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Introduction

Since LiNDEMAN (1942) exerted a synthesizing influence on trophic-dynamic
theory, the tendency to utilize the calorie as a common denominator has increased
steadily among ecologists. The progression has recently culminated in the,
equilibration of ecosystem ecology and ecological energetics (e.g. PHILLIPSON,
1966).

This equivalence intended by ecological investigators has created a demand
for calorific values. Several summaries of caloric data have appeared previously
(SroBoDkIN & RicHMaN, 1961; GorrLey, 1961; STrRASKRABA, 1968) including
former unpublished versions of the present tabulation (CumMins, 1966, 1967).
The current presentation is an attempt to expand former summaries and to
indicate ecologically and taxonomically defined areas where caloric data are
lacking.

Discussion of calorimetry methods

A number of problems associated with the measurement and interpretation
of calorific equivalents need to be stressed in order to place the present paper in
proper context.

The total theoretical range of organismic caloric values is 5400 cal/ash-free
gm, from an average for pure carbohydrate of 4100 to 9500 for fats. However,
actual organisms would be expected to exhibit only a portion of this range with
an average closer to that for protein (5100 cal/ash-free gm). Assuming that most
field sampling programs in ecosystem analysis do well to operate at a variance
of less than 10%bo, only differences of 500 to 1000 calories per gram would be
considered significant in most ecosystem studies at present. Calorific variations
of lesser magnitude probably would represent reliable differences in detailed
energy budget studies at the population level. Therefore, given the large variance
with which ecosystem ecologists are often forced to deal, it may be more realistic
at present to use a median caloric value, or a grand mean, or producer and
consumer means.

Within the range of calorific values determined for whole individuals of
a given species, variables such as season of collection, life history stage, sex,
reproductive condition and nutritional history assume considerable importance.
Of particular interest, with regard to seasonal differences, are the extremely high
values of premigratory birds resulting from the storage of large fat reserves. Life
history stage is also of importance relative to lipid reserves, for example the
elaboration of fat bodies in prepupal insects.

Fruit-bearing producers, spore-bearing microconsumers and egg-bearing
animal consumers usually yield the highest caloric content for a given species.
Male organisms frequently show lower values than females, again related to
differential fat reserves.
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The diet of animals prior to collection for calorie determinations is of signifi-
cance not only because of its relation to the condition of fat stores, but also since
most literature values for whole individuals include the gut contents of specimens.
Special considerations are necessary in this case. For example, an investigator
interested in the caloric content of a prey organism as part of a food chain study
undoubtedly should use values which include gut contents-at least until assimi-
lation experiments demonstrate the material not to be utilized by the next trophic
level. In other words, in calorimetry, just as in many other facets of ecosystem
studies, it is important to distinguish between tissue and gut phenomena.

In addition to variability associated with the nature of the material analyzed,
there is the problem of methodology; standard methods have yet to be achieved.
The four most commonly employed procedures are: 1. various models of oxygen
bomb calorimeters manufactured by the Parr Instrument Company (Moline,
IMinois, U.S.A. 61265); 2. the Phillipson-type microbomb calorimeter (PHILLIPSON,
1964) or its modified form supplied by Gentry-Wiegert Instruments (313 Silver
Bluff Road, Aiken, South Carolina, U.S.A. 29801); 3. wet dichromate oxidation
as described by MacroLek (1962); and, 4. calculation from protein (usually
estimated from nitrogen determinations), fat (usually measured by soxhlet ether
extraction) and carbohydrate (usually obtained by difference) content, using the
caloric equivalents given above (e.g. BiGE & Jupay, 1922; SeoEnHr & MILNER,
1949; Kercuum & REDFIELD, 1949; VINoGRrapoV, 1953). A miniature adiabatic
oxygen bomb of the “Parr-type” developed by McEwan & ANDERsoN (1955) has
been used by a few investigators (see Table 3).

Although considerable disagreement is to be expected, the authors™ recom-
mendations are summarized in Fig. 1. Pretreatment techniques need to be
standardized. Since a number of suitable instruments are available for making the
actual caloric determinations, the selection of an instrument is dependent
primarily on the range of sample sizes to be combusted. Because of the assump-
tions that must be made when caloric values are calculated from protein, fat and
carbohydrate determinations, an equally fruitful approach may be to assign an
average caloric value, from Table 2, for the ecological or taxonomic group in
question.

Concerning the problem of expressing calorific values on a per gram wet, dry
or ash-free dry weight basis, it seems that all three are required, at least for
certain kinds of studies. Since most ecologists are presently concerned with
converting biomass data to calorific equivalents, the most useful form of the
caloric data is that which conforms to the most frequently employed form of the
biomass data. This is clearly dry weight, until ash-free (i.e. organic) weight
values are more frequently utilized. However, there is no doubt that comparisons
of the caloric content of organisms, for example along phylogenetic lines, should
be made on an ash-free dry weight basis.

Dry weights are most.frequently determined after oven drying at between
80 and 105° C and storage in a desiccator, both treatments being of a least
24-hour duration. As shown in Fig. 1, we recommend standardization of oven
drying at 105° C. but if the material contains more than 1%/ organics volatilized
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Fig. 1. Methods for determining caloric values (per gram wet, dry and ash-free dry
weight) with recommended corrections. *Freeze drying, oven drying at 50° C (or air

drying for very small samples) followed by desiccation over P,O; is recommended

especially if the material is known to have a high lipid content or to contain greater than
59/ organics volatilized on drying. **In many cases these corrections are negligible.

Calcium carbonate content can be determined by combusting subsamples at 950° C.
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on drying, freeze drying is recommended. Best results are obtained if the material
to be combusted is compressed into a pellet. Such pellets, stored in a desiccator
until use, should be weighed just prior to combustion (balance chamber should
be supplied with desiccant). To avoid loss of material in transferring the weighed
pellet to the bomb chamber, the most satisfactory procedure is to weigh the
platinum combustion cup without the pellet and then with the pellet. Then the
cup plus pellet is placed in the holder within the chamber and the fuse wire
positioned.

