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Abstract approved:

A method for measuring food carbon assimilation in the copepod

Calanus finmarchicus was developed, using the diatom Ditylum

brightwelli as food. The amount of particulate food carbon ingested

was determined as the difference between CHN analyzer analyses for

particulate food carbon of pre- and post-grazed food suspensions.

The fraction of ingested food that was assimilated as organic

matter was determined by a modified Conover gravimetric ratio

method. This fraction was computed as:

(l-E')F'

where F' and E' were the ash free dry weight:dry weight ratios of the

copepods' food and feces, respectively.

The fraction of ingested organic matter assimilated (U) multi-

plied by the amount of food carbon ingested estimated the amount of

food carbon assimilated, assuming that the fraction of organic matter

assimilated by the copepods was identital to the fraction of food

carbon assimilated.
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Assimilation fraction determinations agreed well with those in

the literature. The consistency in the carbon assimilation rates

obtained apparently indicated a seasonal uniformity in absolute food

carbon assimilated by adult Calanus.
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'ERMINATION OF FOOD CARBON ASSIMILATION
IN COPEPODS

INTRODUCTION

The photosynthetic phytoplankton are the ultimate biological

stuff from which virtually all other organisms in the sea are fashioned.

These chlorophyll-containing primary producers, primarily diatoms

and dinoflagellates, are the basis of all food webs in the oceans,

including those in which man is the final participant.

The assimilation by zooplankton grazers of the photosynthate

produced by the phytoplankton communities is of essential significance

to all the carnivores involved in marine food webs. And, because of

the second law of thermodynamics, this grazer assimilation acts as

a limiting process on the total biomass of the carnivores that the

marine ecosystem can support.

The objective of this work was to formulate a method for

estimating the absolute amount of ingested food carbon assimilated by

a population of marine grazers (copepods) under laboratory condi-

tions. Food assimilated can be defined as that amount of the food

ingested (the amount of food initially, takenin by the digestive system)

which is subsequently absorbed by' the membranes of the digestive

system of an animal. Assimilation, then, is the process governing

the "energy flow" (transfer of biomass as energy equivalents) between

predator and prey populations. Assimilation can be equated as
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ingestion minus egestion, where egestion is that quantity of ingested

food defecated by an animal.

Methods used in past investigations to estimate the assimilation

fraction fall into two categories: radiotracer techniques, and chemi-

cal analysis-gravimetric manipulations. Marshall and Orr used

(1955) and '4C (1956) to determine the fraction of ingested labeled

phytoplankton assimilated by Calanus finmarchicus. Hubbell, Sikora

and Paris (1965) used 85Sr-labeled food in assimilation studies on the

terrestrial amphipod Armadillidium vulgare. Lasker (1960) employed

- labeled Dunaliella primole cta in determining carbon utilization

in Euphausia pacifica, and he studied assimilation by E. pacifica

14using C-labeled Artemia sauna nauplii as food (Lasker, 1966).

32Brener (1962) used P-labeled Skeletonema costatum as food in

determining the fraction of ingested food assimilated by the copepod

Temora longicornis.

As pointed out by Conover (1964), all radiotracer methods

assume that the behavior of the tracer is representative of that of its

carrier, the food and digestive products. For this assumption to be

true, uniform mixing of the radioisotope with its carrier is neces-

sary. While it might be possible to uniformly label food organisms

through their "long-term" uptake of a radioisotope, evidence indicates
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it might be misleading to assume that the behavior of the tracer is

representative of that of the labeled ingested food during digestion and

after. Using 32P, Conover (1961) has shown the existence of at least

two pools of phosphorous, with different turnover rates involved, in

Calanus finmarchicu.s. Fowler (1968) indicated that uptake of 65Zn

through the food chain by Euphau.sia pacifica was not correlated with

respiratory or growth rate. In these cases, the assumption cannot

be met.

The radiotracer methods of Marshall and Orr (1955, 1956),

Brener (1962) and Lasker (1960, 1966) all require the quantitative

collection of fecal pellets produced by the grazers, a task that is

laborious at best and nigh impossible at worst, considering the size

and fragility of the crustacean fecal pellets involved. In laboratory

experiments, fecal pellets are often torn open and dispersed or re-

ingested by the feeding animals. Significantly, the methods which

yield high assimilation values all require quantitative recovery of

feces. The loss of fecal material would increase apparent assimila-

tion (Conover, 1964).

