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Synopsis

Selection of methods for quantitative description and assessment of food habits is a concern for trophic investigations.
We used diet data for largemouth bass Micropterus salmoides, to compare a caloric-based approach with eight
diet indices: percent frequency of occurrence, percent total number, percent total weight, mean relative number,
mean relative volume, relative importance index, prey-importance index, and mean stomach fullness. Mean caloric
contribution of stomach contents for each prey taxon was used as a standard to compare diet indices. Temporal
differences in composition and caloric contents of largemouth bass stomach contents were apparent. Most diet
indices provided similar assessments when diets were dominated by a single prey type (i.e., gizzard shad during
June-October). However, diet indices evaluated provided dissimilar assessments of stomach contents when a variety
of prey with differing caloric densities were consumed (e.g., April). Mean stomach fullness and percent by volume
were significantly (p < 0.002) correlated (r = 0.94 − 1.00) with mean caloric contribution of largemouth bass
stomach contents during all months. Unlike percent by weight, mean stomach fullness accounted for differences in
fish size and stomach capacity. Thus, mean stomach fullness by prey type appears to be the most appropriate index
when objectives include simplified caloric-based assessments of fish diets.

Introduction

Biologists have long struggled to determine the appro-
priate method for quantitative description and assess-
ment of food habits. Frequency of occurrence, percent
composition by number and percent composition by
weight are three approaches that are often used to
describe fish diets (Bowen 1996). Each approach
provides distinctly different information and con-
tains biases that may limit the usefulness of any
single method (Windell 1971). For example, percent

composition by number emphasizes the value of small
foods (such as zooplankton) that are consumed in large
numbers while de-emphasizing large food items con-
sumed in low numbers. Conversely, percent compo-
sition by weight emphasizes the value of large items
eaten in small numbers and de-emphasizes small items
eaten in large numbers. All three indices provide single
values without any measure of variance.

Although providing important summaries, these
approaches do not allow statistical comparisons among
samples. However, percent composition by number and
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weight (volume) can be calculated for individual fish
and then averaged to obtain a mean (referred to in
this paper as mean relative number and mean relative
volume) and variance for the sample (Wallace 1981).
Furthermore, Wallace (1981) concluded that mean rel-
ative volume (weight) appeared to be the most appro-
priate diet measure because (1) volume (weight) of prey
likely has some relationship to the caloric value of food
and (2) unlike percent composition by volume, mean
relative volume does not overemphasize stomach con-
tents of a few individuals at the expense of the overall
population diet.

Windell (1971) recommended the use of combined
indices over single measures (e.g., frequency of occur-
rence, percent composition by number, and percent
composition by weight). Consequently, Pinkas et al.
(1971) proposed the index of relative importance (IRI),
which multiplied frequency of occurrence by the sum
of percent composition by number and percent compo-
sition by volume. George & Hadley (1979) modified
the IRI with the development of the relative impor-
tance (RI) index, which is a linear combination of the
three single measures. Since its inception, the RI index
has been widely used (e.g., Hodgson & Kitchell 1987,
Jackson et al. 1992, Bryan et al. 1995). However, use
of RI has not been without controversy. Hyslop (1980)
stated that it is unlikely that the RI index is more accu-
rate than a single index because RI is confounded by
two sources of error and variation [i.e., error associ-
ated with percentages (number and weight) and error
associated with frequency of occurrence are different].
Also, arithmetic manipulation of percentages, which
are dimensionless ratios, produces numbers of no inter-
pretable meaning (Bowen 1996). Finally, the RI index
produces a single value with no variation for each prey
taxon consumed by a population; thus, no straightfor-
ward statistical comparisons of RI values can be made
among populations, stocks, life-history periods, etc.

Alternatively, Probst et al. (1984) took a bioenergetic
approach to diet assessment in the development of the
prey-importance (PI) index. The PI index is the average
proportion of total calories contributed by each prey
type. Thus, a mean and variance can be calculated for
the PI index. The PI index does not account for seasonal
differences in total caloric intake; however, seasonal
comparisons of PI values can be made.

