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"Between April, 1981 and July. 1983, 1 collected 563 (211 male. 352

fem.ie) house sparrows‘(Passer domesticus) around Landon, Ontario, A

weighed their nutrient reserves (protein, fat, calcium) and determined

their*food habits, to see if nutrient reserves proximately cont;ol

clutch size in-this énecies Daily. encrgy deméndS'during egé prodﬁction"

- were evaluated by analyzing changes in nutrient reserves.. Captive house )

sparrovs were studied to determine if stored fat was depoaited in eggs.

’ 'The propdrtions of males andlfemales~that const high-protein

foods varied with the seasonal availability of ineects. Ihsect use\was

-.\
3

low until egg laying but then increased and remgined high thereafter.

Insect conaumption by males -and females was similar throughout breeding.
” N [

The proportion of males and femalea that ate calciferous material was

constant (low) until egg production began.\Ihen most females, but few

malea, consumed calciferoua matérials. Aft;r laying, female consumption

)

“of calciferous materiala declined and equaled that of hal

- >
. -
- I
L .
. .
o -
.
.
\
[y
- A
- .
-

Before egg production hegan, maled used protein and £at but. not

v

calcium reservea, protein and fat reservea of females vere ‘constant- but

calcium was accumulated. Becqpse the proportion of femaIee that consumed

calciferoue materiale did not change during prereproduction. femalea'-u
must have accumulated calcium through increaaed retan;ion of calcium
from their normal diet. Aiter egg production began. maie nutrient

. : " L]

" '111 . : . ;
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U reserves remained constant thronéh pestreproduction: Fensle protein and :,"
T . .‘~
. o calcium reserves declined linearly dnring egg production, fat reserves,

\

.

however, increased while 502 of the fat in a clutch was being sllocsted,

& N, . édnd declined rapidly thereafter. The use of protein and fat reserves was
N Lo

w

- L \,:independent of clutech sige as all postlaying fenslesxhed at leest enongh-

protein and fat to build an additional egg. Protein and éalcium xeserves‘

\ .
of postlaying females remained constant: bnt fat Ancreaged, -

) . ) .'

:. Maximum daily energy required for egg production was, at mnst, 502

1

o ) ) of basal metabolic rate, Fst ingested by captive honse sparrows ‘was .
'\ I v ® - ) —_—
o ;deposited daily in the. developing follicles and fat not. -put into :

-

'v

‘\:.' follicles went to fat depots, which were used rapidly. 1 conclude thst,

'\J although female house sparrows do use nutrie;k reserves during egg

. '1' "‘ » . ‘e 1

l . .
! Laying, their clu;ch size is not conttolled therfgy.. oLt
- j .
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Both the nutrient and energetic demands of egg production in-
: " - . N - ! .
non-passerines, especially anseriforms, are greata(King 1973, Ricklefs
1974 Milne 1976, Siegfried et al. 1976, Korschgen 1977, Ankney and .

MacTInnes 1978, Peterson and Ellerson 1979, Raveling 1979, Krapu 1991

’ (

Alisauskas 1982, Drobney 1982, Reinecke et al. 1982, Tome 1983, Ankney
: . .

1984). These demands can be so great'that the final clutch size of

some speclés, e.g. snow goose (Chen caerulescens, Ankney'and MacInnes -

1978) is proximately controlledjby endogenous (stored) nutrient and/or
. d 3 . p]
energy reserves. While endogenous nutrient and energy reseryes are

necessary in non-passerines for the production of eggs, the situation
v : . :

for passerines remains unclear. ’
¢

From the few extensive .studies conducted on 'the bioenergetics of

-breeding passerines,‘the results have been conflicting. The red-billed .

quelea (Queléa gyelea), a nomadic highly colonial subtropical
[3

granivore; stores protein reserves before egg production and offsets

v
’ 4 Ey

endogenous reserve use during egg iaying throdgh increased eiogencus

.

(daily) intake of high protein and calciferodus foods (Jones 1976;
Jones and Ward 1976). Jones and Ward (1976) concluded that egg

production was limited by a minimum endogenous reserve leveI. The

. [} o
grey-backed camaroptera (Camaroptera brevicaudata), an_aseasonally

multi-brooded tropical insectivore, stores protein before.egg

production posbibly to' meet specialized amino aeig needs while
endogenous fat was stored to provide energy for the loss .in feeding

time resulting from searching for calciferous materials (Fogden and

L

\?bgden 1979) Courtehip feeding in the grey-backed camaropte&a {s
probably important in meeting nutrient and energy deqrnds (Fogden and

Fogden 1979). Based on the timing and magnitude of endogenous reserve

4
Y .
' -

~

Ll
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........... 2

. A : .
fluctuations in the grey-backed camaropteéra, Fogden and Fquen (1979)
concluded that neither endogenous nor exogenous reserves were

proximately controlling clutch size. The brown-headed cowbird

(Hglothrus até&)t,a temperate gramivorous nest pafasite, stores
neither protein, fat nor calcium before egg producti«#not does it
utilize endogenous protein,'fat nor calcium during egg productloo _ ' //~

(Ankney and Séott 1980). Moreover, the brown-headed cowbird diet

P——

shifts from mainly seeds before, to mainly ineects‘anq'celciferous
matetlfls during egg production (Ankney and écott 1980). Ankney and ‘
Scott (1980) coneluoed that clutch size eae not oroximetely controlled
by endogenoos reserves.

The liouse sparrow (Passer domesticus), a‘circumpolar-seasqnally

,}mltlebtooded granivore, according to Schifferli (1976) stores
proteln, fat and calcium ﬁefore egg.production. Duringhegg laying .
protein aod calcium intake increases to offset the use of endogenous
'reserves (Schifferli 1976) Although egg production ceases ‘before
endogenous reserves are depleted Schifferli (1976) concluded that
nutrient stores could be "biologically significant” in meeting the .
"strenuous' demards ot reproduction. Pinowska (1975?1979) found female

-

hoose sparrovs to»differentially accumulate fat and store protein
before egg production, and to increase protein and calcium intake_ }
during‘eggtlafing to offeet‘:ee of endogenous reserves. She concluéed
that clutch size was proximately controlled bj the lnitial amount‘of
‘fat stored when egg ptoduction'began'(Pinovska,l979). .
Thue Jones aﬁd'Ward.(l97o) and Pinowska‘(1979) coqclqded that

f
clutch size was proximately controlled by endogenous reserve uae

.:and/or storegn4’aﬂzlzn;nkney and Scott (1980), Schifferli (1976). and

-
.

]
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Fogden and Fogden (1979) concluded that clutch size was ot ~

proximately controlled by endogenous‘reserve'uae and/or storage.
Energeticaliy, egg‘proﬁuction places less nemand 6n paseerines
(45 - 58% of Basal Metaboiic Rate (BMR)), than on anseriforms (156 -
239% of BMR) (King 1973). But still, to add.582 of daii? BﬁR'onto the
normal daily energy demands of a fenale may represent. a burden so
great that clutch size could be limited. Kendeigh (1975[_investigated

the added energy demand of reproduction in,house sparrows bﬁ

determining the index for the incipient metabolic capacity of work.

This index is the difference between BMR and the potential enérgy that

is readily'mobilizable or the amount of energyﬂin excess of ,

maintenance adtivities which‘can be allocated to other purposes, e.g.

egg production. According to Kendeigh (1973) this index peaks during
the breeding season in house sparrows because of a combination of

lowered BMR from amHient temperatures approaching the thermoneutral
4 1

zone and the aecline in energy being allocated to qxher functions,
~ Ty
e.g. transportatign. Thus, if there 1is to_ be any perigd during the

year when a female would be most capable of méeting ektra energy
. P -
demands, that time would be'duriné the breeding aeason. Further, if

the energetic demands of-egg production’are potentiaily iimiting thenv
why is the daily eneréetic cost of egg'nroduction'(lé'é ﬁj-
bird-l-day 1, Kendeigh 1973) only 34% of the daily energetic cost of °
nestling care (32;2‘kJ +bird l-day 1, Schifferli,lg}6)?
. In apite of the above evidence regarding passerine energetics and

the conflicting results from studies of endogenous’ nutrients_in
T .. . , ’
breeding passerines, researchers continuve. to claim that the production

of eggs by passerine femalés is stressful (Fogden 1972, Jones and Ward

-

PO

A
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1976 Schifferli 1976 Stobo and McLaren 1976 Greenlaw 1978). If
stress is defined as a potentially lethal demand on nutrients and/or

energy; I doubt that egg production in passerines is stressful, I " v
. g - - - . b
investigated the bioenergetics of breeding house spartows to , -

. v
o N . -

est*blish:~l) are nutrient reserves (protein, fat, calcium) stored

before rapid follieular development and 2) does nutrient reserve use

[y

during egg production and/or the heeting of a minimum nutrient reserve

NI LAY W T a

level during egg production limit clutch size?

»

I choee thé house sparrow for the following reasoms. Firet,\l
. - feel that Pinowska's work €1979), which has been( widely cited;_‘

incorporated™several major methodological errors; she assumed that 1)

- s .

allhfemgle house sparrows bred synchronously and seduentially s

L3

throughout the Breeding season, i.e. if a female was'collected during .

. the third nesting,peak of the breeding seapon, that female waB assumed

to have already bred twice (see Section 2. 3), and 2) d(lt all

preovulatory follicles‘>2 0 mm in diameter would eventually OVulate,

whether those follicles were yolky.or not (see Section 2.3). Second,

the biology of the house sparrow has been eXténeively studied- yielding
2 e _ p R
«a broad data base upon which to consult. And finally, the house ' -

sparrow 1s .an abundant and readily obtainable study animal.

- ~

..
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2.1'Study Area

= aw 3
. R4 .
.
. . ,/. . -

.- 4‘ '[ » .- - '
The study area included both suburbgn and rural sites within a 50

-

_km radiué of London, Ontario (43°02'N, 81°09'W). Almost all suburban

P

work was conducted on the University of Western Ontario campus in

London. Rural sites included farms- corn or whéaf; ranches- dairy,

» sheep, and/or pig; and mixed operations. Feedlot operations were not

sem

'used. A large and varied study area was utilized 1) to avoid repeated -

“sampling of the same local popuLafions,and 2) to average out any .

. »

peculiér population traits (after Lowther 1979).

A total of 125 nest boxes (15 X 13 X 10 cm) were located at some .

»
of the sites (between 10 and 30 boxes per site) to obtain clutch'size

data and from which to collect eggs and breeding females. Nest boxés

were plaéed on trees, utility poles, fence posts.and abandoned barns..
No nest boxes were locatéd where the nest microclimate was altered ,by
- - e
man-made waste heat, i.e. nest boxes were never located ipside or on

barns in production, or houses in use Zsee will. 1973, Pirowska 197?);
At the end of each breeding season, all nesfuquea where océupancy'by

house spa;rowé was less than 50% were moved and located elsewhere.

) 2,2 Collecting House Sparrows

« 7 .

House sparrows were collected by using mist nets, Pottef,live

traps,‘nest“box trapb,‘or by druggingcwith alphh—chlotaibse. but

éfimarily'by shooting. Shotguns (.410 and .12 gaﬁge) and rifies (.22

: ﬁéiiéﬁ gun and .22 caliber rifle) were used. Shot éliqs'inclﬁded $ 7,

-
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8, 9 and 12. To-corredt for fluc;uétions.in internal nutrient reserves

“over the daylight period (Kendeigh.et al. 1969) I attempted to -

collect house sparrowa befon! noon; >952 of collected house sSparrows

-

were taken between 0800 and 1200 EST. Birds were collected from March

to May 1981 March to July 1982 and January to May 1983.

2.3'CategorizatiOn’of House Sparrows

. . »
-t .
. » .

. e S . N
Collected hbuse-sparrows were assigned to 1 of 7 categories - ‘\\\

g

Winter, Prereproduc;ive (PRD) Prelaying (PRL) Laying
(LAY), Postlaying (POSE), Eazﬂy Incubation (EI), or Late

'Incubationiﬂestling'(LI/N). 1 defined these as follows:

«
e

Winter- Males or fémales collected during January or Eebruary.'

)

-

) . . . -

Prereproductive- ‘Females collected after February but, with no

yolky pre- or. postovulatory follicles. males collected after February

and before the firat PRL female was collected duting that year. This

period on‘ajejagg,;!p’nﬁEQVZ?montha. e
S G— J - ‘

e

. ‘ *
N . \N‘L‘ k_“ / » -

- - UL .
ot
Prelazing- Femdles collected with yolky pteoVulatory follicles -

'

“but no oviducal egg or postovulatory follicles: malee collected after
'-‘l

the first PRD female ug tﬂ the dete when 502 of the collecteH femalea .

fiad entered LAY (after Caughley and Caughley 1974) Biologically, this

period lasted 4 daya (see Section 3 1.2. 2)

!
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azing- Femalee collected’vith an oviducal egg or if o qg}ducal ¥ I'?;
. egg was present, the largesf postovulatory'follicle weighed more than

‘ S -

.,2 1 mg (the smallest postowulatory follicle of a female with an-

| oviducal yolk weighed 2.2 mg) males coLlected between the date when °

- 50% of the collected fehales had enﬁered LAY and the date when 50% of
the collected females had entered POST. Biologically, this period

could last from 3 tq" days. IR o , —r

RS . t,,
S

. . . L N .
- - N - . .~ - . N -
o - T A .

Postlazing- Feﬁales collected with no yolky preovulatory B .
“ ’ _follicles or oviducal egg and largest postovulatory follicle weighing
o 1ess than'2.2 mg; or if no pre- “or pqstovulatory follicle(s) yas- -
;ﬁresect, then females which??o;cessed a taECclarized, wrinkled,gne/orf

<. - . ¢

flaky brood patch alse qualified (see Pinowska 1979): ‘males cqllected ‘

., 7 after 502 of the collected females had entered POST. Biqlogically;

.this period could last up to 2 weeks. ) ) ' L e

-

- It was possible to further eubdivlqe POST females into 2

4

additional categories (Early Incubation.or Late Incubation/Nestling)
based on morphological characteristics (see below); however using

Caughley and Caughley's (1974) method for further subdividing POST

males proved-fruitless because sample sizes were too small.

.
-
.
.
e, .

Early Incubatioh- Femaleqbcollected without an oviducal egg or.

postovulatory follicle Weighfng more than 2 2 mg but with'at 1east RS

- »

poetovulatory follicle.
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Late Incubation/Nestliugr Females collected vith no,pre- or
- £ i )

postovulatory follicles but pOssessing a vescularized, wrinkled and/or

»

flaky brood patch. c .

~ [ . .
v R i . . -~

¢ In addition to the above I;q}so defined the following broader - -

categories., .

. : X N . - . ‘
- . ’ ’ . » v‘ -~ . - b4
i . S ¥ .
e . .

.

Prereproductive- includes all btrds collected during the WINTER

and PRD periods. When discussing this period I also refer to nutrient '
reserve dynamics between the PRD and PRL periods.'

o~

» -

w
.

Reproductive; includes all birds.collected during the PRL and*LA&‘

periods. When possible, these‘birds.were classified according to the

5 - s ’

number of day& before or aftex they ovulated their. first yolk (after

R -

Schifferli 1976) House sparrows requine 4 days to complete rspid e

+ - . R

follicular development (see Section 3.1.2. 2);“on-the fourth morniyg
(DAY 0), the fitst egg is ovulated Thé day before is DAY -1 while the

day aftér is DAY +L, etc/‘(Appendix 1). Pinowsk& 61979) used a

[N
‘ s R

slightly different DAY classification scheme.,Her DAY 0 was equivalent .

* .

_to my DAY -1, f.e. on her DAY 0, the female had no postOVulatory,_' ~

folliclé. To expedite matters, I standardized the DAY classification
. » ) . L ! : . .
of Pinowska (1979) according to Schifferli's (1976) scheme.