Corner (1961), M. M. Mullin (as cited by Conover, 1964) and

Conover (1966a) have published techniques for estimating assimila-

tion fraction in copepods. In general, the techniques involve filtra-

tion of particulate. matter coupled with gravimetric determinations,
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with or without various chemical analyses of the matter. Both

Corner (1961) and Mullin require the quantitative recovery of fecal

material. Conover's (1966a) gravimetric ratio method has the distinct

advantage of requiring neither the quantitative recovery of fces nor

the knowledge of the amount of food eaten by the copepods. The

method can be used in the field as well as in the laboratory. The

method allows the assessment only of the assimilation fraction, how-

ever, not absolute quantities of material assimilated. To estimate

absolute quantities of materials assimilated, I measured ingested

food carbon and multiplied this quantity by the fraction of organic

matter assimilated, determined by the Conover (1966a) method. I

assumed that the fraction of organic matter assimilated by the

copepods was identical tothe fraction of carbon assimilated.

Several methods for determining particulate carbon have been

devised. Menzel and Vaccaro (1964), Wilson (1961) and Wangersky

and Gordon (1965) described particulate carbon determinations using

wet chemical oxidation of the carbon to carbon dioxide and its sub-

sequent measurement by infrared analyzers. Curl (1962) determined

total carbon in marine organisms by combusting them in an induction

furnace and then measuring the evolved carbon dioxide in a gas

burette. Strickland and Parsons (1965) described a determination of

oxidizable organic matter as carbon in which they wet-chemically

ashed filtered particulate matter with potassium dichromate solution
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and sulfuric acid; the decrease in the extinction of the yellow

dichromate solution, after it had been reduced by the organic matter,

was measured spectrophotometrically.

I used an F. and M model 185 Carbon, Hydrogen and Nitrogen

analyzer to determine particulate carbon in ingested food, As dis-

cussed below, this instrument offered superior speed and sensitivity

in the determinations.



MATERIALS AND METHODS

Outline of the Method

Cultures of the diatom Ditylum brightwelli (West) Grun.

(Cupp, 1943) were prepared. When the particular culture had

achieved logarithmic growth, it was placed in a black-wrapped cul-

ture flask for 5 to 18 hours to stop photosynthesis. Such Ditylum

suspensions will be referred to as Ttdark_treated. Then, the cell

concentration of this diatom suspension was determined.

Samples for the ash-free dry weight:dry weight ratio for the

Ditylum food suspension (F'), as required by the Conover (1966a)

technique, were prepared, as were samples for determining the

initial,pre-grazed, food carbon level. Blanks for correcting the

ash-free dry weight:dry weight ratio samples for sea salt were also

prepared.

Two liters of the dark-treated Ditylum food suspension were

placed in another black-wrapped culture flask. The copepod grazers

then were added to the culture in the flask. A control volume of this

dark-treated culture was treated in the identical manner, except that no

copepods were added. Particulate carbon samples were taken from

the control at the end of the grazing period to allow correction for non-

grazed particulate carbon loss.
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The copepods were allowed to graze for about 24 hours. At the

end of the grazing period, the copepods were removed and a copepod

fecal pellet sample for the required fecal ash-free dry weight:dry

weight ratio (F') was obtained. Post-grazed particulate food carbon

samples were also taken from this grazed diatom suspension.

Experimental Organisms

Suspensions of the pelagic, centric diatom Ditylum brightwelli

(West) Grun. were used as food for the copepod grazers, Calanus

finmarchicus Gunner. D. brightwelli was chosen because the diatom

was shown by Mullin (1963) to be acceptable food for copepods of the

genus Calanus. Also, Ditylum is a large-diameter (14 to 85 p),

solitary diatom (Cupp, 1943), thus lending itself to good counting

statistics.

The diatoms were grown in a modified Guillard and Ryther (1958)

enriched sea water medium containing the added amounts of ions,

vitamins and metals per liter of autoclaved, Millipore®_filtered sea

water listed in Table 1.

Stock solutions of each of the major ions, vitamin mix, and

trace metal mix were prepared so that the addition of 1 ml of each

of these solutions to a liter of Millipore®_filtered, autoclaved sea

water was sufficient to produce the desired concentration of the

components. The desired number of liters of medium were prepared



Table 1. Culture medium

Major ions: added as stock soltitions

NaNO3 150 mg. 1.76 mg. at.

