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Time budgets of free-living chicks of Arctic Tems Sterna paradisaea and Common Tems S. 
hirundo throughout development are presented with special reference to changes in time 
allocation when growth rate varies. Chicks of both species were inactive most of the time 
observed (87%). Time allocated to the different behaviours changed during development 
and was generally better correlated with body mass than age. Slower growing niestlings 
were brooded more and allocated more time to quiescence and less time to locomotion , 
preening. begging and attacking (the latter two significant only for the Arctic Tern). The 
energetic implications of variation in time budgets with age and growth rate wcre consid- 
ered. Parental brooding resulted in an average energy saving of nearly 40% of an inèlividual 
nestling's thermoregulatory  costs. Whereas thermoregulatory  costs remain ed nearly un- 
changed  in Arctic Tern chicks, these were negatively correlated  with growth  rate  in 

+ Common  Tems. Tentatively,  we  estimated  a  30% reduction  in a nestling's  total  energy 
requirement for a 50% reduction in average growth rate for both species. 

 

+   High growth rates in birds seem to have positive effects on 
fitness (Coulson & Porter 1985, Richner 1989. Tinbergen & 
Boerlijst 1990, M. Klaassen, unpubl. dissertation. University 

 
20% was accompanied by a 50% reduction in growth rate. 
However , the additional elfects of the environment and in- 
teractions  between  individuals   (e.g"  thermoregulation, 

of Groningen: however, see Tinbergen & Boerlijst 1990 for brooding) were not measured in the laboratory. 
negative consequences of very high growth rates). In order 
to maximise growth ratc, a chick should eat as much food 

1 as it is pbysiologically able to assimilate. However, the actual 
amount of food a chick receives, and thereby its growth rate, 
depends critically on food availability, the number of siblings 
in the nest and parental quality. Despite Ricklefs' (1973) 
conjecture that most chicks grow at some pbysiologically 
maximum rate, the intraspecific variability inavian growth 
rates is often considerable (e.g. Ashmole 1963, Graves 1984, 
Briskie & Sealy 1989, Richner 1989, Emlen et al. 1991, Ma- 
grath 1991. Mlody & Becker 1991, M. Klaassen, unpubl. 
dissertation. University of Groningen). Growtb rates of chicks 
up to fledging may even differ by a factor of 3 (M. Kersten 
& A. Brenninkmcijer, unpubl.). An accurate knowledge of 
the relations between food intake and growth rate can be 

t used to interpret family planning in terns, to interpret the 
evolutionary adaptiveness of growth rate differences (M. 
Klaassen , unpubl. dissertation, University of Groningen) and 
to model population impact on food resources. 

Klaassen  et al.  (1992)  raised  chicks of  Common  Tems 
1 Sterna hirundo and Sandwich Tems S. sandvicensis in the 

laboratory using a graded series with different amou.nts of 
food. They  found  that  a reduction  in food intake  of about 

 
1 • Present and correspondence address: Max-Planck-Institut für Ver- 

haltensphysiologie,  D-02346,  Andechs,  Germany. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Here, we present  time budgets of free-living  Arctic Tem 
S. paradisaea and Common Tern chicks throughout devel- 
opment with special reference to the changes brought about 
in time allocation when growth deviail.es from the average 
growth curve for the species. By combining these time bud- 
gets and detailed energy budgets of Arctic and Common 
Tems exhibiting average growth rates (Klaassen 1994), the 
energetic consequences of growth rate differences were es- 
timated. 
 
 
METHODS  

Growth 

The study was conducted on the island of Griend (53°15'N, 
5°15'E), Dutch Wadden Sea, from May to July 1989 and 
1990. Several study sites were selected where both Arctic 
and Common Tem nests were marked . At hatching, the 
chicks were ringed with metal rin gs. Chicks were weighed 
to the nearest gram using a Pesola spring balance at 2-3- 
day intervals. Using only the data for chicks assumed to 
fledge (i.e. those that reachcd a body mass of at least 90 g). 
a logistic growth curve (Ricklefs 1967) was fitted to the body 
mass (M, g) data in relation to age (t, days) by least square 
analysis. A condition index was obtained by calculating re- 
sidual body mass (M"" %): 
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where M is actual body mass (g) and M".is the age-specific 
expected body mass (g) for each species, calculated using 
the logistic growth curves in Eqs. 2 and 3 (below). The re- 
sidual body mass was calculated for all chicks between 3 
and 25 days of age. The body mass of chicks younger than 
3 days was too low to allow accurate calculations, whereas 
chicks older than 25 days normally show a substaotial pre- 
fledging decline in body mass. which the logistic growth 
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curve does not describe. 

