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Abstract: This study applies a new bioenergetics modeling framework put forth by Walters and Essington (this volume)
which estimates bioenergetics parameters and consumption rates of fishes using commonly collected size-at-age and capture-recapture data from field studies. Bioenergetics model parameters and consumption rates are estimated for two populations of largemouth bass Micropterus salmoides with observed differences in growth patterns. We also compare consumption estimates from the bioenergetics model formulated by Walters and Essington with a more commonly employed
bioenergetics model. We show that bioenergetics model parameters can be estimated with limited data on size-at-age and
incremental growth when informative prior distributions on metabolic parameters are used. The general bioenergetics
model revealed differences in bioenergetics parameters between the two largemouth bass populations that are well supported by auxiliary data on largemouth bass diets and observed prey abundance patterns. Lifetime growth and consumption estimates between the general bioenergetics model and Wisconsin bioenergetics model differed slightly. However,
seasonal patterns in growth and consumption rates differed drastically between the two models. Estimating bioenergetics
parameters using field data collected on specific populations of interests has the potential to allow for more realistic representation of seasonal growth and consumption patterns.
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INTRODUCTION
Bioenergetics models have become a widely used tool in
fisheries management and research to estimate the consumption rates of fish [1-3]. Bioenergetics models are based upon
simple balanced energy budgets where energy intake via
food consumption is partitioned into one of three fates: metabolism, wastes, and growth [4, 5]. While a variety of models to describe these energy budgets and predict consumption
have been proposed, the Wisconsin bioenergetics model [4]
is widely used because of its relatively simple input parameters and the models ability to estimate consumption for a
large number of fish species [1]. Variations of the Wisconsin
bioenergetics model have been used extensively to quantify
the consumption rates of predators. Knowledge of predator
demand on prey fish populations has been used to better understand food web dynamics [6], assess ecosystem effects of
nonnative predators [7], and inform stocking programs for
sport fisheries [8]. In many applications, however, estimates
of consumption are characterized by very high uncertainty
and the models have not always performed well when compared to laboratory estimates of consumption [9-12].
The fact that many studies designed to evaluate bioenergetics have found disagreement between model predictions
and independent estimates of consumption rates is not
surprising. Many of the equations used within the bioener-
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getics modeling framework are simplifications of complex
mechanistic relationships [2, 13]. In addition, due to the difficulty in estimating bioenergetics parameters for every fish
species and every size-class of fish, parameter inputs used in
these models are often borrowed between species, extrapolated across size classes, and assumed to be constant across
populations. However, bioenergetics rates have been shown
to vary between closely related species [14], across populations [15, 16], between size-classes [2, 16, 17], and among
individuals [18]. Environmental factors such as temperature
[2], dissolved oxygen [19], and salinity [20] also affect bioenergetics rates. While efforts should be taken to improve
the predictive accuracy of bioenergetics models and identify
common sources of model error [10], it is not possible for all
sources of parameter uncertainty to be incorporated into a
single species-specific bioenergetics model. The accuracy of
species-specific bioenergetics models therefore depends on
the ability of models to accurately depict growth and consumption across a wide range of sizes, abiotic variables,
aquatic community structure and geographic locations.
Because of uncertainty in the applicability of generic
models to individual studies, the ability to efficiently estimate bioenergetics model parameters directly from field data
would improve the estimation procedures and ultimately
model inference when bioenergetics models are used to address ecological or management questions. An alternative
approach to bioenergetics modeling proposed by Walters and
Essington [21] directly estimates bioenergetics parameters
from commonly collected field measurements including sizeat-age and growth increment data. While some bioenergetics
parameters, such as those related to the allometric scaling of
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metabolism, have been shown to be relatively constant
across fish populations [22-24], other bioenergetics parameters, such as those related to growth potential and energy
allocation, have been shown to vary between populations
