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INTRODUCTION

In the past, little effort has been made to combine digestion rate
data and food habits studies to determine the food turnover for a given
population of fish. Ten years ago Hinaell‘(l967) reviewed the status of A 
digestion studies in fish and suggegfed thatgyétAéhéé timé, one of the
most outstanding needs in future research was to estiméfe food consumption
in terms of the daily ration. Since the amount of digéstib]e food
- consumed largely determines the growth and production rates in any
popu]ation, information on the daily ration is needed in order to model
natural populations or develop controlled ecosysfems for fish culture.

In recent years more emphasis has been p]dced on combining laboratory
and field studies to detefmine digestion rates in fish experiencing near
natural conditions. Most of these studies have recently béen reviewed by
either Kapoor et al. (1975) and/or Grove et al. (1977). The purpose of
this review is to update these previous articles where necéssary and to
identify the factors which must be considered 1h attempting to convert
the food habits data collected by the Northeast Fisheries Center, Woods
Hole Laboratory, into estimates of the daily ratidn for selected Northwest
Atlantic fish $pecies.

The review is divided into four general sections. The first
describes the methods used in determining digestion or gut evacuation
rates. It should be mentioned here that digestion rates should more
accurately be termed evacuation rates. Most of the experiments described

herein have only determined the rate of removal of food from the stomach or



gut without ahy referenée to absorption of the food or undigestible
materials. The fish literature uses the.words digestionkandvevacuation
interchangeably and no attempt has been made in this papérfto distinguish
between terms. The second section of the review considers factors
influencing gut evacuation times and is followed by a brief discussion

of factors which generally affect the collection of food habits data.

The final section of the paper considers the various models for determining
gut evacuation rates and the‘methods which have been proposed in

calculating daily rations.



METHODS FOR STUDYING GUT EVACUATION RATES

The methods used to study gut evacuation rates in fishes have combined
a variety of laboratory and field techniques. They can, however, be broken

down into at least three general categories as outlined by Kapoor et al. (1975).

Recovery of Stomach Contents

Fish have been fed‘knownquantities of food and at predetermined intervals
the amount of food remaining in the stomach was established by sacrificing the
fish or pumping out the stomach. Markus (1932) followed digestion in largemouth

bass, Huro floridana (Micropterus salmoides), after force feeding with minnows,

by injecting a nitrous acid solution to induce the fish to regurgitate their
stomach contents. Bajkov (1935) recovered and measured volumetrically the

partia]]y'digestéd food from the stomach of whitefish, Coregonus clupeaformis,

at different times after capture. Unfortunately, Bajkov's work is somewhat
compromised because he did not know the exact quantity of food consumed and
digestion rates are influenced by meal size (see next section). Hunt‘(1960)

determined the digestion rates for the Florida gar, Lepisosteus platyrhincus,

the warmouth, Chaenobryttus gulosus, and the largemouth bass, Microgterus

salmoides. The fish were a110wed to feed voluntarily or else were force fed
a known quant1ty of mosqu1tof1sh and the volume of the stomach contents
measured at predetermined intervals. Darnell and Meierotto (1962) studied

the feeding chronology of black bullheads, Ictalurus melas, by using a

standard food item as an indicator of the degree of digestion for the entire
stomach contents. The amphipod, Hyalella, was selected as the standard food

item since it made up more than half the bullheads natural diet. Fish were



collected and hé]d in the laboratory where the digestion rate of the amphipods
was followed under controlled conditions. More fish were then collected

over a 24 hour period and the index of digestion for the aﬁphipods was used to
establish the feeding chronology of the fish in nature. The food habits and
digestion rates of eight species of freshwater fish were investigaged by
Seabury and Moyle (1964). Fish were collected by seining, a subsample takeﬁ-
for the inmediate determinatioﬁ of’stomach contents volume, and the remaining
fish placed in food free live boxes on the lake bottom. At specified time
intervals the fish were removed from thellive boxes for stomach coﬁtents
analysis. Alternatively, the fish were force-fed a known quantity of food