In addition to identification of stomach contents,
biologists have also been interested in quantifying
stomach fullness. Windell (1971) utilized an index of
fullness by dividing stomach contents (wet weight) by

fish body weight, and then multiplying by 10 000. Biol-
ogists have also examined stomach fullness by relat-
ing maximum stomach capacity to volume or weight
of stomach contents. Several methods of determining
stomach capacity have been used. Magnuson (1969)
fed starved fish items of known volume until satiated.
Kimball & Helm (1971) experimentally determined
stomach capacity for different length fish by measuring
the amount of water that could be injected into an empty
stomach prior to bursting. Hellawell (1971, 1972) and
Knight & Margraf (1982) derived exponential equa-
tions that related maximum volume of ingested prey to
fish total length. Using these equations, they were able
to develop a stomach fullness index by examining the
ratio of observed prey volume to estimated maximum
stomach capacity for any given length of fish.

Growth of fishes is an important indicator of environ-
mental conditions. Bioenergetic models provide a func-
tional framework for relating growth rates and feeding
rates of fish to environmental conditions and provide
insight into causal relationships among these variables
(Allen & Wootton 1982). Like all animals, fish convert
organic matter and energy that they ingest into living
biomass (Bowen et al. 1995, Bowen 1996). Standard
metabolism, specific dynamic action, and non-resting
activity energy needs must be met first, and any remain-
ing energy is physiologically available for tissue elab-
oration (Brett & Groves 1979). Thus, growth of fishes
is variable because it is the last need met in the energy
budget.

Common applications of bioenergetic models have
been estimation of growth or production (Paloheimo
& Dickie 1966, Kerr 1971, Healey 1972, Ware 1975)
and prediction of food consumption rates (Kitchell
& Breck 1980, Stewart et al. 1981, 1983, Rice &
Cochran 1984). Most bioenergetic models use ener-
getic units of measurement because many dissimilar
materials (protein, lipids, carbohydrates) and processes
(ingestion, assimilation, growth, catabolism, etc.) can
be described in terms of units of energy required or con-
tained (Warren & Davis 1967). Hyslop (1980) stated
that energetic studies should quantify the contribution
of dietary items by caloric content. This type of assess-
ment is tedious and costly to perform on a routine
basis. Thus, we investigated eight diet indices using a
caloric-based assessment. Our objective was to deter-
mine which, if any, of the eight diet indices provide
alternatives to caloric-based assessments that are sim-
pler to measure and less time consuming (i.e., exhibit
functional utility on an energetic basis).
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Table 1. Caloric values (cal g−1 wet weight) used for prey items of largemouth bass
(200 to 299 mm total length) in Pomme de Terre and Stockton reservoirs, Missouri,
during 1991

Prey group Caloric density (cal g−1) Reference

Fish
brook silverside 1050 a

Centrarchidae 1160 Miranda & Muncy (1989)
Cyprinidae 1050 Bryan et al. (1996)
gizzard shad 1220 Miranda & Muncy (1989)
other fish 1100 b

unidentified fish 1100 b

Insects
Coleoptera 1020 Cummins & Wuycheck (1971c)
Diptera 600 Cummins & Wuycheck (1971)
Ephemeroptera 1125 Cummins & Wuycheck (1971c)
Hemiptera 1100 d

Odonata 1050 Cummins & Wuycheck (1971c)
other insects 1050 e

Crayfish 750 Kelso (1973c)
Zooplankton 475 Cummins & Wuycheck (1971)
Other invertebrates 700 Cummins & Wuycheck (1971f )

aEstimated by authors to be similar to Cyprinidae.
bEstimated by authors to be within caloric density range (i.e., 1050–1220) of other
fishes in this assessment.
cEstimated from dry weight caloric density.
dEstimated by authors to be within caloric density range (i.e., 1050–1125) of odonata
and ephemeroptera in this assessment.
eEstimated by authors to be within caloric density range (i.e., 600–1125) of other
insects in this assessment.
f Mean of Annelida and Hirudinea.