-

, - 3
. B * - -

Poatreproductive- includes all birds collected during the POST -

period which includes pll EI snd LI/N individuals. Hére, discussions o

~

‘may incorborate findings -on the nutrient Teserve dynemics between the

o*

LAY and POST periods. o R oL
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*No collections were made after the first fledgling house sparrow-

of that breeding season was' seen to insure that the previous ‘breeding

-~ -

history of those individuals was‘known, i.e, they had to have been
nesting for the first time in that breeding season. This precaution

excluded individuals which may havé begun their second or later clutch

of the breeding season but did _not preclude collecting re-nesters.
L ad ~ v . -

-

Re-nesters are those females which lost their first clutch and began a
0

second clutchcwithin the first peak#in‘nesting. Following my

’

- criterion, there cam be no doubt de to the preyious breeding histo
D . © Prey 8 Lory

. & .- S ‘ -
‘of an individual, unlike fiﬁowska'b (lQ?é)»criteria. Pinowska (1979) =

assumed, based ‘on the. regularity of breeding peaks of tne-house i’

—

sparrow population she monitored that individuals hg@ brEF

*w

. synchronously and sequentially ‘in relation to the.popdlation, i.e.

X ' O

each female renek\ed as soon 3s possible aiter eich -Successful

o

nesi4n§ However, finogska (1979) found nonbreeding females during

every peak in nesting)’Because of the frequency of nonbreeding females-

and/because the population was not markeﬂ 1 cannot accept her bssic

L]
- -

assumption. . . ’ e
Other researchers have investigsted-ifihouee spérrows nest

synchronously and sequentially. Summers-Smith (1963) noted that house

‘ sparrows will nest sequentially but not necesssrily in" the same ‘box;

.

he did not, state 1if the‘population'bred synchronously and

1

sequentially. North (1973)'seriously doubted vhether tlie same house
spsrrow pair nested sequentially in the sape nest box throughout the

breedingdseason. Weavet (1942. 1943) deduced that while a pair may use

]

v

T

P

]

........
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_only researcher of the above 3 to use a banded population, the

available evidence on whether a house Sparrow pdpulation nests

synchronously and sequentially remains unclear.

»

Females nesting during the first peak in nesting tend to be more
than 1 yéar old (Summers-Smith 1963, Dawson 1972).

Thus‘by collecting first breeders, both prenious breeding history

. .and age were controlled.

P The actuél or potential clutch size of a female was determined by

@ T

counting the number ‘of consecutive pre- and postovulatory follicles

.

M .l
'(after Pinowska 1979) under the following criteria: 1) since oﬂly 3 .
" yolky preovulatory follicles could be distinguished in PRL or LAY
% ' fenmales collected before noon (Schifferli 1976 pers. observ ),

arbitrarily decided that females with the penultimate or the
2 ’”
-penultimate and mext smaller yolky preovulatory follicle be included -

-

for clutchvsize categorization; 2) no females with 4 or fewer

. .
t . ) -

consecutively smaller postovulatqry follicles be.used unless the

©

largest postovulatory follicle weighed-mote than 2.2 mg; and 3) no

1

; females with more than' 1 suécessive‘nre- or postovulatory follicles

. missing be,gncludedu These 3 criteria were neceesary for the following

reasons. Had I used females with DAY -3 preovulatory follicles, l

-

LI

could not hqve been certain if that female was going to develop.l or
more»additional follicles. The only exception to this criterion was
when a’ femhle had 3 yolky preovulatory follicles and 3 postovulatory
folliclea. These females would have laid 6 eggs ‘since-no’ clutehes of 7

were found in nest -boxes. Pinowske (1979) used a slightly different

scheme for determining clutch. size., Shé assumed that all preovulatory

follicles >2.0 mm in width would ovulate, regardless of whether or not




-

° ~ o

those preévulatory follicles contained yello; yolk material. Using

this scheme she beli ved that clutch size could be determined on DAY 0O

than 8. Clutches of >6 were never found in my nest boxes. Based on my
'tests, I Bg&ieve the technique used by Pinowékq (1979) for the
determination of clutch size was incorrect. Had I used females with 4

or fewet»consecuii§e1y.smgllér'postobulatory folliclea and the largest

postovulﬁiory follicle not weighing more than 2.2 mg, I could not have
» . .

been certain that the femalke had smaller'postovulétory follicles.
Because postovulatory follicles are resorbéd within several days ‘

(Schifférli 1976), I had difficulty recognizing follicles ovulated &

days earlier. Thus, any female with 4 or fewer postovulatory follicles

was difficuit to classify and was not dged in my estimate. Females
’

with more than 1 successive pre- or postovulatory follicle missing

.

\,

were considered to be éither re-negters or were badly damage& and were
: ' Y

_not used. - . o .

Five clutch size categories were possiﬁler 3.4,5,6 and uﬁknownu
Beciyse of my criteria for detgrﬁiﬁipgdéiutch size{ the number of days
on wh;ch a particﬁiar clutch”size.could be distingnished'varied ip the
following manner; Clutches of 3 codld be distinéuished for 3 days (6;1
0 to BAX +2); clutches ofié'f;r 3 days (5AX'+1 to'pAY'+3); clutches of
5 for 2'days (DAY +2 to DAY+3); clutches of ‘6 for 3 d;yél(DAY +3 to
DAY +5); aﬁd élutcﬁes.of'unk£own number for 9 days (DA& -3 to BAY +5)

(Appendix 1). ? could not determine clutch size until DAY O because of

-t

the aﬁove criterion #1. . ' LTt
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present; 0.5- down noticeably spérse, feather

" retrices analogous to the notches present in young of the yesr

2.4 C;rcasS'Anelysis : N

+

Upon collection,‘esch bird was tagged individuslly_and_;eighed to

the nearést 1 g. Birds were then returned-to the laboratory where the.

female reproductive tissues (ovary, oviduct and, if present, OV!ﬁucal

-egg) and male: reproductive tissues (testes) were removed. A1l

reproductive tissues were placed in 10Z formalin for later analysis.'
Next; the brood patch was ranked éccordiné to the following
criteria: 0 0- down feathers pPresent om brood atch, feather follicles‘
. g:bllicles present; 1.0-
no down present but brood patch narrow Kl.5 cm), feather follicles
present; 1. 5 down gone, ‘brood patch full width (>1 5 cm), feather-
follicles disappearing, 2,0~ down gone, brood patch full width,
feather follicles disappearing or absent, brood patch possibly
vascularized or scaly in appearence; 2.5- down gone, brood patch'full
width, feather follicle-s .éb'se‘nt,fbr:ood p.atch u.s'ua‘ily ,vr,inkled in -
appeafance; and 3.0~ down gone,.brood patch full width, feather “
. - . . . s

follicles absent brood patch wrinkled and pale (after Selanderwgnd":

~

Yang 1966 Pinowska 1979). . . -

pere

In 1981 I noticed that sOm& individuals had distinctly notched

’
d

waterfowl (Godin 196ﬂ) 1 therefore removed all rectrices to <

’

investigate the,relstionship between'thesefnotches and bodyueondition
indices. gollowiné this the birds vere bssged‘angpfrosen.

Final ‘dissections were dore asbfollods‘ lhe hresst mnsclss (BH;
pectoralis, supercoracoideus and coracobrachialis) snd leg muscles

(LM) (all those muscles having either their giigin or insertiqn on the

. - Lo ‘f"'
- - &

- v .
. o .

: .
* * ‘ o ) "b '
,

t
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femur or tibiotarsus) were unilaterally excised and weighed to the

nearest 0.01 g. Vg}ues of BM and LM were doubled and presented herein,

- ) The contents of the esophagus, proventriculus and gizzard were I:emoved~
. and placed in 702 ethaﬁo}_for later examination. The liver (LV) and
4 S -giziaré (Gz)»werg removed, cleaned of adﬁering fat and weighed to the
nearest‘0.0I g.- The small iﬁtestine, large_;ntestine‘and cloaca were

., removed and stripped of contents. The sternum (STERN) and 1 set of

' : T =

N ) "leg bones" (LEG; femur, tiﬁiptarsus and fibula) were removed and

placed in & dermestid beetle (Dermestes nidum) colony and cleaned of
.‘\" : -

= adhering flesh. Muscles, organs, bones and remaining carcass plus
' 3

ﬂdigestive tract (CARC) were placed indivi lly in aluminum pans,

,dried.{n an oven at 90% C to.a con&tant weight (Kerr et al. 1982) and
. ‘ ' “%hen weighed individually to the néarest 0.01 g. STERN and LEG bones '
were;w?ighed‘to‘{ﬁe nearest 0.001 g..In ret;oépect‘tpe STERN and LEG
4 ' . bopésvshoﬁld h;v; béen extracted wo remove marrow fat; however,

- Rgve%ing et al. (1978) stated that m;rrow fat was uged before the LéY'
peribd, Thug; any ehangfs duriﬁg or after LAY could not be attributed
to .changes in.ﬁartow‘fat4 The weight.of’all dried dMaterial yielded

- total carcass dry;wéigﬁtﬁ(fCARC). The ngur 1engfh, g;el‘length,.and |

- i ; ° sternum height were measured with calipers to the nearest 0.05 mm

o (Fig. 1)- - ‘. - c . * ‘ ]

\ Testes weré ~oven dried at 90‘ C to a constant weight and weighed
E ' . " to the nearest’ 0.001 g. All yolky follicles, ;;a‘izzzavulatory

3 "9. k)

P follicles were~countgd and removed. The vvaries, yolgy follicles;

1 - . postovulatory follicle;; oviduct and oviducal eggs werd oven dried at

' 90° C to a constant weight and weighed to the nearest 0.001 g
. . 4 v ’
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Fig. 1. Skeletal measurements used to investigate body,'v size variation
: 1 A , 8.
< - of house sparrows. :
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- All dried material except the LEQ, STERN and reproductive

- tissues, was then E:ound in 4 Wiley mill using a # 20 screen. In 1981
~and 1982 the entire gfound sample, 7-10 g, was extracted of geutral

fats using pefrolegm-ether for 12 h in a Soxhlet extractor. For
L] o PR .
logistical reasons, in 1983 a modified Soxhlet extractor was used

which acoomodated a maximum sample of 5 g. Thus, I calculated for each
. , <

[y

- bird:

-

>

o

Total Body Fat (TBF) = weight of fat in sample X TCARC Eq. 1

total weight of sample

»

. and . \

’ Lean Dry Weight (LDW) = TCARC - Toggi\?ody Fat . Eq. 2

~
After analyzing the 1981 LEG and STERN'saqpiEsl_I decided to
investigate e¢alcium dynamics more completely. Thus tﬁe°1982 and 1983

' lean dry weight.sampieq“qgre reground with each sample's corresbonding

- i 4? LEG and STERN boqes and dried. A 2 é subsample of this material was ’
, P . placed in a muffle furnace at 500° C for 6 h (Ricklefs 1974). The
. residue was used thestimate ash content for gach’bird.dsiﬂé éhe .
_I' -following formula: - . | |
‘L _ ASH = weight of ash in sample X' TCARC. Eq. 3 é
. ' total weight of;saﬁple ’ I o ' é
v : In 1932.tota1 body"ﬁalcium (Tﬁc) was determined by the following

method. From each bird a 0.05 g sgmple of ASH was boiled in 10 ml 8N
- . ”~

o
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HC1l and cooled. Five ml of 2N HNO3 was added and the ASH boiled again. B

Teri ml of distilled, deionized water'ﬁes aeded to thé_ASéwte dilute.;
the saﬁple and to retain the calcium in séiutiqn. The residue was o
fiitefed off end.the calcium_containlng filtrate ii}uted to 100 ml
with 2060 ppm K solution. The filtrate was’ further diluted'lo :1 twice
with 2000 ppm K solution to bring the calciumgcontent within the
operating limigﬁ“ofnan atomic apg:rption spectrophotometer. The
" calcium content ef the diluted filtrate was determined hy atomie
absorption spectrophotometry on ; Vari;n 1275. A nitrous ‘
- oxide-acetylene flame was used to pfgduce a flame high enough in
temperature tbo avoid interference from P. ‘Also the 2000 ppm K solution :

with which the sample was diluted shogfﬂ have further reduced

interference from P, Calcium acid phosphate was used to prepare

7

calcium standards which were treated in the same manner as the
, .

samples. The sample absorbancies were tompared to these standards

which yielded TBC. . - . ) 3
. 4 -
+. | Because of costs involved in using the Varion 1275, in 1983 a - .
. . ' . »
Varian Techtrom model AA~5 was used which was not capable of using a b

nitrous oxide-acetylene flame. Because this machine used a lower

rd

temperature oxide-acetylene flame,'a 1000 ppm Lanthanum solution was

needed in addition to the 2000 ppm K solution éq reduce P interference

due to Ca ionization in the flame4(G Fairchild, pers. comm.).
TB?/aeterminations were - expensive so I emphasized TBC ’ -

determ#nations on .PRL, LAY, and EI individuals.

Then I.calculated for each bird:

Total Body Protein (TBP) = LDW -~ ASH. Eq. 4
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TBP is a more accurate index of protein than LDW. When Schifferli
(1976) investigated protein dynamics he devised an index of body
protein based on the structural size ("diagonal" measurement,

essentially the sternum length plus coracoid lemgth), flight muscle

"¢ mass (BM) and nonmetabolizable protein (protein remaining after an o

individual had starved to death). Because Schifferli (1976) noted that

R —

variation in individual muscle mass was high, he corrected for
structural size. By accounting for individual differences in
structural size. he felt thatxany additional variation in protein
reserves would résult from'breeding stress. I believe there are some
brcblems with this method. First, the index assumes that all’

individuals are alike in their ability to collect, store and use

protein. Second, the index assumes that weight'changes.in the flight

~

muscles are rebresentative of weight changes in the rest'of‘the body\ :

(see Section 3.1.1.1, Fogden and Fogden 1979):4Finai1x the index
- implies that oniy females with‘above averege prctein devels have
protein availabie'forureproduction. Yet Schifferli (1976) points oug
that females never approach the LDW level when a house sparrow starves

to deaén} I therefore did not correct for structursl‘size.when

analﬁzing protein dynamics.

?

hM, kM, LV," GZ, CARC, LDW and TB?” re all used to index‘protein:'

TBF was used as an index of neutral fat; LEG, STERN and TBC were used

as indices of calcium. ‘ ’

2.5 Definition of Nutrient Reserves

,
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- Three nutrients (protein, fat, calcium) were monitoted,'but wost: '

1

readers have trouble accepting‘that calcium is a nutrient rather than

-

' N a mineral According to Wolf and Hainsworth (1978‘347) nutrients are,
"... those chemicals in a diet that are. necessary for survival'and

L}

~reproduction but which need not be important as “immediate sources of

A . .
-
- .

energy." Using this definition, calcium can be considered as a

nutrient because it is among the 3 heaviest egg components by &ry.
weight (Romanoff and Romanoff 1949)., So calcium satisfies the L ,,/—~7

’

. L“;v’ requirement of being necessary for reproduction but not important as a

. -

.source of energy.

Below are the definitions of each endogenous nutrient reserve.

- Y e

Protein reserves— all proteins-in excess of the amount of 1DW

-

remaining in a hgpse sparrow after starvation (5.41 g, Schifferli

)

1976) minus the maximum TBC weight (0.39 g) ‘encountered in<my study.

Fat reserves- all fats in excess of the amount of fet remaining .

'in a house sparrow after starvation (0.25 g, Schifferli 1976). Fat
reserves onlf include fats from nonréproductive tissues. .8
Calcium teservee- all calcium in excess of the mean winteér TBC

. ¢

levels (1983 data, 0.12 ‘g) encountered in my study.