 
Activity budgets 

We observed 35 Arctic and 43 Common Tern chick indi- 
viduals between hatching and fiedging (age 0-29 days), usu- 
ally over the total daylight period (from 0430h to 2230h). 
All observations lasting less than 50% of the daylight period 
were omitted from analysis. During the continuous obser- 
vations of nestlings, we discriminated between parental 
brooding , preening, locomotion, begging, eating, attacking 
and being attacked. The remaining time was allocated to 
quiescent behaviour: standing, sitting and laying without 
being brooded by the parents. Observations were made from 
a hide, and data could be collected simultaneously from a 
maximum of ten chicks. using a small data logger with a 
resolution of one second. When body mass was not mea- 
sured on the day of observation, we calculated the expected 
body mass by linear interpolation of the measurements on 
the preceding and subsequentdays.Por each chick observed, 
we measured or interpolated body mass to calculate the 
condition index (Eq. 1). 

The percentage of time dedicated to each one of the be- 
haviours (except for quiescence) was analysed in relation to 
age, body mass and condition, using multiple regression 
analysis (SPSS/PC+; Norusis 1988). 

 

RESULTS 

Growth 

For Arctic Tern the logistic growth curve for chicks that 
reached a body mass of at least 90 g is 
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Figure 1. Change in body mass with age for Arctic (upper) and 
Common Tern chicks (lower) at the island of Griend for the years 
1989 and 1990. Averages ± s.d. are shown and sample sizes are 
given at the top of the figures, with body mass range indicated by 
the extent of the white area). Logisticgrnwth curves are shown based 
on data from chicks that reached a body mass of at least 90 g (see 
text and Eqs. 2 and 3). 

 
 

Activity budgets 

In total. we obtained 77 and 196 time budgets for Arctic 
and Common Tem chicks, respec:tively. The average time 
budget in relation to age for both species shows a striking 
resemblance (Fig. 2). The total average time budgets over 
the first 30 days of life also are virtually identica! (Fig. 3). 
In both species. the chicks are inactive for most of the time 
(brooding and quiescence: 87%). Arctic Tems were brooded 

M  = 107 
'"• 1 + 9.0e-0179< • 

and for Common Tern: 

M = 114 
"'' 1+ 6.3e-<> i•21 

(2) 

(3) 

for more of the time than Common Tems (20% v 16%) . This 
difference might be due to a higher average rainfall during 
the first week of observations for Arctic compared with Com- 
mon Tem chicks, otherwise weath<er conditions were largely 
comparable . 

Multiple regression  analyses of the time dedicated  to the 
Deviations from these average growth curves (Fig. 1) are 
considerable, and condition indices (Eq. 1) ranged from -72% 
to +40%. Chicks which develop fastest normally fledge after 
21 days in Arctic and 22 days in Common Tems (Cramp 
1985). but fledging age can be extended considerably. Same 
individuals of both species still had not fledged at 30 days 
of age (Fig. 1). 

different behaviours  in relation to age and condition (Table 
1) and body mass and condition (Table 2) revealed that 
parental brooding decreased and locomotion and preen ing 
increased with maturation  in both  species. When  brooding 
is expressed as a function of chick age, condition index does 
not significantly contribute in explaining residua! variation, 
whereas when expressed as a fundion of body mass, it does
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figure 2. Average time allocalion in relation to age from 0 to 29 days for Arctic and Common Tern chicks. Sample s1zes are given at the 
top of each panel. The time allocated to interactions (attacking, being attacked) was less than 1% and has been included with begging and 
cating in the catcgory  'other'. 