NaH2PO4H20 10 mg. 72.5 rig. at.

Fe sequestrene, sodium-iron
salt of ethylene dinitrilo tetra-
acetic acid (EDTA), 13% Fe. 10 mg. 23.2 g. at, Fe

Na2SiO3' 9H20 30-60 mg. 107-214 at. Si

Thiourea 1 mg.

Vitamins: Added as vitamin mix

ThiaminHCl 0.2 mg.

Biotin l.0g.
B12 l.Opg.

Trace Metals: added as metal mix

CuSO4'5H20 0.196mg. O.O79g. at. Cu

ZnSO4 7H20 0.044 mg. 0.015 g. at. Zn.

CoCl2 6H20 0.022 mg. 0.085 g. at, Co

MnC12. 4H20 0.360 ig. 1.82 p.g. at. Mn

NaMoO4' 2H20 0. 03 .tg. 0.052 g. at. Mo

Millipore® filtered sea water to make one liter



in 2.8 liter culture flasks. The filtered sea water was first auto-

claved for about 5 minutes at 15 lbs. in. at 93°C and then cooled

to 12°C of. 17°C, the temperatures at which the diatoms were grown.

Then, 20 ml per liter of 1% NaHCO3 buffer solution was added prior

to the addition of the stock solutions of ions, vitamin mix and trace

metal mix.

The medium was inoculated with stock cultures of the diatom.

Sometimes, the freshly prepared medium was admixed wit1

logarithmic-growth-phase cultures of the diatom in approximately

a 1:1 volume to volume ratio to promote rapid growth of larger

volumes of the culture. The cultures were aerated by bubbling (as

they were during both the dark treatment and grazing periods) and

grown under fluorescent light of about 250 foot candles intensity.

Precautions were taken to keep contamination from airborne and

other extraneous carbonaceous materials to a minimum during all the

experimental procedures. Plastic bags were used as covers for the

openings of the culture flasks after autoclaving and prior to the

insertion of the hard rubber stopper with its glass aeration tube.

During autoclaving, bond paper hoods were placed over the flasks

openings instead of the usual polyurethane plugs. The latter shed

large quantities of particles. The air for bubbling was passed through

tightly packed cotton plugs in the dry tubing of the aeration equipment.

Populations of Calanus finmarchicus were used as grazers in the
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experiments. Fulton's (1961) key was used in.species identification.

The copepods were collected in Puget Sound and air expressed to

Oregon State University in sea water in half-quart glass jars, which

were packed in ice. At the University, the copepods were transferred

to gallon jars (50 to 100 per jar) filled with sea water. The sea water

had been previously chilled to 12°C, the temperature at whichthe

grazing experiments were run. The animals were stored in subdued

light in a 12°C "cold room."

Frequently the copepods were used within three days after their

arrival at the University. When this was not possible, the copepods

were allowed to graze a small volume (about 300 ml) of a dilute sus-

pension of D. brightwe.11i priorto their use. The storage jars were

cleaned and replenished with fresh. seawater as needed.

The larger copepodsin the collections were selected for use

in the experiments. These were mostly mature females, but also

included a few males and stage V copepodites. The survival rate of

the copepods during, shipment, storage and experimentation was high.

At most, one or two copepods, out of from 50. to 100, were found dead

at the end of the grazing period in the experiments.

Determining the Cell Concentration of the Diatom Suspension

The cell concentrations of .the logarithmic-growth-phase food

suspensions of Ditylum briglitwelli that had been in the dark at 12°C
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for 5 to 18 hours were estimated by counting, each count consisting of

a 1 mm3 sample of the well-mixed diatom suspension, using a

Fuchs-Rosenthal counting chamber.

The number of counts needed to determine the cell concentra-

tion within a ±20% allowable error with 95% confidence was estimated

experimentally. Several cultures of Ditylum were counted 20 times

to estimate their cell concentration. Initial populations were

estimated to be 18.2, 13. 25, 9. 3 and 4. 7 million cells per liter.

Portions of each of these populations were then diluted to 0.8, 0. 5,

0. 3, 0.2 and 0. 1 of their initial concentration with Millipore®_filtered

sea water. These dilutions were counted 20 times each to estimate

their concentrations.

The standard deviation (s) and the mean () were computed for

the 20 one mm3 counts for each initial population and its dilutions.