‘- RO 2.6 Food Habits

- . r

I originalky pienned to examine the less biased esophageal
. ) L ) ' , . .
. . contents because afiimal material passes through the digestive tract at

a different rate than plant materiel (Swanson and Bartonek 1970) Too

‘._ few birds had esophageal contents to warrant only eeophogeal food
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inciuded.
‘ Contents were'plaéea in a gridded pétri sh and examined with a

T e * .

binocular ‘microscope at 12.5X magnificatioh and Tanked as follows: 1)

) 1901_y1ant;-2) P:fnt + trace of animal (5% of total.area); 3) Both .

- plant aﬁd animal; 4) Animal '+ tracé'of plant (5% of total area); and
55 100% animal (after Ankne} and Scott 1980). | .

CklcifetoQS matérial was alsb measure§ in each ;ood sample

accordipg to presence/absence. Calciferous material included mollusc

. shell (identified by W. W. Judd),-avian. eggshell and calciferous grit.

No correction for a sample was made’ if it contained more than 1

Eype of calciferous material, i.e. ig a sample contained just

eggshell, or just mollugc shell, 6r‘eggsheil and sollusc shell, they

were scored the same. ) .

~ ° - . . -

2.7 Egg Collection and Anal}bi;

-
v

In 1982 eggs were collected from nest boxes at 6 sites to

deternfine variation in egg composition for use in calculating nutrient

‘requirements for rebroduction. Eggs were collected on the day of
. laying and neplaced-with.dummy eggs to encourage the fémale.to q

. L ~

.continué laying. Each removed egg was weighed-téﬁthe nearest 0,01 g

and ﬁlaced in. an aiftight plastic contq;per‘and refrigerated until

4

. . . ‘ .
further analysis."To avoid excessive water loss ftom_reftigeratéd

'eggﬁ, final analyses of eggs were made within 1 week éf collection
* -’ had - . d N

(Ricklefs 1984)." -

. Sy

*

%
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~ Eggs weré then boiled and separated into shell, albumen and yoilk.

These coﬁponehts were oven dried at 75° € to a constant weight and
weighed, to the nearest 0.001 g, I attempted to extract neutral fats

from the yolks using petroleum ether in a Goldfisch extractor for 6 h.

¢

B Because the resulting coefficients of rariation‘éreetly exceeded 257,

I opted not to use my estiﬁates of yolk €at. Ingste&d I used the
estimated yolk fat percent (59.09% of yolk dry weight, Schifferli

1976) to determine the amount of fat in'ﬁy'yolks. The percent yolk fat

estimated by- Schifferli (1976) is well withi#n the range recorded for

altricial species (King 1973, Ricklefs 1974).

2.8 Yolk/Dye Experiments ’

A breeding colony of house- sparrows was established in an aviary -
at the University of Western Ontario in 1982, Ten cages (1.5WX 2.5H "
X 5.0 L m) were each supplied with 4 nest boxes, 1 roost ‘box (1 m?)

_heated with a 40 W‘light oulb painted black and 2 coniferous trees-for
roosting. Seven pairs of house sparr.ws were placed into.e;ch‘cage
during the;fdll of 1982, Individuais.succumbing beﬁgre Aprii_1983 were
reolaéEd wdth an indiridual of the same sex. I thoughf Ehat after

April 1983, additions of new Birds would disrupt ﬁreeding activity of‘ CT

, established pairs already present’ gn& thus no more birds were added

A~

ES

after that month. Food, water, 'Callgro Shellmaker No. 3 grit' and

cuttlefish bone were provided ad libitum. The’ fall/winter diet

e

' _ consisted of mixed bird seed, ad. libitun. )

‘-

.

Beginning in April 1983, 1 prepared a 1:1 nixture of 2Purina

» Eggena. and mixed birdseed. and coated it with peanut butter until the;

‘ : hd . . ~
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. entire mixture appea?ed'g?$ngl§r:51nbethis breeding mash wasg also

.

added Sudan black B until the mixture was uﬁifo;mly black. Sudan black

B is a nontoxic lipoﬁhilic dye which is bound to yoik fats sjnthesizgd
in the liver (L.E. Astheimer, pers. comm.). Whether Sudan.black;B was
bound to fats in adipocyée tissues ‘is unknown. This food/dye mixture - .

vas provided until theyfirst egg in a cage was discovered. Hpon

-

discovery of that egg, I removed all dyed food from that cage and

- -

replaced it ‘'with the same mixture of breeding @ash but undyed. This

unmarked mash was made available until the last egg of any clutch was

'
L]

laid in that cage: ;.e. if another femalé in that same cage began a
clutch while the fi;ét female was still laying, .I continued the undyed
breeding mash untilltﬁé female laying her last. egg was finished. All
eggs were removed daily.and repiaced with dummy eggs to encouraée
'feﬁales to continue laying. . ' ) 1’ " \’)

Following Grau's (1976) methdd;logy, I removed eggs, degassed

them in a vacuum o@ernight, and then froze them at -20° C for &t least
48 'h. Each frozen egg was placed in 10% formalin and peéted to 65° C
for 24 h. ?he shell and albumén weré then removed and discarded. The

yolk was cut in half through ‘the blastoderm; one half of the ‘section

s
-

. ' was siained_in 62 potassium dichromate and the remaiﬁing half left in o

10% formalin. .

v ' h -

Each half was independently examined under a binocular microscbpe

3

at 12.5 - 40X magnification. After the’total number of barids in each

"yolk half had been counted, representativé color diagrams of each yolk

L . . .
“half were drawn to- note the relative locatfon of dye. It was sometimes

-

necessary to thin section the yolk (2 mm sections) and use transmitted

light to distinguish banding patterns. Caution should be exercisgd

L3 - .
‘ - N . .
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when usiyg both reflected and transmittedvlight for drawing profiles
since the light/dark banding pafterns appear reversed depending on the

1ight/§;ﬁrce.

2.9 Pooling Data

.

Because severe winter weather Fan.significa?tly alter boéy iize
in lgeal house sparrow ﬁopulatipns (Bumpus 1899, Lowther 1977, Murphy
1980, Johnston and Fleischer 1981, Fleischer and Johnston 1982), it
was necéssary to’test for between—year body size differe?ces.

'Structu;al size measu;eﬁents rgther thgn tissue weights are
usually used for suﬁh analyses to avoid‘§OQeﬁtia1 confounding
intéractions from factofs:such as capture timé, breeding status and
short term climatic effects. Four structural size variables (total
body length, sternum length, sternum height -and feﬁur length) ;ere_
compared ;gainst LDﬁ to determine which variable correlated best witﬁ
structural size and body mass. Body mass here imblies tﬁe poten;iai
for supporting tissue.‘Tp contrgol for seasonal differences'in body
mass, tﬁ;se corrélations were conducted on 6nly PRD individuals. While

: | 4

all measurements were correlated significantly with either 1 or both

sexes' LDW, femur length (FMR) had the highest, b; sex, coefficients

o~ .
- of determination (male r? = 0.33, df = 33, p(%OOl; female r? = 0.23,

a .

df = 101, 15(9.001). Thus FMR was used to investigate body size
variation over time and season. . | '

B;dy size variation between;years vas tested by comparing, bithin
sex, PRD PMR's collected before 1201 h, These criteria contfglled for

variation in_body mass resultiﬁg from variation in collectibn time,

23
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_ skeletal weight and muscle mass. -No signifieant di;ffe‘r.ence' in FMR was ‘ .
.detected between years for either sex (l-way ANOVA:..male F-~ 0.32, df = |
35, p>0 50 female F= 0.12, df = 100, p>0.50). However ‘one may be .
incorrect to assume that all subsequent individuals in the sequentiﬁl
breeding stages are represented by the PRl) sample. There was no
significant difference in FMR “between eny breeding stages (Z;Wey
ANOVA: breeding stage effect F= 0 63, df = ii, p>0.50) suggesting that
sequential breeding stage individuals came from PRD samples. The lack
, - of FMR differences between hre.eding stages. suyports my earlier \N . S
contention that it was ‘not neccessary to correct for body size .
differences when comparing between stages. As expected, male FMR was

s:lgnif:lcantly longer than female FMR (2-way ANOVA: sex effect F= 4, 30, ,

df = 1, p<0.05).
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3. RESULTS

-

Nutrient Reserve Dynamics . . . N

-

3.1.1 Prereproductive

3.1.1.1 Males  ~ »

 J ..
e
- -

. " No relationship betweer TBP.and capture date within the PRD .
. oo Y

- period was found (r2? a':('.-)-.079, df = 6, p>0:50). The lack of storage .
could be misleading because the span of captiure dates for TBP was only
10 dafs. PRD LDW data, on the other hand, spanned 30 days and should

have been more revealing than TBP in spite of the confounding

<

linteraction of ASH. Again, no relationship between LDW and capture

. dat,e was fq,und (r =0 050, df = 35, p>0. 05) TBP declined

significantly bétween PRD and PRL periods (Table 1). While most muscle

4 [ §
Aqd ongen Weights declined it was unfortunate that neither ‘the . .

4
o

mineral nor fat content of the individual muscles or organs was

’ determined It Wasltherefore impossible to determine if l'muscle ar . -
orgen was contributing to the TBP decline pr0portionately more than -
'anOther muscle or orgen, However, by using Té;RC intead of TBP, .
odeteetion of the percent contribution maqe by each tissue _towdrds the; .
overaIl prereproductive weight change was- possible. These latter

’ resulte are ptefetable to. the former comperieon because both the ‘

¢ 7 Lo~
’»

conponent “and TCARC ‘contain protein, fat and minerals whereae if TBP ‘
- was ueed the, componente would contain protein, fat and minerelsfend

TBP 4 would just contain protein. TCARC decreased in weight by 0.42 g

25 - . : |
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" (4.2%) between the PRD and PRL periods of which BM comprised 16.7%,

. LM~ 2.4%, GZ- 9.5%, LV- 14.3% and CARC- 64.3%. Schifferli was

-+ apparently not correct- in his assumption that Bﬁ welight fluctuations

we£e representative of total weight and othet tissue weight

» fluctuations. His conclusion may have resulted from using carcasses

assigned to month of capture rather than reproductive. stage. The large

contribution of CARC suggests that less "essential” muscles, e.g. .

non—flight‘muscleg,enanfeeding muscles, were comprising a large

. .proportion of the TCARC fluctuationms.

rTBF did not vary significantly ﬁith capture date during the PRD
.perio.d (£ = 0.005, df = 36, p>0.50). Between the PRD and PRL
periodsy TBF declined significantly (Table I). »
f:TBé was.significéntly heavier in 1982 than 1983 over the breeding
_ season (t -'8-.97, af - 16, p<0.001). The exact cause of th'is
.difference can Aever be accurately asses;ed because ;ifferent methods
of caléiﬁm determination were ;sed betwe;n years. Hereafter TBC ;111
" - be>2xamined by year.

’

TBC weights did fot differ between WINTER and PRD nor bgqreen PRD
"and PRL in eitﬂ!? year (Table 2;. Furth::, in neither year was ?hg\
'paﬁ of capfure‘dates during the PRD periéd sufficiékt to permit ‘
et : examination of the relationship df TBC to capture date . (1982 span, 1 ’ .
"‘. . ""day, 1983 span, 3 days) The lack of differences in TBC between the '
WINTER and PRD, and PRD aﬂd PRL periods suggests that no long term ' -4'
.: : "  | storage was taking place..

'1 ﬁa evidence of medullary bone formation was noted during ‘the PRD

L v . pefioq as neither LEG nor STERN weights increased duringfthat time (r?

. ~ ) ) .
& ‘_‘\- -,o.éo)':, df = 33, p>0.10; r* = 0.007, df = 24, p0.05,
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,respectively). In a small sample (n=3) of LEG bones from PRD through
POST periods, none was found to contain medullary bone (S. L. Cumbaa, ) -
pers. comm, ). Neither LEG nor STERN weight changed between the ‘PRD and

PRL periods.(Tahle 1,

3.1.1.2 Females

The span of capture datesm for female TBP was 39 days which was a
sufficient period to examine changes in TBP relative. to capture date. -
TBP decllned significantly over the PRD period (r? = 0.137, df = 36, p< -

0.05).'The sign of the slbpe-was oppésite to that predicted. Contrary

to the situation for males, TBP did not differ between the PRD and PRL ‘

periods (Table 3), , . 1
Between the PRD_Q;d.PRL periods, muscle and organ weigﬁts,did nét

ch;;ge except for a 4% decline in GZ and a Szlincrease fn LM (Table

3). As w#th males, BM did not reflect accurately the CARC change nor

/ L L

chaﬁges.in the weights of other tissuesk j . " .
TBF remained constant over th; PRD period (r? = 0.000, df = 91, p>
0.50) an& between phé PRD and PRL periods. 1‘.
Female TBC was also signifiéantly heavier in 1982 than 1983 (t =
-9.73, df = 13, p €0.01). In neither year did WINTER TBC differ from
" PRD fBC, nor did éRD TBC d}ffer from PRL TBC (Table 2). In both 1982
and 1983, increases in TBC were apparent befo;glthe LAY %griod, but
those changes d1d not oc;ur between any 2 adjacent staéés: During

L982 TBC 1ncreased significantly between the PRD and LAY periods (t - K

-2, 83 df = 5, p<0.05) while in 1933. TBC 1ncreased significantly

.between the WINTER and PRL stages (t = —4.56'. df = 15, p(O;OOI).
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TABLE 3. - Changes in the nutrient reserves of female

over the prereproductive period. .

house sparrows

Category
Variable (g)a- Prereproductive pa Prelaying
Body Weight . 27.1+0.1 A % 27.6% 0.2
. (112) ) - (64)
Total Body Protein 7718+ 0.06 NS . 7.30+0.07
: ’ (44) : (35),
Breast Muscle 1.61£0.0L - NS . 1,59+ 0.01

Leg Muscle”

Gizéard

Liver

Carcass

Total Body Fat

_ Leg Bone

e
L]

Sternum

(106) »

0.504°0,01er . . . ks
(110) ey

«
0.26 £ 0,00 : *
(113)
0.37 £ 0.01 NS
(112)
6.85+ 0.05 NS
(98)
1.36 +0.04 . NS
" (95) . . '
0.180 £ 0.001 * kkk
(110)
0.084 £ 0.001 - . k&
(70)

h/. ‘i‘:t}ﬁzlj
g 8 . .

. kn.vv.. L '
;% T 9.62+£0.01

(63)

0.25+ 0.01

- (65) =

0.36+ 0,01
(62)

. 6.92£0.05
(60) .

1.30£0.03
L, (83

0.193 + 0.002

(62)

»

0.089 £ 0.001- |

(43)

88 in Table 1
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Within the PRD period neither LEG nor STERN varied with capture '
. date (r? = 0.1%, df = 96, p>»0.50; r? = 0.1%, df = 60, p>0.25,
respectively). Both LEG and SfERN increased gefween PRD and PRL (Table
.3 ). The percentages of bone weight attributablé to me&ullary bone or
cortical bone were not quantified. Of a very small sample of LEG'bones
examined by S. L. Cumbaa (pers. comm.).for medullary bone presence, 1 .;

N ) ' of 1 PRD LEG bones showed no medullary bone and | of 1 PRL LEG bones

showéd slight medullary.bone development.

. - ‘
, 3.1.1.3 Summary .
. "". . 7 Male house sparrows stored neither TBP, TBF ‘nor TBC over the PRD™
N . - period. In fact, TBP and TBF both declined in weight between the PRD

and PRL pertods while ThC remained constant.
Female TBP declined while TBF remained coﬁstant over the PRD
period. Beg;een the PRD'Qnd-PRL period,vneifher TBP, TBF nor TBC
- varied ;lthougﬁ_in 1982, TBC iqcreésed from PRD to LAY, and in 1983,1
TBC increased from WINTER ané ERL éefiads.

)

3.1.2 Reéproductive

- "3,1.2.1 Males

- -

After the PRL period, there were no changes 'in male nutrient . :

. regerves .(Table 1).