 

• 
For most other behaviours,  the opposite can be seen: in 
particular the condition index may significantly conlribute 
to the explanation of rcsidual variation when bebaviour is 
expressed as a function of age. Por the Arctic Tem only. 
attacking increased with age but not with body mass. In the 
same species, begging and attacking increased with condi- 
tion. The equations relating time allocation to body mass 
and condition (Table 2) generally explain more of the vari- 
ation than those using age and condition as the dependent 
variables (Table 1). Therefore. we used the equations from 
Table 2 when calculating the time allocation changes with 
growth rate rcduction. The changes in time allocation as a 
result of varying growth rate are vis u alized in figure 4. 
Oeparting from the average growth rate, for both Arctic and 
Common Tem chicks, the relative changes in time allocation 
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eating 2% 
begging 2"/o 

?ni 0J locomotion 2% 

over the total developmenta l period are calculated for chicks 
that grow at 50% of the average rate. Oespite the lower 
mass-specific brooding in slow-growingchicks, the total time 
brooding over the developmental pedod is higher in the slow 
growers. Time allocatioos to all other behaviours (Table 2) 
either remaincd unchangcd with a decrease in growth rate 
or were lower. As a result, besides brooding, quiescence was 
also somewhat higher in slow growers. 

 
 

DlSCUSSION 

Time allocation 

From the analysis of the behavioural data in rclation to 
condilion, age and body mass. it can be concluded that be- 
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quiescent 67% qulescent 71% 

Figure 3.   Average time allocation ove< 0-29 days of age for Arctic and Common Tem chicks. The time allocatcd to intcractions (attacking. 
being attacked) was less than 1% and is not shown
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Table 1. Multiple regression analyses of time allocation (%) with 
age (days) and condition (M'"" %)for Arctic and Common Tern chicks 
from 3 to 25 days of age. On/y constant s and partial regression 
coefficients significantly differentfrom zero (P < 0.05) were entered. 
No significant relations were found for 'eating' and 'attacked', No 
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Common Tem. n = 151 days 
Brooding' 83.4 -64.4 0.667 
Begging 
Locomotion 1.55 0.057 0.016 0.133 
Preening 3.13 0.400 0.098 0.434 
Attacking 

 
 

1 The log," value or age +lWd' S used for age. 
 
 

havioural development kept pace with body mass rather 
than with age. This conclusion is based on the finding that 
a significant part of the variation in behaviour is still ex- 
plained by condition when using age instead of body mass. 
However. brooding is an exception to this rule. This might 
originate from the fact that, although a chick can call for its 
parents, brooding is a parental behaviour. One possibl e sce- 
nario isthat the parental motivation for brooding is governed 

-100'-'=="'--==""---""'" 
quiescent  brooding  locomotion preening   begging   attacking 

Figure 4. Time allocation changes (totalled over age 3-25 days) 
for Arctic and Common Tern chicks when growth rale was reduced 
to half the average growth rate (from 0.279 to 0.140 in Eq. 2. and 
rrom 0.242 to 0.121 in Eq. 3. which correspond with average con- 
dition indexchangesor -43% and -37%, rcspectively). Calculations 
were made departing from the time allocaion equations in Table 2. 

 
 

the younger siblings. However, for the chicks observcd in 
this study, average time allocated to the brooding of each 
ncstling was not significantly different for first-batched com- 
pared with later-hatched ncstlings (ANC.OVA using log10 age: 
Arctic Tcrn F1,46 = 1.24, n.s.; Common Tern F2.11, = 1.92, 
n.s.). In addition. the distribution of  first and later chicks 

 

Table 2. M ultiple regression analyses of time allocation (%) with 
body mass (g) and condition (M "", %) f or Arctic and Common Tem 
chicks/rom 3 to 25 days of age. Only constants and partial regression 
coefficient s s ignificantly differentfrom zero (P < 0.05) were entered. 
N o significant relations were found for 'eating' and 'attacked'. No 
statistics were performed /or the time allocated to 'quiescence' 

by a fixed time program and decrcases steadily after hatch-    
ing. However, in disagreement with this hypothesis of a fixed 
time program for brooding are the observations of Richard- 
Yris & Lebouchcr (1987) in the domestic fowl Gallus domes- 
ticus. They found that substituting old chicks with younger 

Partial regression 
coeffic1ents 

 
 