The large variations associated with wet weight (i.e. fresh weight or as used
by some investigators, air dry weight) determinations and the lack of information
on %o of water content for most organisms render this the least desirable form
for calorific data. Nevertheless, in certain growth (production) studies in which
the same individual must be weighed at intervals, wet weight caloric conversion
values are necessary.

Since fuse wire contamination of the residual sample is always a problem in
bomb calorimetry, ash values should be determined on separate samples by
combustion in a muffle furnace at 550° C for three hours. As Paine (1964, 1966)
has pointed out, high inorganic salt and hydrated skeletal material can be
sources of errors in both calorimetry and ashing. Aside from the problem of
furnace accuracy (PaiNg, 1964), temperatures between 500 and 900° C can cause
weight loss due to the breakdown of carbonates (MgCOs at 350° C, CaCOs at
898° C). If more than 25%0 of the dry weight of the organism is carbonate a
correction is necessary for endothermic reactions (Paine, 1966) occurring during
combustion in the calorimeter. The empirically determined correction was
0.14 cal/mg CaCOs; (Paing, 1966). Although most organisms can be expected to
contain less than 2590 carbonates, for greatest accuracy the correction should
be made based on independent determinations of carbonate content by com-
bustion of subsamples at 925° C.

A correction for acid formation (HNOs and H:SO.) during combustion in the
calorimeter is also desirable (Parr Instrument Co.; Gorrey, 1961) although in
many cases it is negligible.

Of course, it is always desirable to avoid utilization of benzoic acid, membrane
filter or some other material of known or previously determined caloric content
as a “carrier”. However, if the sample size is of necessity below the accurate
range for the Phillipson-type calorimeter (< 5 mg), there may be no alternative.
For this reason, caloric values for some miscellaneous materials have been
included in Table 3. If the material is greater than 309 ash it will be difficult
to obtain complete combustion. In such cases a high energy carrier such as
mineral oil is necessary in order to obtain reliable values.

Regardless of the problems associated with calorimetry, it seems desirable
to continue to take stock of the caloric values obtained thus far. In most instances,
these values carry with them specificdata as to the nature of the material burned and
some estimate, such as standard deviation, of the variation encountered within a
given set of samples. Comparison of caloric values obtained for the same species
by different investigators should allow conclusions to be drawn concerning



6 K. W. Cummins & J. C. Wuycheck, Caloric Equivalents

seasonal, habitat, dietary and other differences that might be expected. Thus, if
either extreme prevails, that is, very narrow ranges cutting across vastly different
taxonomic and ecological groupings or wide ranges of variation even within the
same species, we will have the data from which to select an approach that will
yield maximum benefit to ecosystem research.

Discussion of tabular material

The data certainly indicate the desirability of using separate values for pro-
ducers (mean from Table 1 = 4685), microconsumers (mean = 4958) and
macroconsumers (mean = 5821). The values for detritus, which include both the
organic substrates and the microflora (and, undoubtedly, certain microfaunal
elements also), do not differ very much from the primary producer values
(500 calorie/ash-free gm difference). Although there is only approximately a
200 calorie difference between the aquatic and terrestrial invertebrate means,.
over 1200 calories separate the aquatic and terrestrial vertebrate means. This
results from the heavy dominance of low fish values in the former and of high
bird values in the latter.

FREQUENCY
o
q

40 45 5:0 56 €0 65 70 15 80 85 90 95 100
KILOCALORIES PER ASH FREE GRAM

Fig. 2. Frequency distribution per ash-free gram dry weight caloric values for organisms
(from Table 1).

A frequency distribution of the species caloric values, on a per ash-free gram
basis, has been plotted in Fig. 2. A similar presentation of calorific data by
SropopkIN & Ricaman (1961) showed a distribution skewed in the direction of
lower caloric values. The authors related such a distribution to maximization of
progeny output but only sporadic selection for high energy content per unit
weight. Fig. 2 shows a skewed distribution between the range of 3300 — 9400
calories/ash-free gram. This sort of distribution would be expected given the
predominance of plant values in the data that were plotted.

Obviously the tabulation is not complete, particularly since many data
undoubtedly exist in theses and manuscripts not yet brought to our attention. We
wish to gratefully acknowledge the assistance of a great many ecologists
throughout the world who supplied data for inclusion in Table 38 and brought
published and unpublished values to our attention. We are particularly grateful
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for the helpful suggestions made by Drs. R. T. Paing, R. G. Wiecert, R. G.
WEeTZEL, W. OHLE and V. SLADEGEK.

The data in Tables 1—3 have been organized according to categories inten-
ded to be of maximum use to ecosystem ecologists. The primary organization is
according to trophic levels, the secondary organization according to habitat.
Within secondary categories, the data are organized by taxonomic grouping
down to the family level. When generic and specific designations were available,
they have been included along with common names. Mean values have been
summarized in Tables 1 and 2. These are not “true means” since entries from
Table 3 were averaged rather than individual determinations. The outline of the
tabular presentations is as follows:

Primary Producers
Aquatic
Terrestrial

Microconsumers
Aquatic
Terrestrial
Detritus (microconsumers plus substrate)

Aquatic
Terrestrial

Macroconsumers
Aquatic
Terrestrial
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Unpubl. Mimeo. Rept., University of Pittsburgh. 26 pp.
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trophic and habitat designation (see notes for Tables 1 and 3).

Table 2. Mean caloric values summarized at familial taxonomic level and arranged by
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Table 3 37

Table 3. Caloric values for organisms, arranged by trophic level, habitat and taxenomic

category. The numbers and/or letter (other than the caloric values and H,0 and ash

per cents) notations are defined in the section following the table. The references for

the caloric values also follow the table (the “Literature cited” section refers only to
non-tabular references). (See text for further explanation.)
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Notations

I. Superscript notations for caloric value error terms

IL.

