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Estimation of the energy costs of locomotion in the Iberian pig
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The energy cost of locomotion of four Iberian pigs was measured in two experiments conducted
when the animals averaged B1(SE 001) kg (first experiment) and &% (SE 01) kg (second
experiment). The heat production of the pigs was determined when standing or walking at a speed
of 0B55m/s on a treadmill enclosed in a confinement-type respiration chamber, on different
slopes €108, 0, and+108 % in the first experiment, aneb25, 0 and+10B % in the second
experiment). The energy costs of locomotion, estimated from the coefficients of linear regres-
sions of heat production per kg body weight (BW) on distance travelled, were in the first
experiment 89, 331 and 58 J/kg BW per m for-1008, 0, and+1038 % inclines respectively,

and 286, 284 and 713 J/kg BW per m for-525, 0 and+1038 % inclines respectively, in the
second experiment. The net energy cost of locomotion on the level appeared to be independent of
live weight, attaining a value of[@8 J/kg BW per m. Also, it was found that within experiments

the net energy cost of walking on negative slopes was similar to that for locomotion on the level,
indicating that no energy was recovered on vertical descent. Mean valuesilean8 272 kJ/

kg BW per m for the light and heavy pigs respectively. The energy cost of raising 1 kg BW one
vertical metre was found to be A7J/kg BW per m in the first experiment and@0/kg BW per m

in the second experiment. Correspondingly, the calculated efficiency for upslope locomotion
appeared to decline with increasing BW, resulting in average values@@as@ 245 %.
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Locomotion: Energy cost

At present there is considerable interest in Europe for the locomotion, may considerably increase the energy require-
diversification of the pig industry towards more extensive ment for maintenance compared with the restrained animal
and sustainable production forms. This interest stems partlyand must be taken into account for an accurate assessment
from the present surplus production of standard quality pork of its total energy needs. Although the energy cost of
meat, but also from the growing concern of society about locomotion is relatively well defined in some farm animals
matters of animal welfare, pollution and environmental (Lachicaet al. 1997), with the exception of the surveys of
degradation caused by intensive farming. With extensifi- Petley & Bayley (1988) and Jakobsext al. (1994), no
cation the production of native pig breeds and the use of systematic studies have been carried out in the pig, to our
local feed resources are both encouraged. This helps toknowledge. Also, there is no available information concern-
maintain genetic diversity and facilitates the provision of ing efficiencies associated with vertical ascent or descent.
high-organoleptic-quality niche products to consumers. Interspecies differences in locomotory efficiency exist as
Therefore, it is believed that extensive pig farming will a result of morphological, physiological and behavioural
expand in the near future at the expense of intensive systemsadaptations (Taylor & Heglund, 1982), and may invalidate
of pig production. However, some potential constraints for extrapolation of values derived from other species to the pig.
further development of extensive pig production must be  The present work was undertaken with the aim of
overcome to ensure optimal productivity. The provision of determining the energy cost of walking on the level and
adequate nutrition is of utmost importance and must be on slopes in the Iberian pigS(is mediterranelisa native
based on a sound knowledge of nutrient and energy require-breed whose extensive production is strongly linked to the
ments at all stages of production. Physical activity of the use of the area of the Mediterranean woodland prairie and
free-living pig, and specifically the energy expenditure of has a long tradition in the south-west of Spain.

Abbreviations: BW, body weight; HP, heat production; ME, metabolizable energy.
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Materials and methods the hypothesis of the existence of a postural effect on
the pig’s energy expenditure. In the second set of meas-
urements, three replicate observations were made per
Four growing castrated male pigs of the Iberian breed, with animal walking at a constant speed dB® m/s on each
average body weights (BW) 43 01), 42 §E 012), 41 (SE slope €108, 0 and +1005 %), involving thirty-six (4

003) and 39 §E O1) kg in Expt 1, and 85sE 0[1), 84 GE 0[2), (animal)x 3 (replicatex 3 (slope)) determinations. The