Condi- 
ones led immediately to the appropriate maternal brooding Behaviour type Constant Mass tion 
response. Alternatively, the brooding pattern with age, or    
body mass and condition, might be explained with the model 
of Klaassen (1994), which describes time allocation to brood - 
ing as a function of parental foraging su ccess and mass- 
specific thermoregulatory costs of unbrooded chicks. It is 
conceivablethat low parental foraging success reduccs growth 
for the obvious reason that therc is less food. Wheu parental 
foraging success is low, and thus chick growth ratc is de- 

Arctic Tem, 11 = 40 days 
Brooding ' 187.8 -94.13 0.363 0.704 
Bcgging 2.26 0.030 0.264 
Locomotion 0.027 0.684 
Preening -2.71 0.142 0.662 
Attacking 0.049 0.001 0.124 

Common Tcrn, 11 = 151 days 

slower rate than the first (e.g. Langham 1972). It could be 
argued that keeping food provisioning for the first chick high 
enough might occur at the expense of parental brooding for 

Attacking 

' The log10 value was used for body mass. 

Behaviour type  Constant Age Condition  

Arctic Tern, n = 40 days   
Brooding ' 119.1 -92.7  0.685 
Beggiog 2.26  0.030 0.264 
Locomotion 1.24 0.054 0.016 0.193 
Preening 0.481  0.729 
Attacking 0.004 0.001 0.337 

 

pressed, Klaassen's (1994) model predicts that brooding will Brooding' 158.2 -78.23 0.374 0.683 
dccrease, explaining the empirically found correlation bc- Begging     
tween mass-specific brooding and condition (Table 2). Locomotion 0.777 0.018  0.157 

Usually the second and third chicks in the nest grow at a Precning  0.103  0.795 
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-true thermoregulatory costs 
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Figure 5. Thermoregulatory costs (E., ) for Arctic and Common Tern chicks in relation to age, in multiplcs of basal metabolic rate (BMR), at 
Griend whcn correctcd for paren tal time allocation to brooding (E",true) and when unbrooded. The dilference between the tbermoregulatory 
costs for unbroodcd and broodcd chicks is the encrgy savcd by brooding. 

 

• 
over residual body masses above and below average is not 
significantly different (Arctic Tem x.2i = 2.73, n .s.; Common 

F'or both Arctic and Common Tem chicks, Klaassen (1993) 
givcs equations based on empirica[ data describing basal 

Tem x.2 = 1.26, n .s.). Thus, hatching ord er alone cannot metabolic rate (BMR = 202M + 47.04M' - 0.3660M' and 
explain the low parental brooding in relatively light chicks. 

All behaviour that involved any kind of activity (loco- 
motion , preening, begging, eating. attacking, being attacked) 
either remained unaffected or decreased with a decrease in 
growth rate (Fig. 4). In the domeslic fowl. overall activity 
decreases when growth stagnates (Swiergel 1987). As to the 
question why activity isnot zero when food isin short supply. 
Beach (1945) suggested that, at least in part, the function 
of activity is to enhancc rouscular development and coor- 
dination in young animals, resulting in a good physical con- 

dition which is important later in life. 
 

Estimates of thermoregulatory  costs and 
savings by broocling 

Beforc looking at possible savings in thermoregulatory costs 
for the chicks as a resultsof parental brooding, itis aecessary 
to estimate the thermoregulatory costs of the unbrooded 
nestling. From operative temperature (Te °C; i.c. the tem- 

• perature experienced including effects of wind and radia- 
tion). body temperature (Tb °C) and thermal conductance (h. 
kJ per day per °C; i.e. the inverse of insulation), it is possible 
to calculate the heat loss of ao animal (Bakken 1976). At 
the so called lower critica!temperature (LCT 0C), heat loss 
exceeds the heat produced in basal metabolism (BMR, kj/ 
day) and extra heat must be produccd to compensate for 
heat dissipation , i.e. the thermoregul atory cost. 