Methods

Largemouth bass, Micropterus salmoides (200–
299 mm total length), from the Lindley Creek Arm
of Pomme de Terre Lake and the Sac River Arm of
Stockton Lake, both in southwestern Missouri, were
collected monthly during April through October 1991
using nighttime electrofishing. Captured largemouth
bass were measured (nearest 1 mm total length), and
their stomach contents removed with clear plexiglass
tubes. Van Den Avyle & Roussel (1980) reported that
this method removed 100% of stomach contents from
largemouth bass, while Cailteux et al. (1990) reported
a recovery rate of >80%. To improve removal effi-
ciency, we used long forceps and a water squirt bot-
tle to aid in the removal of food contents. We also
used a small flashlight with a concentrated beam of
light to examine the interior of the stomach while the
tube was inserted into the digestive tract to ensure that
all food items had been removed. Stomach contents
were immediately preserved in 10% formalin. In the

laboratory, all organisms in each stomach sample were
identified and counted. Prey organisms were blotted dry
and grouped by taxa, and their volume was estimated
by water displacement (nearest 1 ml). When sample
volumes of prey taxa were too small to be measured,
they were visually estimated as a percentage of the total
sample volume. For a more detailed description of the
study sites and methods used to collect these data, see
Michaletz (1997).

Use of these largemouth bass diet data allowed cal-
culation of frequency of occurrence, percent by num-
ber, and percent by volume of prey items. Calculation
of RI values required converting percent by volume to
percent by weight. Most aquatic organisms have a spe-
cific density of 1.02 to 1.05 g ml−1 (Lampert & Sommer
1997). In addition, we determined the specific density
of gizzard shad to be 0.999 g ml−1 (unpublished data).
Furthermore, Swedberg & Walburg (1970) derived
volume estimates of stomach contents by utilizing a
weight : volume ratio of 1 : 1. Therefore, we assumed a
specific density of one (i.e., 1 ml displacement = 1 g
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Table 2. Equations for calculating diet indices

Diet index Equationsa

Mean caloric contribution MCali = 1

p

p∑
j=1

WijXi

Frequency of occurrence FOCi = Ji

P

Percent by number %TNi = Ni

Q∑
i=1

Ni

Percent by weight %TWi = Wi

Q∑
i=1

Wi

Mean relative number MRNi = 1

P

P∑
j=1


 Nij

Q∑
i=1

Nij




Mean relative volume MRVi = 1

P

P∑
j=1


 Vij

Q∑
i=1

Vij




Relative importance index RIi = 100AIi∑
AIi

AIi = FOCi + %TNi + %TWi

Prey importance index PIi = 1

P

P∑
j=1


 WijXi

Q∑
i=1

WijXi




Mean stomach fullness MSFi = 1

P

P∑
j=i

(
Vij

Cj

)

ai = food type. Q = number of food categories. j = fish. P =
number of fish with food in their stomach. Ji = number of fish
containing one or more of prey i. Ni = number in food category
i. Wi = weight (g) of food category i. Vi = volume (ml) of food
category i. Xi = caloric value (cal g−1 wet weight) of food category
i. Cj = stomach capacity of fish j.

wet weight) for all prey items; thus, percent by volume
was easily converted to percent by weight for calculat-
ing RI values.

We obtained caloric density (cal g−1 wet weight) val-
ues for most prey items from published literature and
estimated the remaining values (Table 1). We multi-
plied caloric density by total estimated wet weight of
each prey item for each largemouth bass to obtain the
caloric contribution of each prey type consumed by that
fish. A mean caloric contribution for each prey taxon
was calculated (Table 2; zero was used for prey taxa
not eaten by an individual largemouth bass) for each
month and reservoir and was used as our standard to
evaluate the other eight diet indices.

Frequency of occurrence, percent by number, and
percent by volume of each prey category were calculated
(Table 2) for the entire population diet. Relative num-
ber (%) and relative volume (%) of each prey item were
calculated for each individual fish. Then mean relative
number and mean relative volume (Table 2; zero was
used for prey taxa not consumed by an individual fish)
were derived for prey groups by each month and reser-
voir. Values for the RI index were calculated to obtain
average contributions of prey types based on a linear
combination of frequency of occurrence, percent by
number, and percent by weight. Prey-importance index
values were calculated (zero included for prey taxa not
consumed by an individual fish) to obtain mean relative
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Table 3. Mean daily water temperature (◦C) and sample size (N) and mean caloric contribution of prey items for
largemouth bass (200 to 299 mm total length) from Pomme de Terre and Stockton lakes, Missouri, during 1991