82 (sE 012) and 84 $E 0B) kg in Expt 2, were used. The experimental treatments of these sets were combined and
same animals were used in both trials. They were 5 and 8arranged sequentially according to slope, so that each gas
months old in Expt 1 and Expt 2 respectively, being called exchange measurement on locomotion was preceded by a
‘marranos’ and ‘primales’, in each case. Throughout the measurement while the pig was standing still at the same
two experiments they were given a commercial diet whose slope. Each pig performed a single replicate of slope
metabolizable energy (ME) content was estimated astreatments per day. Therefore, in one day a total of six
122 MJ/kg DM, at approximately @ x maintenance intake.  calorimetry runs (three while the animal was standing at
The ME requirement for maintenance was taken as 458 kJ/rest and three with the pig walking on the belt) were made
kg BW°” per d (Agricultural Research Council, 1981). per pig. The sequence of slope treatments was randomly
These pigs were selected from a group of eight §340(3) established within days. In Expt 2, the procedure was
kg BW) because they responded readily to a locomotory similar except that the gas exchange measurements stand-
training programme in a motor-driven treadmill (Lachica ing at rest were made only on the level (speed 0 m/s; slope,
et al. 1997). During 2 weeks each pig was repeatedly trained 0 %), therefore giving a total of twelve (4 (animal}

to walk on the belt of the treadmill moving af®5 m/s for (replicate)) gas exchange determinations, which were
several periods of 10-15min daily. Full experimental combined with a set of thirty-six (4 (animai3 (repli-
adaptation was assumed when the animals walked in acate)x3 (slope)) measurements of the animals’ energy
steady way. Four animals failed to walk or maintained expenditure on locomotion. In this experiment, two ani-
inadequate postures on the treadmill and were not used formals refused to walk on thel0B % incline and a slope of
the experiments. -5[25 % was used for all pigs instead. Consequently, slope
treatments were set ab25, 0 and+105 % when the pigs
were walking.

The experimental procedure was as described by Lachica
The heat production (HP) of each animal while standing at et al. (1997) with small variations. The determinations
rest or walking on the treadmill enclosed in a confinement- began when the animals were well adapted to the experi-
type respiration chamber (Lachiefal. 1995) was calculated mental treatments and showed no signs of stress. The
from measurements of G@roduction and @consumption measurements of gas exchange took place 16—-20h after
(Brouwer, 1965). The confinement-type respiration chamber feeding. The pigs were placed on the treadmill in the
was chosen because it is best suited for fast highly accuratechamber at 09.00 hours. The environmental temperature in
response applications. The chamber is made of transparenthe chamber was 28 0[3° with a relative humidity of 60-
acrylic plates and is provided with an internal ventilation 39%. The experimental schedule consisted of 25—-30min
system. An aliquot sample of the air was continuously standing followed by 20—25 min walking at each slope, the
sucked from the chamber for analysis and then returned togas exchange being recorded after approximately 5 min of
the chamber. To prevent increases of €vel above 1% adaptation of the animal to a new physical activity to
as a result of the animal’s gas exchange, the chamber wasonfirm that a steady state had been reached, and then for
flushed out for a few minutes with a stream of fresh air exactly 15 min. The treatments imposed took place one after
before each confinement period. Shortly after the start andthe other, except for brief pauses required between them for
before the end of each confinement period the chamber airflushing the chamber with fresh air. It took 2 weeks for each
was sampled and its composition measured. The volume ofanimal to complete all treatments designed at each body
the system multiplied by the concentrations of £fd O, weight. The HP of the animal was referred to BW and
gave the volumes of these gases present at each measur@xtrapolated to 1 h (J/kg BW per h). The data from the first
ment and, by difference, the amounts produced and con-set of measurements of Expt 1 were subjected to ANOVA (3
sumed. To calibrate the whole system pure,@@d O-free treatments (sloped4 animals, with 3 replicates (calori-
N, were injected into the chamber from cylinders and the metry runs per animal)) following a two-way ANOVA
amounts of gases delivered determined gravimetrically. Onewith replication, with 24 d.f. for within-animal error. The
calibration per week was performed over the course of the Bonferroni test was used to ascertain the statistical signifi-
present experiments. cance of differences in the energy cost of maintaining
posture according to the slope assayed.