3.1.2.2 Females .




To investigate female nutrient feserve~dynamics over the
reproductive period it follows that the various indices in adjacent’
breeding stages be compared. However, .this approach was not
appropriate because: 1) the proportion of LAY females collected at the\
beginning versus the end of LAY can significantly.effect,results;-Z) a
feﬁale laying, 3 eggs, is not distingutshed'from a femaleplaying; 6

eggs, and 3) there is no means of calculating endogenous reserve input

. to specific egg compoments per egg. Because of these inherent
problemb, regression analysis including PRL and LAY female nutrient

reserves\was used -Traditionally, regression analyses of nutrient

~
.-d‘

-zeﬁerve dynamics have compared an individual's internal nutrient

'reserve against the DAY of the laying cycle. This approach can
determine: ‘1) the‘dail? nutrient reserve investment into'reproductive ‘
tiasue: 2) the total nutrient reserve‘}nyestment'iﬁtd reproddctive |

*

tissue, 3).tﬁe relative reliance on endogenous versus exogenous
reserves for‘tae‘production of reprddﬁctive tissue and 4) the amount
of reserte an individual laying X“pumber of egge had remaining after
termineting egg formation. An important disedvantage of this.method is
> tﬁat the XZFXid is incremented néminally'while.the'gmount of
reproductive tissue allocated pet day variee contihdousiy. A betterf
technique compares a specitic internal huttient ;eberye, e.g. TB?,
.against the actual aﬁodnt of teproduetive tiesue'known to have been
allocated by that indivddual (Alisauskas and Anknei, 1n preee). For
example. to determine the amount of protein allocated to rgproductive

protein, I determined the sum of the protein present in all_yolky

preovulatory follicles, in the oviduct, and in-the albumen and yolk




protein of eggs already laid. One assumption.which allows for a more

L]

definitive interpretation of the findings is for the endogenous .
nutrient reserve to decline linearly with increasing reproductive

tissue allocation. If nutrient reserves do not decline, one canngt

;iSurately determine -the percent of the reproductive tissues being
- (‘___ .

¢ awn from endogehous reserves..- .

) ¢

@

Thus the new approach determines: 1) the_emount of nutrient
reserve invested per gram of reproductive tissue; 2) the amount of
nutrient reserve invested per egg or per-clutch; and 3) the relatiVe‘

reliance on endogenous versus exogenous reserves for reproductive ”
o 3 P

L4

~tissue investment. Finally, assuming that house sparrows use
~  endogenous reserves to build eggs (Schifferli lQ76: Pinowska 1979), I
'predicted that the regression slope would bé negative, Thérefore,

1-tailed tests Were used,

.

Information necessar& to construct these models included; 1) the .

S and

validity of. estimating clutch size based on morphological traits of

carcasses, 2) the duration of rapid follicular development and 3)

-

variation in egg composition..

<. To corroborate my technique of determining.clutch size'ﬁésed on - ' T

.—the number'of pre4 and postovulatorj follicles; estimstea.of‘elutch‘-
size were compared against actual clutch size as determined from nest
box data. No significant difference was found between estimated clutch _";1.
. sizes and actudl clutch sizes for 1981 . (t = -0 75 df - 7. p>0 50) or "
1982 (t = -0. 95 df = 29, p>o 50) No n_est box dsta vere collected in
1983 Aversgg clutch size as determined from nest box fipdings (stle

“4), indicated thst there.was a significsnt decline in mesn ciutch size

"* between 1981 and 1982 (¢ = 2.22, df = 36, p'CO 03) Bowever there was
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TABLE 4., Frequencies of house sparrow clutch sizes based on mest’ box
. - counts and estimates from ovaries. .
- . ta . L] . : -
L ‘ o
.Nest Bex Clutch Siz.e
Year 3 4 . 5 6 xtl SE
—— Y . ' ’ -
1981 2 7 9 4 4.68+0.19
, 1982 3 9 5 0 4.12£0.17~
Estimated Clutch Size From Ovaries .
Year 3 i 5 6 %21 SE
- R K -
~ 1981 N IR 3 . 1 1 . . .9'.'3320.152
1982 9 5 2 2 © 3,83£0.25
1983 4,2740,23

g
[
/
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no éignificent difference between 1981 and 1982 clutch size estimates

(t = 1.02, df = 8, p>0.50). While this result differs from the clutch

'sizes of nest boxes statisfiically, both the estimated‘gnd acutal

-

clutch sizes follow the same trend, i.e. ooth declined from 1981 to

. 1982, Because estimeted clutch si;e was no different from actual
clutch size and because bothlestimated and-ectual clutch size followed
the same trends betweén years, I think the estimated clutch size

'3_method is valid.

-

. ’ ’ Breeding<of house sparrows in captivity mroved successful,
Thirty-nine clutches of 3 or more eggs were laid yielding 141 eggs’
while 33 incomplete clutches (1 or 2 eggs) yielded 55 eggs. Nests

- containing 1 or 2 eggs were considered incompleté because of the 98 A S
‘LAY and EI female carcasses examined, not 1 carcass had an fstimated -

' cluton eize of 2 'or less. Of’the 141 eggs collected, only‘o3 were -
analyzed because offbreekage or poor fixing. No eggs frodLihcomplete

clutches were“included in.the estimation of rapid follicula{ ,h‘ |

.development retefJ T '

~ - - . .

First, it was necessary to determine whether ‘house aparrow yolks .

. exhibited the characteristic alternating light and dark bands (see

Conrad and Warren 1939) that indicated nocturnal versus diurnal

- - »

deposition of yolk material, reepectively (Roudybush et a1 1979).Ten

‘eggs from females fed undyeddfood exhibited alternating yolk -bands.
. . ‘ - . B

Since the bands were present, the follicularldeVelopment ratewcould‘ge

determined aned on profiles drawn “from' both- dyed and undyed yolks
(Grau 1976), i estimated that. rapid follicular development in house

sparrows usually lastem4;ﬂays (77% of all eggg) but 3.yolks (5%) had 5 “

bands and 11 yolks (17%) -had 3 bands. Because variability.in
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folliéulé; development rates can have implications: for modeling - )
nutrient use, 3 and 5 banded ;olig were 1ﬁvescigqted to determine
whether tHese rates of follicular developﬁent could be bﬁilt into Epé
models.
A comment on tﬁe accuracy of estimating 3 aﬂd'S banded yolks is
+ necessary. While methods of stéining were constant for;all yolks, not -
all yolks stained equally. Because of diffgrential bandlresoluti;n in
the. yolks, it was pos;ible that the aném#lous yolks were simply
misidentifications. A re§1ew of my notes indicated that nc obvious
banding or fixing anomaliQS'were noted for the 5 banded yolks; but in
' 55% of the 3 bandea yolks, So&h.the dyed and stéiped bands were faint.
Thislsuggests that misidentification of 5 banded yolks waS'th likely
but. that hisidentifihétioh of at least some 3 banded yolks was. Since
improper techniques caﬁﬁot explain all of the 3 anomalous banded
.yolks,-I investigated the presence'of.3 as well as 5‘banded patterns
exhibited witﬁ;n or améng élqtches. |
No. clutch cont{ined either‘oﬁly 3, oﬁly 5, or_both“} and 5 banded
.yolks, i.e. gmoné-feﬁale variability waé'not the cause of differences
in rapid follicular develabment. The next 1bgical relationship to
examine was between the pfeséncé of an anoﬁalous §01k and sequence
Qithin é clutch. Posgibly females could have been altering rapid
follicular dgvelopment‘to correct fdr env}fonmental'variabilit?;
Although the small-saméle~sizg (n - 6) prévented stgt{gtic#l-testiné,.
;o'treﬁd wasiaﬁp;reng.\Finally-the ptesenc; of gnpmaléds~yoiks could
ﬂéve been.depen&eht on clutch étié, but no such rela;i;nship wasvfoﬁﬁd.

v

.
\

(G = 3.6-6-.‘ df . =_2, P>0-0—5)- [ o ‘ z

8
¢
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1 was unable to incorporate ‘the variable rate of follicular
'Y . B

development into any models. Even thongh follicular'deveIOpment was

not always constant within'fémales,fi used 4Jdays as the normal

- 4 e - -

development period. N\

/  Since-the preseﬁpe of ;HE‘Enngalous yolks could not be explalned.
N

.

© Il addition to the estimation of the period of 'yolk development,

_dyed yolks were used to 1nvestigate'1he route that ingested fat

-

followed before deposition in the yolk. Knowing that a aiqgle
concentrated dose of Sudan black B ingested by a laying female would

quicﬁly appear aa_aldistincr dark blue-green band (Grau 1976), and

" also knowing that dark staining yellow versus Light staining yellow:

et al. 1?79),'1 predicted the following. If a prereproduétire‘female

~

yolk represented diurnal/nocturnal depositibn, respectiﬁely (Roudybush

was fed dyed'food up until she laid her first egg followed by undyed -

food until she finished laying, then the following.results should have

" occurred, 1) The first egg should *have beeu dyed with alternating

' light and dark dyed bands. 2) The followlng eggs should have only

outer bands alternating between undyed diurnal fat and dyed nocturnal

fat;‘the number of alternating bandé increasing with egg séquence,
lhe feeding scheme resulted in the first egg yolk being

'completely dyed although’ alternating dyed and undyed bands were not

TN

never did they have alternating yellow and blue/green bands.

Peripheral bands of subsequent egg yolks usually had broad paler

regions lacking the diurnal/noctnrnal bands. However, in these

peripheral bands the presence of undyed fat was alwaya -indicated by

the _color changes proceeding from the core to the periphery (blue or

. always present. Subsequent egg yolks always had paler peripheries but

Pl
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blue/gneen changing to yellow—green or aduamarine) Thus,” Eat depots

were being dyed as indicated by the sometimes alternating dyed and
. ' less dyed bands. Exogenous undyed fat was being indorporated into egg

yolks as. indicated by the more yelIow/orange peripheries, but later--

1
v L

" .. egg yolks did not. appear to have diurnal/nocturnal bsnding as no
alternating blue/green'br yellow bsnds-wete'nbted
According to these results, undyed fat ingested daily was being
mixed with dyed depot fat before being drawn of £ by the growing
follicle (I &m assuming that ho bleeding sf,dye in the yqlk occurred
after fixing). Thus ingested undyed fat was either sqppiementing dyed
fat from depots both during the day and night (that food stored in the
crop) (Fig. 2A), or ingested undyed fat was shunted directly to dyed
fat depots and diluting those dyed fat depots, and then being routed
past the.deVeIOping follicles,
. Because the above resnlts were not clear, I thought that I had
"overdosed" the females witn dye, Possibly so much dye was consumed by Y
a female that any incoming undyed fat was being masked by dyed fat.
Therefore I attempted to flush out all traces of stored dyedifet by
only feeding undyed feed for 15 days snd then restarting the original
. . ~ experimental design. Flushing began on June 15 and ended on June 30.
. _‘ . aniné this time, 15 clutches were begun of which 8 were complete.
Several intefesting findings were noted from the 15 clutcnest

4 first,the rate at which 1ndividua1 females ridded dyed fat from thein‘

,'depots varied. Two fisidings suggested this, 1) - Four females began

clutches within 2 days of each other, the darliest after 5 days of

undyed food, had from no dye }resent'(pure yellow yolk) to 2 .

intensiwely dyed central bands (blue) with no pure yelldw present at

%
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the periphery. 2) The earliest first yolk of pure yellow occurred 7

days after feeding undyed food while 1 female still had ‘dye present in
+her first yolk after 15 days of flushing. In complete clutches,
earlier egg yolks contained more dyed fat, often, in alternating dyed} '

and less dyed bands, while sequential egg yolks sometimes contained

- - * o

* central-dyed bands with or witheut alternating bands, and peripheral

- paler qq.@nded regions,

e After 15 days of flushing, dyed food-was readministered. Two

. ! . .
; “edmplete clutches were started within 2 days of .reinitiating the

‘experiment. Instead of removing dyed food from the cagés, <I allowed
the females to complete their clutches tonsuming dyed food to see if
altering the design had any effect. The first clutch (4 eggs), which’

'began on the first day of dyed food administration, had egg yolks 1 .
' ' )

and 2 pure yellow. Egg yolk 3 had 1 bandfof blue fat located at the

-
’

extreme periphery while egg yolk 4 had 1 band of blue fat also at the

.

.extreme periphery, inside of which was an equally wide band of yel;od /

fat again bordered inside by another equally wide band of blue fat;

- the remaining core was pure yellew.’The second clutch (3 eggs),

’ . L}

. starting 4 days after dyed food was .resupplied, had egg yolk 1
identicel dn bandidg end coiqr pattern as egg'yolk 4 of .the first-
clutch. These 2 eégs were laid on the seme day. The second egg yolk
had an inner yeliow cbre bdrdered by a ligﬁc blue band, bordered by. an
equally wide dark blue band, bordered by a light blue band bordered

by an narrow dark blue band, bordered by a 1ight blue band The third .

© egg yolk had a small central yellow core bordered by 3% alternating

'c bands of equal width light enf dark. blue bands; the final band was

. light blue. In every case the blue and yellaw bands were distinct and

<
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uniform in color. Had I not read Roudybush et al. '(1979), I would have

" interpreted the alternating blue and yellow band locations (egg yolks-

r’\l

3,4 clutch 1; egg yolk 1 clutch 2) as 1nd1catin§ that daily dyed food
was deposited in the,K yolk at night, not during the day. Héwever Bacon .
(1981) has-shown that radioactively labeled fat, in the arterial S

- system pf tﬁrkeys. is rapidly deposited in the ovary. Other supportive

-~

evideﬁce that the peripheral blue band was not the final Sand is 1) *

egg yolk grofi&es alw;ys'r:vealed that lighter yo;k matefial wvas
present an fhe extreme edge of the peripheral biue'band and 2) the
~ . sigmoidal growth pattern of growing folliclqé indicates that little
yolk is laid down on éﬁe final nigh; before ovulation. For these
reasons I belieye the :;paren§ly peripheral pure'blue ringlgas
-composii:of.digrnal fat and a small amount of noct;rnal pale blue f;t
(see.bglow)L The yellow band between the equally wide blug bands was
most revealing. This band had to have comé folely from undyed fat
depots at night because all other fat wgs dyed. However su;sequenf egg
yolks in clutch 2 (egg yolks 2,3) contained no pure'yeilqw bands
"outside of the cqntnal yeliow core. Apparently the dyed fat ingested
daily was diluting the undyed fat depots until'spme‘threéholdllevel

4 v

( , was met whergupop nocturnaliy deéosited faf was bﬁle blue instead of
. "the expected yellow. | .

| &hus from these 2 ciutcﬁeg, I concluded that daily ingeséeﬁ fat
;upgliedlfét for developing fbll;eleé and any déiiy ingested fat which

. was not drfwn off develop%ﬁg folli;léa is Aeposited incO'fat depots

N ~ (Fig. 2B). ihis excess daily fat apparently replaced.stored fat within

days, i.e..depot_fht was turned over quickly but not necessarily

depleted quickly. ‘ .




-3

In summary, rapid follicular development, on average, required 4
days but variation among females in development time was found. Daily
ingested fat contributed to aiufﬁal_yolk fat needs and alsojresupplied

'Lfap depots. Stored fat was used tq meet yolk fgt needs at night and
was quickly replaced from fat consumed daily.