—

11.

12.
13.
14.
15.
16.

BN S S

. Value calculated from data reported by the author
. Standard error

. 95°%0 confidence limitis (two standard deviations)

. Standard deviation

Coefficient of variation
Plus or minus the range, i.e. difference between high and low values

. %o deviation from the mean

Season material was collected

. January
. February
. March

3a. March through April

. April

4a. April through September

4b. April, July, August, November
4c. April, August, November

4d. April through May

. May

5a. May and June

5b. May through September
5c. May and November

5d. May to October

June

6a. June and August

6b. June through August

6¢c. June through September
6d. June through July

6e. June through October

. July

7a. July through August

. August

8a. August through September
8b. August through October
8c. August through November
8d. August and September

. September
10.

October
10a. October through May
10b. October, December through May, July

November
11a. November through March

December
Spring
Summer
Fall
Winter
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17. Laboratory culture
18. Throughout the year

III. Life stage, sex and parts of organisms used

A. Bacteria, algae, protozoa. sponges
1. Entire cells or colonies of cells or loosely grouped cells (marine algae)

B. Fungi
2a. hyphae and sporulating portions
2b. sporulating portions
2c. spores
2d. hyphae

C. Mosses, liverworts, lichens, ferns
3a. entire plant
3b. thallus
3c. non-spore bearing portions
3d. capsules with spores

D. Gymnosperms
4a. entire plant
4b. needles
4c. stem
4d. flowers
4e. cones, with seeds
4f. seeds
4g. roots
4h. twigs
4i. pollen

E. Angiosperms
S5a. entire plant
5b. stems, leaves, fruits, flowers (all above ground parts)
Sc. stems, leaves (above ground parts, except fruits and flowers)
5d. stems, leaves and flowers
5e. stems, leaves and fruits
5f. stems
5g. roots
5h. stems, leaves and seeds
Si. twigs
5j. xylem
5k. roots, stems, leaves, flowers
51. roots, stems, leaves, fruits
5m. roots, stems, leaves
5n. roots, stems, leaves, flowers
50. bark
Sp. entire young plants
6a. leaves
6b.—6d. sized green leaves: b = small; ¢ = medium; d = large
7a. flowers
7b. male flowers
7c. female flowers
7d. bracts
7e. receptacle plus peduncle
7f. nectar
7g. pollen
8a. fruits
8b. seeds
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8c. hulled seeds
8d. seeds and flowering heads
8e. pericarps

F. Invertebrates

9a. entire animals of varying stages (age classes or sizes) and both sexes (or age and
sex not specified)

9b. entire animals without shells (Mollusca)

9c.—9e. entire animals of both sexes (or sex not specified) grouped into general size
categories: ¢ = small; d = medium; e = large

9f. immature (i.e. not sexually mature) stages (non-arthropod groups)

9g. immature males

9h. immature females

9i. entire male animals, all stages

10a. adults, both sexes (or sex not specified)

10b. adult females, reproductive

10c. adult females, non-reproductive

10d. adult females with eggs (eggs and embryos at various stages of development,
or stage not specified)

10e. adult females without eggs

10f. females with summer eggs

10g. females with winter eggs

10h. females with and without eggs, mixed

10i. subimagos, both sexes (Ephemeroptera)

10j. female subimagos

10k.—10m. various size classes, females without eggs: k = 2—5 mm; 1 = 6—7 mm;
m = 10—12 mm

10n. V instar females

100. non-reproductive adults < 1.5 mm (sex not determined)

10p. females > 1.5 mm with eggs (or young)

10g. females > 1.5 mm without eggs (or young)

10r. VI instar females

10s. adults without chelipeds, both sexes (or sex not specified)

10t. adults, cephalothorax (and appendages) only

10u. adults, cephalothorax, without chelipeds

10v. newly emerged adults

11a. adult males, reproductive

11b. adult males, non-reproductive
1lc. male subimagos (Ephemeroptera)
11d. 7 cm males

12a. pupae, all stages and sexes (or sex and stage not specified)

12b. male pupae

12¢. female pupae

12d. prepupae (same designations as for 12a.)

12e. 11 day pupae

12f. molted exoskeleton

12g. chitin

18a.—13u. larvae (or nymphs) of both sexes {(or sex not specified) grouped according
to various size (stage, age or instar) categories:

a. = various sizes g. = instar IV
(or size and age not specified) h. = instar V

b. = early stages i. = stage VA

c. = late stages j. = stage VB

d. = instar I k. = instar VI

e. = instar II . = instar VII

f. = instar III m.= instar VIII

Mitt. Internat. Verein. Limnol. No. 18 10
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n. = instar IX r. = instar XIII

0. = instar X s. = instar XIV

p. = instar XI t. = instar XV

q. = instar XIiI[ u. = post larval (nymphal) stages

13v. just prior to emergence (nymphs) or pupation (larvae)
13w.—18.y. reared in an aquarium from eggs
w. = one month y. = three months
X. == two months
14a. naupliar stages (specific instars not specified)
14b.—14g. copepodite stages

h.=1 e. =1V

c. =1I f.=V

d. = Il g. =V, fat only
15a.—15d. male larval (nymplial) stages (or instars)

a. =1 c. =111

b. = 1II d. =1V
15e.—15h. female larval (nymphal) stages (or instar)

e = g =111

f. =11 h.=1V

16a. eggs (and embryos, various stages of development, or stage not given)
16b. egg sacs with eggs

16¢. ovaries with eggs

16d. newly fertilized eggs

16¢. yolk only

16f. summer eggs

16g. winter eggs

16h. eggs, no development

16i. oébthecae, newly laid

16j. oéthecae, fully developed

16k. embryos various stages (or stage not given), but some development completed

17a.—17e. social insects
a. = all castes d. = reproductive males (kings)
h. = workers e. == reproductive females (queens)
c. = soldiers

