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Motivation

Dynamic Energy Budget (DEB) theory aims to
quantify the energetics of individuas as it changes
during life history. The key proceses are feeding,
digestion, storage, maintenance, growth, development,
reproduction and aging.

Knowledge of intake and use of energy by wild
fauna may be used for modifying this energy flux with
maximum efficiency in order to raise strategies for
conservation and management. Thus, a Dynamic Energy
Budget (DEB) model may be used for optimizing the
popuation dynamics of awild spedes by optimizing the
individual caabadlic processes.

Introduction

Rheas are found ortly in South America, where there ae two spedes: Rhea americana and
Pterocnemia pennaa. For the first spedes, there ae three subspedes reaognized: Rhea
americana arericana, Rhea americana intermedia and Rhea americana dbescens. Rhea
americana arericana is the native flightless bird that inhabits the grasdands of province of
Buenos Aires.!

There ae two main reasons for modelli ng this gpedes. On the one hand, the popuation o
Alandles has deaeased considerably. A reason for thisis the development of agriculture, because
producers tend to exterminate it because it harms the aops and kecause they believe it competes
with cattle for grass On the other hand, this gedes has been exploited traditionally to take
advantage of its mea and their feahers, bu nowadays, when farming producers are wnsidering
to increase their trade on the international markets, they must face the problem of the
conservation d the speaes.

In this stuation, the DEB model might be introduced as a tod for the modelling of the
energy requirements being indispensable for a successul reproduction.

L After reading the textbodk, we think this “sub-spedation” might be related to the different latitudes, because the
individuals present geographicd sizevariations and they tend to be bigger towards the South Pole.



Biological Data

Rheas are large herbivores similar to Africen ostriches. They may stand 1.31.8 mtall and
they may weigh 2538 kg. Their body is mainly ovoid and it is covered with large feahers. Their
wings are well developed for courtship and aggressve display, bu they can nad fly. Their legs are
long and strong, well adapted for running.

In the wild, their life-span is abou fifteen yeas. They read their maximum body size aound
thefirst yea and the reproductive maturity when they are two yeas old.

They combine pdygyny (one male mates with more than ore female) and pdyandry (one
female mates with more than ore male). The striking feaure of their reproductive behaviour is
the dominant role of the male, who performs courtship dsplays, bulds the nest (a depressonin
the ground, incubates the eggs, and reas the yourg, whereas the female is limited to mating and

egg lying.

In late September, when the breeding season starts, the dominant male monopadi zes a harem
of females which lay eggs communally in asingle nest and later the male incubates them for 37-

45 chys.

The DEB Model for the Nandu

Basic Points

Nand(es are;

« heterotrophs (they obtain the nutrients they need to live by consuming other
organisms);

« endaherms (their body hea is regulated by interna physiologicd
mechanisms);

« isomorphs (the individuals conserve their shape & they growth in size);

Their life pattern presents three stages. embryo, juvenile (divided in two “sub-stages’)
and adult (divided in two sub-stages, t00).

The transition from embryo to juvenile is given by the start of food intake and the
juvenileto adult oneisgiven by the start of the energy all ocation for reproduction.

In view of the lack of information abou the growth of Rheas, this model can be stated in
two dfferent ways. If we consider Rheas as bang-bang strategist (their growth ceases after
attaining certain puterty volume V), we should distinguish two sub-stages in the juvenil e stage,
because fiandies do nd all ocate ay energy for reproduction urtil their growth ceased (Juvenile
). In the next sub-stage, they start to allocae energy for reproduction bu they are not able to
reproduce yet (Juvenile I1). If we consider them as constant-fradion-strategist (they alocae a



constant fraction of catabolic energy to somatic maintenance plus growth during all life stages),
we should consider only one juvenile stage.

Furthermore, we differentiate between adults who are able to reproduce (Adults I) and
non-productive adults due to aging processes (Adults I1).

Structuring the model also in sexes is relevant because the reproduction costs are different
for males than for femal es depending on each sub-stage.

For the sake of completitude, the model might include seasonal changes such as food
abundance, rainfall, etc.

