inves
tigators. A calculation based on the data of Os
tapenya et al. (1967) using their values ofcalories
per gram dry weight and percent organic matter
for Gulf of Mexico plankton samples, which were
predominantly copepods including Acartia sp.,
Centropages sp., and Temora sp. (separate values
for each of these genera were not reported), pro
duced a mean value of 5,187 c~l/g ash-free dry
weight. A similar confirming value of 5,016 cal/g
dry weight was obtained using the percent organic
matter in the dry material in my research (calcu
lated by subtracting the mean percent ash, 6.70%,
from 100) and the regression relationship between
that and ash-free dry weight devised by Platt et al.
(1969).

Seasonal changes in the caloric value of zoo
plankton have been verified in several studies
(Comita et al. 1966; Conover 1968; Siefken and
Armitage 1968). The species in this study undoubt
edly undergo seasonal variations also, and this is
a subject for future investigation. However, all the
species used in this research, with the exception of
P. minutus, were collected at approximately the
same time in the same general area and can be
used for a comparison ofthe potential energy avail
able to predators at a particular time and place.
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Examination of data on the abundance ofadult
and nauplii stages in the Narragansett Bay and
Block Island Sound areas (Deevey 1952; Faber
1966) for the time ofyear samples for this research
were collected (July-August) showed that, al
though all seven species were present, only A.
tonsa, T. longicornis, and C. hamatus were availa
ble in sufficient quantity to be considered major
prey organisms. They represented 24.6, 10.8, and
10.4%, respectively, of the total copepods availa
ble, while the other four species were less than 3%.
The results of this study in calories per gram ash
free dry weight (Table 1) show that A. tonsa had
the second highest value while C. hamatus and T.
longicornis had the two lowest values. In fact, the
difference between A. tonsa and T. longicornis is
680 callg. This indicates, assuming equivalent as
similation rates, that predators utilizing the
copepods like A. tonsa with higher caloric values
may have an advantage in acquiring energy for
growth and metabolic processes. Predators feed
ing on copepods with lower values, especially T.
longicornis, would have to consume more prey or
ganisms for an equivalent energy intake and,
given the same density of plankton, would spend
more energy searching for their prey.
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METHOD FOR RESTRAINING
LIVING PLANKTONIC CRUSTACEANS'

Studies of the feeding and swimming mecha
nisms of small, active planktonic crustaceans re
quire restraining the organisms so that water
flow and limb movements can be observed under
the microscope. The usual technique is to place
the organism in a watch glass or cavity slide
(Cannon 1928; Gauld 1966) or to secure the dorsal
side of the animal to a drop of stopcock grease in
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