Using simple biologging metrics to inform dynamic
bioenergetics models: a case study with Weddell seals
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BACKGROUND
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• Dynamic bioenergetics models provide a theoretical construct for
addressing specific physiological and ecological questions1.
• These models can be combined with realistic energy input values to
develop a decision-based matrix of energy allocation strategies under
different environmental conditions2.
• In order to estimate changes in energetic requirements due to climate
change or fishing pressure, models need to be parameterized with
quantitative relationships between foraging effort and mass gain3,4.
• Weddell seals (Leptonychotes weddellii) are ideal to elucidate the links
between foraging effort and energy gain because they demonstrate high
site fidelity, face low levels of predation and human interference, and
have been the focus of multiple investigations.
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1. USE TIME-ACTIVITY BUDGETS AND BODY STORE
CHANGES TO BACK-CALCULATE PREY CONSUMPTION

Use the derived prey abundance values to predict how simulated reductions in
prey availability affect Weddell seal body condition and activity budgets.

2. PARAMETERIZE AND RUN AN ENERGETICS MODEL TO PREDICT
ENERGY FLUX UNDER BASELINE AND PERTURBATION SCENARIOS

Flipper Tag TDR
(LOTEK 1800)

(SMRU
CTD-SRDL)

Convert over-summer (-1.3 to +1.7 kg day -1) and over-winter (-0.1 to +0.4
kg day -1) mass changes to prey ingestion estimates using empirical Weddell
seal behavior data and published energetics values.
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• The energy obtained from foraging was determined using the prey density values obtained in this study (see table). Oversummer prey density values were used between mid-November and mid-February, whereas over-winter prey density
values were used between mid-February and mid-November.
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• Deployed CTD-SRDLs or time-depth recorders (TDRs) on adult, female Weddell seals
• Over-summer deployment in Nov/Dec and recovery in Jan/Feb (N=9)
• Over-winter deployment in Jan/Feb and recovery in Oct/Nov (N=11)
• Pupping success and molt phenology were determined by resights
• Weighed seals during both procedures using a tripod and sling, and determined body composition changes by
tritiated water dilution
• CTD-SRDL dive data were provided by SMRU and TDR data were processed using the IKNOS toolbox5 to
Zero Offset Correct and identify behaviors: Haul-out = Less than 5 meters depth; Diving = Ascent and
descent portion of dive; Foraging= Bottom 80% of depth limit for each dive
• Calculated average time-activity budget of each animal for entire deployment
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• Total prey consumption (MJ) throughout the deployment was calculated as the change in lipid mass and
lean mass between the beginning and end of telemetry deployment, plus the metabolic costs of
maintenance, activity, and life history events such as lactation and molt6.
• The cost of these energy budgets was determined using Monte Carlo simulations, whereby random
numbers were selected from published mathematical parameter distributions.
• Partitioned energy budgets for example individuals are below (assimilation efficiencies not pictured):
N=3

over-summer
non-parous

N=6

over-summer
parous

N=4

over-winter
non-parous

N=7

over-winter
parous

Over-summer

Over-winter

Deployment Length
(days)

60.1 ± 9.9

276.6 ± 5.8

Body Store Change
(Kg day-1)

+0.17 ± 1.01

+0.17 ± 0.15

Energy
Requirements
(MJdeployment-1)

5,737 ± 1,176

19,307 ± 1,948

Prey Consumption
(MJ preymeter-1)

0.372 ± 0.062*

0.221 ± 0.054*

• Prey consumption rates were then divided
by foraging effort (% time foraging 
deployment duration  average swimming
speed) using Monte Carlo simulations to
account for stochasticity in average swim
speed.
• Thus, each run of the model accounted for
uncertainty in parameters and produced a
range of energetic requirements (MJ) and
prey consumptions (MJ prey  meter-1) for
each individual.
• Over-winter prey consumption rates were
significantly lower than over-summer prey
consumption rates.
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• Input values were taken from the literature and include mean ± standard deviation values for physiological parameters
(e.g. mass) as well as population-wide ranges for the typical duration of seasonal life history events (e.g. lactation
length). Simulation lasted 365 days with 15 individuals.
• Monte Carlo simulations allow for stochasticity by drawing input and run parameters from published distributions.
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METHODS & RESULTS
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• The baseline model (above, left) replicated large fluctuations
in adult, female Weddell seal energetic requirements that occur
as a result of reproduction and molt.
• A 5% reduction in prey consumption rates (above, right)
resulted in seals spending more time foraging and less time
resting (from 52.2 ± 6.2% resting to 40.3 ± 8.4% resting).
• At the end of the 365-day simulations, animals in the baseline
simulation were in better condition than animals in the
perturbation simulation (right; T-test, t28=5.6, p<.0001).

*significantly different; T-test, t38= 9.067, p<.001

DISCUSSION
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• In contrast to a previous study2 that selected a prey consumption rate and adjusted/tuned that
value until reasonable time-activity budgets were observed, we were able to combine
biologging metrics (e.g. dive duration, bottom time) with mass and condition changes to
back-calculate a range of potential prey densities.
• The prey consumption rates from our calculations fell within the range of values used in the
other study (0.145-0.345 MJ prey  meter -1) 2, but varied as a function of season.
• By incorporating the prey density estimates into our bioenergetics model, we were able to
quantify the sensitivities of foraging effort and body condition to reduced prey quantity.
• Future analyses of these sensitivities will be used to identify critical times of the year when
species are particularly vulnerable to environmental perturbations.
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*email roxanne.beltran@gmail.com with questions or to discuss the model