and across geographic scales [15, 16, 25]. The modeling
framework proposed by Walters and Essington [21] uses
various generalizations of the von Bertalanffy growth model
to estimate consumption and metabolism parameters from
data collected on specific populations of interests, thus bypassing the need for using laboratory derived parameters or
borrowing parameters from other species or populations.
The purpose of this paper was to fit the bioenergetics
model formulated by Walters and Essington [21] (herein
referred to as the general bioenergetics model) to observed
growth data on two populations of largemouth bass Micropterus salmoides collected in adjacent spring-fed rivers along
the Gulf coast of Florida. Specifically, we attempted to determine whether the general bioenergetics model could identify differences in bioenergetics parameters that are likely
associated with observed differences in growth, prey availability patterns and prey sizes between the two populations
of largemouth bass [26, 27]. The general bioenergetics
model was fit under two scenarios according to different
levels of a priori knowledge of bioenergetics parameter distributions. We used a hierarchical approach to fitting the
general bioenergetics model to assess how parameter estimates and model uncertainty changed with increasing data.
In addition, we compare estimates and patterns of consumption rates from the general bioenergetics model to those calculated from the Wisconsin bioenergetics model to examine
how differing assumptions and input parameters between the
two bioenergetics models influence consumption predictions.
This study represents an example of how even limited information collected from traditional mark-recapture studies
can be used in combination with size-at-age data to estimate
bioenergetics parameters of consumption and metabolism for
specific populations of interest.
METHODS
Data Collection
Largemouth bass were sampled in the Chassahowitzka
and Homosassa rivers, spring-fed rivers along the west coast
of peninsular Florida, as part of a long-term monitoring program [27]. Both systems are similar in their physical (temperature, size, discharge, depth, substrate) and chemical (nutrients, salinity) characteristics. Freshwater springs in the
headwater reaches of both rivers serve as the origin of flow
and water temperatures are fairly uniform throughout the
year.
Major differences in shoreline development, riparian
habitat, and vegetative characteristics exist between the two
rivers. The Chassahowitzka River is, at present, undeveloped. In comparison, the Homosassa River has extensive
shoreline development. Both rivers historically supported
dense assemblages of rooted macrophytes including Vallisneria americana, Sagittaria kurziana, Potamogeton pectinatus, and Najas guadalupensis [28]. Trends in submersed
aquatic vegetation in the Homosassa River show drastic declines over the past 11 years with current composition of
submersed aquatic vegetation limited primarily to filamen-
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tous algae [28]. Submersed aquatic vegetation occurs
throughout the majority of the freshwater portion of the
Chassahowitzka River and is characterized by a patchy heterogeneous distribution. Differences in vegetative characteristics between rivers initiated population and community assessments of fishes beginning in 2007 [27].
Largemouth bass populations were sampled from January
2007 through January 2009. All fish were collected using
boat electrofishing (Smith-Root Inc.; Mark IX GPP unit
pulsed-DC; 20-30 A). Sampling was conducted one day each
month on each river to obtain growth and diet information.
Intensive three day mark-recapture studies were carried out
in July 2007, January 2008, July 2008 and January 2009 to
obtain abundance estimates of largemouth bass and prey
species [27]. Most largemouth bass collected between January 2007 and January 2009 were weighed (g), measured (total length [TL]; mm), marked with individually numbered Tbar anchor tags (Hallprint Pty Ltd), and released. In October
2007 and February 2008 a majority of the largemouth bass
collected were sacrificed for aging (N = 97 and 98 in the
Chassahowitzka and Homosassa rivers, respectively). Diet
samples were taken from at least 30 fish with total length
greater than 200-mm during monthly samples between June
2007 and February 2008. Diet contents were collected with a
gastric lavage technique. Prey items were sorted to lowest
possible taxonomic order and dried at 60° for 48 hours. Diet
composition was calculated as the percent dry weight of each
prey group collected during each sampling event.
Bioenergetics Modeling
We fit the general bioenergetics model to growth increment data from capture-recapture studies and length-at-age
data from otoliths (complete details of the model and likelihood functions used for fitting are described in Walters and
Essington [21]). Essentially, the general bioenergetics model
of Walters and Essington [21] is derived from the growth
model of Paloheimo and Dickie [29] and incorporates temperature dependence of consumption and metabolism, as
follows:

dW
= HW d Qc
dt

( T 10 )

10

( T 10 )

 mW n Qm

10

.

(1)

In this equation, HWd describes the anabolic processes
associated with food acquisition; where H represents the rate
at which an animal acquires mass, W is the somatic mass,
and d describes the allometric scaling of anabolic processes
with mass. The second term, mWn, represents the catabolic
processes; where m is the rate at which an animal loses mass
and n describes the allometric scaling of catabolism with
mass. Qc and Qm represent consumption and metabolism
coefficients of a Q10 relationship and allow anabolism and
catabolism to increase or decrease with temperature (T).
The general bioenergetics model was fit to length-at-age
and tag-recapture data to estimate parameters under two scenarios corresponding to different levels of a priori knowledge of parameter distributions (Table 1). For the first scenario, as suggested by Walters and Essington [21], we fit the
general bioenergetics model with informative uniform priors
on both n (0.75n1.0) and Qm (1.8Qm2.4). Prior limits on
n and Qm were based on findings from Essington et al. [22]
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Table 1. Uniform Prior Distributions Used for Both Fitting Scenarios of the General Bioenergetics Model. Point Estimates of
Parameters Used in the Wisconsin Bioenergetics Model are Listed for Comparison
Parameter

Description
-d

Scenario 1

Scenario 2

WI model

Units

1.0 – 15.0

1.0 – 15.0

-

g g yr

-1

-1

0.5 – 8.0

0.5 – 8.0

-

g g yr

-1

-1

H

Net food consumption rate per W

m

Standard metabolic rate per W

n

Metabolism power parameter

0.75 –1.0

0.50 – 1.0

-

–

d

Food consumption power parameter

0.5 – 1.0

0.3 – 1.0

-

–

Qm

Proportional increase in metabolism per 10ºC
temperature increase

1.8 – 2.4

1.0 – 4.0

2.25

–

Qc

Proportional increase in feeding rate per 10ºC
temperature increase

1.0 – 5.0

1.0 – 5.0

2.65

–

-n

and Clarke and Johnston [23]. For this scenario, we fit the
general bioenergetics model in a hierarchical fashion, using
data from the first year of the study (Trial 1) and then using
data from both years (Trial 2), in order to assess model fit
with increasing data. In both trials, samples sizes for growth
increment and length-at-age data were relatively low compared to other case studies used to fit the general bioenergetics model [30-32]. For the second scenario, we attempted to
estimate all bioenergetics parameters: H, d, m, n, Qc and Qm.
Posterior density functions for both scenarios were estimated
using a Metropolis-Hastings Markov-chain Monte Carlo
(MCMC) routine [33]. Four MCMC chains were run with
different initial values of parameter estimates for 500,000
iterations, with a burn-in of 2,000 iterations and further
thinned to leave 8,000 samples from each chain. To test for
convergence, trace diagrams were visually inspected and the
Gelman-Rubin convergence diagnostics were used [33].
Consumption estimated from the first scenario of the
general bioenergetics model was compared with that from
the Wisconsin bioenergetics model (Fish Bioenergetics 3.0)
[4]. The Wisconsin bioenergetics model requires inputs of
temperature, mean weight-at-age, and diet composition. Parameters related to mass and temperature dependence in consumption and respiration follow the largemouth bass model
described by Rice et al. [34] (Table 2). Mean weight-at-age
was obtained from aged fish and fit to a von Bertalanffy
growth model (Table 3). Prey composition was calculated as
percent dry weight of prey consumed by month. Energy densities (J/g wet mass) of prey were taken from Hanson et al.
[4] and assumed to be constant over time. Energy density of
largemouth bass was set at 4186 J/g wet mass and also assumed to be constant over time [34]. Consumption rates
(g/g/day) were estimated for each age cohort independently
by estimating a constant P-value (proportion of maximal
consumption applied to each day of simulation). Individual
cohorts were combined to represent lifetime consumption
and growth estimates.
Both the general and Wisconsin bioenergetics models require information on timing of maturity and proportion of
mass devoted to reproduction. Mass- and age-at-maturity
were estimated as the mass or age at which 50% of individuals are mature and fit to data collected on mature adults in
February 2008. The proportion of mass devoted to reproduction was estimated as 10%. Spawning date for the popula-