and their stomachs were pumped free of food for volume determinations, again,

at measured intervals. Pandian (1967) kept his fish, Megalops cyprinoides, at

f28°C‘and staryed them for two days before determining their digestion rate
when fed prawns weighing 2% of the fishes body weight. At measured time
interva]g>a fish was killed and the stomach contents weighed. A near linear
relationship between the percentage of food digeéted‘and timé was found after
an initial lag period during whichllitt1e weight loss of the‘stomach contents

was recorded. Windell (1966) also starved his fish, the bluegill sunfish,

Lepomis macrochirus, for a period of three days under constant temperature
conditions.i As in Pandian's experiment, the fish were fed a known quantity
of food and the percentage decrease in stomach contents measured over time.
However, Windell measured the digestion rate as digestible organic matter

which was defined as dry weight minus the ash plus chitin weight. This
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method was again used by Kitchell and Windell (1968) and ¥indell and Norris
(1969) when studying gastric digestion in the pumpkinseed sunfish, Lepomis

gibbosus, and rainbow trout, Salmo gairdneri, respectively. Windell (1967,

1968) gives details of the methods involved in using the dried digestible

organic weight technique. Magnusun (1969) fed white bait of a known average

dry weight to skip jack tuna, Katsuwonus pelamis. Over the following 24 hours
fhe tuna were sacrificed and the quantity of f&odAconsumed was determined by
counting the number of partia]]yvdigested fish in the stomach and multiplying
this number by the average weight for the white bait. The decrease in dry
weight was a measure of the digestion rate. Tyler (1970) acc1imafed young

cod to various temperatures and starved them for three days pridr tO‘feedingﬁédﬁ
a standard meal of shrimp tails. Digestion rates were determined by
measuringvthe decrease in the dry weight of the stomach contents over time.

Brett and Higgs (1970) feed sockeye salmon, Oncorhynchus nerka, food pellets

of known biochemical composition. Fish were periodically anaesthetized,

frozen, and the frozen stomach contents dissected into preweighed crucibles
for determination of the dry organic weight. Beamish (1972) determined the
dry wéight, protein N, 1lipid and caloric content of the stomach contents of

thermally acclimated large mouth bass, Micropterus salmoides, following a

meal of shiners. Swenson and Smith (1973) used a rather ingenious method

of coding the food items fed to walleye, Stizostedion vitreum vitreum, in

order to quantify the digestion rate. Minnows were weighed to 0.1 gm and
then marked with a colored thread sewn below the dorsal fin. The walleye
were force fed the marked minnows which could later be identified and weighed

after thé'partia11y digested food was removed from the stomach using a
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stomach pump. Steigenberger and Larkin (1974) examined the feeding activity

and digestion rate of the northern squawfish, Ptychocheilus oregonensis, by

force feeding a quantity of redside shiners to fish that had been starved

for 72 hours. They followed the digeétion rate by'pumping out the stomach
contents of anesthetized fish at six hour intervals for twenty four hours
after feeding. In an attempt to avoid starving the fish prior to determining

the digestion rate; Daan (1973) maintained cod, Gadus morhua, on a diet

of shrimp for two weeks. He then switched the diet and fed a known weight
of sprat which could easily be distinguished from the shrimp remains in

the stomach. Jones (1974), in his study of haddock, Melanogrammus aeglefinus,

cod, Gadus morhua, and whiting, Merlangius merlangus, compared three methods

of determining gastric evacuation rates. He fed a single meal to previously
starved fish and followed the digestion time or, kept them on a regular
feeding schedule and periodically sacrificed fish or, for haddock only,
followed their digestion rate after capturing the fish from an area where
they were known to be feeding on brittle stars. The first two methods gave
different results with the single meal experiment giving consistently Tower
digestion rates than the regular feeding technique. The experiment with
brittle stars was not direct]y comparable since the actual quantity of prey
consumed was unknown. For any one method, however, the digestion rate in
all three species was similar.

