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ABSTRACT.—Arabian Babblers (Turdoides squami-
ceps) are territorial, cooperative breeding passerines
that inhabit extreme deserts and live in groups all
year round. All members of the group feed nestlings
in a single nest, and all group members provision at
similar rates. Nestlings are altricial and fledge at
about 12 to 14 days, which is short for a passerine of
its body mass. Because parents and helpers feed
nestlings, we hypothesized that the growth rate of
nestlings is fast and that they fledge at a body mass
similar to other passerine fledglings. Using a logistic
growth curve, the growth rate constant (k) of nest-

* Address correspondence to this author. E-mail:
degen@bgumail.bgu.ac.il

lings was 0.450, which was 18% higher than that pre-
dicted for a passerine of its body mass. Asymptotic
body mass of fledglings was 46 g, which was only
63% of adult body mass, a low percentage compared
to other passerines. Energy intake retained as energy
accumulated in tissue decreased with age in babbler
nestlings and amounted to 0.29 of the total metabo-
lizable energy intake over the nestling period. How-
ever, energy content per gram of body mass in-
creased with age and averaged 4.48 kJ/g body mass.
We concluded that our hypothesis was partially con-
firmed. Growth rate of babbler nestlings was rela-
tively fast compared to other passerine species, but
fledgling mass was relatively low.

Deserts are characterized by unpredictable rainfall
and unpredictable, often sparse, food availability
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(Evenari et al. 1982), which can lead to a relatively
slow growth rate of nestlings. The Arabian Babbler
(Turdoides squamiceps) inhabits extreme deserts,
which suggests that the growth rate of babbler nes-
tlings would be slow. However, that does not appear
to be the case because nestlings fledge at 12 to 14
days (Zahavi 1990), which is short compared to pas-
serines of similar body mass (Ricklefs 1968). Conse-
quently, nestlings have either a fast growth rate or
they fledge at a low body mass, or both.

Arabian Babblers are cooperative breeders and
parents and helpers participate in the feeding of nes-
tlings. All group members provision at similar rates,
irrespective of sex or dominance rank within the
group (Wright 1997, 1998) and, therefore, we hy-
pothesized that the growth rate of nestlings is fast.
To test that hypothesis, we determined growth rate
of babbler nestlings using a logistic growth curve
and compared results with other passerines. We also
measured energy use in babbler nestlings and esti-
mated body-energy accumulation during growth.

Materials and Methods.—Study species and study
site.—The Arabian Babbler (65 to 85 g) is a passerine
species distributed in Saudi Arabia, Sinai, and in
some of the extreme deserts of Israel, and is the only
bird species in Israel that lives in groups year round.
Those groups are territorial with the number of birds
per group generally between 3 and 5 individuals, but
the range is between 2 and 22 (Zahavi 1990).

Egg laying in each group of babblers takes place in
one nest usually between February and August.
Three clutches are possible. Breeding females lay be-
tween 3 and 5 eggs during each clutch and, where
more than one female lays, the total number of eggs
can reach 13. Maximum number of fledglings from
one nest is about six. All members of the group par-
ticipate in all phases of nesting and rearing young
(Zahavi 1989, 1990).

All birds, including nestlings, were color banded.
To determine growth rate of nestlings, 77 chicks from
24 nests were used; all nests were attended by par-
ents and helpers. Five nests had a brood of two, 10
had a brood of three, 8 had a brood of four, and 1
had a brood of five. All nests were observed daily,
and time of hatching was determined in each. Age of
nestlings was measured in days. Changes in body
mass of nestlings were followed by periodically
weighing them over the nesting period and pooling
the total of 547 measurements that were made (De-
gen et al. 1992).