tions was set as March 1, hatch date was set as March 15 and
length at hatch was set as 10 mm.
USGS automated temperature loggers were stationed on
both rivers and recorded temperature at 15 minute intervals
over the course of the study. A water temperature model,

Tt = max T winter ,Tmean + (Tmax  Tmean ) sin (t  t  )  2   (2)
was fit to the time-series of measured temperatures from the
Chassahowitzka and Homosassa rivers (Fig. 1). Temperature
used in both models was assumed to follow the same annual
cycle throughout the lifetime of all fish in each river.
RESULTS
Model Fitting
In total, 108 and 93 largemouth bass were recaptured in
the Homosassa and Chassahowitzka rivers, respectively.
Growth increment data from fish recaptured at least 30 days
following capture were collected from 73 largemouth bass
from the Homosassa River and 44 largemouth bass from the
Chassahowitzka River. Growth increment data were collected throughout the year and covered all seasons. A range
of fish sizes were tagged throughout all seasons in each
river. No relationship between size of fish tagged and temperature was observed. As expected, growth by largemouth
bass was positively related to temperature in both river systems. However, this response was much more apparent in the
Chassahowitzka River (Fig. 2). Plots of length at tagging
versus observed growth rate suggest higher asymptotic
lengths for largemouth bass in the Chassahowitzka River
(Fig. 3).
Bioenergetics parameters were estimated with the general
bioenergetics model for the Homosassa and Chassahowitzka
river largemouth bass populations for two scenarios corresponding to different levels of a priori knowledge of parameter distributions (Table 1). For the first scenario, the
general bioenergetics model was fit to data collected from
January 2007 to January 2008 (Scenario 1, Trial 1) as well
for data collected from January 2007 to January 2009 (Scenario 1, Trial 2). The general bioenergetics model for Trial 1
was fit with 46 and 22 growth increment samples and 46 and
62 length-at-age samples from the Homosassa and Chassa-
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Table 2. Parameters Used in Wisconsin Bioenergetics Model from Rice et al. [33]. Structures of the Indicated Equations can be
Found in Hansen et al. [4]
Parameter

Description

Value

Units

CA

Intercept of the allometric mass function

0.33

g g-1 d-1

CB

Slope of the allometric mass function

-0.325

CQ

Temperature for CK1

2.65

°C

CTO

Temperature for 0.98 of Cmax on increasing curve

27.5

°C

CTM

Temperature for 0.98 of Cmax on decreasing curve

37

°C

RA

Intercept for the allometric mass function

0.00279

g O2 g-1 d-1

RB

Slope of the allometric mass function

-0.355

RQ

approximates Q10

0.0811

°C-1

RTO

Constant swimming speed at reference metabolism

0.0196

s cm-1

RTM

Maximum (lethal) water temperature

0

RTL

Cutoff temperature at which activity relationship changes

0

°C

RK1

Swimming speed intercept above RTL

1

cm s-1

RK4

Mass-dependence for swimming speeds

0

ACT

Intercept for the swimming speed-water temperature function below RTL

1

cm s-1

BACT

Temperature-dependence coefficient for swimming seed-water temperature function
below RTL

0

°C-1

SDA

Proportion of assimilated energy lost to specific dynamic action

0.163

FA

Intercept of proportion of consumed energy egested versus water temperature and
ration

0.104

UA

Intercept of proportion of consumed energy excreted versus water temperature and
ration