G. Vertebrates
18a. adults, all sizes (or ages) and both sexes (or sex not specified)
18h.—18c. sexually mature adults
b. = males c. = females
18d. fat extracted adult females
18e. fat extracted adults (size and sex as in 18a).
18f. adult body fat (sizc and sex in 18a.)
18g.—18h. breeding adults
g. = males h. = females
18i. adult females with eggs (eggs and ecmbryos at various stages of development or
stage not specified)
18j.—18k. non-reproductive adults
j. = males k. = females
19a. immatures (or juveniles), all sizes (or ages) and both sexes (or sex not specified)
19b. immature males
19¢. immature females
19d. immature (not sexually mature)

20a.—20m. ages in days
1 c. =18
b.=38 d. =19

-0
i

b2 b2
® S
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g. =37 jo =60 m. = 180
h. =38 k. =65
i. = 46 L. =92
21a. ages in months
a. =17

22a. eggs (and embryos, various stages of development, or stage not specified)

22b. newly fertilized eggs

22¢. yolk only

22d. embryos, various stages (or stages not specified) but some development completed
23a. 144 hr tadpoles

23b. tadpole larvae (hours or days of development not specified)

H. Detritus (+ microconsumers)

24a. feces, larval (nymphal) or juvenile

24h. feces, adult

24c. particulate organic matter

24d. dead leaves

24e. dead twigs (or stems)

24f.—24h. sized dead leaves
f. = small h. = large
g. = medium

IV. Methods of analysis

1. not given (left blank in the table)

2. wet digestion (specific technique not given)
2a. dichromate digestion methiod (MacioLEk, 1962)
8a.—3d. Parr oxygen bomb (Parr Instrument Co., Moline, Illinois)
. macrobomb non-adiabatic
. macrobomb adiabatic
. semi-microbomb non-adiabatic
. semi-microbomb adiabatic
e. peroxide bomb

0o o

IS

. Phillipson microbomb

. Gentry-Wiegert bomb (Modified Phillipson bomb) Gentry-Wiegert Instruments,
Aiken, South Carolina

. BERTKELAT bomb

Ut

-1 O

. Values calculated from organic analysis (protein, i.e. nitrogen, and/or lipid, and/or
carbohydrate — the latter usually by difference)

. McEwaN & ANDERSON miniature bomb
9. GarLLENHAMP ballistic bomb calorimeter

®

10. Unknown oxygen bomb calorimeter

V. Authors and sources

. CoMmita, W. G. & ScHINDLER, D. W., 1963: Calorific values of microcrustacea. —
Science 140, 1394—-1395.
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—
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General notes
Ash considered insignificant so no correction was made. A total of 68.31 mg burned.

Ash considered insignificant so no correction was made; cells were from culture.
A total of 42.88 mg burned.

. Caloric value less cellulose.
. Value given is a mean of 3482.0 and 3507.0; Twin Ponds, Crawford Co., Pennsyl-

vania (Pa.).

. Plants collected from Twin Ponds, Crawford Co., Pa.
. Stems: mean of 4183.0 and 4141.9. Leaves: mean of 3482.0 and 3507.0 Twin

Ponds, Crawford Co., Pa.

. RicuMaN’s algae values for Chlamydomonas measured with cultured material,

approximately 250 mg benzoic acid + 50 mg sample. All other values calculated
from reference no. 7 on the basis of % C, H, O and N in green algae.

. Buiss (reference 10) gives °/o lipid values for most species, these ranged from 0.21

to 7.03; ash values ranged from 0.0 to 3.2%o, usually under 1.5%/; duplicate samples
gave errors of between 0.0 to 1.9% usually only two (occasionally three) deter-
minations were made. The only ash values given in the tables for Briss’s data are
the unusual ones for which he presented the values for the particular species. All
material collected from Mt. Washington, New Hamphsire.

. Samples taken in an old field dominated by Trideus flavus near Athcns, Georgia

(Ga.).
Collected in the vicinity of Champlain, Tllinois.
Collected in Grand Forks Co., North Dakota.

by Poa compressa. All above ground parts used for analysis.
Average of four normal young plants per plot.
Average of four normal mature plants per plot.
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Collected along an altitudinal transect in the Beartooth Mts., Wyoming (Wyo.).
The elevations of the collection stations are as follows: a = 7,400 ft., b = 8,400 ft,,
¢ = 10,000 ft.

See note no. 10; also one sample was run with crushed seeds, one with whole
seeds and the results averaged.

See note no. 8; also, the ash value is for C. bigelowii roots.

Value for normal sunlight plot in light intensity experiments.

Value when subjected to short day (6 hrs. light) experiment.

See note no. 11; seeds taken from the crops of mourning doves.

Value given is a mean of 4229.0 and 4188.0.

Maximum value in nutrient study when plot was fertilized with twice normal

amount of “commercial fertilizer used by gardeners” and watered to twice normal
density of the soil solution.

. Value when subjected to short day (5 hrs. light) experiment.
. Value when subjected to long day (13 hrs. light) experiment.

. See note no. 10; also one sample consisted of crushed seeds, the other whole

seeds, one sample was analyzed by 3b and the other by 3c (see methods notes).

. Value when not fertilized or watered.
. Average of four plants per plot in competition experiments.

. Plants grown in loam; maximum value from experiment to test cffect of soil on

caloric content.

The top leaf of an experimental plant, dry wt. 3.7 gm.

Bottom leaf of same plant (note 29 above), dry wt. 1.7 gm.

Caloric value for all leaves of same plant (note 29), dry wt. 117.3 gm.
Dry wt. of stem of above plant (note 29), 204.4 gm.

Dry wt. of roots of above plant (note 29), 87.5 gm.

Dry wt. of head of above plant (note 29), 169.6 gm.