Two different procedures were used to estimate the
energy cost of locomation. (a) By subtracting the energy
Two experiments were performed. In Expt 1, two set of expenditure of the pig while standing at rest from that
measurements were made. The first set consisted of threameasured during walking (subtraction approach):
replicates per pig while standing at rest (speed 0 m/s) on
each of three different slopes}03, 0 and+103 %), giving ECy = (HPy — HPs)/(BW X Dy), @)

a total of thirty-six (4 (animalx3 (replicatex 3 (slope)) where EG, is the energy cost of walking (J/kg BW per m),
observations. This group of measurements was made to tesHP,, and HR; are the heat production (J) of the pig while

Animals

Respiration chamber

Experimental design
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walking and standing respectively, BW is the animal body on vertical descent were calculated by multiple regression
weight (kg) and Ris the distance travelled (m). equations of HP (J/kg BW per h) on distance travelled
The net energy cost of vertical movement on ascent, i.e. horizontally (D,, m) and vertically in ascent () m) or
the energy expended in raising 1 kg BW one vertical metre descent ([, m) respectively, using the following approach:
(ECup, kg BW per m) was calculated as: D, = distance upward; equals 0 otherwise
ECyp = (EG — EGQ)/sine, (2) D4 = distance downward; equals O otherwise
where EG,and EG are the energy cost of walking (J/kg BW
per m) on slope and on the level respectively, andosia
the fraction of a metre ascended per metre travelled.
The efficiency with which the pig performed the work of
walking on positive slopes was calculated as the raBa @
potential energy per kg BW raised 1 m) : E@nd expressed  Five and four determinations were discarded in Expts 1 and
as a percentage. 2 respectively, due to anomalous RQ values, which could
The net energy expenditure of vertical movement on not be attributed to either the calorimetric technique or the
descent, i.e. the energy recovered on lowering 1 kg BW animal’s behaviour.

Equations were fitted for each pig and estimates were
then summarized over the four animals.

Results

1 m (ECioun J/kg BW per m) was estimated as: Table 1 shows the average results for HP and RQ of pigs
_ _ . standing at rest or walking on different slopes. In the first set
ECqown = (EG ~ EG)/sine, (3) of measurements within Expt 1, carried out on the lighter

where EGand EGC, have the same meaning as in equation 2 pigs standing still at each slope, it was found that the energy
and sin« is the fraction of a metre descended per metre expenditure of the pigs was the sarffeX{ 0[05) irrespective
travelled. of the slope assayed. The overall mean value for the
The efficiency of the recovery of potential energy while standing HP 1§ 33) was 1199 (SE 0[47) kJ/kg BW per h.
walking on negative slopes was calculated by dividing As no postural effect on HP was detected, in Expt 2 the
ECqown by 9181, and expressed as a percentage. energy expenditure of the pigs while standing at rest was
(b) The energy cost of locomotion within slopes was always measured with the treadmill belt on the level and a
also estimated from the coefficient of linear regressions of mean valuer{ 10) of 1154 (SE 0[49) kJ/kg BW per h was
HP (J/kg BW per h)v. distance travelled (P m; m=0) obtained. Average values of@® (SE 002) and @48 (SE
(regression approach). For that purpose regression equationf02) were observed for RQ of the animals when standing at
were obtained for each pig. The regression coefficients with rest in Expts 1 and 2 respectively.
their standard errors were used to test whether they were The exercise load had a significant effect on HP<(
homogeneous (Steel & Torrie, 1981). Differences between 0[001) and RQ P < 0[01). However, no significant differ-
individual regression slopes were not significant and a ences were found between the HP of the pigs walking on the
pooled regression equation using the data from the fourlevel v. downslope. Within experiments the standing HP
pigs was calculated for each slope. was significantly lower P < 0[05) than that observed on
The energy cost of vertical ascent and the energy recoveredocomotion. In the light pigs the highest increases in energy