The number of 1 mm3 counts needed (N) to obtain an estimate of the

Ditylum concentration as cells mm3 within L% of the true value with

95% confidence would be (Hansen etal., 1958):

4
(5)2

(1) N
2

L

where L was 0. 2, the 20% allowable error. This analysis assumes

the cell populations are distributed as Poisson. The Poisson test
2

statistic was 4 (Kutkuhn, 1958) and the computed skalue for eadh

initial population and dilution was: always less than:



12

(2)
30.14

= 1.59

where n is 20, the number of 1 mm3 samples of the populations

counted. Therefore, given random distribution of the cells in the

populations and random selection of samples, the hypothesis of

satisfactory Poissot distribution fit was not considered false. The

cell populations that were under consideration were distributed as

Poisson.

From these data and calculations, Figure 1 was drawn:

cells mm3 of Ditylum suspension versus the number of counts

needed to estimate the cell concentration within a 20% allowable

error with 95% confidence. The curve was drawn so as to envelope

all the data points.

In the grazing experiments, an initial estimate of 10 counts

was made on each dark-treated Ditylum suspension. Then, Figure 1

was consulted for an estimate of the total number of counts needed

at the population level estimated by the mean of the initial 10 counts.

If required, additional counts were made, and the average of all the

counts, expressed as cells per liter, was the final estimate of the

Ditylum cell concentration.
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Assimilation Fraction Determination

The method used to determine assimilation fraction in this work

was a slight modification of Conover's (1966a) gravimetric ratio

method. Conover's technique depended uponthe assumption that only

the organic component of the ingested food was significantly altered by

digestion in copepods. Conover showed that this assumption was

essentially true when diatoms were the food source for copepods.

When assimilation experiments were run at low temperatures for

about 24 hours, Conover showed that bacteria in the feces probably

had little quantitative effect on the estimation of the assimilation

fraction for copepods.

Conover defined U' as the percentage of ingested organic matter

that was assimilated:

(F' - E')
(3) (1-E')F' xlOO

The terms F' and F' are the ash-free dry weight:dry weight

ratios (AFDW:DW) in the food and feces of the copepods, respectively.

In my work, U will be defined not as a percentage but as

(F' - E')/(l - E') F', the assimilation fraction. Theterms F' and

F' are the same ratios as above. The derivation of U' can be

found in Conover (1966a).
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Determination of F'

The Ditylum samples for the F' determinations were filtered

on from four to six tared Whatman® GF/A borosilicate glass fiber

filter discs (2. 4 cm diameter) for each experiment. The food

samples were pipetted from the well-mixed, dark-treated Ditylum

suspensions prior to the introduction of the copepod grazers.

These food samples were 1ried for at least 24 hours at 50°C,

cooled in a desiccator, and weighed. They were then ashed in a

muffle furnace at 450°C for 24 hou.rs, cooled in a desiccator and

reweighed.

Between four and six blank samples, to allow for sea salt

correction in both F' and E' determinations, were run with the food

samples. Each blank consisted of a tared glass fiber filter through

which had been passed a volume of the food suspension filtrate that

was equal to the volume of the individual food samples. These

blanks were dried, weighed, ashed and reweighed in the same man-

ner as were the food samples.

From these data and the tare and. the blank weights, the dry

weights and the ash-free dry weights of the diatom food were cal-

culated for the F' ratio. All weighings in this work were done to four

significant figures on a Cahn Ratio Electrobalance!
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Determination of Ingested Food Carbon

After the F' samples and the blanks were prepared, pre-

grazed particulate food carbon samples were taken. The samples

were prepared by filtering known volumes of the dark-treated and

counted diatom suspension on to 0. 5 cm diameter Whatman® CF/A

glass fiber filters fitted in Swinney® adapters on 50 ml syringe barrels.

Five or six of these samples were prepared per experiment. After

the grazing period and after the copepods and fecal pellets had been

removed from the Ditylum suspension, three to six post-grazed

particulate food carbon samples were prepared in the same manner

as the pre-grazed samples.

