ENERGY AND WATER USE BY GREAT GREY SHRIKE NESTLINGS
IN UNTREDICTABLE DESERT ENVIRONMENTS
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Anstaact —Deserts are characterized by unpredictable food supplies which can lead to a
ghow growth rate of nestling birds. However, given that Great Grey Shrike (Fanius excubitor)
males use prey from their caches to augment freshly caught prey in providing food for their

mates and nestlings, we hypothesized that their nestlin gs would not have a slow growth rate,
but ene that is equivalent to that in other passerine nestlings from temperate areas. To tes:
this hypothesis, we measured growth rates and energy use in Great Grey Shrike nestiings and
fledglings, and encrgy expenditure in two adult males thar attended nests. Growth rate of
Great Grey Shrike nestlings was similar to that predicted for passerines from lemperate ar-
car. However, metabolizable energy available in the cache amoanted to anly about 7.2% of
the total energy requirements of the nestlings or 4.2% ot the total oneTEY requirements of par-
ents and nestlings during the nestiing period. Hence uther factors were alsa imporiant in de-
Wrntiniyy growth rate. These included an extremely low maintenance energy reguireinent

of nest w ot Ehat pre

The breeding season of adult birds is the most
energy demanding period in their overall an-
nual energy budget. In particular, feeding
nestlings is the Hme of peak cnergy expenditure
of adults, mainly as & result of extra foraging
costs {Bryvant 1988, Weathers and Sullivan 1989).
Deserts are characterized by vnpredictable rain-
falt and canscguently unpredictable food avail-
ity (Fvenari et al. 1%82). Nestling birds that
ith unpredictable food supplies of-
stepy of resource sturage, ie. they
b= s snergy reserves (O'Connor 1978,
d Haiis 19831 This can lead to their

1 relatively slow growth rates. The more
unprediciable the food supply, the greater the

' Fresend address: International Oreithological
Center, PO. Bax 774, Eilat, 88000 Israel.
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icted for a bird of its hody mass when it weighed 10  which
sased (o A% ot 50 g). This allowed for more of the energy intaky 0o be used

also reduced foraging costs of males. Another factor was Lhe relatively fonw
ined bedy energy as a lraction of metsholizable energy intake, (L1516, in-
g more waler per unit growth than in other passerines. Ensrgy expenditure of adult
s substantialiy lower than that predicted for a passerine of similar body mass,
Males coltectod 4,83 times the energy that they consunwd in order ko provide their mates and
effzpring with faod. Yet, their ratio of feld metabolic rate to basal metabalic rate was only
233, the lowest reported value for adults feeding aliricial young.

) F‘mc-{’rdings Western Fowndation Vertebrate Zoology 6:182-155, 1993,

lipid storage and consequently the slower their
growth rate {Bryvant and Hails 1983).

Great Grey Shrikes [Lanfus excubitar) include
extreme deserts in their distributicn and males
impale prey all vear (Yosef 1989). This caching
makes their food supply astensibly more pre-
dictable than that afforded other desert hirds,
Further. the male does all provisioning of his
mate and voung; he feeds his mate during the
nestling period and she feeds the voung. Giv-
en that feod from caches is available to aug-
ment freshly caught prey that males feed 1o
their mate and chicks, we hypothesized that
desert-dwelling Great Grey Shrike nestlings
would have growth rates similar to those found
in temperate passerine altricial nestlings
hatched to parents of the same size as Great
Grey Shrike adults.

To test this hypothesis, we determined the
growth rate of Great Grey Shrikes from hatch-
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ing to fledging and compared it with growth
rates for lempuerate passerines. We also used
doubly labeled water fo estimale energy ox-
penditure and water flax of nestlings and Hedy-
Iings and of adult males that were raising
nestlings.