Table 1. The heat production (HP, kJ/kg body weight per h) and RQ of pigs standing at rest or walking at 0855 m/s on a treadmill belt at various

slopes
Statistical
Body weight (kg) Slope (%) analysis
Physical activity Mean SE -1003 0 +100 SEM P
Exp 1 Standing at rest 4113 ol
HP 12837 1237 11019 01476 NS
RQ 0B85 0B84 0B7 0012 NS
n 10 11 12
Locomotion 413 o
HP 18M1° 180702 23178° 0377 rxk
RQ 082 079 0079 0010 NS
n 12 10 12
Expt 2 Standing at rest 841 o
HP - 11[B4 (sE 0[491) -
RQ - 0078 (SE 0I015) -
n 10
Locomotion 841 o
HP 160702 171282 2569° 00307 el
RQ 0B3? omB1%® oz7b 0012 *
n 12 10 12

abeMean values within a row not sharing a common superscript letter were significantly different: P < 005.
* P<0[05; *** P<0[001.
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Table 2. The energy cost of walking in pigs, estimated from linear regression of heat production (HP, J/kg BW
per h) v. distance travelled (D, m)

Body wt (kg)
- Slope
Mean SE (%) Linear regression equation r RSD n
413 oa -1003 HP =11998(SE 445) +2@9(sk 0[429)D, 00728 2559 45
0 HP =11993(SE 458) + 3[B1(SE 01469)D, 0741 2631 43
+10053 HP =11993(SE 434) +5[88(sE 0[420)D, 0006 2496 45
841 oa -525 HP =11531(SE 708) + 2[36(SE 0[496)D, 0773 2239 20
0 HP =11538(sE 400) + 2[84(se 0267)D; 00921 1265 22
+1003 HP =11539(sE 451) + 7(13(sE 0(308)D, 00982 1428 22

RSD, residual standard deviation.

expenditure due to exercise load were accompanied by The regression coefficients of these equations are not
detectable decreases in RQ values, but this was not thestatistically significantly different and a pooled regression

case in the heavier animals. was obtained:

Subtraction and regression approaches gave results for
the energy cost of locomotion which were withifB % of HP=11887(st 344) + 2910, (st 01242,
difference. Thus, both calculation approaches were r 0796 residuakp 2253: n 87. )

mutually corroborative. Only the results derived from the ]
regression approach are reported here. The mean values of The mean values of the energy cost of walking were
the energy cost of walking, estimated from linear regresion calculated by separating the horizontahJ@nd vertical (Q

of HP (J/kg BW per h) on distance travelled,(n) foreach ~ and D) components by a multiple regression equation of
slope, appear in Table 2. The intercepts of the regressionHP (J/kg BW per h) on the horizontal and vertical distances
equations are estimates of the pigs’ metabolic rate while travelled (m) in ascent or descent, where the regression
standing at rest (J/kg BW per h). No statistically significant Ccoefficients of b , D, and Dy indicate values for the net
differences between them were found. Moreover, these€nergy cost (J/kg BW per m) for horizontal (FCand
values did not differ statistically from the mean values of Vertical locomotion on ascent (Efand on descent (ES
1199 (SE 047) and 1154 (SE 0149) kJ/kg BW per h (see respectlvely. It was founq that the coefficient of thgtBrm
Table 1) found in direct measurements of the pigs while Was not significantly different from zero. Thus, these
standing, in Expt 1 and Expt 2 respectively. The mean equations were recalculated as follows:

slopes of these regression equations indicate that in the pig _

the energy cost of locomotion increases fro@®to 331 HPmarranos= 11993(sE 439 + 331 (st 01445,

and from 331 to 988 J/kg BW per m on increasing the slope + 24l (sE 2[06)D, ®)

of the treadmill belt from-103 to 0 and from O te+105 % 2 i . .