Pocket gopher Thomamys talpoides. Stomach contents taken along an altitudinal
transect in the Beartooth Mts., Wyo. The altitudes were as follows: a = 7,400 ft.,
= 8,400 ft., ¢ = 10,000 ft.

Values from Buiss (reference 10) obtained by averaging the data, in the plant
categories shown, from two collection times. June 2527, 1959, and Aug. 14, 1959.
(Also see note 8.) Additional data are presented (Briss, reference 10) which
compare caloric valies for plant parts with entire plants in a selected species and
caloric values showing seasonal variations in 5 selected species.

See note no. 12. Sample of all vegetation in a plot. Vegetation ground in a Wiley
Mill and aliquots taken for analysis.

Samples of all herbaceous plants treated as described in note no. 37.

Composite sample of all roots in old field plot dominated by Poa compressa.
Samples treated as described in note no. 37.

Data from composite samples of alpine tundra on Mt. Washington, New Ham)-
shire (1958). Dominant species of the sedge meadow was Carex bigelowii.

Data from composite samples of alpine juncus-heath on Mt. Washington, New
Hampshire (1958). Dominant species: Juncus trifidus, Vaccinium uliginosum, V.
vitis-idaea var. minus and Potentilla tridentata.

Cells cultured in 5% glucose medium, Dept. Biol., Univ. Pittsburgh. Culture
grown until carbon source exhausted, washed and centrifuged twice.

Detritus collected in a riffle area of Linesville Creek, Crawford Co., Pa. Material
washed before drying. (Note the roots were primarily Salix.)
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Ground litter under the community on a 4-year old abandoned field; composed
primarily of woody forbs (Happlopapus) and some grasses.

Well fed on Artemia nauplii prior to analysis.

Pymatuning Reservoir, Crawford Co., Pa. Dried material ground in Wiley Mill
and subsampled.

229 animals 2—3 mm in length, 148.20 mg burned.
39 animals 4—7 mm in length, 187.26 mg burned.
8 animals 10—15 mm in length, 243.77 mg burned.

Cultured in the laboratory, Dept. Zoology, Univ. Mich. Values are given for three
age classes: a = 0.7 mm, b = 1.3 mm, ¢ = 1.8 mm.

Collected in the San Diego-La Jolla, California area.
500 animals 2.34 mm in length, 58.32 mg burned.
500 animals 2.80 mm in length, 64.06 mg burned.
500 egg sacs 0.15 mm in length, 10.97 mg burmed.
8500 animals 0.75 mm in length, 33.09 mg burned.
12,500 animals 0.95 mm in length, 61.30 mg burned.
3000 animals 1.45 mm in length, 91.84 mg burned.
2100 animals 1.70 mm in length, 56.99 mg burned.
2100 animals 0.85 mm in length, 48.37 mg hurned.
2000 animals 1.92 mm in length, 72.31 mg burned.
2000 females taken monthly April, 1962 through March, 1963 at Millport, Scotland.

The range was from 5232 in August to 6626 in October (the value given is the
mean for the year).

. Mayfly nymphs reared in laboratory culture. Determinations made in five age

categories. a =4 mm, b =5 mm, ¢c = 6 mm, d == 7 mm, e = 8 mm.
Animals collected at Sapelo Is., Ga.

Marsh grasshoppers collected at Sapelo Is. The three nymph size classes and
numbers used (in parentheses) were as follows: a = 5—10 mm (20), b = 10—15
mm (3), ¢ = 1520 mm (3). For measurements in which animals were not sized,
6 individuals used.

Collected in marginal, riffle and intermediate areas of the woodland section of
Linesville Creek, Crawford Co., Pa. All terminal instar larvae, still actively
feeding.

Crabs collected at Sapelo, Is., Ga.; numbers used in each size class as follows;
small = 66, medium = 32, large = 3.

Laboratory cultures were the source of animals. Animals in the following condition
or given the following treatments were used: a = mixed larvae from culture, b =
fat extracted larvae, ¢ = exoskeletons, d = fat-ladened 4th instar larvae.

Microtus trapped in an old field near East Lansing, Mich. The first 2 adult males
weighed 89.1 and 24.5 gm. The juvenile male weighed 10.0 gm and the last
adult male weighed 28.0 gm. The males were killed with ether, immediately
minced and lyophilized.

White laboratory mice from Dept. Bacteriology, Mich. State Univ. Only the heads
were used in the analyses of adults. Live weights of the four mice were 19.0, 33.0,
12.8 and 33.4 gm respectively. Treatment of tissue as described in note no. 68.
Material collected on George Reserve, Mich., in an old field community. The
values given are the high and low measured.

6 animals 10—20 mm in length, 42.44 mg burned.

3 crabs collected at Sapelo Is., Ga.
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1 crab collected at Sapelo Is., Ga.

Values for compressed (pellet) millipore filters. 75a == 5 p filters; 75b = 0.45 p
filters. When the sample size was larger than 30 mg, individual measurements
approached the mean by 7 te *17 cal/gram.

Caloric determinations were made on 32 specimens of 20 species. The caloric

values were presented in four categories.

a. Values for body fat only (bulk extraction) catbird, worm-eating warbler, Black-
burnian warbler; (soxhlet extraction) Marsh wren, Swainsons thrush, bobolink,
worm-eating warbler (2nd and 3rd values).

b. Values for very fat, fall migrant birds. Black-poll warbler, Swainson thrush,
veery, bobolink, yellowbilled cuckoo, wood thrush, Parula warbler, scarlet
tanager.

c. Values for spring migrants arriving at the Gulf coast after flights from wintering
grounds in Tropical America. Parula warbler, summer tanager, veery, scarlet
tanager, prothonotary warbler, wood thrush.

d. Values for nonmigrants (permanent residents or migrants during nonmigrating
seasons). Salt marsh wren, towhee, cardinal, brown thrasher, English sparrow,
scarlet tanager, mockingbird, yellow-throated vireo, blue jay.