To determine the carbon content of these pre- and post-grazed

samples, an F. and M model 185 Carbon, Hydrogen and Nitrogen

analyzer was employed. This instrument presented several significant

advantages over other methods of carbon analysis. The instrument

was sufficiently sensitive to detect differences in carbon content of

acetanilide samples as small as lO mg C. With acceptable

operating technique, the model 185 can supply analyses accurate

within ±0.3% of the absolute value at least two-thirds of the time

(F. and M. Scientific Corporation, n. d.). The time required for

the analysis of each sample was small. About 12 minutes per sample

was required in serial operation. The instrument provided a rapid,
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semi-automatic means for measuring, the carbon, hydrogen and

nitrogen content of organic materials. The three elements in any

sample were converted to the desired oxidation states: N2, H20 and

GO2, in the presence of an oxidant and high temperature. The

products of combustion were automatically confined to a closed loop

chamber within the instrument until the oxidation was complete, and

then were introduced into a gas chromatographic system where the

N2, CO2 and H20 components were separated for measurement.

In the chromatographic system, the combustion product was swept by

helium carrier gas into a packed column. The column was a length

of tubing packed with uniform sized particles (the solid support) which

was uniformly but lightly coated with a non-volatile liquid (the sub-

strate). The components of the oxidized sample had different affinities

toward the substrate; these differences allowed the column to separate

the combustion product into its component parts, which resulted in the

components forming discrete bands as they were carried through the

column by the helium flow. As each component band (one each for

N2, CO2 and H20) emerged from the column, it entered a thermal

conductivity detector which developed an electrical signal proportional

to the concentration of the component in the helium carrier gas flow.

The signal was delivered to a potentiometric recorder where it pro-

duced a chromatogram of peaks, one for each of the components of

the oxidized sample.



Carbon peak height can be used in the measurement of carbon.

By limiting sample size, closely controlling burning time, tempera-

ture, and helium flow rate, carbon peak height is directly proportional

to the amount of CO2 produced and thus can be used to calculate the

carbon content of unknown samples. The analyses of the unknown

carbon-containing samples must be referred to a standard sample

whose composition is accurately known. For the first four experi-

ments in this work, a calibration curve of peak height versus mg C

as acetanilide was prepared in advance of the experiments. A least

squares linear regression model was developed using a number of

acetanilide standard samples, and the model was used to convert

peak heights produced by the unknown carbon content in pre- and

post-grazed samples to mg of carbon. The linear correlation co-

efficient, r, was 0. 9998. For the fifth and final experiment, it was

found that the precision among the acetanilide samples run at different

times was unacceptable, due to detector current fluctuations. There-

fore, in the last experiment, acetanilide standard samples were run

along with the pre- and post-grazed and control samples and these

standards were used to convert peak height of the unknowns to mg

carbon content. The linear correlation coefficient, r, wa 0. 9999.

A volume (1 to 2 liters) of the dark-treated Ditylum suspension

was employed as a control for the grazed cell suspension. The control

volume and the grazed suspension were treated identically in each
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experiment except no copepods were added to the controls. At the

end of the grazing period, two or three particulate carbon samples

were prepared to allow correction for non-grazed particulate carbon

loss.

The amount of particulate food carbon ingested by the grazing

copepod population was the difference between the means of the pre-

and post-grazed samples corrected for non-grazed particulate carbon

loss, as determined from the control samples and adjusted for the

total volume (2 liters) of the grazed suspension.

Determination of E'

Following the grazing period, a- copepod fecal pellet sample

was collected for the determination of E' in each experiment.

First, the copepods were removed from the diatom suspension

by passing it through 452-mesh Nytex® nylon netting. This mesh

size was large enough to allow the- fecal pellets and the diatoms to

pass but small enough to collect all the copepods. The diatom sus-

pension containing the fecal pellets was then passed through l5lp.-

mesh Nytex This mesh collected the fecal pellets but not the

diatoms. Meshsizes were previously determined empirically. The

collected fecal pellets were washed with a few drops of diatom sus-

pension filtrate. The pellets were then transferred to a tared glass

fiber filter by inverting the Nytex®surface holding the fecal pellets
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over this filter and washing. the pellets off the Nytex and on to the

filter with a few drops of Ditylum suspension filtrate. Excess

moisture was removed by applying a very little vacuum to the filter

or by placing this filter momentarily upon a paper filter of a hard

grade.

The fecal pellet sample was inspected under a dissecting

microscope and any non-fecal material, such as bits of copepod

exoskeleton, were removed using a fine glass needle. Very TI cleanu

samples of fecal material were achieved in this manner.