0.068

Consumption Equation 2

Respiration Equation 1

Egestion/Excretion Equation 1

Predator Energy Density Equation 1
Epred

Energy density of predator

howitzka rivers, respectively. The general bioenergetics
model for Trial 2 was fit with 73 and 44 growth increment
samples and 98 and 97 length-at-age samples from the Homosassa and Chassahowitzka rivers, respectively. For the
second scenario (Table 1), the general bioenergetics model
was fit to all data collected on largemouth bass.
The general bioenergetics model provided reasonable parameter estimates when informative priors were used on metabolism related parameters (Scenario 1, both trials; Figs. 4
and 5). When priors were placed on the metabolism power
parameter (n) and the Q10 parameter related to metabolism
(Qm) (Scenario 1), posterior distributions of all other parame-

4186

J g-1

ters were well defined indicating that data were informative
about the values of the parameters allowed to freely vary.
Increased sample sizes for both length-at-age and growth
increment data (Scenario 1 Trial 1 vs. Trial 2), led to tighter
bounds on posterior distributions for both largemouth bass
populations (Figs. 4 and 5). Patterns in parameter estimates
also remained consistent between the two trials for both
largemouth bass populations (Figs. 4 and 5). When the general bioenergetics model was used to estimate H, m, n, d, Qm,
and Qc simultaneously, posterior distributions of all parameters had greater uncertainty and estimates of n and Qm were
unreasonably low (Scenario 2, Figs. 4 and 5). Unconstrained
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Fig. (1). Observed temperatures in the Chassahowitzka (top panel) and Homosassa (bottom panel) rivers. Solid line represents fitted temperature model used in both the general and Wisconsin bioenergetics models (Chassahowitzka River; Tmax = 28.9, Tmean = 24.3, Twinter = 19.4, T =
0.69, Homosassa River; Tmax = 29.9, Tmean = 24.6, Twinter = 19.0, T = 0.69).
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Fig. (2). Growth rate (L/t) over a range of temperatures from tag return data on largemouth bass collected in the Chassahowitzka (closed
circles; solid line) and Homosassa (open circles; dashed line) rivers.
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Fig. (3). Growth rate (L/t) over a range of body sizes from tag return data on largemouth bass collected in the Chassahowitzka (closed
circles; solid line) and Homosassa (open circles; dashed line) rivers.

parameter estimates were not possible due to confounding
between consumption and metabolism parameters (H and m,
d and n) (Scenario 2; Fig. 6).
Posterior distributions of parameter estimates were robust
to both starting values and priors when fit using all data except in the case when all parameters were allowed to vary
(Figs. 4 and 5). For the first scenario, posterior distributions
of the metabolism parameter (m), metabolism power parameter (n) and the Q10 parameter related to metabolism (Qm)
were very similar between the two populations. Posterior
distributions of the consumption parameter (H), the power
parameter for consumption (d), and the Q10 parameter related
to consumption (Qc) showed consistent differences between
the two largemouth bass populations (Fig. 7). H was consistently lower and d and Qc were consistently higher for the
Chassahowitzka River largemouth bass population compared
to the Homosassa River largemouth bass population.
The general bioenergetics model was fit to length increment and length-at-age data in order to estimate a complete
growth trajectory for the two populations of largemouth bass
(Fig. 8). Comparing the estimated weight-at-age with observed weight-at-age shows the model estimated weight-atage well despite the model being fit only to observed
lengths. Estimated weight-at-age was higher in the Chassahowitzka River than the Homosassa River for all cases in
which the model was fit. The general bioenergetics model
predicted slightly higher consumption rates by largemouth
bass in the Chassahowitzka River compared to the Homosassa River in all cases for which the model was fit.