Material oven dried at 100° C and subsamples muffle furnace ashed at 600° C.
Material collected in the area of the E. S. George Reserve, University of Michigan.
a. Fully developed eggs dissected from females collected in 1960.

b. Larvae collected 1961.

c. Adults collected 1960; collection dates in the order the pairs of entries (i.e. male
and female) appear in the table are as follows: 6/27, 7/14, 8/2, 8/16, 9/5, 9/13,
9/27.

Data presented by SrosopkiN from R. Conover (Woods Hole, personal communi-

cation).

Data presented by SrosopkiN from MarsuarL and Orr (personal communication).

The species of birds used to obtain the pooled value of bird egg yolk were as

follows Angelains phoeniceus, Archilochus colubris, Colinus virginianus, Dendroica

petechia, Gallus domesticus, Leipoa ocellata, Melospiza melodia, Molothrus ater,

Passer domesticus, Phasianus culchicus, Rhea americana, Riparia riparia.

All samples were analyzed in duplicate. The average difference between plant

samples was 31 cal/ash-free gm, and 46 cal/ash-free gm between soil samples.

. The following notes are from reference 30 (Davis & WAaRReN, 1965) and concern

the species composition of brood categories given in the caloric table. Midge
larvae: “Midge larvae of the genus Chironomus were the most numerous of the
insect forms. The midges Tanytarsus, Polypedilum and Brillia were usually
present.” Chironomus size classes fed to sculpins were 20—385 mg; those fed to
stoneflies were 1—5 mg. Stonefly nymphs: “Nemoura was the only observed
plecopteran.” Snail food: 1 part powdered whole milk, 2 parts powdered wheat
germ, 2 parts sodium alginate, 20 parts fresh algae (Spirogyra). Algae: ... the
algal community that developed was usually dominated by species of the
ﬁlament(?us alga Oedogonium and the diatoms Synedre ulna and Melosira
varians.

Marsh grasshoppers collected at Sapelo 1s., Ga. adults (a) and three nymph sizes,
(b) 5—10 mm, (¢) 10—15 mm, (d) 15—20 mm, were burned. The salt marsh grass,
Spartina, was also collected at Sapelo Is., Ga.

E. coli grown in mass culture with glucose as the carbon source. Cells removed

after glucose judged to have been used up. Cells washed five times, centrifuged
and desiccated.

Linesville Creek, Crawford Co., Pa. riffle section no. 27.
a. Terminal instar larvae in pupal cases.
b. Terminal instar larvae still actively feeding.
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c¢. Several size classes.

d. Dried material ground with mortar and pestle and subsampled.

e. Animals removed from shells with a fine scalpel. Size classes 4 (shell length
9.0—11.9 mm) and 5 (12 mm and greater).

Beetles collected during hibernation and shortly thereafter.

Limnodrilus. Samples ranged from 240 to 674 individuals per sample. Dry wt./ind.
averaged 0.00078 gms. Sample weights ranged from 0.1661 to 0.4873 gm dry wt.
Calories/ind. averaged 4.0.

Cambarus. 2 individuals used to make up the sample material. Sample wt.
1.4120 gm. Cal./ind. 2764. Dry wt./ind. 0.706 gm.

Musculium. Sample 355 individuals, dry wt. 0.1657 gm. Cal./ind. 2.4. Dry wt./ind.
0.00047 gm.

Dina. Sample 891 individuals, dry wt. 04982 gm. Cal/ind. 2.3. Dry wt./ind.
0.00056 gm.

Taken at peak standing crop biomass of the population in 1966. Growth was
under conditions of extreme drought in an old field in New Jersey.

Taken at peak standing crop biomass of the population in 1967. Growth was under
conditions of abnormally great moisture in an old field in New Jersey.

Dried at 100° C for 24 hrs. Collected 1967—1968.
a. First year stage.

Duplicate 1 gram samples used.

a. Woody tissue samples collected after leaf abscission included bark, xylem,
twigs, roots (carefully scraped). Mixed wood tissue samples from these four
components of each of eight trees harvested during previous study = “composite
tree”.

b. Water soluble material removed.

c. After 4 weeks in litter.

d. After 26 weeks in litter.

Needles taken from trees growing on a river terrace at 5,400 ft. (Alberta, Canada).
a. Frozen, air dried.
b. Frozen, alcohol dried.

Tall form of S. alterniflora.

a. Stunted form of S. alterniflora.
b. Salt panne area of marsh.

c¢. Flat marsh of an estuary.

Collected in marine habitats in the state of Washington.
a. Friday Harbor.

b. Mukkaw Bay.

c. Waddah Island.

d. Lloyds Boat House, Seattle.

Material dried for 48 hrs. at 100° C; ground in a hand-operated coffee mill and
then with mortar and pestle; desiccated for several days. All collections from the
George Rescrve, University of Michigan, and old field studied extensively by
F. C. Evans.

Particulate organic matter from old field soils. Six particle sizes (44—105, 105—210,
210—297, 297--500, 500—1190 and > 1190 micron diameters) were separated from
each of three depths (0-—10, 10—20, 20—30 cm). Averages and standard errors
were calculated by the authors; sample number varied between 2 and 3 for the
original data.

a. 0—10 cm depth

b. 10—20 cm depth

¢. 20—30 cm depth

d. average of all depths
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Particulate organic matter from forest soils. Particle sizes and depths as given for
99 above.

a. 0—10 cm depth

b. 1020 cm depth

c. 20—30 cm depth

d. average of all depths

Morgan’s Creek, Meade County, Kentucky.

A study of community metabolism in a tropical pond. Towel dried wet wt.
determined; oven dried at 100° C for 24 hrs.; cooled to room temperature in a
desiccator. Methods used by Tear (1957; ref. 22) were employed to calculate the
caloric values from /o nitrogen data.