Lake Category Apr May Jun Jul Aug Sep Oct

Pomme de Terre Water temperature 14.6 21.7 27.1 28.6 27.3 24.5 18.3
N 25 23 25 36 39 30 36
Fish

brook silverside 0 27 0 12 35 0 0
Centrarchidae 232 1485 93 1 110 101 796
Cyprinidae 0 0 0 0 0 0 0
gizzard shad 288 42 1388 1644 1289 2021 2326
other fish 286 0 0 0 0 0 0
Unidentified fish 1 4 88 3 3 0 0

Insects
Coleoptera 0 0 0.4 3 0 0 0
Diptera 22 4 0.2 2 0.5 0.2 1
Ephemeroptera 30 2 1 0 1 0.4 0
Hemiptera 0 0 0 0 0 0 0
Odonata 0 0 0 0 6 0.7 0
other insects 0 2 0 0 0 0 0

Crayfish 291 388 0 0 29 50 54
Zooplankton 0.4 0 0.2 0.1 0.1 0 0
other invertebrates 0 0 1 1 0.2 0 0

Total calories 1151 1956 1871 1665 1474 2173 3177

Stockton Water temperature 14.7 21.0 26.5 27.7 26.7 24.3 18.3
N 30 27 20 37 38 39 27
Fish

brook silverside 0 0 0 40 14 135 261
Centrarchidae 236 116 99 304 452 217 473
Cyprinidae 49 0 0 0 0 0 0
gizzard shad 191 429 528 1213 2219 1492 1412
other fish 301 338 0 67 0 0 139
Unidentified fish 6 0 0 0 0 6 16

Insects
Coleoptera 3 0 2 0 0 0 0
Diptera 18 3 0 0.2 0 0.3 0.2
Ephemeroptera 60 57 12 2 0 1 2
Hemiptera 0 1 0 0 3 0 0
Odonata 0 0 21 0 0 0 0
other insects 4 0 1 12 0 0 0

Crayfish 75 81 105 15 101 8 56
Zooplankton 0.3 2 0 0 0.1 0 0
other invertebrates 2 2 0.4 1 0 0 0

Total calories 944 1029 768 1653 2788 1858 2357

(%) caloric composition for each prey group by month
and reservoir.

Maximum calories ingested are primarily limited by
proximate composition of prey, digestion rates, and
stomach volume. We calculated mean stomach fullness
for each prey taxon (i.e., the percentage of maximum
stomach capacity that each prey taxon fulfilled) by
developing a stomach capacity-length equation using
methods similar to Knight & Margraf (1982). To
develop the equation, we first combined all data on

largemouth bass (N = 2898) collected from Pomme
de Terre and Stockton reservoirs during 1987–1991
(Michaletz 1997). Data then were divided into 2 cm
length groups; length groups with a sample size less
than 10 were eliminated (remaining N = 2864). Maxi-
mum total volume of prey observed in each 2 cm length
group was plotted as a function of the midpoint of each
length group and used to derive an exponential regres-
sion equation that related stomach capacity (ml) to total
length (mm).
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Figure 1. Relationship between maximum stomach capacity (V)
and total length (L) of largemouth bass in Pomme de Terre and
Stockton reservoirs, Missouri. A point represents the maximum
total volume of prey observed in an individual stomach plotted as
the midpoint for each 2 cm length group.

Diet indices were evaluated by correlating (Pearson
product-moment correlation) calculated index values
for prey taxa within each month and reservoir with
mean caloric contribution for prey taxa. Statistical sig-
nificance was set at α = 0.05, but was adjusted using
the sequential Bonferroni technique (Miller 1981, Rice
1989) within each reservoir to control the probability
of incorrectly rejecting one or more true null hypothe-
ses. This adjustment was needed because we con-
ducted multiple simultaneous correlations within each
reservoir.

Results

Caloric content of diet

Temporal differences in caloric contribution of large-
mouth bass stomach contents were observed in Pomme
de Terre and Stockton reservoirs (Table 3). In Pomme
de Terre Lake, largemouth bass obtained most of their
energy from fishes and crayfish Procambarus spp. dur-
ing April, from centrarchids during May, and from giz-
zard shad, Dorosoma cepedianum, during June through
October. In Stockton Lake, largemouth bass obtained
most of their energy from fishes during April and May
and from gizzard shad during June through October.
Total caloric contribution of largemouth bass stomach
contents tended to increase from April through October
in both populations.