Model Comparisons
Predicted growth patterns of largemouth bass differed between the two bioenergetics models. Compared with the predicted size-at-age from the general bioenergetics model, the
Wisconsin bioenergetics model estimate was generally similar for ages 1-4 but higher for older ages in both rivers (Fig.
9). The Wisconsin bioenergetics model predicted that largemouth bass lost weight in late summer in both rivers and had
high weight gain prior to spawning in the spring. The general
bioenergetics model predicted that weight gain for largemouth bass was greatest throughout the summer. Observed
weight-increment data from tagged fish suggests that largemouth bass do not lose weight over summer months in either
river with growth generally greatest at higher temperatures
(Fig. 2).
Median consumption estimated using the general bioenergetics model was lower than that estimated using the
Wisconsin bioenergetics model for both populations (Fig.
10). Estimates of consumption for largemouth bass ages 1 to
7 from the general bioenergetics model (Scenario 1, Trial 2)
ranged from 64% to 72% that of the Wisconsin consumption
estimate for the Chassahowitzka River and 62% to 74% for
the Homosassa River. In addition to magnitude, patterns of
consumption also varied between models. The general bioenergetics model predicted greater seasonality in consumption than the Wisconsin model for both largemouth bass
populations. The Wisconsin bioenergetics model also predicted a decrease in consumption rates during summer
months for both populations, whereas the general bioenerget-
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Fig. (4). Posterior probability densities of bioenergetics parameters for the Chassahowitzka River largemouth bass population for two scenarios in which the general bioenergetics model was fit. The first scenario (S1: Trial 1 (T1); solid thin line, Trial 2 (T2); solid thick line) was fit
with informative priors on metabolic parameters (n and Qm). The second scenario (S2; dashed line) was fit without informative priors. Prior
probability density functions are grey lines and posterior probability densities are black lines. Wisconsin bioenergetics model estimates are
shown as vertical dotted lines.

ics model predicted peak consumption rates during summer
months for both populations.
DISCUSSION
The bioenergetics model formulated by Walters and
Essington [21] provided reliable fits to observed length increment and length-at-age data for both largemouth bass
populations of interest. For this dataset, informative priors on
metabolic parameters were required to obtain realistic parameter estimates. While posterior density distributions of
parameter estimates were wide, patterns in parameter estimates were consistent across all fitting scenarios. Despite
small sample sizes, posterior distributions of parameter estimates were robust to both starting values and parameter priors. The general bioenergetics model fit the observed growth
patterns and consumption estimates agreed well with published literature on largemouth bass [34-37]. The general

bioenergetics model also accurately depicted observed seasonal differences in growth patterns between the two populations.
Informative priors on metabolic parameters were required in order to obtain reasonable estimates of consumption parameters due to confounding between metabolism and
consumption in the data. Informative priors were used to
restrict the range of possible solutions to those that were biologically plausible. When the metabolic parameters n and Q m
were constrained to reasonable values based on laboratory
studies (n: 0.75-1.0, Qm: 1.8-2.4), posterior distributions for
H, m, d and Qc appear to be well defined indicating that data
were informative about the values of these parameters. When
the model was allowed to run unconstrained, credible intervals on all parameters increased. Due to small sample sizes
of tag-recapture data, there was likely not enough information in the data to inform all parameter estimates. Increasing
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Fig. (5). Posterior probability densities of bioenergetics parameters for the Homosassa River largemouth bass population for two scenarios in
which the general bioenergetics model was fit. The first scenario (S1: Trial 1 (T1); solid thin line, Trial 2 (T2); solid thick line) was fit with
informative priors on metabolic parameters (n and Qm). The second scenario (S2; dashed line) was fit without informative priors. Prior probability density functions are grey lines and posterior probability densities are black lines. Wisconsin bioenergetics model estimates are
shown as vertical dotted lines.

sample sizes for both growth increment and size-at-age data
led to better defined posterior distributions and reduced uncertainty in parameter estimates. An important result is that
patterns in posterior distributions did not change between the
first and second trials of scenario 1. This is likely due to
growth increment data being collected over a wide contrast
in temperatures for both populations [21]. While increased
sample sizes would have likely decreased credible limits of
parameter estimates, patterns in parameter estimates between
populations remained consistent for all fitting scenarios.
Consistent differences in consumption related parameters
between populations were evident for all general bioenergetics model scenarios. These differences included a higher net
food consumption rate (H), slower increase in food consumption with body size (d), and lower response in food
consumption to temperature (Qc) for largemouth bass in the