at an average BW of 43kg. At live weight averaging r* 0L196; residuabp 2497, n 55
841 kg it increased from B6 to 284 and from 24 to

7013 J/kg BW per m on increasing the slope fresi25 to 0 HPprimates = 11540(sE 406) + 2184 (st 0271)D,

and from 0 to+108 %. The analysis of covariance indicated + 4112 (sE 249D, 9)
that the regression coefficients of the equations that estimate 2 _ ) _
the energy cost of locomotion on the level for pigs aB41 r® 0954; residuabp 1284; n 34

and 841 kg BW on average were not significantly different  ag indicated earlier, the analysis of covariance demon-
(3031 (SE 0[47) and 284 (sE 0[27) respectively) and a pooled  girated that the coefficients of the,Derm were not

equation was calculated: significantly different. For that reason, the coefficients of
HP = 11887sE 348) + 2098D;(sE 01296, the D, term in equations (8) and (9) were recalculated using

] the value of M8J/kg BW per m as the energy cost of
r 0786 residualsp 2283; n 65. walking on the level irrespective of live-weight stage. These

Similarly, the covariance analysis indicated that within CO€fficients, expressing the net energy cost of lifting 1 kg
experiments the regression coefficients of the lines calcu- BW, were 271 (SE 3I7; n 55) and 4@ (St 2(2; n 34) J/kg
lated for the horizontal and downward slopes were homo- BW per m for Expts 1 and 2 respectively, and differed

geneous, and a pooled equation for each experiment wassignificantly @ < 00S). Accordingly, the net energetic
calculated accordingly: efficiency of upslope locomotion (vertical movement on