Iﬁ all, 98 house sparrow eggs from natural nests.wére processe;:
53 eggs from clutches of unknown final size, 8 eggs from clutches .of
3, 19 eggs f;oﬁ clutches 'of 4 and i& eggs froﬁ Elutches'bf 5. Dry
weights of albumen, yolk, shell and total fresh‘egg Qeight by sequénce

i in the clutch are pregéﬁéed in Table S.for.clutches of 3, 4, 5 and
combined; combined clﬁtéhes include known—sequénce éggs from 3, 4, 5
and clutches of unknown final size. No egg component was found to .
differ Qver_lgyiné sequence withip a specific clﬁtch size (l-way
ANOVA) . Bu; trends in the yoik and fhélL weight of 5 egg clutches were
ﬁoted when the 95% confidence limits for all egg components were

« .examined. In spite of small sample sizes for both (df = 9) yolk

intreésed“while shell décreased with laying sequence (r? = 0.488, p{

0‘02; r? = 0.378, p £0.05; respectively).

Having_determined“tﬁe validity of estimating clutch size based on

»

catcass traits, the duration of rapid fbllicular development .and the

varfation in egg composition, I eonstructed thé‘follgwin@ nﬁtg}ent

models.
. . N4

"@eproducéive protein" was defined as the amount of protein

o

ki

present in gllﬂyolky_follicles? the oviduct and the albumen and yolﬁ
protein of eggs already laia. Protein-in yolky follicles, ova in the
.owiduct or laid yolks was determined by multiplying the total weight

by,40.9f2, the average pefcgnt of protein in a hon...gpairdw yolk

- o 44
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ﬁschifferli 19f62.11f a foliicle had been damaged or I could not
.deteruine its ééign:, I substituted the averege weight of a comparably
deueloped.follicle (Table 6). I aseumed that oviduct dry weight was
100% protein. Albumen piotein ueight was qetermiped\from eggs ‘already
laid (Table 5). | -
" -TBP déci;ped significantly with increesingu;pvestment in

reproductive prqtei;r(Fig. 3). fl;hus _fcr every gram of protein committed .
‘to repro-duct.iw:re ptgtein tis:sue,'. 0.149 ¢ cf protein came from internal
~ ) brotein reserves; the balance was -e.xogenous..Obvioual.y the input from
- ptoteih reserves to reprcduct:ive protein was low and further the

'coefficient of deteminat:lon (r* = 0,035) was very poor.

=2 ° . -

a'l‘o determine tf -committment-of'TBP was related to ci.utch size; 2
analyses were conducted. First the i'esiduals‘ of- thef TBP versus,
. - ¢

’ . . .-

' reproductive protein regression were co’:ifpared by clutch size. No

.
O -

-

differenee was found between either the residuals of 3 or .4 egg
.. . a
clutches (t = 1. 2%, &f = 14, p>07) nor the, residuals of 4 or 5 egg . ..

) clutches (t = ~1.50, df = 8, p>0. 15) Next, the amou'ht of TBP when

egg formation was -finished was compared against clutch size- (clutch

. sizes of 3,4 and 5 and represented by DAY +2,+3,+4 respeetigel’yl(l{ig. .

-

4). Terminal TBP was not related’ to clutch éizé”(r=~- 0;023- &f -113,

p>0 50). Further, there was no s'ignificant difference between the.

terminal TBP of 3 versus 4 egg females (t = 0. 85 df =6, )0 50) nor

between 4 versus 5 egg females (t = -0.41, df = 5,‘p>0.50).- e R .
Fiu;_lly_ it ‘was bos_eible to investigeté' whethef "i’ﬁ? ‘cominittment

affecced"shorE;ééém'feﬁaie.sur&i%d;ship.'séﬁifférli feeotted~£hat—¥'»

-

-

approximately 5.4 g of LDW remain :ln etarved house sperrows. By

_compaxing tl;e terminal LDW againat the starvatiqn level LDW, short




Fig. 3. Relationship between total body pl:otein of female house
_sparrows and protein allocated to reproductive tissue.
The Jregre'ssion equation is: Y = 7.31 - 0.149 X, :
se a=0.08, se b= o.oss,'/' ' /

" n =80, r¥ = 6.035, p<0.05. .
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Fig. 4. Relati;nship between total bodf protéin ':

/

and the final commitmené of rep;q@uctive éfoteinlto
clu;ches of 3,4 and 5, respectiYely,DAYs:+2,+3 ahd\+z.
The regressioch equation is: Y = 7;3027 0,0QJ‘K,

se a = 0,35, se b - 0.120, ) |

n = 15, r?.= 0,002, p»0.50.
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d term female survivorship could be assessed. Comparing LDW versus -. | ..

reproductive prqtein for this study yielded

.Y = 8,57°- 0.176 X, . —Eq.5 °

v g

’/ .

vhere Y = LDW and X = reproductive protein (g). The maximum

:reproductive protein investment was l>60 g (Fig.3). Solving equation.S

_for 1, 60 yields an average 8 29 g LDW remaining after egg laying

ceasged. However,this estimate does contain oviduct protein which U

-

probably wag recycled into protein reserves (see Section 4.2). The
f-t"maximum oviduct weight. 'on.-average; .was 0 4 g (this study).
.“; . fSubtracting maximum oviduct protein from 8.29 yields 7.89 g of ow Lo
B vhich was still approximately iAiZ'over starvation ﬂDW level.

" The regression metﬁod'of'klisauskaé and Ankney (in press§ was not-

R TP » ®

'applicable for modelling the costs of egg fat because the decline in
- TBF over the reproductive period was not 1inear‘(Fig. 5). The findings :
fit a nonlinear model better; the r2 increased from 20. 6% to 25 2% (p<
o ‘0 001). Linearity is necessary before I can infer that endogenous '
regserves ‘were dest’i'ned- for r;eproductive tissue . Whild an nth order
polynomial‘equation might have explaineg the data, I decided in'part
S e based on the a gostegiori approach, to fit 2, linear regressions
| through the scatter of points, one before (DAX -3 to DAY 0) and one
after (DAY 0 .to DAY +4) ovulation of the first egg. Both linear ¢
regressions proved significsnt DAY —3 _to DAY 0— rz a0, 048, df - 75, p<

0.05; DAY o to DAY +4=~ v? = 0,226, df = 54, p <€0.001 (rig, 5). Thus

' between DAY -3 and DAY 0 when approximately 50% of clutch fat vas




]

Fig. 5. Relationship between total.body fat of

and DAY. °

<

, .The overall equation is: Y = 1.12 - 0.065 X,

gse a.= 0.03, se b = 0.011,

']

n = 125, r? = 0.206, p<0.001.

Y =1.42 +

female house -sparrows

3

&

The DAY -3 to DAY 0 regression is:’ 0.059‘X,
, sea=0.07, se.b’= 0.030,: N )
' s, n=77, £®= 0.048, p<0.05.

¢

The DAY O to DAY +4 regression is:

- se a = 0.08, se b = 0.034,
n =57, r? = 0.226, p €0.001.
‘Data points are X %
sizes are below.respective points. =
4
: 3 - '
S
, B I
* o

Y = 1.27 - 0.138 X,

1 se for each respective DAY; sample

5

©
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deposited (4 egg clutch), TBF_increased. Thereafter, TBF declined when

the fical 50% of clutch fat was deposited and continued to decline:
through DAY +3 and DAY +4 when no fat for eggs was required. Further,
the dropuin TBF between DAY 0 acd~DA§.+1.(0.62 g) exceeded the
remaining fat needs of the clutch by 1032._lpteresti;gly TBF declined -
from DAY 0 to DAY +1 but increesed between DAY +i and DAY +2.
Beceuge'the-amount.of tat in an‘egg 1s discrete, I -could
determine the amount of fat committed to clutches of various'sizesm
Whep'the.TpF versus_DAY O to +4 regression ?ae comparea agaiﬁstitﬁe
ectual.amouyt of -TBF remeining.when.a female had stopped laying, I
found that the-952 confideﬁcevbend]overlapoed or was less than the
amount of TBF remainingwin 13 of 20 females which had jnst-finished ;
‘egg formation (Fig. o); o : - - e
kesidualb from the TBF versus DAY 0 to ﬁAY +4 regression were
compared by clutch size to determine if TBF use was dependent on - . -

(' H
clutch size. No difference was found between residuals of the 5 and 4

egg clutches (t = 0.80, df = 17 ;))0 40) nor betveen the residuals of
.4 and 5 egg clutchea*(t = -1.29, df = 10, p>0.20). '

When the terminal TBF weigﬁts for females laying 3, 4 and 5 eggs
‘ were‘compared ;gainst reqpectiye clutch size, a eignificant decline
was found '(r? = 0,244, df - 18, p<0.05; Fig..6).' With that ,slop‘e
being 0.126, hnd‘a'house sparov egg having,‘oﬁ>avetage, 0. 167 g of fat
(this study), an’ average female producing a clntch of 3, & or poasibly

5 wouldestOp egg. production wﬁile ahe had 862 of the fat nece!oary to o _'}

<

s

produce an additional egg. R ‘ e
A female layipg 3 eggs woul& require approxinately 0.3 more g of
fat to continue laying 2 additionql eggs& *investigated whether this

o , ¢ : .
. . ',:, &

. . Lo e . v ' N .
Ll . *
: .. )y | . - ‘ | ' 'o
: .. .‘ -, . B
- . g ¢ A CLl ,




Fig. 6. Relation;hip between total body fat of femgle house spar?ows
for specific clutch sizeg of‘3,4 and ‘5, respectively DAYs
+2,;3 and +4; and the final committment of
reproductive fat to those clutches.

" The regression equation‘ia: Y = 1.09 - 0.136 X,

S ‘ se a = 0.11, se'b = 0.052, o

n = 20, r? = 0.244, p<0.05. - , :
Superimposed over the te;ﬁinal total body fat poings fé-ehé

".

95% confidence band for the total body fat versus DAY O to

DAY +4 equation. See Fié..S legend for regression equaﬁion.
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extra fat loss would lower her survival probapility in the short-term.
, e . "\ )
Schifferli (1976) found that the minimum level of TBF in a house

sparrou was 0.25 g, the amount Yemaining after'starvation. Fig. 6

s

cleafly demonstrates that the terminal TBFs were on average over 250%

.

greater than 0.25 g. This evidence strongly supports’the contentibn

that females were termiuating egg formation while sufficien;.iBF s
reserves for additional eggs were available. _ -

The above analysés suggest that: 1) TBF was not used exclusively <
for clutch fat, but also for female energeticéneeds, 2) che decline in .
TBF was similar for clu;ches of different sizes, 3) females stopped_
committment of lBF to reproductive fat before TBF—epproached
starvation levela, and therefore, 4) females were not being limited by

-

low TBF levels at: the termination of their committment to reprodhctive

»

fat. - o

. ' - ; -
.”Even though TBF did not decline linearly with DAY, the regression
of TBF and reproductive fat‘reuealed an interesting pagfern,
" Réproductive fa;'for laid eggs- was based on the amount of fat per

) ¢ v . .
yolk according to egg seqience number (Table 7). TBF declined

significantly with increasing reproductive fat commitment (Fig.-7), !

but there wyas a conspicuous lack of points belou the regression line
4 ’ . P ;
between approximately 0.1 and 0.4 g of reproductive fat.. : e

-

Reproductive celcium wvas detefﬁined by summing the.amount of
calctum nécessary to produce each sequential eggehell as determined by .
the numbér of postovulatory follicles preeent (Table 7). Because of e

the annual varigbility in calcium content and because the 1982 sample ‘

wvas small, I opted to uee'only the 1983 data in the following

analyses. ! ‘
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TABLE 7. Changes in house sparrow egg componehts (dry weight) with
respect to laying sequence; based on combined egg data
(see_Table '5). .

Order in Clutchgﬁ;‘

. O
+ [y

Component (g) ‘ 1 ‘2 S 3 4

. Protein® O 0.284 0.318 0.322 - 0.322

Fat® : 0.136 - 0.142 0.148 0.148 -

Eggshell Calcium® 0.067 " 0.070° - 0.070 0.068
¢

. 4protein per egg was determined by multiplying 0.4091, the percent dJT~
* yolk which is lean dry weight (Schifferli, 1976), times yolk weight
(Table 5: combined data) plus. albumen weight and DAY +4 oviduct
weight (Table 8). )

N\

‘bFat<per egg was determined by multiplying 0.5909, the percent of yolk
which is fat (Schifferli 1976), times yelk weight (Table 5: combined
¢ data). »

Eggshell ‘caleium was determined by-multiplying 0.38, the percent of
eggshel% which-is calcium assuming the eggshell is wholly calcium
carbonate, times- -eggshell weight (Table 5;: gombined data).

b
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Fig. 7. Relationship between total body fat of fe'iiale house sparrdws‘
and fat allocated to reproductive fat.
The regression equation is: Y = 1.,31.- 0.697 X,

se a = 0304, se b = 0.107, ' o

~

.n = 12§ r? = 0.263, p<0.001.
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. . s Fy ’
> The regregsion equation is: Y. = 0.168 ~ 0.066 X, . |
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TBC declined significantly with increasing commitment to
¢ reproductive calciuvaFig*¢8): For every gram of calcium committed to -

reproductive céiéiumh 0.066 g of calcium came from internal caleium

-

reserves. The cogffiéient of determination (r? = 0.100) was higher

than the coefficient of determination for TBP versus reproductive

”
»

protein but was still quite Iow.
While the amount of calcium committed per clutch was discrete,
insufficient sample sizes prevented comparing trends in TBC according ’

° N . °

to clufch size.

® .Both LEG and STERN'declined significantly qith increa;ing-.
committment to eggshells (r? = 0.038, b = -0.04, df = 115, p'(O.bs;irz .
. = 0.054, b = -0.02, df = 89, p <0.01, respectively). For every gram of
calcium committgd to eggshells, LEG and STERN declined by 0.038 g and
0.020'g:ﬁfespectively. Coefficieﬂts of deter&ination.for,LEG'and STERN
were- low, Interestingly, when the first eggshellé demands were to be
met (DAY 0), both LEG ,and'”'srnxi: increased drastically (ﬁg.. 9). ‘This
departure from the regression on DAY O was true-of bo;h’LEG and STEﬁN
but-vas not the result of collecting females with large body sizes o -
th;t DAY, Therﬂkg of females on DAY 0'were mnot signif;éantly
“ di;fflere;n: from LAY FMRs (t = 0.58, daf = 9, p>0.50). Whe; these
departing points were exclu&éd, the relationship remained sign;gicant
(LEG: r? = 0.036, b = -0.03, df -.165, '»€0.05; STERN: r? = 0.048, b =

-0.02, af = 78, p<€0.05).

