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ENERGETICS EQUATIONS AND FOOD CONSUMPTION OF SEABIRDS IN
TWO MARINE UPWELLING AREAS: COMPARISONS AND THE NEED FOR

STANDARDIZATION -

R. C. LAUGKSCH* AND D. C. DUFFY·

Estimates of daily energy expenditure (DEE) are used to calculate the quantity of food consumed by
populations of seabirds. Estimates of DEE and food consumption resuhing from four energetics equations for
three common species of seabirds in each of the Humboldt and Benguela upwelling regions oil" Peru ilnd South
Africa are compared. Dill"erences in the estimates of DEE were minor, but ditTerences between maximum and
minimum estimates offood consumption by seabirds amounted to 4,4 percent of the total PeruvillR and 1.6 per
cent of the southern African commerci:.1 :lRchovy catches in 1978. The most conservative energetics equation
and a degree of standardization of estimates of DEE are recommended for use in future studies of food
consumption or community energetics.

Ramings van daaglikse energievcrbruik (DEV) word benut virberekening van die hocveelheid voedsel deur
seevoelbevolkings ingeneem. Ramings van DEVen voedselverbruik wat die resuhaat is van vierenergctikavcr-
gelykings vir algemcne seevoclspesies - drie in die Humboldt- en drie in die Benguela-opwdlingsgebied.
teenoor Peru en Suid-Afrika ondcrskcidelik. word vergelyk. Verskille in die ramings van DEV W:IS gering,
maar die tussen maksimum en minimum mmings van voedselverbruik deur seevoels, was 4.4 persent van die
totale Peruaanse en 1.6 persent van die suider-Afrikaanse kommersicle ansjovisvangste in 1971<. Die
konserwatiefste energetikavergelyking en 'n mate van standaardisering van ramings V:IR DEV word vir
toekomstige navorsing oor voedselverbruik of bevolkingsenergetika aanbevee!.
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Daily energy expenditure (DEE) is commonly
used in estimating rates of food consumption by
seabirds (e.g. Wiens and Scott 1975, Furness 1978,
Furness and Cooper 1982, Schneider and Hunt 1982,
Abrams in press). The consequences of selecting a
particular equation have not been explored in studies
of 'seabird energetics or food consumption within
.ecosystems, although Schneider and Hunt (op, cit.)
and Abrams (op. cit.) compared food consumption
based on different estimates of food requirement, and
Furness (op. cit.) showed that seabird food consump-
tion is sensitive to errors in variables used in
energetics equations.

Workers have used different initial energetics
equations for DEE estimates (e.g. Furness 1978,
Croxall and Prince 1981, Furness and Cooper 1982,
Schneider and Hunt 1982), and have also reported
major differences in the importance of seabirds as
consumers in marine environments. However, the
extent to which such differences within and among
ecosystems are the result of different initial energetics
equations is a question that has not been adequately
answered.

This report compares four methods of calculating
DEE to estimate food consumption for six species of
seabirds of the Benguela and Humboldt upwelling

ecosystems offthe west coasts of southern Africa and
South America respectively. The species studied are
jackass penguin Spheniscus demersus. Cape corm-
orant Phalacrocorax capens;s and Cape gannet Moru.~
capensi.\'of the Benguela Current system and guanay
cormorant Phalacrocorax bouga;nvillH, Peruvian
booby Sula var;eKata and Peruvian brown pelican
Pelecanus occidental;s thaKusofthe Humboldt Current
system.

METHODS

The term basal metabolic rate (BMR), as defined
by Kendeigh et al. (1977), has been employed: BMR
is the rate of energy utilization of fasting, inactive
animals in the thermoneutral zone (Aschoff and Pohl
1970, Kendeigh et al. op. cit.), Standard metabolic
rate (SMR), as defined by Lasiewski and Dawson
(1967), is actually the equivalent of the BMR of
Kendeigh et al. The seabirds' body masses were
obtained from Duffy (1980) and Furness and Cooper
(1982). The following variables have been used: M for
the metabolic rate in kcal,day-I and Wor G for the
seabird body mass in kilogrammes or grammes
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Table I: Estimates of daily energy expenditure of three seabirds of the Benguela and three of the Humbolt upwelling
ecosystems from different published energetics equations

Mass
Daily energy expenditure DEE (kJ·day·l)

Species
(kg) Lasiewski and Aschoff and Kendeigh et 01. Walsberg

Dawson (1967) Pohl (1970) (1977) (1983)

Jackass penguin 3,0 1885 1998 2037 1697
Cape cormorant 1,22 984 1036 1053 980
Cape gannet 2,65 1724 1824 1863 1573
Guanay cormorant 1,8 1302 1376 1402 1242
Peruvian booby 1,3 1032 1084 I 101 1019
Peruvian brown pelican 6,0 3 113 3313 3391 2590

respectively. The equations used are given below:

(i) Lasiewski and Dawson (1967), for the SMR of
non-passennes-
M = 78,3 WO.72J± 0,068 (I)

(ii) Aschoff and Pohl (1970), for the BMR of non-
passerines in the active period of a free-living
bird-
M = 91,0 WO.729±0,066 (2)
and in the resting period of a free-living bird-
M = 73,5 WO.734±0,067 (3)