The study was done at the Nature Reserve at Hatz-
eva (30°45'N; 35°15’E) in the Arava, ~30 km south of
the Dead Sea. That site is characterized by long, hot,
dry summers. It has a winter rainfall that averages
35 mm annually, but there are large variations in to-
tal rainfall and in its temporal and spatial distribu-
tion. Average daily air temperature for the hottest
(August) and coldest (January) months are 30°C and
15°C, respectively (Stern et al. 1986).
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Doubly labelled water measurements.—PField metabol-
ic rate (FMR) and water flux of babbler nestlings
were measured from February to August, 1996. Nes-
tlings (n = 65) were injected subcutaneously with 70
ul/g water whose oxygen was 95% O and whose
tritium produced 1.85 MBq/mL. Injections were
done between 0900 and 1100 (GMT + 2 h). One hour
was allowed for equilibration of the isotopes with
body fluids (Degen et al. 1981), after which time a
blood sample was collected from a brachial vein and
the nestling was weighed on an electronic balance
(+0.2 g). Further blood samples were taken daily for
the next one to two days at the same hour.

Blood samples were microdistilled under vacuum
until dryness to obtain pure water. Specific activity
of tritium in the water was measured by liquid scin-
tillation spectrometry (Nagy 1983). Level of *O spe-
cific activity was measured by an autogamma count-
ing system (Packard) after converting ®#*O to
gamma-emitting *F by cyclotron-generated proton
activation (Wood et al. 1975). Blood samples from
three noninjected nestlings from different nests were
treated similarly to measure background levels of *O
and tritium.

Total body water (TBW) of each nestling was cal-
culated from the initial dilution volume of isotopic
water, and water fluxes were calculated from the
subsequent decline in specific activity of tritium over
time (Degen et al. 1981). We were suspect of the exact
injection volume in some nestlings and, therefore,
there were 48 TBW measurements of the 65 injected
nestlings. In nestlings without TBW measurement,
TBW values from the regression analysis of TBW on
body mass was used (see results) to calculate water
flux and FMR (Anava et al. 2001). Total body solids
were calculated as the difference between body mass
and total body water. Rates of CO, production were
estimated from the declines in specific activities in
tritium and O over time (Nagy 1980). Eight samples
could not be measured for 30O and, therefore, there
were 57 FMR measurements.

Treatment of data.—A logistic equation was used to
describe the growth curve of nestlings (Ricklefs
1968). We calculated the age of maximum growth
rate (in days) and maximum growth rate (in grams
per day) at the inflection point. To compare the
growth rate of Arabian Babbler nestlings with other
bird species, we determined the time required to
grow from 10 to 90% (t,, ) of asymptotic body mass
(Ricklefs 1968).

Rates of CO, production of babbler nestlings were
converted to rates of heat production and energy in-
take on the basis of an insect diet: 25.7 ] were ex-
pended per milliliter of CO, produced (Nagy 1983)
and metabolizable energy was 0.75 of gross energy
(Robbins 1983). We assumed water influx equalled
metabolic and preformed water from food. For in-
sects, a volume of 0.660 pl of metabolic water was
generated per milliliter of CO, produced (Nagy
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1983). Preformed water intake was calculated as the
difference between water influx and metabolic water.

We used FMR, growth rate, and changes in total
body solids to calculate the energy budget of nest-
lings. Metabolizable energy intake (MEI) of the
growing Arabian Babbler nestlings was expressed in
terms of heat production (HP) plus or minus energy
retention (ER) accumulated in new tissue. HP was es-
timated from the DLW measurements and ER from
the changes in body solids of the growing nestlings,
assuming that 21.3 k] were accumulated as body en-
ergy per gram of body solid gain (Weathers and Sul-
livan 1991). Dry-matter intake was calculated from
the MEI, assuming 20.3 k] of metabolizable energy
were yielded per gram dry matter (Nagy 1983).
Fresh-matter intake was the sum of dry matter and
preformed water of the diet. Total ER as a fraction of
total MEI was determined on a daily basis and over
the whole nestling period.

Results.—Nestling development and growth.—Arabi-
an Babblers at hatching weighed 4.47 = 0.61 g (n =
37) or 6.2% of adult body mass. Hatchlings were
completely naked and their eyelids were fused. Their
eyes opened between four and six days, during
which time feathers emerged. As fledglings, aged 12
to 14 days, their bodies were covered with plumage,
but development of wings and tail were not complete
and, as a result, they were unable to fly. Tarsus
length on day 10 (36.7 %= 1.53 mm, n = 24) was 96.6%
of adult size (38.8 * 0.91 mm, n = 110).