ascent), calculated as the ratio work done: energy cost of
Expt 1: HP= 11994(sk 418) + 311D, (sE 0[330), ©) doing it and expressed as a percentage, averag@daBél
) ; . 248 %.
r 0B02; residuakp 2399; n 55, The energy equivalent of the ,&xonsumed and of the
. Ub_ CO, produced by the pigs while walking above that
Expt 2: HP=11536(sk 587) + 20720y (st 01354, (6) observed while standing at rest on the treadmill belt was
r 0B817; residuakp 1855; n 32 calculated by regression of the net energy expenditure due
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to locomotion (HR,—HPg, J per h)v. the increase in © standing, residual effect of feeding intake, etc. Even a
consumption or C@ production above standing (¢6)- certain degree of excitement of the animals when placed
O, or (CO,,—CO,, ml per h) and was found to be in the chamber should not be disregarded. The values for
202 (se 003) and 282 (SE 0[15) respectivelyr{ 111). These energy expenditure due to standing were estimated to be
values or the corresponding RQ could be used to calculate646 and $41 kJ/kg BW per h on the basis of data reported
HP from O, or CO, measurements using a dilution technique by Nobletet al. (1993), who observed an average increase of
(doubly-labelled water or CQentry rate techniques). 0273 kJ/min per kg BW? in the HP of adult sows when
standing over resting. Therefore this cost represented about
50 % of the total HP measured when the pigs were standing at
rest. Accordingly, in our experiments the HP not accounted
The specific objectives of the present study were to assesdor by standing attained values equivalent to 337 and 443 kJ/
the net energetic costs of horizontal and vertical locomotion kg BW®? per d respectively for lighter and heavier pigs,
of the Iberian pig by means of indirect calorimetry, and to which are reasonably close to literature values for fasting
evaluate its additional energy expenditure due to physical growing pigs.
activity. The final aim was to provide estimates of the  The pattern of RQ indicates a preferential oxidation, in
overall energy expenditure of the grazing pig by applying muscles, of fatty acids as energy yielding nutrients. This
the factorial approach. As stated previously (Lachetal. was expected to be so as the animals were in a postabsortive
1997), we are aware of the limitations of extrapolating to state at the time when measurements were made. In the light
free-living situations data derived from experiments with pigs the exercise caused a further increase dit@sump-
treadmills, particularly when the animal has to walk on soft, tion relative to CQ production, therefore showing an
uneven or wet surfaces instead of the firm even surface of aenhanced use of fat as the substrate being oxidized. It is
treadmill (Fancy & White, 1985). The experimental values likely that in the lighter pigs liver glycogen or glucogenic
assigned to the variables were selected to give rise only toamino acids could have contributed significantly to provid-
mild or moderate work loads, as are expected to occur in theing glucose as the energy source for the mild physical
grazing pig. During the present trials the animals travelled a activity of maintaining the standing position.
distance of 2500 m daily, while their metabolic rate was We did not find significant differences between the
measured throughout 75—-90 min. The physical activities intercepts of the linear regression equations relating HP
imposed on the animals required at most 50 % of maximal and distance travelled (Table 2). This agrees with previous
O, consumption, calculated from values reported by Petley observations of Brockway & Gessaman (1977) in red deer
& Bayley (1988) for young growing pigs. The use of a (Cervus elaphusand earlier results from our laboratory
higher speed might have improved the accuracy of the obtained with Granadina goatSgpra hircug (Lachicaet al.
estimates of the locomotion costs, since in this case the1997) suggesting that the energy costs of maintaining
energy expenditure of the animal while standing still would posture did not differ between walking and standing.
have been proportionately a minor fraction of total energy  The net energy costs of locomotion on the level of Iberian
expenditure during exercise. Nevertheless, the work loadspigs with average BW of 43 (sE 0[1) and 841 (SE O(1) kg
used in the present study increased the animals’ HP towere 331 and 284 J/kg BW per m respectively. These
values up to M-22 times those associated with standing values were not significantly different and, therefore, the
at rest. pooled value of B8 J/kg BW per m was calculated. How-
In a separate group of measurements we failed to find ever, our values would suggest a lowering effect of BW on
significant differences in HP of standing before and after the net energy cost of horizontal locomotion, a fact well
10 min of travelling at B55 m/s on different slopes. The documented (Tayloret al. 1970; Cohenet al. 1978),
mean value of differences between pre- and post-exercisealthough of limited practical value for interspecies compari-
HP (J/kg BW per h) was@5 (SE 104) (n 8). This would sons. There is a paucity of information about the energy cost
suggest that the work loads assayed did not produce aof locomotion in pigs. Only two papers, those by Petley &
detectable @debt and that there was a lack of carry-over Bayley (1988) and Jakobsexn al. (1994), have been found
effects from preceding physical activities. in which the increases in HP of pigs moving on the level
During the 3-month interval that elapsed between Expts 1 over that of standing were measured. However, neither in
and 2 the weight of the pigs increased fromi3tb 841 kg. the paper by Petley & Bayley (1988) nor in the work of
However, a non-significant decline in standing HP was Jakobsenet al. (1994) are the energy costs of walking
observed (1® (se 0B) v. 118 (SE 083) kJ/kg BW per h). reported. Net energy costs in the range &89%-643 J/kg
When expressed relative to metabolic BW these values wereBW per m can be calculated from data for energy expendi-
equivalent to 730 and 838 kJ/kg BW?. One would expect  ture (kJ/kg BW per h) measured by Petley & Bayley (1988)
lower metabolic rates and a comparatively lower value in while the pigs were walking on the level on a treadmill belt
the heavier pigs. However, experiments encompassed a 2-at speeds varying from 0 to@ m/s. The measurements
3 h period 16—20h after feeding. Energy expenditure over were made in pigs of Bkg live weight subjected to
this period of measurements is unlikely to reflect accurately submaximal and maximal gconsumption tests, beginning
the mean daily HP as many of the digestive, absorptive andthe exercise load at@33m/s and increasing the speed
metabolic processes will be ‘post-peak’. Care therefore stepwise every 5-10min. From the study of Jakobsen
needs to be exercised in using this value for comparative et al. (1994) made on pigs of and 787 kg average
purposes. Different factors may have contributed to the BW we have calculated mean values @® and 478 J/kg
high values observed for the standing HP: energy cost of BW per m for the net cost of horizontal locomaotion. In the