Although the following method has not recently been used in fish
digestion rate studies, it warrants mentioning since Riddle (1909) quotes
it as first being used in 1783 by Spallanzani and Sonebrier. Glass tubes

(Mette's Tubes) are filled with coagulated egg albumen and placed in the fishes
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stomach. After a specified time interval the tubes are removed and the
"degree of digestion of the egg albumen noted. Riddle (1909) used this
technique with Amia calva while Pegel (1950) actually prepared an intestinal

fistula for the insertion of Mette's tubes in the foregut and hindgut of

Leuciscus 1. biacalensis. Mette's tubes were also used by Chepik (1964)

to study seasonal changes in the digestive enzyme activity of carp.

Radiographic Methods

The use of x-ray techniques canAbe particularly successful. in studying
digestion of piscivorous fish species. The deéreasing visibility of the
bony efements and swim bladder of the prey, together with a change 1h
position of these elements to each other, was uéed by Molnar et al. (1967)
to study digestion in a number of European fishes. Edwards (1971, 1973) also

used the x-ray technique to study digestion ration in plaice, Pleuronectes

platessa, but he fed the fish lugworms injected with barium sulphate so
that.the prey items were x-ray opaque. Other people have incorporated x-ray
markers into the fishes diet to monitor food translocation (Kevern, 1966;
Peters and Hoss, 1974). In some transparent species, ordinary photographs
may sérve.the same purpose as x-rays. For example, Rosenthal and Hempel'
(1970) have investigated tHe digestion rate in transparent herring larvae

from photographs taken at two hour intervals.

Food Intake and Defecation

Various workers have estimated gut evacuation rates by observing the
time between feeding and the production of faeces. This technique is farily

unéomplicated in fish like the caspian roach, Rutilus r. caspius (Bokova, 1938),




and the pond roach, Misgurnus (Scheuring 1928),‘where a small meal is
excreted as a single dropping. However, most fiéh larvae and miriophagous
adults will feed continuously and it is necessary to label a portion of the
diet so that it may be identified in the faeces. Rozin and‘Mayer (1961) fed
pellets to goldfish at a constant rate over a one hour dai]y feeding period.
They then substituted peT]ets containing carh{né énd timed the interval

until the production of colored faeces. The first colored faecal material
‘was produced seven hours after ingesting the meal, but the remaining labelled
faecal material was produced frém eight to twenty-four hours after ingestion.
Much work on larval or juvenile fishes has employed a similar technique of
feeding dye labelled food. (Lane and Jackson 1969; Blaxter 1965§ and Laurence
1971.) If should be noted that measuring faecal production after a specified
meal is not necessarily comparable with the brevious methods described which

generally deal only with stomach evacuation times.

FACTORS INFLUENCING GASTRIC EVACUATION

Various methodologies have been used in the digestion rate experiments
described 1in thé first section of this review. Each of these methods result
in different experimental conditions which may have some influence on the
observed results. ‘A number of specific factors have been identified which
are known to influence the rates of gastric digestion under experimental or

natural conditions and these are Tisted and discussed individually below.



Temperature

-

For poikilotherms, the digestive rate, as with most metabolic processes,
is greatly influenced by temperature and the thermal history of the animal.
Temperature changes may affect the digestion rate by influencing any of the
following temperafure—dependent functions: 1) feeding rate; 2) secretion
of digéstive enzymes; 3) activity of digestive enzymes; 4) motility of the gut
and 5) assimilation of digested foods. Both Kapoor et. al. (1975) and Grove et al.
(1977) review most of the Titerature on temperature.aTOHQ with presenting figures
summarizing the effect of temperature on digestion in fish. (See Fig. 1)
in general Kapoor et al. (1975) concluded that every rise in temperature of
10° € will increase the digestion rate by a factor of 3 or 4. However, not all
the fish used in his example were fully acc]imated to the test temperature. If
‘the fish were completely thermally acclimated, the slope of the 1ine relating
temperature and digestion rate would not necessarily be as steep. It should also
be noted that as the temperature approathes a fishes upper lethal 1imit the

digestion rate may be depressed and the fish will not eat (Tyler, 1970).