Dynamics of diet indices

An exponential regression equation significantly
(p < 0.001) related maximum largemouth bass stom-
ach capacity with total length (Figure 1); thus, this
equation was used to calculate mean stomach full-
ness. Temporal differences in values of diet indices
for prey taxa found in largemouth bass were observed
in both reservoirs (Figures 2, 3). All diet indices pro-
vided large values for gizzard shad during June through
October in both reservoirs. However, values of diet
indices differed during April in both reservoirs. Dur-
ing this period, prey volume was composed mainly
of Diptera, Ephemeroptera, crayfish and gizzard shad.
Crayfish and Diptera provided the largest PI values for
largemouth bass diets in Pomme de Terre Lake and
Ephemeroptera had the largest PI value for largemouth
bass diets in Stockton Lake.

The largest RI values for largemouth bass prey were
for Diptera during April in both reservoirs. During May,
centrarchids had the largest RI value for largemouth
bass diets in Pomme de Terre Lake; Ephemeroptera
provided the largest RI value for largemouth bass diets
in Stockton Lake. During June through October, the
largest values for each of the three components of the
RI index (i.e., percent frequency of occurrence, per-
cent total numbers and percent total weight) were for
gizzard shad. However, no single prey item accounted
for the largest value of all three components of the RI
index during April through May in either reservoir. For
example, during April, crayfish dominated total weight
of diet for largemouth bass in Pomme de Terre Lake,
while crayfish only accounted for 2% of total numbers
of largemouth bass prey and only occurred in 32% of
largemouth bass containing food in their stomachs. In
that sample, Diptera were found in 88% of largemouth
bass stomachs containing food and accounted for 90%
of total numbers of prey, but only made up 3% of total
weight of prey items.

Assessment of indices

During June through September in Pomme de Terre
Lake and June, July, September, and October in
Stockton Lake, all diet indices were significantly
(p ≤ 0.0004) correlated with mean caloric contribution
of largemouth bass stomach contents (Table 4). Dur-
ing April in Pomme de Terre Lake and April through
May in Stockton Lake, only mean stomach fullness
(p = 0.0006) and percent total weight (p = 0.0003)
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Figure 2. Percent frequency of occurrence (FOC), percent total numbers (%N), percent total volume (%V), mean relative number (MRN),
mean relative volume (MRV), relative importance (RI) values, prey importance (PI) values, and mean stomach fullness (MSF) by selected
prey type for largemouth bass (200 to 299 mm total length) diets from Pomme de Terre Lake, Missouri, during 1991 (note: scales of
y-axes vary).

were significantly correlated with mean caloric contri-
bution of each prey taxon consumed. Thus, most diet
indices provided similar assessments when diets were
dominated by a single prey type (i.e., gizzard shad dur-
ing June-October). However, diet indices provided dis-
similar assessments of stomach contents when a variety
of prey with differing caloric densities were consumed
(e.g., April).

Discussion

Within each reservoir, largemouth bass diets were com-
posed of primarily gizzard shad during June through

October. During April, prey taxa contributing to large-
mouth bass diets varied considerably as did the caloric
densities of these prey. This diverse diet proved to be
the most useful for illustrating energetic differences in
the various diet indices.

All diet indices provided similar assessments of
largemouth bass diet when caloric density of prey taxa
varied little such as occurred during months when
diets were dominated by fishes (i.e., June–October).
Fish caloric densities ranged from 1050 to 1220 cal g−1

wet weight. Largest disparities occurred when multi-
ple prey taxa with different caloric densities were con-
sumed, such as occurred in April when prey caloric
densities ranged from 750 (crayfish) to 1220 cal g−1

(gizzard shad).
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Figure 3. Percent frequency of occurrence (FOC), percent total numbers (%N), percent total volume (%V), mean relative number (MRN),
mean relative volume (MRV), relative importance (RI) values, prey importance (PI) values, and mean stomach fullness (MSF) by selected
prey type for largemouth bass (200 to 299 mm total length) diets from Stockton Lake, Missouri, during 1991 (note: scales of y-axes vary).