From the growth curve (n = 547) of nestlings (n =
77) described by the logistic curve (Fig. 1; Appen-
dix), the asymptotic body mass of the babblers was
46.0 g and the constant parameters B and k were 13.3
and 0.450, respectively. The ratio between asymptote
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body mass and mean adult mass (72 g) was 0.63.
Maximum growth rate of nestlings, 5.17 g/day, was
attained at 5.74 days and the time required to grow
from 10 to 90% of asymptotic body mass (t,, o) was
9.76 days

Total body water, water flux and field metabolic rate.—
Total body water volume (TBW; in milliliters), esti-
mated from *O space, increased linearly with body
mass (m,; in grams), TBW = 0.711 m, + 1.781 (n =
48;5,=0.36; S5, = 1.75; v = 0.89; and P < 0.001, Fig.
2). However, TBW, as a fraction of body mass, de-
creased linearly with body mass (in grams), TBW =
0.861—-0.0028 m, (n = 48; S, = 0.001; 5,, = 0.06; 12 =
0.11; and P < 0.05).

Both water influx and water efflux increased line-
arly with body mass. The regression equation of wa-
ter influx (milliliters per day) on body mass (in
grams) was Water influx = 0.352 m, + 5.221 (n = 65;
S, = 0.06; S,, = 3.56; > = 0.36; and P < 0.001), and
water efflux (milliliters per day) on body mass (in
grams) was Water efflux = 0.490 m,~ 2.051 (n = 65;
S, =0.05;S,, = 2.99;r* = 0.61; and P < 0.001, Fig. 3).
Water efflux at 22.8 ml/day equalled water influx
and this occurred at ~50 g body mass. Field meta-
bolic rate (FMR) of the nestlings increased linearly
with body mass (Fig. 4). The regression equation of
FMR (kilojoules per day) on body mass (in grams)
was FMR = 1.52 m,— 435 (n = 57; 5, = 0.37; S, =
19.12; r?= 0.24; and P < 0.001).

Discussion.—Arabian Babblers attain adult body
mass between 8 and 12 months of age (A. Anava un-
publ. data). The nestling phase (12 to 14 days) is
short compared to other passerines of similar body
mass and to passerines in general (Ricklefs 1968).
Shortening the nestling period can (1) allow adults
to produce more clutches per year; (2) reduce the risk
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of predation (Lack 1968); and (3) allow adults and
fledglings to move from the nesting site to forage
new patches. During the nestling period of babblers,
skeletal development is fast, which is typical of most
passerines. However, that is not the case with the de-
velopment of feathers and body size and, as a result,
fledglings are unable to fly and to forage indepen-
dently for about two months (A. Anava pers. obs.).
They are dependent on their parents and helpers for
food. Thus, those fledglings are like nestlings, but
are outside the nests.

The growth rate constant (k) was 0.450/day which
was 18% higher than that predicted (0.381/day) for
a passerine of its body mass (Ricklefs 1968). The time
required to grow from 10 to 90% of its body mass
(t10.90) Was 9.76 days which was 17% faster than that
predicted (11.4 days) for a passerine of its body mass
(Ricklefs 1968). The ratio between the asymptote and
adult mass, 0.63, is one of the lowest in passerine
species (Bateman and Balda 1973, Degen et al. 1992,
Weathers et al. 1990, Woolfenden 1978).

Water content, as a fraction of body mass, de-
creased with age in babbler nestlings. A reduction
has been reported in other birds (Robbins 1983,
Rowe 1990) and is related to an accumulation of
body lipid in growing nestlings (O’Connor 1977,
Robbins 1983). Water efflux and influx increased
with body mass in growing nestlings. Near fledging
(46 g), mass specific water influx was 46 ml g day™*
which was similar to the 41 ml g day found for
adults (Anava 2000) and similar to Northern Shrike
(Lanius excubitor) nestlings near fledging (Degen et
al. 1992).