3.1.2.3 , Summary

.

e
T -
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- , Fig. 9. Decline in LEG and STERN versus DAY. Note the dewiation on
T _ DAY 0 for both LEG and STERN. Data are in ¥ t 1 se; sample b
i - sizes” aré below AreSpe.ctive poin,#s.
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. TBP declined significantly with increasing commitment to

.repnoductive pro:ein.gbut both the coefficieng of detemination and

A

. slope were low? Females laying different sized clutches .did not use
Ve ' ) protein reserves at different rates. At maxingm comm&tﬁent to

. reproductive protein, the average female sti1ll maintained a TBP level

145% above the atanwation 1ev§l» )

> o TBF declined curvilinearly over the reproductive period.kfgmales )

-

terminating yolk formation hpd'fBF levels consistent with shehpAY 0 to

DAY +4 regression slope. E;males 13ying 3 eggs. .had ‘significantly more -

= . s

TBF remaining.then did females laying 4 or 5 eggs. Even females laying
5 eggs still had over 250% more TBF than at the starvacion level:

TBC declined significantly with 1ncreasing reproductive calcium

commi tment. The coefﬁicient of determination and slope were low. oo

_ Medullary bone indices also declined significantly witheincreasing

reproductive calcium commitment. A peculiar peak in medullary bone
indic!s on DAY,0 followed by a significanc drop in weight suggested B
. ' ‘ ' e . : ,
_ that much of the stored calciunmt was spent on the first Eggshell.,\ - -

.
L

3,2‘ Daily Energy Budget for Egg LayinngemalesT Do L
o ' v L ' ’ . P .
: . '*- : Daiiy éﬁergy costs forﬂreproductive tiesue.developmenf JLte o
determined for a 4 egg'clufch,'th:‘nodal clutch size. ' -
' As determined above, not all of the nutrients neceseafy for egg .

development were derived from endogenous nutriente. Therefore

conversion efficiencies for endogenqpa :::eus exogenbus nutrients had
o be deternined. The conversion efficiency of most nut:;ent reserves -

into egg componente 1s unknown but it is undoubtedly greater than 772;

- . ’ .
‘e, - -~ . ‘ * .
N )




' P L . . . \ , 24 .69
. o ‘ the' conversion e,fficiency of daily dietary intake into reproductive .
RIS (J © tissue (Brody 1945). The conversion efficiency o ;prot'ein info egg
w

neterial is (14 (Scott et al 1976) but to use a 55% protein

v - L}

"; : oonversion efficienty woudd meen_tllgt_wou-ld have a 991 conversion
. 4 N

efficiency. I'm assuming that protein and fat are the 2’ main
T -~ components of daily intake. Undoubtedly fet does not have a 992
. convsrsiﬁn efficieﬂcy,-so as a compromise I used the 77% conversion .
. ¢

e . ’ efficiency -u‘.OT both fat and protein. 1 -assume the conversion . )

efficiency ofdinternal nutrient reserves into reproductive tissue is

, ".' N - °
A : ¢ 1002. 'The f 1 ing convet'sion equetion was used to correct for daily .-
.. . vereus internal nutrient reserve uge:
.'7‘ C-E[(-R)/Pr+(1-R)/Pd] . T = Eq. 6
T A . é ) ’ T - n
'.." ’ " - . T . N hd N . 'q v ) . N
o - where C= cost to fenale (kJ) in ptoducing 1 8 of egg nutrient, E -‘
e energy equivalent of egg nutrient (l;J/g) °R \proportion of ¢gg ‘\..
". 2 4 .o o

nutrients eupplied by feule r.eserves, (1 = R) - proportion of egg
- ! .
‘L nutrients‘eupplied dir%ﬂy the diet, Pr = efficiency for . ‘

'aconverting nutrient reur_yee to egg uutrients (‘1002) .and Pd - L .
' ef’ficiency fo; cotwerthg d‘nry nutriente te egg nutrienta .

' . 1]

(771)(Aliaauskas 1982-) T _‘\? -" 'L - . ‘,, o ‘

. '
-« ® ‘o ‘

. . P,
A “‘. ” I . aning thet lq of etorei.ptotein‘ie cqtu]. to .23 86 kJIng

‘
* ay
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Because TBF &i@'notldecline linearly_yith‘ﬁAX.'it was impossible .

-

to objectively determine how much clutch fat came from endogenous

versus exogenous sources. I do/know that some egg fat came from

° A [

'endogenous sources as the y k/dye experiments‘demonstrated Since TBF

incrensed during the PRD period;~1 can probably assume that most
e:dogenous fat was stored very briefly. If most endogenous fat vas_
briefly stored &hen the 77% conversion-efficiency probably is ‘
appropriate to use for all clutch fat since _endogenous clutch fat was
either derived that day or at most Several days before. if 1 g of fat R
is equal to 37.67 kl/g {kicklefs 1974 160), a female would expend )
37.67 (1 / 0. 77 ) = 48, 9% kJ to prbduce 1 g of egg'fat.

vDaily energy costs were estimeﬁpd by nultiplying daily nutrient

allocation by the appropr

correction fdctor.

-

«-Oviduct protein (gpble 8) was eetimated from females of gknown

-l

.
-~

- f‘ nemana vas inatantaheous and great. exceeding fat energy denando on

4

e
-

*

oviduct probably doeB not enlarge as quickly as the difference between

the PRD' and DAY -4 weight euggests_but no othercmeans of determining

clutch size 4 and unknown clutch sized, females~before DAY 1. DAY -4

-

'=1'and +1. The

n"

oviduct weight was extrapolated using PRD DAYs -3,.-2

t

;DAY -4 oviduct weig’hz.coifld be d'ev’iaed Ovi“dixct veight declined after

DAY -1, The deatinption of the lost protein ie impprtant in the

energetice of egg ferm;tion.

-
.
e g

Yolk. protein demand grew- quickly until DAY -1 when it lgateaued

and then.dropped between DAYs ‘+1 and +2 (Fig, 10). Albunen protein

U

DAYe 0, +1.,+2 and +3, end‘endeﬂ ab:uptly. Yolk fat denend reselbled

/

the yolk protein denand curve exoept thet tge fat demand alwaye

nxceeded protein denand by at leelt 1001

.
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Fig. 10.,Daily eﬁe;gy’budget of female house sparroﬁé over the
. reproductive period The budget is broken down by major egg

components: albumen,’ yolk protein, yolk fae, and-by'oviduct
! '

. L] B
. . ‘e

. energy costs. . - - s .

S

- -
. . -
. . . N ° .
L -
L] . -
. "
-
- - -—
- ’ . -
rl L]
» e & o
".’ $ » s @
. .
- -me . "' . P \ e,
= G -3 - .

.
.
.
H4
<
-
-
.-
’
P
- .
. .
v
4
PR
. .
;
L4
'
’.\\\)
.-
.
Y



164 TOTAL.ENERGY o

SR 124 . - T
. . - B . N ’
. - ’
- . ~ “
- .
- 8- L4
. . ‘ °
* . - =
. B o. 4 ! ' -
. N . s .
. . &
. 3
' \ - . \
- ¢ > -
. .
LI o M - .
. .. - ‘ €
. i "o R 1 » - .
s Lo ’.
» .~ . e’ ’ *
. - N R ' e " b
) «  83aLBuMEN | | _ . Coe
. . o . . .
. s v ~
. e - . = * .
.
. v . 4 L :
. 2 \
o~ h N
-5 T . . . ’
- ’ ‘ . - L 4
—~— M
. n
- 0 . N
. . R
. > g , .
. e 7] P . -
N . ]
O eromeren -
- « - . * - L Y .
z YOLK PROTEIN N C
PR .
¢ . w ‘ . i .
- * ’ .
’
——1 . . ‘
. .‘
v . .
. v .
. - .
- d e
&t ‘ 1t ° '
.
.
.
- . N - . - .
, ke - - J .
] , r +
. , )
’ - "‘hy
A
4- D < v
" - ,
L. . - v
L] .- 4 - .
. . M
1 A ’ . .
° . 2 -
. ’ 9'A
. . ] B -~
, . . . . - ¢
. ' . . ] ¢
~ M - - . . A e " i
: ’ - - v ° »
" 4 v ‘ ) . ‘\../
) o : 10vnwer <.
’ -. - . ‘ .
3 . -
[
) - .."t- .
0 . . s
‘ . By . - - .
. .. . . R B - ’
. ¢ » R ’
. - . ‘ - - “ . . . . s . . .
.
< 1] ’ : P *
- - - ‘.
-4 P

5 'l LK v | f . B4
- <. L S -2. -1 O o1 2. 43 4
’ B o DAY QF LAYING . - . ., "



74
[ 4 - ! ‘;

The total energy budget curve resembled a normal curve with_
maximum demand occurring on DAY 0. The influence’of’ reabsorbed oviduct N

protein was great on DAYs +1, +2 and +3, without which the females

total ‘energy budget would have been more sigmoid

An average LAY female weighed approximately 29 5g. Since wet

weights of the reproductive tissues were no recorded, I assumed that
- .

the reproductive tissues were 802 water- (R. Alisauekus,‘persu comm.f @
Using Ascﬁoff and Pohl (1970) dailylftandard metabolic rate (SMR)’
equation.for passerines,'I estimated an average LAY female expended

37.2 kJ/day. Maxiﬁumudsily costs of egg production occurred on DAY 0

~ at 17.92.kJ/day. Forty-eight percent of SMR was the maximum amount ,

‘éxpended on the daily reproductive.costs. The maximum daily‘f

reproductive costs of different sized clutches would pot.uary.greatly .
: R . . . <| ¢ o -
(<102). . '

The total eoergy re&uired to produce an average clutch of 4 eggs°

‘

wds 0 50 kJ. Reproductive fat made up 1. 2% of the total energy vhile

reprodqctive protein made up 8.87%. Reproductive protein can be
. \

\

. subdivided into oviduct (. 42), albumen (36. 02) and yolk protein

(17.4%). . . L
This energy budget did not inciude the.energy~neces§sry to.

acquire, convert and assimilate calcium into eggshell 1 know of no

. .
’ . . 4

agﬁroximste means of doing 80 end ‘therefore the above budget should be

., - ) L
' N onsidered as being conservative, , LI
‘ - ' - - L
. “ ’ . b ¢ . ) l‘
* 3.1.3 Postreprodugfive
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 TABLE 9. Changes in the nutrient reserves of female house sparrows over

] the postreproductive period,

Category "
—— : a - s AEarly . » ‘Late Incubation/
Variable (g) " Laying p Incubation p Nestdding
Body Weight 27.3+0.2 NS  27.6+0.3  N§ 27.240.2
. (61). (35) - (73) T
Total Body . = 7.12+@.06 NS 7.18:07]2 NS . 7.07+0.05
Protein. (46) . (9 o (6D
. Breast Muscle  1.49%0.02 NS  $.52£003 . NS 1753 0.02
S (58) . (33) e (65)
i Leg Muscle 0.56:+0.01 NS  0.59+0.01 NS  -0.59+0.01
* 59 - (33 ‘ (70)
Gizzard  0.2620.01 NS  0.25:0.01 NS~ 0.25%0.00
. (61) | (35) . _ (73)
" Liver 0.36£0.01 NS  0.36£0.01 NS 0.34 £ 0,01
PN @S, L (6e9)
. Carcass - > 6.55+0.,07 NS . 6.65+6.11 NS o 6.73%0.06
. 3 (54) ) @y - 0 (61)’
" . " Total Body 0.99%0.05 NS . 1.12+0.06  * 1.264.0.04
Fat . ' (61) ! - (73)
: * Leg Bone- 10.193%0.003 *  0.181.£0.004 NS - 0.177% 0,002
S sy (32) ©(70) |
’ ', Sternum  ° 0.087£0.001 NS 0.0860.003 NS  0,083:0.00L -
. 41 . ‘ Qo . 2 (49) - ’
» . /."‘ t ot .. ' . ) ' D .
' " TotalgBody * .0.159:0.055 NS  0.145%0,010. o o ~
«Calcium - .2 BRI ¢ 5 ) LEREI -
. - _aAs in Table 1 ° o ' o Lo :
, ' ®.. . . "\ - )
. ' » - ~ . -
- 0 . '0' [ ' '0 . s ' . . ~ -
] [ r J t
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Alllyeights.remaihed‘ponstant between the LAY and POST periods

(Tables'1,2).. = . ‘ .

gy oot Tl .

E A

3.1.3.2 Females

'y

-TBP, TBC, muscles and organs all remaindd constant between the

PESTUR UR RS TRy -

LAf and. LI/N periode~(febie 9). Only LEG declined significnntly o ‘ ]

betw.een.L‘AY' and EI/{:‘eriods (t = 2.3.}, df !' 83, p(0.0S;), ' ‘ :

'Only TBF incregsed-eignificantly'between EI‘and ii/N.(t = -2.01' | R

:df =. 108, p<:0 05). Alllother indices remained constant between those R
periods; no LI/N TBC values vere determined N S

‘h l. R . . .’
3.1.3.3 S“mmﬁfy .

. . - - .
. . C -

.. Male nutrient iéﬁerves remeined‘conqtant afterfthe LAY period

L

'Eemale: TBP muscles and organs remained constant after the LAY period

TBF increased between the EI and LI/N periods. LEG decreaeed

. + significamtly between LAY and EI. .. .
. 0. . ° ) t - ’ ’ '-u
3.3 Pood$abits - .- . - ' i
¢ B . . ' » ‘ ?
3.3.1 Intake of Animal versus Plant Matter s
TN ' . o ' ) : ‘.

s
»

* No semples included category 5, IOOZ'animal, and only 14 of 563

samples contained leds than 51 plant materiel (category 4); 13- of
[ . : ,.,
‘these were females. Because so few !amplee were claeeified as category
H . ' \ ‘. N _'.
0 b4, 1 decided to combine cetegories 3 and 4 Thin left 3 categoriel, v
\ "'.A‘ ’ . . . . . A "‘, , , '\ ] . L ."r

. . . . . .
- . s . . R . . . .
. - . X ’ , -’
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i'OOZiplant, <52 animai and.>52 animal. Category 2, <5% animal, was '
extremeiy sensitive to-the presence of.;nimai material, usdelly only ah
: single plece of an animal’ees observed wvhen a etomech content was T :‘
. cored as category 2. So sensitive was category 2 to animal mafter
. that I thought a Eosteriori that categories 1 and 2 were equivalent.
X'Iftherefore combined categories 1 and 2 leaving 2 final categories,(
' 5% artimal and >5%° animal. Use of these 2 categories reveals the
’ _percent of each sex which are consuming animal matter' the index
indicates nothing abqut'the compoeition of the diet.
z-”*,w ; , ;hﬂ8pite of rather ¢onsistent laying phenologies between.years, "
Lemérgence‘phenologies‘of oreferfed Animel.food'ﬁid not necessarily

" follow laiing gatterns. No dets were'oollected on either prgferred ' " ¢

animal foods nor on the energence phenologies of those foods. To

- investigate if year had an effect on animal food emergence, a 4-way R
,x [ contingency table was executed using- yeer, breeding stage, sex’ and'
v j 'food score. A’ highly significant k-vay interaction wvas found G = ..
_ _‘ | -10555 df = 4 p<0 001) Next year was removed from the‘contingency-
table whereupon no interactions occurred in any year (Table- 10). These‘
tesults suggest that cnimei'emergence pheqologies were-different

o .between years,~end.therefore animal/plant foodhnabits were “."g 1 e

inve;tigated witﬁin‘each year.f ) o . o
v ¢ . . ¢ ¢
. In every year, the proportion of males and females vith animal

“n

matter in their diet was.dependent ‘on the breeding stage. During 1981
' tend 1982‘ the proportion of sparrows with enimal mattcr.increased X

:d“f . between the PRL and LAY periods while in 1983. enimal intake increased

. "between the PRD and PRL periods 8uggeating that preferred aninal food

-emerged earlier in 1983 than in 198], or 1982 Once houoe Sparrovws

»
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inveetigated-by each year.

o o

79

switched from predominantly seeds to seeds and animal'matteig they o ®

”e

conﬁinued to consume both seeds and animal matter for the remaintné‘
breeding stages.

Intake of animal matter was also dependent on sex during every,

. year., More females consumed animal matter than males did over the -

.entire breeding season. Breeding stage by sex differences were oniy

.

noted in 1933 when more'femalesrcqpsumed animal matter during both. the

v

PRL and LAY périods.

H

Thus the proportion of males and females consuming animal matter .

reflected seasonal avéilability, but more females consumed animal

" 'matter throughout the breeding'season.

3.3.2 Calciferous Matter Intake

- N

Because molluscs emerge at different times from year to year and

mbllqsee cemprised much of the calcium intake by house apefrows,
. N . h . T ' e
between year differences in mollusc emergences were tested also using

a A—way RxC contingency table. Factors included were year, breeding

stage, sex and calcium intake score. A highly significant 4-way

interaction was found (G = 2491, df » 4,.p<0.001). Remouin'g year from

the contifigency table ylelded no'B-ﬁay interactions (Table 1I)

. suggebting that snails were emerging et different times of the'year E

between yesrs ‘of the study. Calciferous material intake was therefore-
. . . . .