Energy Acquisition andUse

The DEB modd is built considering two state variables: reserves (E) and structural
biomass (V). The different processes which together constitute this model are roughly
summarized in Figure 1, where the relationship among those processes is chosen by following
the fate of food.
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Figure 1: Processsin the DEB Model

Ingestion Process

In wild habitats, fandies feed on green plants (graminoids, cool season grasses, warm
season grasses, forbs and legumes). Nevertheless, Aanduchicks eat insects too, and throughout
the reproductive season, adults consume small amounts of anima material (small insects, small
bone fragments), presumably ingested for incorporating more protein and calcium.

Food enters a thin-walled, glandular stomach (proventriculus) and then a muscular
gizzard (ventriculus).

For isomorphs, the ingestion rate is:

Iy ={3, } fv?23



where;

Iy
[t = VEE surfaceareaspedfic maximum ingestion rate, measured in grams (for
m

the sake of simplicity) per day per squared metres;
f . scded functional resporse, dmensionless

V : structural body volume, measured in cubic metres,

Because there ae no quantitative studies onthe diet of Aandiesin the wild (all the studies
abou diet are qualitative and referred oy to baanicd composition), we ae going to use an
empiricd datum. Available information onadults in a management ranch tell s that they are fed

daily with 750grams (dry matter) of alfalfa (Medicago sativa). Thus, we onsider Jx = 750g/d
and f = 1 (abundant food condti on); for the maximum structural body areaan ! * we sumethe
approximate value of 0.60 .2 Hence, the surfaceareaspedfic maximum ingestion rate yields

{Jx_}=1.25[10° g/(m2d) and the ingestion rate (measured in grams per day) becomes:

J, =1.25[10° v?**

Asamil ation Process

The term “asdgmil ated energy” denates the free eergy fixed into reserves. It equals the
intake minus free eergy in al losses related to dgestion (faeca included). Thus the asgmilation
rate is propartional to the ingestion rate:

{Pa,}
{Jx.}

m

pa=(p, } FVZ3= g Vs

where:
1l Pa,
{p/ﬂﬂ}_v 2/3 : surfaceareaspedfic maximum assmilation rate, measured in
m
kil ojoules per squared meter per day;
f, V: asbefore.

Because the value for p% could na be obtained in the literature, we d@tempted to estimate

it by knowing: @) the total metabadli zable energy of the alfalfa consumed by the individual and b
the field metabdli ¢ rate for fiandU(FMR).

2 This gructural maximum area was estimated by adding the aeas of nedk and head, body and legs (fingers
included). Indedd, thisis a very roughfirst approximation, obtained from measurements of skins.



a) Metabadlizable Energy of Alfalfa

The metabdizable energy (ME) of eat comporent of a plant spedes (crude protein, CP;
fat, FA; dietary fiber, DF; nitrogen-free extrad, NFE) is cdculated by multi plying the energy per
gram of that comporent in the spedes (in kilojoules per gram) by the anourt of the cmponrent
in plant tissue (in grams per kilogram of dry matter). For ruminants (Willi ams et al., 1993° the
ME in plants comporentsis 12 kJ/g for CP, 31kJg for FA, 5kJg for DF, and 14kJg for NFE.

The total ME of alfalfa, 10149 Kojoules per kilogram of dry plant tissue, was obtained
by adding the energy contents of the four comporentsin it (seeTable 1). Then, the ME of 7509
of alfalfa (dry matter) is 7612kJ.

Comporent Crude Protein Fat Dietary Fiber Nitrogen-FreeExtract Ash

Percentage 20.3 3 315 37.2 8

Table 1: Nutrient Analysis of Alfalfa (Estacion Experimental Agropecuaria INTA Rafaela)

b) Field Metabadlic Rate for Nandu

FMR isthetotal daily energy cost of awild animal. It includes basic metabalism rate (the
minimum energy its body requires to maintain basic functions such as respiration and circulation,
regardlessof the adivity), thermoregulation, movement, feeding, digestion, growth, reproduction
and aher expenditures that eventually ends up as hea production (Nagy, 1987%.

Values for this rate wuld na be found ba Willi ams et al. (1993 propacse the foll owing
all ometric function for the FMR of “all” birds”:

Mg =9.57w0089

where;

M : FMR, measured in kil ojoule per day;
W : body mass measured in grams.