(iii) Kendeigh et al. (1977), for the BMR of non-pas-
serines-
M = 0,5224 GO.7347±1,237 (4)

(iv) Walsberg (1983) for DEE, in kJ·day-', of bird
species that do not forage in flight-
DEE = 12,84 GO.6IO (5)

The results of the first four equations were converted
to kJ·day-· by multiplying them by 4,186 kJ·kcal-l.
To arrive at values of energetics expenditure com-
parable to the results from Walsberg's (1983) equation,
which calculates the DEE of free-living birds as
opposed to basal metabolism of captive animals,
results of Equations 1-4 were multiplied by 2,6. In
view of the differing values given for correction
factors when converting BMR or SMR to DEE, the
mean of the values' proposed by MacMillen and
Carpenter (1977), Weathers and Nagy (1980) and
Kooyman et al. (1982) has been employed. It has also
been assumed in the calculations that all seabird
populations consist only of non-breeding birds,
because the number of breeding efforts per year is not
known for all of the species (Vogt 1942). In order to
simplify the calculations, anchovy, the dominant
species taken by both fisheries, is assumed to have
been the sole constituent of the diets. Actual con-
sumption would therefore have been less on both
counts. Estimates of DEE were converted to mass of
anchovy (wet weight) by dividing by 6,37 kJ·g wet

weight' I (22,35 kJ·g dry weight-I X 0,285 dry/wet
ratio), a function derived from Cooper( 1978) for the
anchovy Engraulis capensis. Finally, the result was
multiplied by 1,33 to include an assimilation efficiency
o£15 per cent (Dunn 1975, Cooper op. cit.). Estimates
of seabird population size for 1978 were obtained
from Tovar (1983) for the Humboldt upwelling area,
and from Crawford and Shelton (1981) for the
Benguela upwelling area.

RESULTS

All species except the Peruvian brown pelican
(Vogt 1942) normally forage only during daylight
(personal observation). Because, according to In-
gram-Brown and Brown (1977), average daylength is
12 h throughout the year, with ranges of 10,2-14,08
at 300S (southern Africa) and 11,4-13,03 at 15°S
(South America), no distinction was made between
active and rest periods. The average of the results of
Equ'!tions 2 and 3 is given as a mean for the Aschoff
and Pohl (1970) relationship.

The estimates of DEE and of food consumption
are given for the six species in Tables I and II
respectively. The greatest differences between results
of the energetics equations were those between
Walsberg (1983) and Kendeigh et 01. (1977). Direct
measurements of DEE for the jackass penguin (Nagy
ef 01. in press) were closest to the estimate of DEE
based on the equation of Lasiewski and Dawson
(1967). .

The differences in estimates of daily energetics
requirements appear to be minor, but they result in
major variations in estimates of anchovy consumftion
by seabirds (Table II): 554 630-637 330 t·year and
63 540-72 420 t·yearl consumed in the Humboldt
and Benguela upwelling areas respectively. These
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Table II: Estimates of seabird consumption of anchovy, with DEE estimated from four different energetics equations, in the
Benguela and Humboldt upwelling ecosystems

Seabird consumption of anchovy (tons·year") Ratio of largest
Species Population estimate:

size (1978)· Lasiewski and Aschoff and Kendeigh et al. Walsberg smallest estimate
Dawson (1967) Pohl(1970) (1977) (1983)

Jackass penguin 104 344 14990 15890 16200 13490 1.20
Cape cormorant 371 978 27890 29 no 29850 27 780 1,07
Cape gannet 185751 24400 25820 26370 22270 1.18

3 southern African species 662073 67280 71080 72420 63540 1.14

Guanay cormorant 2060000 204 400 216020 220100 194 980 1,13
Peruvian booby 3030000 238300 250310 254420 235300 1,08
Peruvian brown pelican 630 000 149460 159060 162810 124350 1.31

3 South American species 5720000 592 160 625390 637330 554630 1.15

• Population sizes from Crawford and Shelton (198 I) and Tovar ( 1983)

differences in estimates of consumption of anchovy
(82700 and 8 880 t for the Humboldt and Benguela
Currents respectively) amounted to 4,4 per cent of
the Peruvian (Jordan 1983) and 1,6 per cent of the
southern African (Butterworth 1983) commercial
anchovy catches in 1978.

DISCUSSION

Whereas small errors in estimates of energetics
requirements may be trivial for physiological studies
of single birds (but see Tuite 1984), the use of
different equations may have major effects on es-
timates of food consumption by seabird populations
totalling hundreds of thousands or millions of birds.
Indications that seabirds consume large quantities of
prey, especially of commercially important species,
can lead to political calls for the culling of bird
populations (Murphy 1954, Jarvis 1971). Until such
time as studies show that energetic demands by
seabirds differ significantly from the equation pro-
viding the lowest estimates of energetic requirement
(in this case, the equation presented by Walsberg
1983), it is recommended that only such conservative
equations be used.

Further, it is believed that, even if other equations
have to be used, calculations from a conservative
equation such as that of Walsberg (1983) should be
used routinely as a benchmark or standard to
facilitate comparisons between communities. At

present, the information needed to recalculate ener-
getic demands, with different equations, cannot
always be recovered from the original papers.
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