The fecal pellet samples, one per experiment, were dried,

weighed, ashed and reweighed in the same manner as were the

Ditylum food samples in the F' determination. From these data

and the tare and blank weights,. the dry weights and the ash-free dry

weights of the copepodfeces were calculated for the E' ratio.
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RESULTS AND DISCUSSION

The results of five experiments are summarized in Table 2.

A sample of the calculations involved can be found in the Appendix.

The greatest degree of variability in these data was in the

measurement of the F' ratio. In row (7) of Table 2 is listed the 90%

confidence intervals (Mendenhall, 1967) computed for the five F'

measurements. These intervals ranged from E 4.8% to ± 22% of the

mean F' value for each of the experiments. There was no obvious

correlation between the degree of variability and the amount of phyto-

plankton material filtered or the number of samples taken. The mean

F' value listed in row (5) was used in the computation of U in each

of the experiments.

No non-grazed control samples were run in the first experi-

ment. The ingested food carbon data for this experiment were cor-

rected for non-grazed particulate carbon loss from food by using the

average non-grazed loss (10. 67%) in Experiments 2 through 4. In

these experiments, the total time the Ditylurn cultures were in the

dark was similar to that in Experiment 1. The rate of loss of carbon

from the cells was not computed because some very preliminary

experimental evidence seemed to indicate the rate of loss was not a

linear function of time, and might have been characteristic for each

culture. The data given for Experiment 1 in parentheses in rows



Table 2. Results

1

Experiment Number
2 3 4 5

(1+) Cell concentration/l ±20% 12 x io6 5.05 x io6 7. 85 x io6 4. 92 x io6 5. 25 x io6

(2) Dark treatment (hours) 12 18. 5 18 24 5

(3)Numberofcopepods 70 70 57 70 100

(4) Grazing period (hours) 27 22. 5 21. 5 22 24

(5)MeanAFDW: DWforfood, F' 0.5566 0.4197 0.4902 0.5437 0.4639

(6) Number of F' samples 6 4 4 5 5

s 0.0320 0.0783 0.0647 0.0382 0.0868
,

(7) 90% confidence interval: 0. 5566 ± 0.4197 ± 0.4902 ± 0. 5437 ± 0.4639 ±

F' SF" f 0. 0267 0. 0920 0. 0761 0. 0364 0. 0825
X/2

(8) Fecal AFDW: DW, E' 0.2729 0.2553 0.2810 0. 1251 0. 2347
(one per experiment)

(9) Pre-grazed particulate carbon
. 686 12. 654 19. 535 13. 100 10. 691

mean, mg C/2 1

(10) Number of pre-grazed samples 6 4 4 5 4

5 2.842 1.073 0.588 0.831 0.373
pre

(11) Controlparticulatecaibon 39.918 11. 188 17. 153 12.029 10.633

mean, mg C/2 1 computed

(12) Number of control samples 3 2 3 3

s 0.431 0.856 0.387 0.355
c

(13) Post-grazed particulate carbon 37 822 10. 593 16. 204 11. 400 8.449
mean, mg C/2 1

(14) Number of post-grazed samples 6 6 5 3 6

s 1.312 0.547 0.334 0.358 0.684
post

(15) t>t0
100

1.630 2.336> 1.797.> 5.70Z
d f 1.415 1.476 1.533 1.415

(16) Ingerted particulate carbon for 6. 864 0. 595 0. 949 0.629 2. 184

population, mg C/21 (2.096)

(17) U=F' - E'/(l-E')F' 0.7010 0.5259 0.5936 0.8800 0.6456

(18)AssimilatedmgCfcr 4.812 0.313 0.563 0.554 1.410
iopulation (1.469)

(19) Assimilated mg C per 0.069 0. 0045 0. 0099 0. 0079 0.014
"average" copepod (0.021)

(20) Assimilated mg C per "ave." 26 2 5 4 6

copepod per hour x io ig C (8)
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(16), (18), (19) and (20) are the values corrected for non-grazed

carbon loss using the computed non-grazed particulate carbon loss

given in row (11).