BM R = l.17M + 0.038M1 - 2.365M'. respectively) and 
therma l conductance (h = 0.60M0·'°'' and h = 0.61MM98• 

respectively) in relation to body mass. In addition. Klaassen 
(1994) provides hourly operative temperature measure- 
ments over 28 days prevailing at. Gri.end. Using Eq. 4, we 
calculatcd the expected average thermoregul atory costs over 
all Te estimates available for unbrooded chicks in relation 
to age, assuming that they remain homeothermic at 39°C 
body temperatu rc (Klaassen el al. 989a) and were growing 
according to the average growth cwvcs (Eqs. 2 and 3 for 
Arctic and Common Tem chicks, rcspectively). BM R not 
only provides us with information concerning the energy 
expcnded in maintaining the basic life processes , hut il also 
offers us a means of sealing the metabolic potential of the 
animal concemed; the thermoregulatory capacity for chicks 
is about 2 BMR (Rick lefs 1989. G.H. Visser, unpubl. disser- 
tation, University of Groningen). Expressing thermoregula- 
tory costs for unbrooded chicks in multiples of BM R yields 
values as high as 3.7 BM R for Arctic and 2.2 BM R for Com - 
mon Tems at hatching (Fig. 5). From hatching onwards, 
thermoreg ulatory costs rapidly decrcase in both species. 
reaching a more or less stable level of 0.1 ± 0.05 BMR at 
10 days of age. This demonstratcs that brooding is essential 
for chicks of both species early in devclopment. Not only 
are expenses very high, but the therrnoregulatory capacity 
is also insufficient in young neonates. ln these calculations 
we have disregarded the possible effect of huddling.Indeed, 

E, = h(Tb - Te) - BM R kJ/day, 

for Te < LCT. When Te > LCT. E,h = 0. 

• 

(4) significant savings in thermoregulatory costs were associ- 
ated with increaslng the number of broodmates ia altricial 
species (Mertens 1969, O'Connor 1975. Sullivan & Weathe
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1992). Also. ln comparing the heat production of groups (10 
to 20 subjects) with that of individual chicks of the domestic 
fowl, energy savings up to 15% were record ed due to hud- 
dling (Kleiber & Winchester 1933, Misson 1976). Unfortu - 
nately, no data on the effect of huddling with fewer individ- 
uals cxist for semi-altricial or precocial chicks in the size 
range of tern chicks; thereforc, we cannot ac.count for pos- 
sible thermoreguJatory consequences of brood size. How- 
ever, when parents were not brooding and were away from 
the nest site, chicks usually chose individual hiding places. 
W e therefore suspect that huddling was only of mi11or im - 
portance to the thermal balance of the Arctic and Common 
Tern chicks in our study. 

After having assessed the thermoregulatory costs of the 
unbrooded chick, we can now estimate the impact of brood- 
ing on the nestlings' lhermoregulatory cosls. Us ing the pre- 
dicted time spent brooding in relation to body mass from 
Table 2, the 'true' thermoreguJatory costs were calculated 
using th e foUowing assumptions: (1) percentage of tim e aJ- 
located to brooding is equal for night and day. (2) when 
brooding occurs, nestling thermoregulatory costs cqual zero 
and (3) chicks are preferably brooded during the coldest 
hours. In addition, wc had to allow for a minor extrapolation 
of our time budget data for chicks less than 3 days old and 
bctwccn 25 and 29 days of age. According to thiscalculation, 
thermoregulatory costs for the chicks are reduced by ap- 
proximatcly 35% due to parental brooding (Fig. 5, Tablc 3) 
and never exceed 0.5 BM R per day.Costs will be even lower 
if we assume the time allocated to brooding to be higher 
during the night than during the day (P.H. Becker, unpubl.). 
The estimated energy savings by brooding presented here 
are largely cornparable to the cstimates in other larids using 
doubly labeUed water (Klaassen et a.i. 1989b, Gabrielsen et 
al. 1992, Klaassen  1994). 