Metabolizable energy intake followed a sigmoidal
curve, as has been reported for Northern Shrikes
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(Degen et al. 1992). It increased with age (Fig. 5) and
reached its peak (72 kJ/day) at 10 days of age. Total
metabolizable energy intake (MEI) per chick over the
nesting phase of 1 to 14 days was 759.4 kJ. This is
only 68.5% of the predicted MEI (k]/nestling) cal-
culated from an equation generated from fledgling
body mass and fledging time (Weathers 1992). The
ratio of ER to MEI decreased from 0.62 at 1 day of
age to 0.05 at 14 days of age (Appendix). Growing
nestlings required more energy for maintenance and

100
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FIG. 5. Metabolizable energy intake (MEI); field
metabolic rate (FMR), heat production (HP); metab-
olizable energy for maintenance (MEm); and energy
retention (ER) of Arabian Babbler nestlings. The area
between FMR and MEm represents the heat incre-
ment of feeding for growth. Values were based on lo-
gistic growth curve (see text).
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thermoregulation and, therefore, a smaller propor-
tion of MEI was available for growth. Thus, even if
the efficiency of utilization of energy for growth re-
mained constant, that is, the relative proportions of
heat increment of feeding for growth and of ER
stayed constant, the ratio of ER to MEI would de-
crease. However, concomittantly, as nestlings grew,
the ratio of ER per change in body mass increased
from 3.18 k] per g body mass in nestlings of 1 day to
5.65 K] per g body mass in nestlings of 14 days. The
nestlings were putting on proportionately more
body solid and more lipid as they grew, and thus the
energy content per change in body mass increased
with age. Average energy content per gram of body
mass over the whole nestling period was 4.48 k] per
gram.

Calculated total dry matter and fresh matter in-
takes of each young over the 14 day nestling period
was 35.8 and 202.3 g, respectively. Mass-specific dai-
ly dry matter intake generally decreased with age
and ranged between 0.07 and 0.11 per gram of body
mass. Lowest fresh-matter intake per day as a frac-
tion of body mass was 0.52 at 12 to 14 days of age
and highest fresh-matter intake as a fraction of body
mass per day was 1.49 on the day after hatching.
Red-backed Shrikes (Lanius collurio) had an overall
fresh-matter intake per day of 0.56 body mass with
a daily range of 0.40 to 0.78 (Diehl 1971) and North-
ern Shrikes had a daily intake of 0.38 to 0.85 of body
mass.

We concluded that our hypothesis was partially
confirmed. Growth rate of Arabian Babbler nestlings
was relatively fast compared to other passerine spe-
cies, but fledging mass was relatively low. A conse-
quence of early fledging could be that predation is
reduced and foraging area in a harsh environment is
increased.
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APPENDIX. Parameters of the nestling Arabian Babbler’s energy budget.

Age m,? Am, ERP FMR¢ MEI4
() (8) (8) (k] /day) (KJ/day) (K /day) ER/MEI
0 3.22 0.00 0.00 3.14
1 4.86 1.64 5.21 3.16 8.37 0.622
2 7.19 2.33 7.74 6.58 14.32 0.540
3 10.36 3.17 11.13 11.40 22.53 0.494
4 14.40 4.04 15.23 17.54 32.77 0.465
5 19.18 4.77 19.38 24.80 44.18 0.439
6 24.32 5.14 22.49 32.61 55.10 0.408
7 29.32 5.01 23.48 40.22 63.70 0.369
8 33.76 4.43 22.00 46.96 68.96 0.319
9 37.36 3.60 18.67 52.44 71.11 0.263
10 40.09 273 14.60 56.59 71.19 0.205
11 42.05 1.96 10.71 59.56 70.28 0.152
12 43.40 1.35 7.51 61.62 69.12 0.109
13 44.31 0.91 5.10 63.00 68.09 0.075
14 4491 0.60 3.38 63.91 67.29 0.050
Total 41.7 219.1 543.5 759.4 0.289

* Mean body mass (m,; gram) = 46/[(1 + 13.27) x e~0454],

b Daily energy retention (ER) calculated as: ER = fraction of body solids X Am, X energy yield. ER = (1 — (0.865-0.0029 X m,)) X Am, X 21.3.
< Field metabolic rate calculated from the equation: FMR = 1.52 X m,™*%,

4 Metabolizable energy intake: MEI = FMR + ER.