Although the mean post-grazed particulate carbon level was

always less than the mean non-grazed level in the four experiments

in which the controls were run, there was some data overlap among

the samples for these means in Experiments 2 through 4. There-

fore, I thought it necessary to test statistically for difference be-

tween the control and post-grazed particulate carbon population means

in each of the last four experiments. The null hypothesis used was

H : -, = 0 and the alternative hypothesis was H : p. - >0
o c post a c post

where p. was the mean of the non-grazed population and was

the mean of the post-grazed particulate carbon population.respectively

in each experiment. These population means were estimated as their

respective sample means, and . Taking into consideration
c post

the high degree of variability inherent in biological materials and the

relatively few samples involved in these means, the 90% confidence

level, 90% (1 - a) 100, was considered adequate for this test. The

a term is the probability of rejecting the null hypothesis when it was

true (Mendenhall, 1967). The results of the tests are listed in row

(15) where t, the computed experimental value, was always larger

than (O. 100 d.f, the tabular value for the 90% confidence level at

the appropriate degrees of freedom. The values all fell in the

rejection region for the test; therefore, H: was not accepted.
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There was not sufficient evidence to conclude that the population

means were the same.

In Experiment 5, where the dark treatment time was between

7 and 19 hours shorter than in Experiments 1 through 4, there was no

data overlap between the non-grazed control and post-grazed

particulate carbon samples. In future work, a dark treatment time

of about five hours will be employed.

Conover (1966a) remarked that about 15% of the carbon removed

from a culture of Thalassiosira fluviatilis by feeding Calanus

hyperboreus was returned to the medium as dissolved organic matter,

presumably as leakage from damaged cells and as excretion by the

copepods. On the other hand, he observed that C. hyperboreus

completely ingested the frustules of the large diatom Coscinodiscus.

Probably some cell sap was lost during the feeding-mastication

process, however. In my work, I observed numerous nearly intact

Ditylum frustules in the fecal samples inspected. This indicated that

Calanus finmarchicus completely ingested the large Ditylu.rn. cells.

At present, the effect of leakage of food cellular organic matter

during feeding on the determination of the assimilation fraction by, the

ratio method can not be assessed (Conover, 1966a). Whatever

errors are involved in the ratio method, Conover's results compare

favorably with earlier estimates from the literature. Conover's

percentage assimilation values for individual C. hyperboreus females
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feeding on Exuviella range between 39% and 85%. The assimilation

fractions for small populations of C. finmarchious presented in row

(7) in my work ranged between 52.3% and 88%, roughly within

Conover's interval.

In row (20) are listed the values for assimilated mg carbon per

"average" copepod per hour for the five experiments. While Conover

(1966b) found no relationship between the percentage assimilation nd

the length of time of exposure to feed for Calanus, Mullin (1963)

found that grazing rate in Calanus varied inversely with the duration

of the experiment. Mullin defined the grazing rate as the rate at

which water is rswept clear" of food organisms by the copepods. It

is measured as the volume of water containing the number of cells

removed per unit time per copepod, assuming that all the cells are

removed from the water passing, through the filtering mechanism. A

declining amount of food ingested, in the face of a constant assimila-

tion fraction would indicate that in absolute terms most of the assimila-

tion would occur early in the grazing period. Assuming. this to be

true, the per hour assimilation rate might not have been constant over

the time course of my experiments. The rates in row (20) might be

misleading in that they were average values over approximately. 24

hour periods. Nevertheless, the rates in row (20) were quite similar.

This similarity existed even though the ccpepods were captured at

different seasons, spring through fall. Essentially only food cell
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concentration and concentration of copepods were varied in the experi.-

ments. The similarity in carbon assimilation rates apparently

indicates a seasonal uniformity in absolute food carbon assimilation by

adult Calanus, although it is realized that sampling might not have

been intense enough during critical times of the year (i. e., during

egg production) to prove the point conclusively.

Within the limits imposed by the inherent variability in the

manipulations involved in the method, the procedures described in

this work provide a method for estimatingthe absolute amounts of

particulate food carbon assimilated by copepod grazers. The method

is precise enough to allow investigation of the effect of environmental

variables on food carbon assimilation in many marine suspension

feeders. This method, I believe, will have research applications

for both laboratory and natural systems.
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APPENDIX

SAMPLE CALCULATIONS

Sample calculations for Table 2, data from Experiment 3:
All weights are mg.

1. Determination of F'
(a) Dry weights of the blank samples

1. 3.180
2. 2.880
3. 2.784
4. 3.256

Mean of the dried blanks, Xb = 3.025.