Discussion
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work of Jakobseret al. (1994), the HP of the animals was we observed in fully adapting the animals to walk on
measured before, during and after walking on a horizontal negative slopes during the training stage. Although the
moving belt. The energy costs for horizontal locomotion regression coefficients of equations 5 and 6 are not statis-
calculated from both trials are higher than those reported tically significantly different, they were derived from data
in the present experiments. The small size of the pigs usedobtained in experiments in which different negative gradi-
in the survey of Petley & Bayley (1988) may, to some ents were assayed. Therefore, an overall value for the net
extent, explain the high costs of locomotion observed there. energy cost of locomotion on the level and on negative
Moreover, it should be mentioned that in both experiments slopes irrespective of the BW, derived from a pooled single
the gas exchange of the pigs was measured over shorequation (7), should be taken with caution.
periods of time by means of open-circuit respiration cham-  In the present experiments the values for net energetic
bers. Except with new equipment a lag time may be efficiency of upslope locomotion (vertical movement on
necessary for response to changes ina@d CQ content ascent) were found to average@@nd 245 % for light and
in the air within the chamber, a fact which could have a deep heavy pigs. Published data on energy cost of vertical
influence on the accuracy of the estimates. Nienabexl. locomotion are in the range 2Z6-377 J/kg BW per m for
(1985) reported on difficulties encountered for accurate sheep (Clapperton, 1964; Farrell al. 1972; Brockway &
partition of energy expenditure into fasting HP and HP Boyne, 1980); and 28—303J/kg BW per m for cattle
relative to physical activity in experiments on fasted calves, (Ribeiro et al. 1977; Shibataet al 1981). From these
sheep and pigs designed to measure the increase in HP dueosts apparent energetic efficiencies ranging fron® 40
to physical activity by means of open-circuit respiration 26[0% can be calculated. In Granadina goats we found an
chambers. The confinement-type respiration chamber usedaverage value of 31.J/kg BW per m for the energy cost
in our experiment relies almost exclusively on the accuracy of upslope locomotion corresponding to an apparent net
of the analytical equipment being particularly appropriate efficiency of 3@ %. The apparent efficiency of the perfor-
for gas exchange measurements over short periods of timemance of muscular work in raising body mass vertically
Most of the available data on energy cost of locomotion for human subjects obtained by Boyeé al. (1981) was
of farm animals refer to ruminants. Concerning the net 312 %. It is generally assumed that the energetic efficiency
energy cost of horizontal locomotion, Taylet al. (1974) of upslope locomotion is independent of live weight (Farrell
obtained a value of B3J/kg BW per m in the domestic et al. 1972; White & Yousef, 1978; Shibatat al. 1981;
goat, a value somewhat higher than that @&53)/kg BW Dailey & Hobbs, 1989). The Agricultural Research Council
per m which we found in the Granadina goat (Lactetal. (1980) gives a preferred value of 28 J/kg BW per m for the
1997); Clapperton (1964), Farrell al. (1972) and Brockway  energy cost of the vertical movement for both sheep and
& Boyne (1980) reported, in sheep, values &2, 283 and cattle, equivalent to an energetic efficiency of 35%. Con-
2030 J/kg BW per m respectively; and Ribeibal. (1977), trary to this assumption our results show that in the pig the
Shibataet al. (1981) and Lawrence & Stibbards (1990) efficiency of physical work declines on increasing BW.
obtained, in cattle, net energy expenditures®92154 and Controversial results have been reported concerning the
1091 J/kg BW per m respectively. In wild ungulates, speci- energy cost of downslope locomotion. For this reason, and
fically in the mountain goaidreamnos americanyiand the given the dearth of data available, the Agricultural Research
bighorn sheep@vis canadens)s Dailey & Hobbs (1989) Council (1980) assumes that for ruminants this cost of
calculated from the slopes of linear regressions net energydescent is similar to that of walking on the level. Theore-
costs of horizontal locomotion which ranged fror249 to tically, downslope locomotion is less expensive because
028 ml O.,/kg BW per m, with little variation between goats  gravitational energy is recovered as kinetic energy during
and sheep of similar BW. Assuming a factor of20/ml O, descent. It is doubtful whether this energy can be recovered
consumed (Lachicat al. 1997) net energy expenditures in by the body. Data on the net energy recovered during
the range of 87 to 588 J/kg BW per m are obtained. Inthe downslope locomotion are extremely variable (J/kg BW
desert gazelleGazella gazellpTayloret al. (1974) found a per m: 182-199, Margariaet al. 1963; 38—70, White &
value of 323J/kg BW per m. The lowest energy costs of Yousef, 1978; B—74, Parkeret al. 1984;-02—02, Dailey
locomotion on the level have been reported in equines & Hobbs, 1989; and®—-42, Dijkman, 1992), giving values
(0@7 J/kg BW per m in donkeys (Dijkman, 1992)D2 J/kg of recovery efficiencies in the range of [20to 2029 %.
BW per m in ponies (Bootbt al. 1992); 184 J/kg BW per m Therefore some of them exceed the maximum transfer in
in horses (Brody, 1945)). Boynet al. (1981) obtained, in  potential energy per metre of vertical movement. The
human subjects, values ofl® and 227 J/kg BW per m for average amount of energy recovered while the pigs were
the net energy cost of locomotion on the level. moving on negative slopes was found to be not significantly
The net energy cost of upslope locomotion is higher than different from zero, and so it should be assumed that no
that for moving on the level due to the energy expended to recovery of potential energy can be obtained by the pig
work against gravity, whereas during downslope travel when moving on negative slopes. For that reason, no
potential energy is recovered as kinetic energy, leading to statistical differences in the HP of the pigs were found
a decrease in energy expenditure relative to the horizontalbetween walking on the level and downslope (Table 1)
costs. However a survey of the data for HP shown in Tables which resulted in similar energy costs. It should be men-
1 and 2 demonstrates that the pig seems to have a low abilitytioned that when the animal moves downslope, antagonist
to move downslope, which results in energy expenditures muscles lengthen under tension while others shorten, per-
and net energetic costs close to those found when moving onforming what has been defined as ‘negative work’. Under
the level. This helps to explain some particular difficulties these circumstances, the calculation of the efficiency of
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recovery of potential energy would have no meaning, and
the coefficient of [ would be only an index of the likely
energetic saving effect of negative work (Lachiet al.
1997).