The cdculated value for handtes (using a mean weight of 31,5kg) was 12030kJd. Then,
if we compare these requirements with the total metabaolizable energy in 7509 of alfalfa, we
naticed this ration is not enowgh to satisfy their neads. It is only enowgh for covering their BMR

Swilli ams et al. justify this approximation because, in contrast to ather herbivores, ostriches acaue asubstantial
propation of their energy needs from microbial fermentation and, like ruminants, they retain digesta for long
periods.

“For adult ostriches, this equation does not provide an acarate etimate of FMR (26% lower than predicted);
however, it is a good approximation for sub-adults (8% lower than predicted). We think it might be agood estimate
for flandles, becaise their weights are cmmparable and thus the aror can be roughy estimated.




of 3968 kJd, estimated by using the following allometric function (Grawford & Lasiewski,
1968):

Mg = 783w’ "%

and the same weight.

We can conclude that these individuals are eating other organic materia in addition to the
supplied alfalfa (probably, wild grass); in a different way, the minimum amount of ingested
alfalfa should be near 1.20 kilograms. Another acceptable reason for the discrepancy might be
the calculation of the ME of alfalfa by using data for ruminants.

Finally, we must say that this unexpected result (obtained on the very rough assumption
that all metabolizable energy in the plant was assimilated by the individuals) does not allow usto
estimate the maximum assimilation rate for Aandtes. In this manner, we can only suggest, as
another rough first approximation, the use of common values of digestibility of alfalfa for
ruminants (about 65%) as an upper boundary for this rate. Thus, we were able to calculate the

surface-area-specific maximum assimilation rate as { Pa_} =825010°kJ/(nd) by considering an

assimilation of 65% of the energy contained in the maximum amount of alfalfathat an individual
can ingest. Consequently, the assimilation rate (measured in kilojoules per sguared metre per
day) becomes:

p, =8.25M10° V**

and the conversion efficiency of food into assimilated energy can be written as:

{Ps,} _82500° kJ/(m?d)
{J«} 12500° g/(m*d)

=6.60kJ/ g

Reserve Dynamics

As a very good approximation, the dynamics of the reserves can be expressed trough the
following equation:

d . .
aEsz_pc

® In spite of the fact that allometric functions are usually more descriptive than explanatory and hence problematic,
they congtitute the little information available.



where:
E : non-alocaed energy in reserves;

Pa: energy flux (power) of processof assmilation; i. e., assmil ated energy;

Pc : energy flux (power) of processof caabolism, i. e., energy consumed by the body
tisues.

The “k-rule” suggests afixed propartion k of energy utili sed from the reservesis gent on
growth plus maintenance and the remaining portion (1-k) is gent on development and
reproduction. Maintenance and growth compete diredly, while development and reproduction
compete with growth plus maintenance d a higher level. If condtions are poar, the system can
block all ocation to reproduction whil e maintenance and growth continue to compete in the same

way.

In the cae of Aandles we auld na to estimate the dynamics of their reserves becaise of
the lack of information about the energy flux of eat process

The single available information abou energy requirements of Ratites is referred to

ostriches and it is given by behaviour (sitting, standing, walking, peding, preening, others) and
not by process(maintenance, growth, maturity, reproduction). (Willi amset al., 1993.

Structural Volume Dynamics

The dynamics of the structural volume can be written as:

d _KpC_pM_pT

dt [Ec]

where:
P : energy flux (power) of processof maintenance, i.e., maintenance @sts;
Pr : energy flux (power) of processof heding, i.e., heaing costs;

[Es] : volume-spedfic growth costs.

When we dtempted to determine the structural volume dynamics of fiandies, we found
out the same troubes discussed in Reserve Dynamics and we could na perform this task.

Conclusions

In order to develop a cmmplex model such as this one for Rhea americanag, it is necessary
to perform alot of reseach abou their physiologicd processes and their energy requirements. If
finding out a simple relation between behaviours and processes could be possble, the data of
Williams et al. (1993 for ostriches might be used as a very rough first approximation for



flandles. Afterwards, the model could be used for study their growth when dfferent diets are
considered.
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