Dry weights of food samples including Xb.
1. 4.899
2. 5.712
3. 7. 184
4. 6.504

Dry weights of food samples minus Xb dry weights of the
food samples.
1. 1.874
2. 2.687
3. 4.159
4. 3.479

Post ashed weights of the blanks.
1. 2.180
2. 1.868
3. 2.048
4. 2.448

Mean of the ashed blanks, Xba

Post ashed weights of food samples including Xba
1. 2.985
2. 3.368
3. 4.568
4. 4.024
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(f) Post ashed weights of food samples minus Xba ash weights
of the food samples.
1. 0,849
2. 1.232
3. 2.432
4. 1.888

(g) (Dry weight) - (ash weight) = ash-free dry weight.
1. 1.874 - 0.849 = 1.025
2. 2.687 - 1.232 = 1.455
3. 4.159 - 2,432 = 1.727
4, 3,479 - 1.888 = 1.591

(h) F' ash-free dry weight/dry weight
1. 1.025/1.874 = 0. 5469
2. 1.455/2.687 =0.5415
3. 1.727/4.159 = 0,4152
4. 1.591/3.479 = 0.4573
The mean F' value, 0.4902, was listed in row (5). s
the standard deviation of the F' values, 0.0647, was fisted
in row (7).

(i) The 90% confidence interval, F? ± /2 F'' ? 0. 4902 ±
0.0761 was listed in row (7). a

2. Determination of E'
(a) Dry weight of the feces sample including Xb

4. 176

(b) Dry weight of the feces sample minus Xb, dry weight of the
feces sample.
1.151

(c) Post ashed weight of the feces sample.
2.964

(d) Post ashed weight of the feces sample minus Xba ash weight
of the feces sample.
0.828

(e) (Dry weight) - (ash weight) = ash-free dry weight.
1.151 - 0.828 = 0.323

(f) Ash-free dry weight/dry weight.
0.323/1.151 = 0.2810, the E' value listed in row (8).
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3. U = (F'-E')/(l-E')F' = (0. 4902-0.2810)/(1-0.2810)0. 4902 = 0.5936,
listed in row (17).

4. Determination of Ingested Particulate Food Carbon

(a) Linear regression model for converting peak heights (X)
as cm x 102 to mg C (Y) was: Y = 0.15667 (X) - 0.00837.
The linear correlation coefficient, r, was 0.9998.

(b) Particulate carbon samples: 50 ml each of the 2 liters of the
Ditylum suspension.
Peak heg, cm x 102 mg C/2 liters

Pre-grazed samples
1. 3.232 19.920
2. 3.232 19.920
3. 3.184 19.619
4. 3.034 18. 679

The mean, Xpre 19.535 mg c/i liters, was listedin row (9).
The standard deviation, re' 0. 588 mg C/2 liters was
listed in row (10). p

Control samples
1. 2.694 16.548
2. 2.887 17.758

The mean, X, 17. 153 mg c/2 liters, was listed in row (11).
The standard deviation, 5c' 0.856 mg c/z liters was listed
in row (12).

Post-grazed samples
1. 2.656 16.310
2. 2.718 16.698
3. 2.586 15.871
4. 2.594 15.921
5. 2.642 16.222

The mean, X ost' 16. 204 mg C/z liters, was listed in row (13).
The standard deviation, 5post' 0. 334 mg C/a liters, was
listed in row (14).

(c) The amount of particulate food carbon ingested by the cope-
pod population was computed as the difference between
(X -x ) and (X -X).

pre post pre c
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X - X = 19. 535 - 16. 204 = 3.331 mg C/2 literspre post

X - X 19. 535 - 17. 153 = 2.382 m C/2 literspre C

0.949 mg C ingested
by the 57 copepods during the 21. 5 hour grazing period. This
value was listed in row (16).

(d) The difference between p. and p. was tested.post c

H : p. - p. 0 where X p. ando C post post post

Ha: > 0
c c

The t test statistic was used; t , the computed experimental
value was calculated as: S

-0
C post

sp

)l/'Z

post C

where n and n were the number of post-grazed and
central ptculate carson samples, respectively and

r (n - 1) s2 + (n - 1)s2
1/2

I C c post post I

s =1
c post JL

(n +n -2)

t = 2.336> 1.476, the tabular t at the 90% confidence level
aid with + noo5t_Z) = (2 + S + 2) = 7 degrees of freedom.
The value falls in the rejection region for the test; there-
fore H0: was not accepted; there was not sufficient evidence
to conclude that the means were the same. The results of
this test were listed in row (15).