Body Size

The relation between body size and digestion rate has been established for
a number of different fish species. In general, bigger fish will digest a
greater amount of food than smaller fish. However, if the size of the fish is
taken into consideration, and the amount of food digested is expressed as per
gram of fish, smaller fish have a higher evacuation rate. For example, Pandian
(1967) found that é 5.12 g fish digested the same amount of food as a 90.6 9
fish in gpproximate]y one third the time. Since small fish have a relatively
higher digestion rate it might also be expétted that they will consume

relatively more food per day. This has been found to be true for at Teast
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Figure 1. Digestion rate in relation to temperature.

(From: Kapoor et. al. 1975)



sockeye salmon. Brett (1971) fed different size groups of salmon an artificia]
diet to determine the maximum daily voluntary food intake. When expresséd as a
percentage of the dry body weight, he found thatlthe diet dropped from an
average of 16.9% for a 4 g fish to 4.3% for a 216 g fish. In absolute

terms, though, the small fish consumed 0.68 g while the large fish ate

9.29 g. ' |

Meal Size

| Inbeva;uafing fhe effect of meal sizg on digestion,»jt is- important to
consider how varfous authors have presented their data. The effects of meal
size have usually been expressed as the time taken to empty the stomach or as
a percentage decrease against time. For example, Windell (1966) found that the
time for the stomach of a bluegill sunfish to empty following a small or large
meal of Tenebrio was-simi1ar. Clearly, however, the rateréf &1gestion of éﬁé o
larger meal (expresééd asvweight/unit time) musﬁ'be greater; In genera]kthen,'ﬁ
it has been found that a larger mea] is qigg§§ed at a greater rate than a smaller
meal of a similar type (Hunt 1960; Beamish 1972; Swenson V 7
and Smith, 197:$vJob11ng ef al. 1977). It may also be true that a smaller meal
is digested sooner than a larger meal, as suggested by Barrington (19575, bécause
of a larger surface to volume rafio. For example, a fourfold increase in the | A
ration size of a large mouth bass, Micropterus, only doub]éd the time required for the

fish's stomach to empty (Beamish, 1972). Likewise, an increase in ration size

from 1 g to 5 g for a 100 g dab, Limanda, caused a}3.8 fo]d<1ncrease

in the time for the stomach to empty (Jobling et al. 1977). In both examp]eé,
however, the digestion time for the larger meal was offset by a.greater rate of
digestion, perhaps due to a greater stimulation of enzyme éecretionﬁ(Noff;s»vwr

et al. 1973) or gastric motility (Burnstock 1958).
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The rate of stomach evacuation has been found by Jones (1974) to be

related to meal size in three gadoids by the exponent 0.46, i.e., digestion

)0.46

rate = (meal size . Windell et al. (1969), Mc Kone (1971), and Beamish (1972)

have found that digestion rate is related to meal size raised to the power 0.6,

0.7 and 0.75 for Salmo gairdneri, Prosopium and Micropterus respectively. In
one instance digestion rates have been found to be directly proportional to

the meal size (Windell, 1966) while Steigehberger and Larkin (1974) showed that

the digestion rate of Plychocheilus actually decreased with‘an increase in
meal size. As Grove et al. (1977) mentioned, many more species need to be

studied before this fish can be called anomalous.