If total calories ingested does not change over time,
then the PI index would provide an assessment equiv-
alent to mean caloric contribution of stomach contents
(i.e., the standard we used). However, temporal dif-
ferences in total caloric contribution of largemouth
bass stomach contents were observed in Pomme de
Terre and Stockton reservoirs (Table 3). Such seasonal
changes in consumption and growth patterns are com-
mon and have been observed for largemouth bass in
Tennessee (Adams et al. 1982b), Minnesota (Cochran
& Adelman 1982) and West Virginia (Perry et al.
1995). Seasonal changes in total caloric intake by large-
mouth bass were documented in Watts Bar Reservoir,
Tennessee (Adams et al. 1982a). Similarly, Seaburg
& Moyle (1964) found seasonal differences in food

consumption for bluegill Lepomis macrochirus, pump-
kinseed L. gibbosus, and black crappie Pomoxis nigro-
maculatus in two Minnesota lakes. Kelso (1973) found
seasonal differences in total calories consumed by
walleye Stizostedion vitreum. Furthermore, Bennett &
Gibbons (1972) found seasonal changes in subjective
estimates of stomach fullness for largemouth bass in a
South Carolina reservoir. On a narrower temporal scale,
daily differences in food consumption have been doc-
umented for age-0 largemouth bass in laboratory tanks
(Smagula & Adelman 1982).

In addition to temporal changes in total consump-
tion, seasonal changes occur in caloric density of
prey (Kelso 1973, Strange & Pelton 1987, Miranda &
Muncy 1989, Bryan et al. 1996) and digestion rates
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Table 4. Pearson correlation coefficients of mean caloric contribution (MCal) with mean relative number (MRN), mean
relative volume (MRV), relative importance (RI) values, percent frequency of occurrence (FOC), percent by number (%N),
percent by volume (%V), prey importance (PI) values, and mean stomach fullness (MSF) of prey items for largemouth
bass (200 to 299 mm total length) from Pomme de Terre and Stockton lakes, Missouri, during 1991. Significant correlation
coefficients, as determined by the sequential Bonferroni technique, are indicated with asterisks

Lake Comparison Apr May Jun Jul Aug Sep Oct

Pomme de Terre MCal and FOC −0.3249 0.7533 0.9945∗ 0.9449∗ 0.9960∗ 0.9992∗ 0.9515
MCal and %N −0.3619 0.0511 0.9966∗ 0.9796∗ 0.9975∗ 0.9968∗ 0.8975
MCal and %V 0.9523∗ 0.9902∗ 0.9999∗ 1.0000∗ 0.9999∗ 0.9999∗ 0.9998∗

MCal and MRN −0.3294 0.6797 0.9994∗ 0.9811∗ 0.9981∗ 0.9988∗ 0.9597
MCal and MRV 0.2855 0.8935∗ 0.9996∗ 0.9994∗ 0.9990∗ 0.9984∗ 0.9747
MCal and RI −0.1545 0.7739 0.9982∗ 0.9857∗ 0.9989∗ 0.9997∗ 0.9718
MCal and PI 0.3056 0.9063∗ 0.9996∗ 0.9994∗ 0.9991∗ 0.9983∗ 0.9748
MCal and MSF 0.9354∗ 0.9969∗ 0.9950∗ 0.9999∗ 0.9997∗ 0.9999∗ 0.9981∗