Dried to constant weight in a vacuum oven at 60° C; agate ground, %o ash deter-
mined from bomb residue.
a. Laboratory cultures (maintained in lab for 2 yrs.), fed yeast and dried milk.

Cladocerans collected with a high speed tow net (no. 000); amphipods and
chironomids hand collected from Myriophyllum in Lake Mendota. Oven dried at
60° C for 24 hrs., desiccator stored, ground in agate mortar. Chitin samples obtained
by digestion in 5% KOH. Ash determinations in a muffle furnace at 600° C (12 hrs.).
Material collected at various seasons over a three year period.

104a = 1965, 104b = 1966, 104c = 1967

Collections from St. Margarets Bay and Bedford Basin (indicated as 105a),
Nova Scotia. Invertebrates larger than 0.5 mm from grab samples and beam
trawl at 25 meters or > depth. All mollusca data are without shells. Material dried
to a constant wt. 75° C, ground (20 mesh sieve size). Sulfur determinations and
corrections made. CaCO, determinations made and a correction of 0.137 cal/mg
made (Paing, 1966).

Oven dried at 65° C.

Ash 9%/ determined from bomb residue. Larvae raised in the lab on Hartz Mountain
Dog Kisses.

Ash /o determined from independent samples muffle furnace combusted for 2 hrs.
at 500° C. All animals collected from Sanctuary Lake, Crawford Co., Pa. (part of
Pymatuning Reservoir), a shallow eutrophic system. Oven dried at 60° C for 24 hrs.
and desiccator stored. Leptodora were separated into sex and size categories fresh,
the remainder of the zooplankton from frozen samples.

Determinations and original collection site as in 108. Culture raised on slants of
tryptone glucose extract agar. Subcultures made on brain-heart infusion, incubated
for 18 hrs., 1 ml added to 200 ml brain-heart infusion agar. After 9 hrs. (terminal
point of log phase), centrifuged and washed (3 times) and filtered (Millipore filter,
0.45 p pore size). Filter caloric value subtracted to obtain bacterial value.

Determinations and original collection site as in 108. Percent composition by cell
numbers: Volvox == 59.28, Microcystis = 17.00, Pediastrum = 13.05, Melosira =
2.52, Anabaena = 2.08, Pleodorina = 2.05, Aphanizomenon = 192, Pandorina =
1.49, Scenedesmus = 0.56, Ceratium = 0.05. Cells held in culture prior to filtration
for calorimetry. Filter value subtracted to obtain algal value.

Estuarine crustaceans and British coastal prawns collected 1967 (111a) and 1968
(111b).

Laboratory culture.

Dried animals compressed into pellets; 400—800 pg/individual dry weights (some
juveniles prohably included).

Material freeze dried, milled and homogenized. Ash determined separately on
subsamples at 480° C. Caloric content corrected (1 %/0—29%/0) for endothermy due to

calcium carbonate. Ash values based on 28 samples, water content on 32 animals.
a = 30—40 mm carapace length.
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Material dried at 100° C and ground; ash determined from bomb residue. Animals
collected from Marion Lake, Univ. British Columbia Research Forest; < 1.0 meter
depth, soft ooze bottom, very sparse rooted aquatic vegetation. Median head
widths (mm) and range (*mm) are given below

a. 1.043 * 0.485 (note: 5 samples burned to obtain cal/gm values)

b. 0.739 * 0.153

c. 0.645 * 0.330 (see note for a)

d. 0.398 *+ 0.128

For collection site see note 77. Material dried in a vacuum oven at 60° C, ground
in an electric mortar and pellets made. Feces collected from grasshoppers held in
cages and fed fresh Lespedeza cuneata leaves.

Collections made with suction sweep net on grassy heathland in S. W. England
(Devon). Material dried in a vacuum oven at 60° C for at least 24 hrs., stored in
desiccators over silica gel. Ash determined from bomb residue.

Material dried to constant weight at 60° C, ground, pelleted and redried.

« 3

Commercial pellet, Diamond “s”, 1/8 indi; Simpson and Co., Colorado Springs,
Colorado.

Cellulose extracted from Chara with 10% NaOH; 6.8%0 of wet weight or 36.9%
of dry weight. '

Cultures held at 28° C £ 1° C and 70%¢—80°%0 relative humidity. Freeze dried,
dried to constant weight over CaCl,. Ash %o determined on replicate samples
muffle furnace combusted at 480° C for 24 hours. No correction for endothermy
made. a. Food consisted of equal parts wheat germ and cane sugar.

Tissue homogenized in a “Toledo” meat grinder, dried to constant weight at 40° C.
Dried residue fat extracted with petroleum ether. Remaining lean-dry biomass then
calorimeter combusted. Live wt. caloric values calculated assuming 9000 cal/gm of
extracted fat. Values entered under cal/gm are all lipid-free. The number of
individuals analyzed equals the number of samples given in the table with the
following exceptions: L. avgentatus = 1; G. domesticus = 1 for 46 day age and >;
N. meleagris = 1; A. missippiensis = 2. a. Athens random-bred strain; b. red
junglefowl.

Homogenized in a Waring blender, lyophilized. Animals captured 1967—1968.

Feces collected during 20 days study of food intake and utilization of a male adult.
Feces and food dried to a constant weight at 40°C in vacuum oven prior to
combustion.

Each of 15 replicates represented 4 samples combusted so the total number is given
as 60. Maximum range throughout the year was * 411 cal/ash-free gm. Each sample
was prepared from animals homogenized (50 at a time) and dried for 48 hrs. in a
vacuum oven.

Collected from marsh at Cedar Creek Natural History Laboratory, Bethel, Minne-
sota. Material oven dried.