Homosassa River. Since both rivers are subject to very similar temperature regimes, differences in seasonal and lifetime
growth patterns are likely the result of differences in prey
availability patterns and available prey sizes between the two
rivers. Differences in consumption parameter estimates imply that largemouth bass in the Homosassa River have higher
consumption rates (H) in comparison to largemouth bass in
the Chassahowitzka River, but exhibit a slower increase in
consumption rate with body size (d). Moreover, largemouth
bass in the Homosassa River experience less seasonal variation in prey abundance (Qc) compared to largemouth bass in
the Chassahowitzka River. Differences in consumption related parameters between the two populations are supported
by field observations of differences in prey consumption and
prey abundance patterns for largemouth bass between rivers
[26, 27].
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regions. Notice the confounding in parameter values between H/m and d/n.

Largemouth bass diets collected in the Homosassa River
were more likely to contain prey and had greater numbers of
prey items compared to largemouth bass of similar sizes in
the Chassahowitzka River suggesting that largemouth bass in
the Homosassa River exhibit greater feeding activity [26].
However, largemouth bass in the Homosassa River consumed smaller sizes of prey items compared to largemouth
bass in the Chassahowitzka River [26]. Differences in prey
sizes relative to predator sizes between the two populations
were most evident for larger individuals. In addition, total
prey abundance for largemouth bass in the Homosassa River
was less seasonal than in the Chassahowitzka River due to
large imports of saltwater prey species during winter months
in the Homosassa River [27]. Prey abundance of freshwater
species was highly seasonal in both systems with significantly decreased abundance in winter months compared to
summer months [27].
Observed differences in prey abundance patterns and
sizes of available prey between the two rivers were reflected

in observed seasonal and lifetime growth patterns of largemouth bass and predicted by the general bioenergetics
model. The general bioenergetics model was able to use information from length increment data collected over multiple
seasons to estimate these trends in growth and consumption
patterns. The general bioenergetics model also successfully
identified observed differences in both size allometry in consumption and seasonal patterns in prey abundance using
growth increment and temperature data without information
on prey populations or largemouth bass diet data which are
required by other bioenergetics approaches.
Consumption as estimated from the general bioenergetics
model was lower than that estimated from the Wisconsin
bioenergetics model for largemouth bass in both rivers. Differences between predicted consumption rates from the two
models were not unexpected due to slight differences in assumptions regarding size allometry of energy expenditure
and consumption as well as temperature dependence of respiration and consumption between the two models. Posterior
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distributions of bioenergetics parameters from the general
bioenergetics model differed from those used in the Wisconsin bioenergetics model. However, even when the general
bioenergetics model is fixed with parameter estimates used
in the Wisconsin model (Q m=2.25, and Qc=2.65), estimates
of consumption between the two models did not converge.
One possible reason for the lack of convergence may be due
to differences in model structure. The Wisconsin bioenergetics model, for example, uses a simple exponential relationship to describe the temperature dependence of metabolism
[34]. Hanson et al. [4] suggest that respiration should be
modeled using a temperature dependent function rather than
the simple exponential function. In the case reported herein,
the Wisconsin bioenergetics model may have overestimated
respiration rates at higher temperatures. If so, higher consumption rates would be required to balance the energy
budget.
The general bioenergetics model predicted maximum
consumption and growth during summer months, whereas
the Wisconsin model predicted the opposite pattern with
decreased consumption and weight loss during this same

