Do songbirds store calcium in their legs?
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During egg laying, birds must mobi-
lize large amounts of fat, protein and
minerals, especialy caldum, for the for-
mation of their eggs. Of these three, cal
cum has been the least well studsed.
Chservations on chickens and pigeons
have suggested that the formation of
large amounts of “medullary bone” in
hollow spaces in the interiors of ther leg
bomes could serve asa store of easily mo-
bilized calcium to provide the large
amounts of calaum required for egg
shell formation [1.2]. There have appar
ently never been any studies of the de-
velopment of medullary bone m laying
passening birds.

There are thought to be two basic
strategies of resource use in birds prepar-
ing for reproduction: those thatacoumu-
late resources over a long period prior to
reproduction, storing essential resources
in somatic “bank accounts” for later re

pmduction. These so-called “capital”
breeders can be contrasted wath “in-
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(Figure 2) Schemstc wiew of fie experimental
sefup for fre molography messurements.

come” breeders which do not store re-
sources but lay eggs on resources that are
ingested very shortly before egg-laying.
Creater undemstanding of which of these
strategies are pursued by songhirds have
become of more than basic interest in re-
cent years, as noeasing evidence is ac-
cumulating to indicate that reproductive
failums in some songbirds can be linked
to decreases in calaum availabihty due
in part to the effects of add min.

Far the past year, we have been
studying the structure of the leg bones of
songhirds to see whether these birds are
best interpreted a8 income or capital
breeders with regards to thar calaum
metabolism. Ina series of experiments

on legs from passerine
brds we have generated
x-ray images that indicate
the potential for quantify-
ing caldum stores in live
brds without harming
them. The leg bones of
these birds are tiny (see
Fig. 1, about 14 mm long
and 1.5 mm in diameter),
and contain about 607
minerals, 38% of which
are caldum, other com-
poments are fat, collagen,
and water. The challenge
has been to visualize the
interiors of the bomes
with sufficient acuty to
measume the differential
development of calaum
deposits within them [3].
The expenments were
carried out at CHESS beamline D1 using
Xorays at 12keV (figure 2). We used an
asymmetric-cut 5i-220 monochromator to
obtain a beam with a large oross sechion
and high energy resolution (AE/E=10°).
Radiographs of the bone samples were
stored on Kodak high resolution x-ray
film. In order to allow for computenzed
data analysis the recorded information
was digitized with a film scanner. The
spatial resolution obtained through this
processis 9 im. The wse of the synchro-
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trom radiation (SR) at CHESS offers sev-
eral advantages: The collinearity and the
monochromatization of the SR eliminate
distortions present in images made with
conventional x-ray sources, providing
higher spatial contrast and mproved
sersEitivity for chemical elements. Most
impartant here, the monochromaticity
reduces the radiation dose to the speci-
men and the high intensity of the beam
{approsc. 10° photors /sec) allows for
short exposure imes (less than (.4 sec-
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omds), necessary for m vire experiments
with live birds.

In the first set of experiments, we
measured the density and intemnal struc-
ture of the leg bones of tree swallows
(Tachyermeta bicolor, Fig 1) before and af-
ter ege laying. We captured femalesin
ther nests before they laid any eggs and
took detailed radiographs of their leg
bones. Immediately after they completed
thear clutches, we captured the same fe-
males again, thus allowing us to compare
the thickness, structure and density of
ther leg bones shortly before and imme-
diately after laying. Clearly, capital
breeders would be expected to exhibat
larger amounts of calcium in the bomes
pror to lbying and some evidence that
these caldum stores were depleted by
laying. In the tree swallows, we found
mo evidence of such an effect. The bomes
of females hefore and after laying were
indistinguishable.

To test the robustness of this pattern,
we turned to museum collecons of the
leg; bones of brown-headed cowbirds
(Midothrs ater). These binds are brood
parasites, birds which tnck other birds
into raising their young for them. Omne of
the hallmarks of this hife-style 1= that fe-
males must lay extraordinary numbers of
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In summary, the high resolution radi-
ography made possible at CHESS has al-
lowred us to determine with a fair degree
of certainty that songbirds are not capatal
breeders. Rather, these birds must base
the production of egg shells on thewr in-
come of caldum over short ime periods
before and during the laying of a dutch.
Thus, these spedes become very sensi-
tive to any environmental changes, such
as acid rain or chemical poisoning of
snils. The decrease in availabihity of au-
dal minerals are likely to have direct and
immedate impact on the reproducton of
these birds.

egrs to guarantee successful reproduc-
tion. 5o, whik a female tree swallow
may lay five to eight egps in a season, a
cowhird wall often lay up to 50, Clearly,
if there i= any songbird that would have
a use for somatic stores of calcium, the
cowbird would appear to be it! Because
we did not have access to females before
and after laying, we companed the bones
of female cowbirds collected durmg the
reproductive season with those of fe-
males collected during the fall and with
those of males, who clearly have no
adaptive need for large calaum stores.
Thess comparisons yielded the same con-
clision as did the tree swallow studies:
cowbird leg bones show no sign of thick-
enmg or structural changes associated
with the breeding seasom, nor ane female
leg bones distngnshable from those of
males {figure 3). Thus, cowbirds, too, ap-
pear to be income breeders for caloium,
We next turned to a sample of bones
collected by our colleague, Dr. Jaap
Graveland, at the Netherlands Institute
of Ecology. Dir. Graveland's work on the
effects of calemm limitation for the re-
production of great tits (Paris mapor) 1sa
sigrificant contribution to our under-
standing of the mle of acid ran and cal-
cium limitation in songhird reproduction
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[4]. In our experiments we compared the
hones of tits that were collected or died
of reproductive complications assodated
with attempting to breed in caloiwm- poor
habitats with those from relatively cal-
aumerich habitats. Even though there
weme more differences among individual
birds in these Dutch samples than we de-
tected in the other two studies, there
weme no significant overall differences
between the leg bones of adults breeding
in calcmm-poor and caloim-rich envi-
ronment (figure 4 A-B).

In contrast to all these studies on
adult birds, we did find substantial dif-
ferences in the leg bones of great tit
young that were reared in conditions of
different calcium availability to ther par-
ents (figure 4 C-D). The specimen shown
in figure 4C has a sigmificantly thicker
outer wall of the hollow bone and a more
pronounced trabecular structure near the
joint than spedmen 40, comesponding to
amuch higher content of calcmm in the
bomes of the juvenik raked in a caldum-
rich habitat. Our methods could thus de-
tect differences in the calcium states of
songhird leg-bones, but these differences
am only apparent in those birds that
have diffenng calcium avalabibty dur-
ing their imtial development.
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