Values attributed to reference 76 represent data calculated from literature infor-
mation on organic analyses (fat, protein, i.e. nitrogen, and carbohydrate), %o ash
and %o water. STra3xraBa corrected all dry weights to estimated “absolute” values
that would be obtained by drying at 105° C (60° C, 5% correction; air dried, 10%s
correction). Nitrogen content was converted to protein by calculation. The original
references from which the data were calculated can be obtained by consulting
Stra¥kraBA (reference 76). Since STra$xkraBa presented ranges of caloric values for
most species the data are given as medians T the range.

The values cited under GenG (reference 77) and JasLonskaja (reference 78) were
taken from SteFFENs, W., 1960. Ernihrung und Wachstum des jungen Zanders
(Lucioperca lucioperca [L.]) in Teichen. — Z. Fischerei 9, 161—271.
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Autumn-shed leaves of elm (Ulmus americana), alder (Alnus rugosa), oak Quercus

alba) were cut into 1 cm diameter discs and leached in stream water for three

days.

a. Leaf discs run at 10° C without addition of nutrients.

b. Leaf discs run at 20—22° C without addition nutrients.

c. Leaf discs run at 10° C with the addition of 20 mg/l N and 5 mg/1 P.

d. Leaf discs run at 20—22° C with the addition of 20 mg/l N and 5 mg/1 P.

e. Leaf discs run at 10” C with the addition of 20 mg/l N and 5 mg/1 P.

f. Leaf discs run at 10° C with the addition of 20 mg/l N, 5 mg/l P and antifungal-
antibacterial antibiotics.

g. Leaf discs run at 10° C with the addition of 20 mg/l N, 5 mg/l P and antifungal
antibiotics.

h. Leaf discs run at 10° C with the addition of 20 mg/I N, 5 mg/l P and antibacterial
antibiotics.

i. Run at 10° C without nutrient addition.

j- Run at 10° C with the addition of nitrogen.

k. Run at 10° C with the addition of Hyalella (dried and crushed).

L. Run at 20—22° C without nutrient addition.

m. Run at 20—22° C with the addition of nitrogen.

n. Run at 20—22° C with the addition of Hyalella (dried and crushed).

One hundred eggs for analysis were taken from body cavity of each female (with
the exception of the O. tschawytscha whose eggs were analyzed after the beginning
of segmentation) and were dried on filter paper, placed in a weighing bottle,
weighed and dried to constant weight in an incubator at 70° C. After extraction
with ethyl alcohol, the fat content was determined in a Soxhlet apparatus. Total
nitrogen was estimated by a semi-micrometric KjeLpant method. Ash content was
determined after incineration in a muffle furnace at 300—500" C. All estimates
made twice. The caloric values for the eggs are calculated from the physiological
heat equivalents for protein (4.1 Kcal/g) and fat (9.3 Kcal/g).
a. Collected in 1959 and 1960 from the Bol'shaya Takaya River.
b. Obtained fromn the Taibolsk fish factory on the Kola River in the Murmansk
region in 1961.
¢. Obtained from the Dal'nyaya River and Lake Dal'nce in the basin of the
Paratunka River in 1961.
. Obtained from the upper reaches of the Paratunka River in 1957.
. Collected from the West Dvina River in 1961 at the Tome fish factory.
Collected in 1959 from the Bol'shaya River.
. Collected in 1960 from the Bol'shaya River.

Values for particulate organic matter from various trophic lake types.
a. Oligotrophic

b. Mesotrophic

c. Eutrophic

d. Eutrophic-Dystrophic

e. Dystrophic

QR 0 o
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Fr. LEnz. X, 381 Seiten. Mit 1 Gruppenbild, 6 Portraits sowie 110 Abbildungen
und 27 Tabellen im Text und auf 11 Beilagen. 1940. DM 56.20
Congress in Switzerland 1948. Edited by W. Ropue. VIII, 633 pp.
With 14 plates, 1 group photograph, 122 figures and 61 tables in the text and on
4 folders. 1949. DM 104.60
Congress in Belgium 1950. Edited by W. RopuEe. VII, 486 pp. With 3
plates, 1 group photograph, 88 figures, 2 photos and 40 tables in the text and
on 8 folders. 1951. DM 85—
Congress in Britain 1953. Edited by T.T.Macan. XII, 863 pp. With 1
group photograph, 1 map of congress routes, 6 plates, 213 figures and 110 tables
in the text and on 11 folders. 1955. DM 140.—



Vol. 13.

Vol. 14.

Vol. 15.

Vol. 16.

Vol. 17.

Congress in Finland 1956.* Edited by T.T.Macan. XII, 1012 pp. With
1 group photograph, 1 map of congress routes, 8 plates, 250 figures and 121
tables in the text and on 30 folders. Complete in 2 parts. 1958.
Part 1: DM 86.—, Part 2: DM 102.—-

Congress in Austria 1959. Edited by T. T. Macan. XVIII, 1191 pp. With
1 group photograph, 1 map of congress routes, 12 plates (5 in colour), 458 figures
and 169 tables in the text on 85 folders. Complete in 2 parts. 1961.

Part 1: DM 159.—, Part 2: DM 137.—
Congress in the United States of America 1962. Edited by
T. T. Macan. XV, 1148 pp. With 9 plates, 397 figures and 198 tables in the
text and on 88 folders. Complete in 2 parts. 1964.

Part 1: DM 131.—, Part 2: DM 152.—
Congress in Poland 1965. Edited by V. SLipec¢ex. LXVI, 1788 pp. With
12 plates, 694 figures and 267 tables in the text and on 16 folders. Complete in
3 parts. 1966. Part 1: DM 163.40, Part 2: DM 155.60, Part 3: DM 120.—
Congress in Israel 1968. Edited by V. Svipe¢ex. XV, 1172 pp. With
8 plates, 492 figures and 228 tables in the text and on 7 folders. Complete in
2 parts. 1969. Part 1: DM 175.60, Part 2: DM 173.40

* Nicht mehr einzeln lieferbar.