time period. These differences likely occur because observed
field temperatures consistently exceeded the laboratory estimated temperature for maximum consumption for largemouth bass used in the Wisconsin bioenergetics model [4,
34]. If the temperature time series as measured in the field is
indicative of what was actually experienced by most largemouth bass, then the laboratory estimated relationship for
temperature-dependent consumption in the Wisconsin bioenergetics model is not appropriate for the largemouth bass
populations in this study. When the CTO parameter in the
Wisconsin bioenergetics model is increased from 27.5 to
30.0, predicted patterns of consumption between the two
bioenergetics models were very similar. Growth increment
data and diet information supported the patterns predicted by
the general bioenergetics model, with maximum growth and
consumption occurring during summer months.
As is often the case, all physiological parameters for the
Wisconsin bioenergetics model were obtained from the literature [1, 3]. The validity of borrowing physiological parameters, even for the same species, however, has repeatedly
been questioned [1, 12, 14]. In our investigation, we applied
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Table 3. Weight-Length Parameters (a and b), von Bertalanffy Parameters (L , k, and to) and Mass at Maturity for Largemouth Bass
from the Chassahowitzka and Homosassa Rivers
Parameter

Description

Chassahowitzka

Homosassa

Units

a

Intercept coefficient of length-weight relationship

1.28 e-5

1.28 e-5

g mm-b

b

Power coefficient of length-weight relationship

3.0

3.0

-

L

Average asymptotic body length

525

455

mm

k

Growth coefficient

0.26

0.33

yr-1

to

Theoretical age at length = 0

-0.52

-0.72

yr

Wma

Mass at maturity

230

230

g

the Wisconsin bioenergetics model, which was developed
using input parameters for northern largemouth bass (Micropterus salmoides salmoides), to model Florida largemouth bass (M. s. floridanus) bioenergetics. Differences in
growth rates between different strains of largemouth bass
(Florida, northern, and their F1 hybrid) have been shown to
be independent of environmental factors, with northern
largemouth bass having greater growth rates than Florida
largemouth bass [16, 38-40]. In addition, northern and Florida largemouth bass populations display different patterns in
the rate at which they convert food to growth [16]. These
growth differences may have a significant effect on the consumptive demand predicted by the Wisconsin bioenergetics
model.

Regional differences in physiology can also have an important influence on the accuracy of consumption estimates
[15]. Geographic variation in the genetic capacity for growth
has been demonstrated for numerous fishes [41-43]. Garvey
and Marschall [25], for example, showed that growth patterns of largemouth bass differed across latitudes due to differences in energy allocation decisions. Accounting for local
adaptation in growth physiology may markedly improve the
performance of bioenergetics models [15]. We recognize,
however, that it is impractical to measure all model parameters for each species and locale [1, 12, 15]. The general bioenergetics model circumvents issues related to parameter
borrowing and regional differences in physiology by estimating physiological parameters directly from growth increment

Comparison of Bioenergetics Parameters Between Fish Populations

and size-at-age data collected on the population of interest,
thus offering an alternative to developing individual models.
However, this approach needs to be corroborated with laboratory evaluations across a range of species and conditions
[12].
The purpose of this paper was to assess whether the general bioenergetics model put forth by Walters and Essington
[21] could provide reasonable bioenergetics parameters and
consumption estimates for two populations of largemouth
bass. The general bioenergetics model predicted differences
in consumption parameters and consumption patterns between the two populations that are supported by field consumption data and prey availability patterns. Differences in
patterns and magnitude of consumption estimates between
the general bioenergetics model and Wisconsin bioenergetics
model are likely due to a combination of factors and such
differences merit further evaluation. It is likely, however,
that differences between the two models will be populationspecific rather than species-specific. As with other types of
models, it has been suggested that bioenergetics models are
most useful as a tool for hypothesis testing and should be
used for making qualitative comparisons rather than quantitative predictions [1, 12]. The ability of the general bioenergetics model to estimate bioenergetics parameters directly
from field length increment and length-at-age data offers
potential advantages to current bioenergetics models. First,
the general bioenergetics model does not rely on laboratory
derived estimates or require borrowing of estimates from
other populations. Second, the incorporation of growth increment data should allow for more precisely defined seasonality in consumption and growth. Third, the Bayesian
parameter estimation allows uncertainty in parameter estimates to be incorporated into management recommendations
[30]. Finally, the use of data commonly collected in many
population assessments should allow for seamless integration
into a framework for testing hypotheses that require estimates of fish consumption rates.
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