Sripy AREa AND METHODS

This study was done near Sede Boger in the Negev
Desert Highlands, Israel, trom February to June 1987
[he area is atid with an annual mean winter rainfall
of 104 mum, but there are large annual variations in to-
tal rainfall and in ils temporal and spatial distribution
{Zangvil and Druian 1983). The site is a locss-covered
platean that supports a sparse dwazl shrub commat-
nity which has boer deseeibed clsewhere {Yosel and
Pinshow 19893

We determined growlh rate by weighing 66
nestiings from T nests, W moarked the pestlings by
paimting their claws, Hach individual wes weiphed
oily a few rmes and usually over a period of only
several 4 - Because of nur disrupti om, O & L
ber of occasions, nasthings were moved by thair par-
ents (Yoser and Vinshow 1988a) whick interrupted
our weighings. Thus, we could not establish o come-
plete growth curve for any single individual and
poaled the total of 387 measerements that were made,
We also captured and recaptured two fledglings and
two aduls males {that woere feeding mates and younyg)
as wull, and they provided pest-fledging data.

Simultaneousiy with the mass measurements, we
used doubly labeled water to measure energy and
water use in the shrikes. These data aliowed us
sobve, in part, how Greal Grey Shrike nestiings grow
at thae zils 0f the methods mav be
found in Degen et al {1992).

fotal body water (I'B¥} volumes were estimated
from the initial dilution of isotores, and water Ehux-
os were caloulated from the subsequent dechne in

0 e

ratey we found. Data

specific avtiviby of fritiuem over time (Nagy and Cos-
ta 19801 Water influx cqualed tedal water intoke, that
is, metabolic water and waler from food {preformed
waterh Water vapuor diffusiomal ex ch{-nge LTSNS PeT-
meable surfaces wae considered nepligibhe, Water of-
flux was calculated as —water influx — ATBW,

The separation of tatal cnergy into its components

Takrr 1. Comparison of logistic growth curve slope {k] values among nestlings of two derer-dwesding af
cial passerines, Great Grey Shrike nesthnga and the vaiue predicted by the at l».‘ﬂ\LtIxL cigiation t.ﬁ
(1968} fur a temperate altricial passerine of the same asympay

sevoral ansimipti
oo and efficienc y
deseribed in detail by L*ece'l et al

RisiaTs angs [icossn g

The growlh curve of the Great Grey Shrike
nestlings was sigmoidal as is generally the case
for birds and mammals (Degen et al. 1992).
From the logistic growth equaﬁon ﬁﬁﬂ{i o the
data, we calculated that the Hme it :
Grey Shrikes to grow from 10% fo
asymptotic body mass was 11
just 1L.3% greater than the va
a temperate passerine of
body mass bx Ricklefs’

gisHc curve, K, wh
crage growth rats
This is i the range moas
ities in peneral and 3
abird with an asyn 1 : )

conlrast, k values for deosert w].\‘l..'.lt,*- i the s
area, at the same time of vear, as our shrikes are
only one-third of the valuce for shrike nestlings
(Table 1.

Thus, our original hypothesis s superfical-
Iy supported by the data. Great Crey She
nestlings raised in the desert have g S
cquivalent to those of 'EE‘.PE:at"- EmaE
greater than those of Bpd
ever, we based pur hy

vided a predictable food =t
some extent, be rue. b
based on the number o
caches by Yosef (19545}
food could not accow! for e
fraction of the tnta. enerpy needed
we show helow,

s metabalizable :..erg
average cache could supply only 7% or |
the needs of the chicks.
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= m bodv water increased with age as ex-
pected {Degen et al. 1989). Total body water
volume as a fraction of body mass decreased
from approximately (.90 in nestlings to (162 in
mature birds as it does in other species {Degen
et al. 1992}, This reduction in the fraction of to-
tal body water volume is related to an accu-
mudation of bady solids and {ipid in the grow-
We calcuiated rates of heat production and
cnergy intake from rates of CO? production.
Throughout the study, total heat production of
the Great Grey Shrike nestlings, fledglings, and
aduits was lower than the daily energy expon-
citure predicted by Nagy's equation for Free-liv-
Birds of the same body mass (Nagy 1987).