1

The proportioﬁ of males and females with galciferousymaterial vas

dependeqt on the breeding stage. Dﬁring.198l, the use of cal¢iferous i : é

SO ¥

' materials by both sexes- started out relarively high and temained high é

-
. LB
. : . ’ » S
“ . [ .
L3 ‘ 2 - . N . » - .7
’ " N o . . ’ iy
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until the POST périod whén use deciined significantly. During 1982 and

L]
k. [ ]

.1983 the proportion of sparrows with calciferous materials 5egan low,

significantly increased between the PRL and-LAY periods and then.

. declined significantly between the LAY and POST periods.

' The proportion of calciferous matter in the diet was also

<

dependenf on sex during every yesat. More females consumed calciferous

material than did males throughout the breeding season. By bregding.

- - . . : . <
stages, in 1981 and 1982, more females consumed calciferous material
during the ‘PRL and LAY periods, while in 1983 more females consumed

éalciferous material during all breedipg“sfageé; s ' -

-

Because the proportion of females with calcifetous material was

a0

»

always greater than males, it seems logical to conclude that the

-combined sexes trends were refleétiﬁﬁ'femﬁle’intake.

-

+ The between and within séasoﬁucalcium intake by females 1s highly

suggestive that females were responding to a calcium appetite. .

-

L -

o




4, - DISCUSSION
. :

v e

-

4,1 'Nutrrent Regerve Dynamics

.

4.1.1 Prereproductiye

4.1,1.1 Males

- - -

¢

’ No relationship between protein, or fat;, and .capture date during

-

the PRD period was noted: Schifferli (1976) also found no significent
| . ¢
'change-in male LDW or TBF during the pertod of'mate attracticn and

nest defense' his time period corresponds to my. PRD period Likewise,

Blem (1980) was unable to demonstrate a signifinant monthly change in’

V
_.the LDW of male houae sparrows between Novembet and March. Further,

Anderson_ (1978) and 0'Comnor (1973) could £ind no significant

difference in the mean body weight of house”sparrdwsctetween winter ~

N

and spring; body weight reflects LDW positively (Schiéferli 1476).

In the grey-backed .camaroptera, ThP glowly builds during'the'
'prenesting period (Fogden and Fogden 1979), a situatien different fnom

that of the hoise sparrow. ‘A comparison of the 2 species should be /"i-
done cautiously though beeause the grey-backed camaroptera will often y
- - s S,

“~—
breed aseasonally (Pogden - and FOgden 1979) whereas ‘the hause sparrov

rarely does so (see Young 1962 Naik and Mistry 1973y, ., .. ”;ﬁ

. 2!

4 Between the PRD and PRL periods, ell protein and ‘fat 1nd1ces.
b “ .
exeept LM,,decltped,in.weight e@gnificaﬁ‘}y, This result was .

O .. N e

LA . # : ‘
"eurprising considering that no gredueﬁ protein or fat weiiht lo'lel .

occurred durinQ\the PRD period. Possible ei’itnetionn for theee veight
4 .

&
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T~ . losses are: ly“biééding behavior peaked during.;he PRL period, 2), ~
) certain amino aciQs,,;;geﬁtial for sperm produétion, were neceséary
during the fRD period or 3) climatic siress eased during the PRL

p;riod. - 'j ‘ -~
‘ﬁﬁ.all 3 years-males beganfcourtship activities, e.é. singing,

nest-site display, by mid-February. These activities peaked in early .
€ .

no records_vére available for 1983). Anecdotal evidence from
Th;eadgold (1960) who found i&ft thé spermatogénetic_cycle of hou;e
sparrows in London, Ontario peaked %?out mid—Aprir ;;nfirms that raﬁe
flights were 6Oincid%Pt with averagé peak spermatogenic activity. .The
peak spermatogenetic phase was definea by Threadgold (1960) as the

period when males became capable of producing viable sperm. The PRL

period, as de:;rmined using Caughley and Caughley s (1974) method, for

I

. males 'Lgan-on April 29, 1981, April 13, 1982 and April 26, 1983.

» While the trend in rape flight activity is similar to the estimated
PRL beriods between 1981 .and 1982, the varjability within each year
. ‘ .

makes any cenclusions tenuous.
’

. Fogden and Fogden (1979) speculated that protein decline during

\
\\ prenesting period of the male grey-backed camaroptera may have

resulted from certgin amino acid deficiencies. They hypothesized that

. sperm production required certain amino acids‘which were scarce in the
| daily diet bnt which were present in protein reserves. To free those
amino acids, the individual had to catabolize protein stores. While
the_production and maintenance of sperm by bi is ccnsidered
. q -

energetically négligible (King 1973), it is nevertheless 1nteres€ing

to note that in 1982 and 1983, house sparrow testes weights increasdd

April when rape flights were éommon (Aﬁn;l 17, 1981, April §, 1982 but’

L3
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between. the PRD and PRL periods (t.= —4.44, df =25, §<£0.001). No

weights of PRD testes from 1981 were availeble. So as‘rﬁerm production

increased, TBP declined. This result supports the contention of Fogden

and Fogden (1979) .
Changes in male yeigﬁ: also could have resulted from changing .
climatic regimes (see Kendeigh et al. 1969). Mackowicz et al. (1970),

\A Davis (1955) and Seel (1968). all found that house spérrovs‘began egg -

lﬁying when ambient temperatures had reached a level permitting a

positive energy balance. Specifically, Mackowicz et al. (1970), found

- ~

‘that egg layihg began only after weekly temperatures increased to an

average of 7-10° C; this temperature range incorporates both Davis's

-

and 1983 critic temperatures were attained 3 weeks before, 3 weeks ,

after and 1 week after any bree&ing act{vity by females, respéctively..
Thus the average weekly temper;ture preceding first fema%g breeging
activity was not ;onsisﬂently related to weigﬁt changes in ﬁal?s. The
lack 9f a’ congistent relationship supports Blem's (1980) hypothesis
that house spafrows in nérthern areas are probably dgpendent on man to
reduce limiting climatic pressures. ’ .
0f the 3 hypotheses proposed to explain the weight changes in
males‘between the PRD and PRL periods, the hypothesis based on amino |

“acid requirements'was the most consistent hypothesis with the protein

\ , .
findings. I suspect that the decline in fat was caused by the increase
: ‘ .

L 2
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in aﬁbignt temperature, décreasing night-length and increasing food

&vailability.(see Ankney and Scott 1980). Why TBF in males did\ggs\\\\ .

decline éradually over the PQD period‘hgﬁ‘instead dropped abrpptly
between the PRD and PRL periods is not understood, ‘

Becéuse male birds are not known to store caléium for
reproductive purposes (Simkiss‘L967), stable levels of calcium during

prereproduction were expected.

4.,1.1.2 Females

t

Protejn storage did notﬂoccﬁr during the PRD period. Instead TBP,
BM and Ez (BM; t = -1.73, df = 33, p'(0.655 GZ; t = =2.76, df = 36,';<
0.05) all declined significantly during the PRD Period. Chénges in TBP
~,=and BM should. be interpretéd with caution as both regressions had high
variability Qnd low slopes. In spite of the statistical changes,
biological explanations for these declines are.tenuous sinc; no
significant'difference in either TBP or BM ochrrealbetweep ths PRD
and PRi periods. 1 Believe that GZ declined over'Eﬁe prereproductive
ber}od because of éhe seasonal shift f}om a high fiber ‘diet (seeds) to
. a lower fiber diet (seediAplus insects) féiile; 1975, Drobney 1984,
Ankng§ unéubl. data). The only protein index to increase in weight
between the PRD and PRL périods'was LM.

My finding, that TBP d;d notraccﬁmulate,during the

0

prereproductive period, agreee with the results of Pinowska (1979) and

Blem (1980) Pinowska (1979) found/ﬁo sigXificant difference in LDW

[y
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Y

between prebreeders amd breeddrs whertas Blem (1980) no:s? so,
significant monthly decline in LDW between November gnd March.
Schifferli (1976) reported a slow but sseady increase in his

.index of protein over the. prel;re;eding period. His 'conten;ion‘, thohéh,
'wé;-not tested statistically and furt?er the data (Fig. 11) did not
suppgrt,this.:By doubling the standard deviations presented tserein,
one'can approximate the 95% confidenée 1tmits (2ar 1974) which reveals

. "that there are no significant trends in the protein index. If qrse{
Schifferli's (1976) data supports Pinswska's (1979) and'Bléh;s'(i980)

. ' [ 4

i » .
data. Consequently, there is no evidence that. protein increases before

rapid follicular development in female house sparrows.
Only 2 temperate breeding passerines reportedly build'protein

regserves before breeding. The reports, for starling (Sturnus vugggris)

(P. Ward cited .in Fogden and Fogden 1979) and reed warbler

(Acrocephalus scirpaceus)(as in Fogden and Fogden 1979), cannst be *

assessed as peither report contains sufficient informatipn to -

determine the timing of protein accumulation before breeding.
Examples of pgotein accumulation before rapid follicular

deve;opment are known for tropical passerines inc}udisg‘the

yellow-vented bulbul (Pycnonotus guiavier)(Ward 1969), the red-billed

suelea (Jones and Ward 1976) and the grey-backed camaroptera (Fogden
and Fogden 1979). Both the yellow-vented bulbul and the grey-backed
camaroptera exhibitgﬁ}sgasonal aqsumulations of protein coincident
with ;he annual .flush' of insects.‘In_ths red-billed quelea, protein

was accumulated by the females before arrival at brésd}nﬁ sites; -

.8
) 3 -

females accumulated 5 times more protein reserve\than ma;es before

.

breeding (Jones and Ward 1916). In no report were the.protein reservésg

.

-
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Fig. 11. Reproduction of Schifferli's (1976) Fig. 2.14, "Flight

muscle reserves of the female, in relation to the start of

<

laying in the population. Means (* 1 s.d.); sample sizes are
shown. Note: day 0: median date of laying ip the population./

day (-4): females collected‘shortly gefore starting to form

.

yolks. day <3: females coilectqﬁ three days before ovulating

’

thé’firgt egg; the means of day -3 and day (-4) do not

differ significantly."” ' N
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o® prebreeders directly compafed with'the-protein reserves of

prelayers or layers. . | o ‘
The lack of either a decline in TBF duriitg the PRD period or

‘between the PRD and PRL ‘periods différs from Schifferli (1976) who |

found that TBF declined significantly between the winter and PRD

period and then increased significantly, several days, before the PRL )

period. However, there was no s;gnificaﬁt difference in TBF between

Schifferli's (1976) winter and PRL weiéhtsr He argued that TBF waé/
. accumulated just befére rapid follicular development because had

femeles elowly accumulated TBF, the‘transybrtatien costs involved in
carrYin; the'stored fat wouId'hede’negated‘the benefits df'etorage.

. _ Pinowska (197§) did ndt-disdhsé the differences in TBF between
prebreeders” and Breeders although she d ' present deta'for those

¥ ‘periods. In 6 of 7 reperted breeding cji:ea; TBF declined from

; : .

‘brebreeding_to breeding. Admittedly her measures of variance (although

she did not state ‘exactly what these represented, sd or se) were quite

large. - ’ ' - '
The red-billed quelea female did not accumulate TBF before rapid
follicular development began‘(Jones and Ward 1976),

’ During the prereproductive period, the 1ncidence of animal food
in the diet did not differ between the sexes. Why the mean'TBP and TBF
of males deq}fq;d‘wﬁile the mean TBP and TBF of fégeles remained
constant whenntﬁe eeﬁe.proﬁdrtion of individuals was .consyming animal
matter is not understood. '

Unlike the dynamics of protein and fat during prereproduction.
.

female TBC did increase between the WINTER and PRL periods. Although

#" this finding corresponds to the long term calcium increases noted in

| S 89

.




young chickens (Classén.and‘Scott 1982), Ojanen et al. (1975) ‘observed

that house sparrow TBC réemained constant over the year. Comparisons of
[}

P - -

my findingé with Ojanen et al. (1975) are difficult because 1) they

provided no information on the sex of thé~specimens their monthly TBC

evaluations were based on, and 2) any changes in TBC resulting from

’

<

reproductive causes could have been masked by their inclusion of
individuals from various reproductive stages.

Only in 1983 did more PRD femqles’than PBD malés.consume ’
calciferous material. Thus, usualli.the incidehce of calcifcrous

material in the diet was equivalent between‘the'sexes during the 5?;

prereproductive period. The intake of calciferous materials,*Byzﬁgth>xf

. ‘~'

sexes combined, did not differ between the PRD- and PRL periods in any
t ' . N

year. Since the incidence of calciferous material intake was vonstant

over the prereproductive period, the only means of accumulating '

calcium over the long term had to have occurred through physiologicgi

changes in the females, In domestic fowl, calcium can be accumulated

on a constant diet by increasing calcium absorption across the gut

and/or decreasing calcium excretion (Hurwitz 1978).

Becausg medullary bone 1; found only ‘in female birds jmmediately’

- before egg laying (Hurwitz 1978), the long term calcium increases

indicate that cortical bone was_being stored first._uedu}lary bone

indices, LEG and STERN, 1ncreascd'cnc¢ the female begah-tgiid' ”

follicular development. ' ? .

Mutton and Westwood (1977:191) appropriately istated in reférgnce
% . ' ) . ”f P _'
to the nutri%ht requirements of egg production thclf "it does seem

Ed

b4 o ' ’ 4 4
certain critical nutrient requirements for the egg may be accumulated

-
(]
.
-
-



and stored in advance.of egg formation but the capacity to do ‘this is
probably-limitéd.f .
\\\ Ward (1969), Fogden and Fogden (1479), Jones and Ward (1976) and
' Pinowska (1979) all hypothesized tﬁat tﬂe initiatién of breeding in
female passerines ;ras cued proxjgmately by the accumulation of - .
sufficient reserves, fsgifiqlly protefg. Their hypothesis was -
e . supported by the more general observation that by providing
supplemental food to prebreéding passerines, the subsequent laying
date could be advanced (se; Klomp 1970). Examples of altered laying

a

. ' dates include Yom-Tov (1974) who advanced the laying dqte'of the crow

- (Corvus corpne) by 5 days while Kallander (1974) advanced the laying

date of the great tit (P;rhs maipr)‘betéeen'B and 7 days, depending on
"the age of the female. The hypothesis,;hat nutrient reserves were
accumulated to a certain threshold_ievel béfore the initiation of

. breeding was not upheld by the house éparrow_population I 'studied.
Neither TBP nor TBF’incrééseq during the PRD period nor between tﬁe
PRD and PRL periods. Although TBC did'a?cumulate over the | -

L . . -
prereproductive gpriod,‘the poor relationship between TBC and calcium

requirements during reproduction (see Section 4.1.2.2) suggests that
stored calctum had 1little to.do with breeding initiation.-
‘ ,Poséibly.éhe presence of essential. amino pcids, instead of TB?P,

cueq fémalés to -begin bree@ing CFogden,énd Fogdeﬁ 1979). While this

- e hypdfhesis‘181po;siblg I had no means’of~testing it;,Circﬁﬁst;;tial
evidence from the.broyn-ﬁeéded éowbird. which can on augpagé producé: .
40 eggs #er,feqale per beasén‘(Scotg and Ankngy 1980), puggesis':h;;
. dailyidiet 19 sﬁfficiént 1; all geaéntial amino acids. If daily diet

Y ' was not sufficient thea how. could a brown-headed cowbird continue to

-
.
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lay so many eggs for such an extendéd time period withopt e*hausti.ng 72 .
her stores of egsential amino aéidé? ) '
Since neither protein, fat nor calcium reserves appear
responsible for proximately cueing female house sparrows to breed then
°  what was? As discussed in Section 4.1.1.1, average weekly‘ambient
temperature did nof consistently correlate with first femalé breeding
activity, nor would I haQe expected it. First'breedihg females are
those that nest in heated buildings, not those nésting in non-heated
buildings or in trees (Pinowska 1979, ﬁ%rs. observ.). House sparrows, -
especialiy eafly breeders, seem independent of ambient temﬁeratures
because they rely on man to alter both.epergy balances and food
- supplies (Lowther 1977, Murphy 1978). Since neither protein nor fat
were accumulated before thé PRL period, the food'éupplies‘of man

-

apparently do not result in early breeding females attaining a minimum

-

nutrient reserve threshold before later breeding females. Instead, I
sagree with Schluter (1984) that food reserves do not, Egglég, cue

. ;emale passerines to initlate breeding but inatead cue the feméles t;
‘ - future food resource levgls. It is based on théée future food resource

levels that the females 'deéide' dhen to initiate egg production (see

‘Lack 1947, 1948). *

b d

4.1.2 ‘Reproductive

4.1.2.1 Meles
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No index of protein, fat"orihalcium varied over ohe reproductive'
period which agrees w’;K Schifferli's (1976)- findings and Fogden and
Foéﬁen s (1979) indings on reed warblers. «

My findings nfirm tnat males make an ideal control against

which to compare fémale nutrient reserve trends, because nutriént and

.

energy costs during the reproductive peried were constant for males.
More male house sparrows consumed animal matter during the .
'reprodnctiVe period, probably refleoting the greater abundance of - ,

insects and the scarcity of seeds (Wiens and Jo@pston 1972) rather

N

. P

thar a protein appetite.