Thermal conductance depends critically on body mass in 
chicks (e.g. Klaassen 1994, G.H. Visser, unpubl. dissertation. 
University of Groningen). Mass-specific basal metabolic rate 
is positively related with growth rate (Klaassen & Bech 1992). 
A Jowered growth rate thus entails a decrcased BM R on a 
mass-specific basis. an increased lower critica!temperature 
and, thereby, higher thermoregulatory casts (see Eq. 4). 
However, although in normaJly developing chicks thermo- 
regulatory capacity is about 2 BM R (R icklefs 1989, G.H. 
Visser, unpubl. disscrtation. University of Groningen). Klaas- 
sen & Bech (1992) showed that in Arctic Tcrn nestlings th e 
thermoregulatory ability still developed in spite of reduced 
growth rate. Arctic Tem chicks in poor condition (although 
exclusively when not close before total starvation) had a 
higher metabolic capacity than equally heavy conspecifics 
with a higher condition and thus had a better ability to cope 
with cold conditions. 

To show the effect of a change in growth rate on ther- 
moregulatory cost when unbrooded , we calculated the lher- 
moregulatory consequences associated wilh a growth rate 
reduction of 50% from the norm for each species. The meth- 
od used in this calculation was essentially the same as de- 
scribed above (Eq. 4) for the calculation of Lhermoregulatory 

casts in chicks growing according to the average growth 
curves. Only BM R was additionally corrected for condition 
differences by multiplication with 0.98 + 0.0022M..,, (Klaas- 
sen & Bech 1992). The estimates of thermoregulatory costs 
uncorrected for brooding (Table 3) are higher for slow grow- 
ing chicks compared with fast growers in both species. This 
is due to both a low body mass on average (high thermal 
conductance) and a rclativcly low BM R for a given body 
mass (resu lting in a relatively high lower critica! tempera- 
lure). For Common Tem chicks, the increase is higher (48%) 
than for Arctic Tem chicks (15%) due to the specific differ- 
ences in their basal metabolism (Klaassen 1994). Using the 
predicted time allocated to brood.ing in relation to body mass 
and condition from Table 2, the 'true' thermoregulatory 
costs were calculated using the same methodology and as- 
sumptions as used in the caJculalions for chicks growing 
according to the norm above. Due to compensatory parenta l 
brooding, the 'true' thermoregulatory casts in Arctic Tern 
chicks decrease slightly when growth rate sJows (Table 3). 
In slow-growing Common Tem chicks, however. the in- 
creased energy cost for thermoregul.ation is nol completely 
compensated for by the parents through brooding, and the 
chicks need to invest considerably more energy in thcr- 
moregulation than fast-growing conspecifics (Table 3). 
Brooding and foraging by the parenL5 are mutually cxclusivc. 
Arctic Tems tend to compensate for their offspring's slow 
development by more broodin g, thereby modcrating the 
chick 's thermoregulatory casts. Common Tems do not 
thereby having more time for [oraging from which offspring 
might benefit by the resulling higher rate of food delivery 
to the nest. In order to shed more light on the time allocation 
differences to brooding.  the trade off from broodin g and 
foraging needs to be known more exactly. Nevertheless, it 
seem that the differences in physiology of the chicks (Klaas- 
sen 1994) and brooding behaviour relate to the typical dif- 
ferences in breeding habitat of Lhe two species. Arctic Terns 
usually breed in more exposed habitats than Common Tems 
(Cramp 1985, Lemmetyinen  1974). 
 

Differences in the total energy budget between fast- 
and slow-growing chicks 

A change in growth rate results in considerable alterations 
in thermoregulatory costs, partly induced by concomitant 
changes in parental brooding behaviour. and wc evaluated 
the impact of the other time allocation changes with vari- 
ations in growth rate. First, we const.ructed the energy bud- 
get of a chick. Not all ingested food is digested, and part 
leaves die body unused in the form of pellets or faeces. The 
metabolisable encrgy intake (ME. kJ/day, which for tem 
chicks is about 80% of the gross energy intake: Massias & 
Becker 1990, Drent et al. 1992, Klaassen el al. 1992) must 
cover the energy being retained through growth as body 
tissue (E6,,  kJ!day). the synthesis costs of body tissue (E..,,", 
kJ/day , which is 0.33 x E,i. according to RickJefs 1974). the 
energy necessary for all basal life processes (BMR, kJ/day), 
activity (E,,,,. kJ/day) and thermoregulation (E11,trne, kJ/day): 



1 

 
 
 