Stockton MCal and FOC −0.1714 −0.2190 0.9691∗ 0.9772∗ 0.9995∗ 0.9959∗ 0.9654∗

MCal and %N −0.2043 −0.3185 0.9734∗ 0.9720∗ 0.3210 0.9949∗ 0.9702∗

MCal and %V 0.9924∗ 0.9940∗ 0.9921∗ 0.9999∗ 0.9996∗ 0.9999∗ 0.9994∗

MCal and MRN −0.1462 −0.0304 0.9731∗ 0.9835∗ 0.9998∗ 0.9960∗ 0.9590∗

MCal and MRV 0.0064 0.1687 0.9768∗ 0.9857∗ 0.9995∗ 0.9956∗ 0.9692∗

MCal and RI 0.0234 0.0792 0.9932∗ 0.9885∗ 0.9546∗ 0.9981∗ 0.9889∗

MCal and PI 0.0213 0.1681 0.9769∗ 0.9858∗ 0.9995∗ 0.9955∗ 0.9698∗

MCal and MSF 0.9740∗ 0.9948∗ 0.9843∗ 0.9990∗ 0.9995∗ 0.9994∗ 0.9943∗

of predators (Markus 1932, Adams & Breck 1990).
To keep our assessment as simple as possible, we did
not incorporate seasonal changes in caloric density of
prey or digestion rates for our evaluation of these diet
indices. Variable rates of digestion have been found
to cause errors in determination of dietary importance
(Gannon 1976, Berg 1979); however, errors in bulk
measurement resulting from variable digestion rates
will affect all diet indices similarly. Biologists conduct-
ing energetic-based diet assessments should be aware
of the potential for seasonal changes in prey-body com-
position and digestion rates.

Mean stomach fullness and percent total volume
were the only diet indices that were significantly cor-
related with mean caloric contribution of stomach con-
tents during all months (Table 4). These two indices
provided better assessments of food habits than other
diet indices because there is relatively little variation
(i.e., well less than one order of magnitude) in caloric
densities of prey items and thus, total caloric intake is
primarily dependent on volume consumed. Mean rela-
tive volume of stomach contents did not provide a use-
ful assessment of largemouth bass diet because caloric
intake and caloric requirements are size specific. For
example, consumption of 10 ml of gizzard shad would
provide a larger percentage of energy requirements to a
100 mm largemouth bass compared to a 500 mm bass.

Mean relative volume of prey did not account for size
differences in the predator even though we only looked
at a small total length (200–299 mm) range of large-
mouth bass. In contrast, mean stomach fullness by prey
type was based on length and therefore, accounted for
differences in predator size and, as recommended by
Hyslop (1980), stomach capacity.

Percent total volume (weight) also did not account
for differences in predator size. In fact, percent total
volume does not provide an individual assessment of
diet, but only provides one population value (i.e., per-
cent of total volume of prey i consumed by all fish
examined). In addition, percent total volume is likely
influenced most by larger fish in the sample because
their stomachs are physically larger, and thus, are able
to contain more and larger prey. However, smaller fish
generally consume a larger percentage of their body
weight than larger fish (Williams 1959, Wright 1970).

When possible, we recommend that diet assess-
ments be based on caloric values of food. However,
we recognized that mean caloric contributions must
likely be compiled from a variety of sources [e.g., vol-
ume (weight) of diet items, published literature, and
calorimetry]. In addition, like all other diet assess-
ment methods, an assessment based on caloric values
is dependent upon assumptions. Based on our assess-
ment of these eight diet indices, we believe that mean
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stomach fullness has reasonable utility for energetic
diet assessments and is a good substitute for mean
caloric contributions. However, mean stomach full-
ness also has limitations. For example, mean stomach
fullness-length relationships are currently undefined
for most species and thus, would likely have to be devel-
oped by researchers conducting diet assessments.

Current bioenergetics models are based on biomass
and caloric densities of both predator and prey (Adams
& Breck 1990). Therefore, an assessment of mean
stomach fullness based on weight rather than length
would be more appropriate. However, length is the
commonly used correlate of fish weight (Anderson &
Neumann 1996) and it is easier to obtain accurate length
measurements than weight measurements in the field.
We believe that an assessment of mean stomach full-
ness based on fish weight will provide similar results
to an assessment based on fish length. Thus, we believe
that species-specific standard fullness equations need
to be developed based on fish length.

Finally, values from individual prey groups cannot
be summed to obtain combined values (e.g., group-
ing fish into one category and insects in another) for
some diet indices such as the RI index because fre-
quency of occurrence has to be recalculated. In contrast,
mean caloric and mean stomach fullness values can be
summed for combined assessments. Thus, diet assess-
ments using mean stomach fullness values of individual
prey taxa that are not combined will provide investi-
gators with more information. Investigators can easily
sum groups for a combined assessment, but they cannot
separate combined values into their respective parts.
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