Diet Composition

Data on digestion of different food items suggests that the composition
of a fish's diet will have a substantial ihf]uence.on the rate of gastric
evacuation. Tﬁere is apparéntly a lag period of variable duration after most
~any food item enters the stomach and before it begins to be digested. For
example, Jones (1974) fed several gadoids a variety of fish and crustaceans in
an'attempt to compare the digestion rate fok different foods. Pollack was used
as the standard diet and it was found by extrapolation of a fitted regression line,
that the pollock remained in the stomach for approximately 1% hours, at 12° C,
before the stomach contents Tost weight. Most othér fish tested had similar lag
times except for Centronotus which remained intact for up. to 20 hours. The

crustaceans, Crangon, Carcinus and Nephrops were similarly tested and remained in

the stomach unchanged anywhere from 10-40 hours. The differences in digestion
rate between fish and crustacea may be attributed to the presence of the hard and
thick exoskeleton of shrimps and crabs. Hard food parts have been observed by
Windell (1966, 1968); Edwards (1971), and Kionka and Windell (1972), to take longer

to be evacuated from the stomach than softer more easily digestible food items.
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The difference in the digestion rate for the various fish species may rélate to
differing biochemical composition or even hydrolysis of the food once it is in the
stomach. Karpevitch and Bokova (1936, 1937) showed that different foods are
digested at different rates and that fat retarded digestion. Windell (71967)
suggested that fat might influence the digestion rates observed in bluegill
sunfish while Windell et al. (1969) showed that diet§ with increasing fat levels
decreased the gastric evacuation rate in rainbow trout. Hydfo1ysis of a food
item has also been observed under experimental conditions which resulted in an
initial depression of the observed digestion rate (Herting and Witt, 1968;
Steigenberger and Larkin, 1974). |

A number of other workers have detected a decrease in digestion rate for
different food items. ElTiott (1972) found that brown trout evacuateAgammarids

or oligochaetes in approximately 22 hours (120C) while Protonemura, Hydropsyche,

and Tenebrio took 26, 30 and 49.5 hours respectively. Pandian (1967) feeding

Megalops on Gambusia or Metapenaeus and Western (1971) feeding Cottus and Enophrys on

Tubifex, Calliphora or semifluid meals also found differential rates of digestion.

" 'Feeding Frequency and Force-Feeding

Experimental determination of digestion rates usually involves handling
the fish, a period of starvation in order to completely empty the stomach and,
either letting the fish feed.voluntarily or force-feeding anesthetized animals.
These conditions all deviate from what a fish usually experiences in nature and
consequently the merits and disadvantages of various experimental techniques
have been discussed. Windell (1967) sites a number of papers describing the
physiological effecté of handling fish and these may vary anywhere from
hyperglycemia to death. ' In any experimental situation, handling cannot be

avoided and one has to be satisfied that it is kept to a minimum.
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When measuring digestion rates, starvation of experimental anima]s should be
kept to a minimu&, lasting only long enough to allow the qnjma]s to clear thefr
stomachs, or else avoided completely by feeding easily distinguishable food_items.
The influence of starvation and feeding frequency in adult fish have most recently
‘krseén investigated by Windell (1967), Ty1éf (1970)‘aﬁa Jones (1974). 1In geﬁera],
| it was found that the digestion fates méasured in previbds1y starved fish Were
only 50 to 60% of those fn fish which wefe on d reguiar feeding schedule. 751m11ar
results have been found fOr larval fish by Blaxter and Hoi]iday (1963), Laurence
(1971), Rosenthal and Paffenhofer (1972) and Nobel (1973). |

Force-feeding is often used to insure that the fish consumed a known_quantity
of food at a spécified time. Few workers have critically evaluated the effect that
force-feeding has on the fish. Hunt (1960), duriné a study of the digestion rate
of the Florida gar, warmouthvénd 1af§eh6u£ﬁrbass‘bbserved 11t£1e difference
between fish that fed voluntarily énd those that wefe fbfce-fed. The 1nfiuén§e»df
forced versus voluntary feeding was compared statistically during a study of the
walleye by Swenson'and Smith (1973). TheyAconcluded that forcé-feedfng'does in
fact bias the results obtained on digestion rates. Force-feeding decreased

the rate of gastric evacuation,as had been suggested by Windell (1966).