Table 3. Estimated uncorrected thermoregulatory casts (E,h, kf /30 
days) and thermoregu/atory casts corrected for parental broodi119 (E,h 
true, kJ/30 days) for Arctic and Common Tem chicks exhibiting 
average growth rates and growth rates reduced to half the average 
(9rowth rate constants 0.140 and 0.121, respectively, cf. Eqs. 2 
and  3) 

r 50% of  average growth 
1 Average growth rale rate 

 
 

1 E",true E",true 

"  Speci es Eu,    E11,tru e   7 Eu, E u.   E,htrue  .,_ Eu,   

l Comm on Tem 48 7 320 66% 720 507 70%   

 
 

Table 4.  Esti mated total energy budgets (from 0 to 29 days of age, 
kj / 30 days) for Arctic and Common Tem chicks exhibiting avera.ge 
growth rates and growth rates reduced to half the average. lndicated 
are the energies allocated to basal metabolism ( BMR), biosynthesis 
(E,"J, thermoregulati on corrected for parental brooding (E,true), 
activity (E•..J and body tissue (E,..), which ai/ add up to the metab- 
o/izable energy intake (ME, Eq. S) 

 
 

 
50% 

Average average 
growth growth DilTerence    Difference 

  ra te ral.e % % E   

BM R 2905 2122 -27 46 
Es.,i; 294 240 -18 3 -13 2 
Eu,true 268 233 

ME = E," + E'll" + BMR + E." + E,htrue   kJ/day (5) 

We pointed out abovc how energy expenditure estimates 
for basal metaboli sm and thermoregulation  corrected for 
brooding were dcrived for chicks growing at different rates. 
Energy deposited in tissue and its synthesis casts can be 
calculatcd from the growlh curves taking the increase in 
tissue energy dcnsity (e,;,. kJ/g) during development into ac- 
counl (e", = 4.094 + 4.713 x M IA, kj/g, where M is body 

E"N 1272 552 -57 42 
E,L, 890 727 -18 10 
ME 5629 3917 -30 100 

Common Tem 
BM R 2913 1861 -36 60 
E"". 305 238 -22 4 
ê,"true 320 507 58 -11 
B,j,., 1348 696 -48 37 
E,1.1 923 720 -22 12 

mass and A is  asymptotic body mass, both in g: Klaassen    
1994) . We lack knowledge of the specific casts to accurately 
calculate activity casts for au the different behaviour pat- 
terns. However, we made a tentalivc attempl by assuming 
lhal all activity (prccning , locomotion, begging . ealing, at- 
tacking, being attacked) has the same cost and that these 
casts are proporti onal to body mass. Because the activity 
casts for average-growing chicks are known (Klaassen 1994) , 
the absolute activity cost changes with growth rate could be 
calculated as welt. 

To undcrstand the overall changes in the energy budget 
when growth ratc deviates. we compared the energy budget 
of chicks growing according to the norm with that of chicks 
that have a 50% reduced growth rate. The energy budgets 
(Table 4) show marked decreases of 30% in the develop- 
mental casts for slow growers in both species. However, body 
masscs at an age of 29 days are lowcr in the slow-growing 
chicks compared with the chicks growing to the norm, and 
this is rcllected in the synlhesis and tissue cost dilferences 
between the two. Correction for these body mass discrep- 
ancies will lead to a decreased differcnce bctween the bud- 
gets for slow- and averagc-growing chicks (Klaassen et al. 
1992), as all componcnts of energy allocation in Eq. 5 are 
positively related with body mass. The difference of 30% 
reported here then might well carne close to the empirica! 
value of 20% reportcd by Klaassen et al. (1992) for labora- 
tory-raised Common and Sandwich Tem chicks. 

When food is in short supply, most cnergy is saved by 
rcductions in activity and basal metabolic casts (Tablc 4). 
The origins of energy savings in the field (this study) and in 
the laboratory (Klaassen et al. 1992) might be different. The 
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impression existed that the amount of activity was unaf - 
fected by growth rate in laboratory-raiscd chicks. Moreover. 
total activity cost of laboratory-raised chicks was generally 
lower than that of free-living chicks (respectively, 12% and 
19% of ME; Drent et al. 1992.Klaassen 1994). Thus, activity 
cost reduction is proba bly a more important potcntial root 
of energy saving in the field than in the Laboratory whcn 
food is in short supply. 
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