The production of the Iberian pig is strongly linked to the
use of the Mediterranean woodland prairie, which spreads
over 24 million hectares, most of them in the regions of
Extremadura and Western Andalusia, in south-western
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expenditures for locomotion by mountain goats and bighorn
sheepCanadian Journal of Zoolog§7, 2368—2375.

Dijkman JT (1992) A note on the influence of negative gradients on

the energy expenditure of donkeys walking, carrying and pulling
loads.Animal Production54, 153-156.

Fancy SG & White RG (1985) Incremental cost of activity. In
Bioenergetics of Wild Herbivorepp. 143—-160 [RJ Hudson and
RG White, editors]. Boca Raton, FL: CRC Press.

Farrell DJ, Leng RA & Corbett JL (1972) Undernutrition in

Spain. No data are available on distances walked by Iberian  grazing sheep. Il. Calorimetic measurements on sheep taken
pigs on grazing conditions, but our estimates are in the range from pasture Australian Journal of Agricultural Researchs3,

of 18—3 km/d. According to our results the energy expen-

466-5009.

diture of a pig of 80 kg BW walking 2km and ascending Jakobsen K, Chwalibog A, Henckel S & Thorbek G (1994) Heat

200m daily would be 88 (2000x 2[84+200x412) J=
111 MJ. Assuming a net efficiency of utilization of ME
for maintenance of B this increase would required an
additional 139 MJ ME/d.
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