FACTORS AFFECTING FOOD HABITS DATA

The food supply for a fish population is one of the primary factors controlling
production. The purpose of collecting data on digestion rates is usually to use
the information together with estimates of the average amount of food in the fishes
stomach to establish the daily or yearly ration. In carrying out laboratory or.
even field experiments to determine either the food habits or digestion rates, a
number of factors which may influence the results have to be considered. Some of

the major difficulties in studies of this typé are discussed below.
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Feeding Chronology

-

The accufate determination of the daily feeding chronology requires sampling
of a fish population over a number of 24 hour periods. Consequently, this type of
experiment has onTy rarely been carried out successfully. Darnell and Meierotto
(1962) suggested é méthodo]ogy for detefmining the 24 hour chrono]bgy of feeding
intensity in natural fish populations based on stomach contents analysis and
digestion rates for a standard food item. Using. this method they identified two
distinct feeding periods, one just before dawn and one shortly after dark, in a
population of black bullheads. Swenson and Smith (1973) evaluated the diel feeding
periodicity of walleye by collecting fish at two hour intervals over a total of
16 days.” They calculated the percentage of the totél meal consumed for each two
hour period and found that feeding was rhythmicjat least from Ju]y‘through
September. Daily patterns of feeding intensity for other fish popu]ation; have
been observed by Keast and Welsh (1968), Holton (1969), Olla et al.(1969, 1974),
Narver (1970), Steigenberger and Larkin (1974), Merrett and Roe (1974), Timokhina
(1974), Thijssen et al. (1974), Baird et al. (1975), Girsa (1975), and
Ebeling and Bray (1976). .

Seasonal f]uctuafjonéién“food habits have been observed for both freshwater
and marine fish. Seéburg and Méy]e (1964) found.a decrease in the quantity of
food in the stomach of some Minnesota lake fish over a summer long study of food
habits. For marine fish, difficulties in sampling the same population over a year.
compromise studies of seasonal changes in food habits. Despite this problem
Wigley and Theroux (1965), Vinogradov (1971) and Tyler (MS 1971) have found a -
seasonal change in food habits for various marine fish. |

Aparﬁ from daily and seasonal changes in'food habits, sampling technique is
probably the biggest factor influencing the.estimates of daily rations made from
field samples. If the average amount of food in the stomach is used in calculating

“the ration, then two major sources of error may affect the results. First is the
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sample size. If, for}examp1e, fish feed very intensely over a short period during

the day, too small a sample could either grossly overestimate or underestimate

the mean stomach contents weight. The second source of error is caused by the

length of time the fish are retained in the gear before the stomachs are removed

and the contents preserved. Food intake presumab]y ceases once th?,fi$h are caught
(Hopkins and Baird 1975) but gastr1c evacuation will cont1nue There are undoubtedly
other factors 1nf1uenc1ng the average stomach coetents such as regurg1tat1on anq v
swa110w1ng other f1sh after be1ng caught in the gear, but bhese are difficult to quaﬂt1f“'
w'The f1rs£~two factors mentioned above have recent1y been 1ncorporated 1nto a s1mp1e

CALCULATING DIGESTION RATES AND DAILY RATIONS

A variety of techniques have been utilized vn analyzing gastric evacuation
rates. Magnuson (1969), Kitchell (1970), and Swenson and Smith (1973) fitted a
first or second order polynomial regression to their data while Tyler (1970),
Brett and Higgs (1970) and E1liott (1972) found that an exponential regression
best described their results. In contrast, Daan (1973) fitted a stra1ght 11ne
regression to his data on gastric evacuation in cod. In comparing h1s data to
Tyler's (1970) data en cod, Daan states that the curvilinear fit described by Tyler
was primarily due to the Tast 10% of the stomach contents, and for at least the
initial phase of digestion a linear fit to the data would be adequate. Windell
et al. (1976) compared various methods in descr1b1ng their data on gastric
evacuation by rainbow trout. D1fferent regressions produced different pred1ct1ons
with the greatest variation occurring when predicting the length of time necessary
to completely empty the stomach. They found that the time for complete sfomach
evaeuation could range from 22 to 35 hours depending entirely on the method used
to analyze the data. Because of the variability between methods, it was suggested

that the actual type of regression equation chosen to describe any data on evacuation
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rates be chosen statistically using an analysis of variance and F statiétics.
In the case of Windell's rainbow trout, a semilog relationship of the form:

% evacuation = a + b Tog Time was chosen as the best fit regression.
Four equations have been proposed which may be used to calculate estimates

of the daily ration. Bajkov (1935) suggested the fo]]owing formula:

where: D = the daily ration
A = the average amount of food in the stomach
n = the number of hours necessary to comp]eteTy empty the stomach

Bajkov‘s formula assumes that feeding is effebtiveTy continuous,‘that
digestion continues at the same rate throughout the day and that the amounts
and kind of food do not influence the rate of gastric evacuation. Since most
of theée assumptions are not valid, Davis and Warren (1968) do not recommend tHe
use of Bajkov's formula. Neverthé?ess, this methodo]ogy had been adopted ahd‘
| modified s1ightly by Darnell and Meierotto (1962) and Seaburg and Moyle (1964)
in their calculation of the daily ration of some freshwater fishes.

A second formula has been suggested by Daan (1973):

_ 2w
o =
DL
where: ¢ = daily ration for a given length fish
WL = average weight of the stomach contents for a given Tength fish
D = digestion time in days for a given length fish

Rewriting the equation in Bajkov's terms, it becomes:
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From the results of laboratory experiments, Daan assumed that gastric evaCuafion was
a Tinear functibn of time and therefore the daily ration was twice the average
amount of food in the stomach divided by the time for gastric evacuation. This
assumption, however, does not considek feeding periodicity and the possibility that
there is a differential rate of digestion for the various prey items. The formula,
therefore, suffers from some of the inadequacies which were discussed in reference
to Bajkov's equation. |

The third method for calcu1atihg the daily ration has been.proposed by Swenson

and Smith (1973) and is of the form:

C = I oTy (=f SC)

F
where: C = daily food consumption in grams for the .average fish
SC = weight of the undigested stomach contents for foods df a given

size and not more than 90% digested, during a specified time period
zf = summation of correéted weight of stomach contents for all the
fish in the sample, having consumed food of a given size, during a
specified time period
F = number of fish in the sampTe which could have contained food of a
given size, not more than 90% digested, during a specified time period
I = summation of food sizes
Iy = sumhation of time
The use of Swenson and Smith's method requires the determination of the degree of
digestion of the food items in the stomach and the establishment of length-weight relation-
ships for the various prey items so that the original weight of an item may be estimated

from the partially digested ramains. This technique is similar to that of Fortunatova

(1950, 1951, 1955; See also Popova 1967) and has apparently been used extensively by Russian
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workers (see Davis and Warren, 1968). The major difficulty in using this
technique would be establishing accurate estimates df the "reconstructed"
weight for the variety of prey items eaten by various fish. It is most‘
appropriate for piscivorous fish which feéd infrequently.

Another appkoach for calculating the daily ration would be to measure
growth rate and metabolic rate and then calculate the rétion necessary to
sustain the fish. Winberg (1956) proposed the fd]]owing formula for calculat-

ing food consumption:

C=1.25 (R + AB)

where: C = consumption

R

respiration

AB = growth

Estimating food consumption in nature from Taboratory growth studies using 7
coho salmon has been attempted by Carline and Hall (1973). They held fish 1in

an outdoor stream tank, where natural social behavior patterns were established,
and compared the growth with fish held individually in restrictive aquaria. The
growth rate of the groups fed identical rations was similar and it was concluded
that laboratory growth data could be useful in field extrapolations as had been
suggested by Davis and Warren (1968). This technique may be used in conjunction
with the methods estimating daily consumption based on stomach contents as a

check on some of the assumptions and apparent shortcomings of those methods

(Backiel 1971; Adams 1974).
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