E114

iz "’f}% for ﬁedg! ngs of 3G g
5o in shrikes was reiahveiv

¢ used for maintenance must
=8 iﬁ% Reat production for
g nesthings will contribute
costs for feeding males.
crease in heat production of
s with age would suggest slow devel-
——l;?meni' of thermoregulation as the birds grow.
Thus, energy for thermoregulation is also saved
as has been described by for other growing
nestlings by C'Connor (1977},

Metabolzable energy intake also followed a
sigmoidal curve, The ratio of metabolizable en-
ergy intake tu average daily energy retention,
generally decreased as the nestlings grew. Total
metabolizable energy intake over the nestling
peried averaged 1140 kJ; nestlings retained 172
o 183 k] in increased body energy, or 15% to
16% of the total metabolizable energy intake.

The mwan ficld metabolic rate {FMR) of two
aduit maies was 112.1 kJ/day which was simi-
far to that of fledglings of similar body mass,

#ut which was only 67 8% of that predicted for
wee-living passerine of the same body mass
iNagy 1087} Furthermore, the FMR of the
aduls was only 54 2% of that predicted for non-
eriaily foraging adults feeding altricial
ings. We recognize that this is based on
%{ﬁi_ us.iult mabes, but these values are still

nestling was 91 kJ. Mean daily energy expen-
diture for the adult males was 112 kf and since
they maintained constant body mass during
the study, cnergy intake equaled energy ex-
pcndlture if we assume that cach male pro-
vided food for five nestlings and his mate, and
that the energy intake of the female was simi-
lar to that of the male, then maximum daily
metabolizable energy provided by the male
equated 679 kj [(91 k]/nestling % 3 nestlings) —
(112 kf/adult % 2 adulis}. In order to provide
this amount of energy. males had to collect 33.4
g dry matter or 133.8 g fresh matler of insects.

By making the same kinds of assumplions as
in the above calculation, we also calculated to-
tal metabolizable energy collected by a male
Great Grey Shrike over the 18-day nestling pe-
riod. Metabelizable cnergy intake per nestling
over the 18-day period was 1140 k] and per
aduit was 2018 (112 k] /d = 18 d) k]. Therefore,
mates had fo collect a total of 9734 kJ [(1140
kf/nestling X 5 nestlings) + (2018 kI /adubt X
2 adults}] metabolizable energy over the
nestling period. In order to provide this energy,
males had to collect 480 g dry matter or ap-
proximately 1918 g of fresh matter of insects. Of
the total energy collected, each adult consumed
approximately 20.7%; that is the males con-
sumed one fifth of the total energy that they col-
lected, and the nestlings consumed 58.5% or
1123 g.

Assuming each insect had 2 mass af one
gram (a conservative assumption), 1123 insects
were fed to the chicks. As only 80 items, on av-
erage, were found in a shrike cache when hatch-
ing took place {Yosef 19589}, the larder supplied
7.2% or less of the food intake of the nestlings!

YConnor {1978) described three reproduc-
tive sirategies fur passerines according to food
evailability. (1} With predictable food available
before and during breeding, birds use a clutch
adjustment strategy, that is, females lay the ap-
timal number of eggs that the food supply can
suppeort. {2} With unpredictabie food availabil-
ity before nesting but stable after, birds use a
brood reduaction strategy, that is, feed the
strongest chicks and, if necessary, let the weak-
est perish. (3) With unpredictable food avail-
ability before and after nesting, a resossrce stor-
age strategy is used, that is, nestlings
accumulate lipid material which can be maobi-
lized if there is a shortage of food.

Because of unpredictable food supplies as-
sociated with deserts, the last stratcgy appears



to suit desert passerines, and because of the
high energy value of lipid material, this strate-
gy should be characterized by slow growth
rates in nestlings. Great Grey Shrikes, howey-
cr used the first strategy. That is, the growth
rate of the nestlings was equivalent to that of
passerines fram temperate areas.

This is attributable, in part, to the very low
maintenance energy requirements of the young
and to the slow development of thermoregula-
tion. In addition, The energy expenditure of
males was only half of that predicted for non-
aeriatly foraging adults feeding altricial
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nestlings. It we assume that the males can sus-
tain a similar increase in energy expenditure to
that sustained by other adult passerines Faising
their voung, then Great Grey Shrike males may
have much leeway, even in poor years, to pro-
vide their nestlin gs with food to mainizin nor-
mal growth rates.
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