Consumption of snail sH@ll and eggshell by males was constant

. .

over the Breeding season. I agree’with Ankney and Scofé's (1980)
hypoohesis that intake of oalciferous material by maios probably .
results more from incidental consumption than a specific calcium
appe;ite: Schifferld (i976) did no; find evidence of snail shell '

. consumption by maleo'but hig sample size was small (n = 5).

The only‘reported cése of a male colcium appetite is in
band-tailed pigeons where the male aids in feeding the young pigeon
milk", a substance requiring large amounts of calciqn (March and ' :
Sadleir 19?5).‘Male band-tailed pigeons were foond to signiiicanttj
:increase their intake of caicifexous material during thq-nestling‘

stage but never was there evidence of calcium storage (March and

Sadleir 1975).

4.1,2,2 Females ‘ . ) ‘ !
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While TBP declined over the reproductive period, the cqntribution~
ﬁ - -

-

of TBP to the gross protein demands of-clutch formation was very
L)

small, Congidering that “96% of-the variation in TBP over the

”

&

reproductive periodgwas unexplained in.conjunction with the amall TBP
decline, I believe that individuai females must have been meeting

reproductive protein demands exogenously.‘This conclusion agrees with

L

Pinowska (1979) ‘who found that LDW did not decfine over the - . .
#

reproductive period She did however observe .a séﬁsonal decline in‘LDW

a

) which she attributed to repeated egg production and/or Ttosts . ~ .

) . ) ) . .3
associated with caring for young. o : L . .
Schifferli (1976) noted a87% decline in his index “of flight "

muscle protein over the reproductive period This reduction (based on

a clutch size of 4) was believed to have been an important : . 20

*

contribution to the protein requirements o? egg formation, both in

rt ~

terms of meeting total protein costa and in terms of specific aﬂino

'

" acid needs. The. importance of the flight muscle prorein in meeting

total egg protein demands is questioned as Schifferli s (1976) overall

. 4

- reduction in flight mmscle protein index amounted to 0.17 g overv7

“ e . —

. days. While investigating overnight energy requirements of hOuae'
sparrows captured during the fall and spring, :Jones (1980) found\that
Bu declined by an average 0.14 g nightly of which 0 04 g were ‘ ‘
glycogen. Admittedly comparing the ddcline in BM observed by Jones

(1980) againat the decline in BM observed by Schifferli (1576) ia not

, Jexactly equivalent because aﬂe collected her birds when overnight ' ’
Y "l

requirements were alightly higher (fall and epring), not during the -
. I 2,

breeding seasomn. However, 1if house sparrowa ‘are uaing 0. 10 g of protein




!

3

ﬁ.(Parus major) (C. M. Perrins cited in. Schifferli 1976) suggests that

' oize (Jones and Ward 1976). Daily intake of protein was impottent in -

E ' - 95

y . . : I3 g

»

datly then the puvported impontance of 0.17 g of LDW over 7 days in-

meeting egg protein démands is questionable%

. L

The only other extensively studied temperate passerine is the \

‘brown-headed cowbird which does not rely on protein reserves to- build

eggs (Ankney and Scott 1980) . o “ s
The Teed warbler (Fogden and Fogaen 1979):ldses protein during °
egg 1ayfhg in a manner COmpatable to that of the grey—backiﬂ'

LR

camaroptera (see below), although the pattern of profein Ioss on DAYS

-

-1 to +3 1s unknown. Fogden and Fogdan (1979) extrapolated the
» »

"pattern in the grey-backed camaroptera to the reed warbler ‘and stated

that protein loss did ﬂbt appreciably contribute towards total egg -,

I

protein needs but may have ;been important for providing specific amino -

acids not’ common in the diet Anecdotal evidence from the blue tit
»

nn protein is lost over e;g laying. The rate aud extgnt of protein fﬂ

loss by thi‘ species is unknown. ,\ -
Y ‘e Cond N .
Of the tropical sPWies'inve“iSated all lost protein over egg. .

'”‘ -

L laying. qﬁestnut—breasted flnch (ﬂ!hchura eastaneothorax), (c. M

?errins cited in Schifferli 1976), red-billed quelea (Jones and Ward

1916) and grey-backed camarOptera (Fogden and Ebgden 1979) As !

b
explained .in Section 1, the protein loss in therredébilled quelea is

regulated by exogenoqs protein intake immediately before “and during
-laying. Thus the size of the ptotein reserve immedistely before and
L . ! -

uring -egg production in'conpination with exogemous proteinfintake'

during the same time period was believed to proximatél}*control clutch
. » L

controlling the clutch size of the-red-billed quelea too as evidenced

.t
-

I
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by the egfremely high rate of follicular atregia, i.e. when ; female
was unable to offset tﬁe decline in proteip reserves by ingesting
protein conaurrently, she aborted’ a follicle(s). As many as ZSZ of
red-billed quelea females starting 4 follicles l;sé I fo;licle to

atresia. In the house sparrow, atresia occurs in less Ehan 22 of

females (Schifferli 1976, this study). . .
In the grey-backed camaroptera (Fogden and Eogden 1979}, the

protein reserves lose 0(06'g over 7 days whiéh accounts’ for .15 of the
- .

‘ prptein in a 3 egg clutth, Note the similarity in percent protein

Y

contribqt{bn towards the protein requirements of the clutch between
-the grey-backed camaroﬁtéra and the house sparrow in this study. As in

reed warblers, the 15Z loss may have represented tissue ‘catabolism to
. .

meet specific afilno acid requirementé which were Pprobably wuncommon in

exogenous protein sources. Co
. ¢

.Both Schifferli (1976) and I investigated the use of protein
~reserves according to clutch size. Neither of us found that the'use of

protéin differed among females laying different numbers of eggs.
’ - 'S

-

I found that TBP was not related to clutch size when a female had
N . ® ]

finished forming her eggs. The slope of terminal TBP versus clutch
size'was not g}gnificantly different from 0. In no reported case has

there been evidence-that egg laying was ferm;nateé by house sparrows

because of insufficient .protein reserves available or because of the
risk of endangering the 1mmediate_we117béing of the female.
After a female red-billed guelea had finighed egg laying, flight

muscle protein was not related to clutch size (Jongs and Ward 1976).

-~

Jones and Ward (19%6) interpreted this relatiomship 8s demonstrating

>

that_ a minimum protein level sfopped egg formation., My findings cannot

-

3

26
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* be interpreted similarly because TBP loss over the reproduqtivé period

was minor compared to the loss in red-billed queleams (éepending'on the
subspecies'monigéred, either a 44% or 612 flight muscle loss, Jones
and Ward 1976). Females also-ceased'egg formation whilé they still

exceeded the starvation level of protein by 282 (Jones and Ward 1976).

- Neither Schifferli (1976) nor I found that the flight muscle

protein~index or LDW, respectively; apgroached the level of starvation
Qheﬁ‘egg layin;'yas terminated. Again, Pinowska (1979) found no éhange
in iDW.over lafing;

. Although the proporqiop pf females with animal food in their%guts

increased from*roughly 20Z during the PRD period to roughly 60% during
. N e

’

, the LAY period (unpubl..data), there was no significant difference

between the proportion of males and females with animal food in their
diet during the LAY period. Realizing tﬁe low‘qse of endogenous
protein;fbr rgproductivé tissues, I would have predicted, a
gosferiori, that mérb LAY females would have consumed animal matter
than malés. p& dietary anal}ais was not designed to test these
differences. Pinowska (1975) determined the perceqt of animal matter
in thg crop and,"stomaéh" conﬁentp of egg laying females to be 59%.
Considering that Pinowaké's (1975) te;hnique, as wa; miﬁe; was biased
against fiﬁiing insec;s (Swanson and Bartonek 1970), then Pinowska's
59% estimate should be considered conservative. Whether an intake of
602 insects meets all ;he %fzsfin needs for house sparrow reproduction .
on a dai%y basis is unknown.

‘Explanations for protein decline over the reproduccive peripd

are: 1) increased protein demands of egg fo;mation.(Jones and Ward

1976? Schifferli .1976), 2) inadequate intake of speci%ic amino acids
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(Jones and Ward 1976, Schifferli 1976, Fogden and Fogden 1979), 3)
reduction in feeding time to avoid breaking the develop%ngieggéﬂéll

(Fogden and Fogden 1979) and 4) to.allow for more time to search for

calciferous materials (Fogden 1972, Jones and Ward 1976) S
The total }ep;oéuétive protedn requirements of house-sparrows are
‘géeater %han the total reproductive fat require;ents (Fig. 10), &et
the decline in TBP is small compared to the decline in TBF. As
discussed above, the high individual varability in use of TBP in
combinatioh with the ovérall low use suggests that the total
reproducﬁ}ve protein needs can be met exogenously. }he remaining fBP N ’
loss, 157, may represent sisgue catabolism to provide essential amimo

acids uncommon_}gﬂexegenous protein sources (see Secfion 4.1.1,2),
Research/ir;; this possibility is .n'.eeded. ..

Fogden and Foéhen (1979) were unable.té collect any grey—baqked
camaroptefa females between DAY -1 and DAY +3 which they attributed to
'thé altered behavior of females developing eggshells. Suéposediy,
females during egg laying have to remain sedentary duringvthe initial
period of egg;hell formation to avoid damaging the eggshell,

Schifferli (1976) inve;tigatgd Fogden and Fogden's (1979) hypothesis

by exaﬁgpiné eggshells of cap%ured hoﬁse sparrows for cracks

(Schifferli received a manuscript of Fogden ‘and fogden's 1979 paper .
before he coﬁpletgé'his Ph.D. researcb%% 1f developing eggshells were
mégg prone to breakage earlier in the day then, bgcause of handling
durin élcapture. those eggaheII? should have ‘had more étacks.
Scy4;j;:?:><l976) found that the eggshell was not véinerable to
br;akage until after sunset when éhe female had fiqished feeding. This

‘

finding does not prove F;gden'and Fogden's (1979) contention_incorrect' o

v -
.
Ty
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though because eggshell development rates are species-specific{ e.g.
blee tits have a completely‘developed eggshell by roosting* time
(Perrins 1979) whereas the house sparrow eggshell continues to develop
unt?l Z'h before laying at sunrise (Schifferli 1976). Also, iﬁ the
brown-headed cowbird, ;hich has a hard shelled egg by roosting time
(C. D. Ankney, pers. comm.), repeated handling of live-trapped~birds’
caught late in the day did not resultuin damaged eggshells (see Scott
and'Ankney 1983). Further, since individual female brown-headed
cowbirds fepeatedly came back to baited traps during'egg laying, tﬁeu
eggshell breakage does not appear to be a factor mo&ifying feeding
behavior. éerrins (1979) also commented that when femele blue tits
were~laying eggs, females went to roost with their crops full of a
variety ‘of food and calciferous materials. This anecdotal&evidence
agein'suggests‘tﬁat egg laying females do not lose the entire day of
feeding for fear of damaging the developing eggshell. It seems o
unlikely that female passerines use TBP to avoiqugeaking the
develop{pg eggshell, especially for the house\BQ§£f6;?j>

A gradual reduction in TBP because of restricted foraging time
seems.unlikely based on‘the evidence from estimates of daily energy
expenditure in the willow flycatcher' nest-building females spend, on ’
average, 51. BZ of their daytime perched 2.3% flying and 45.9% ‘at
their nest (Ettinger and King 1980). Apparently the wil;ow flycatcher
female has ample time during the nest construction phase (includes eég
laying).gp meet ali foraging requirementé. Thus the willow flycatcher
example was believed :3 support Wilson's hypethetical ”prinéipie of |

stringency”" which suggests, "... ‘that time and energy budgets have

evolved to accomodate episodes of extra emergy or time demaﬂd such as

p ¢
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increased expenditure in foraging when seasonal food sppj{;;;_:;;

Ettinger and King 1980:543). If the house sparrow uses the principle
of stringency, the'incfgased exogenous nutrient needs of egg laying

are probably not causing endogenous reserve losses.

Schifferli (1976), Pinowska (1979) and'} all: found TBF to &ecline
between DAY ~3 and DAY +3, but‘the patterns ;f decline were different.
Schifferli (1976) found TBF to decline'continuousli‘from DAY -3
through DAY fd‘(A egg clutch); thetloss amounting to a 65% decline in

TBE. Pinowska (19795.found5TBF to increasé between DAY -4 and DAY -1

by approximately Sziand then between DAY -1 and DAY +3, TBF fell

1inearly by 27%. I found TBF increased between DAY -3 and DAY 0 by 11%
and then déclined between DAY 0 and DAY +4 "by 50%. The moét striking .

difference bgﬁéeen Schifferli's (1976) pattern, and Pinowska's (1979)

. 4
and‘mine,‘is that Pinowska (1979) and I found TBF to increase when
- \
almost 50% of the clutch fat was depoqitéd‘(based on the‘follicu%ar
developﬁent of the population I gtudied). The subsequent‘deciiﬁe in
- / .

TBF -occurred when not only the remaining 50%. of clutch fat" was
, . . !
1 \

: depos;ted but also when all albumen and shell materials were being 4
N\ ’
deposited (DAY O through DAY +3). - ‘ : ’ '
. B

. AR -
’

Not all tempfrate passerines lbbe:TBF over the ;eproductiYe )
period. C. M. Perrins (cited in Schifferli 1976) said that,the blue
tit did'nSt lose TBF over the .egg lé;ing’period. However over the
reproductive period, TBF in the‘blu; tit is expécéed to be stable

because the blue tit's clutch may sometimes exceed its body weight by’

50%. Attempting to store and use TBF for clutcﬁ,fat‘demanda would be

L}

-
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pointless in‘'a bird. of such small body size producing so much

A}

reproductive material. Meeting the extreme reproductive demands by the

blue tit requires the strategy of courtship feeding throughout® the . .~

.
¥

‘breeding season (Perrins 1979). The brown-headed cowbird does not lose

TBF during the‘reproduétive period either (Ankney and Scott 1980). As

in the blue tit, the brown-headed cowbird producés so much *

reproductive material that storing and utilizing TBF would be futile.
The curvilinear fat decline was usually observed in tropical

species too. Fogden and Fogden (1979) found tﬁe érey—backed

camaroptera to increase TBF by approxiﬁately 86% while 54% of clutch

fat was béeing.deposited (DAY -4 to DAY -1). Between DAY -1 and DAY +3,

TfF fell 51% but the .exact shape of the decline is unknown since no
females were captured betw;en ghese dates. Tﬁe réd:billed quelea
arrived at the breeding'colopy with approximéteiy'lzz g of TBF ;hich
increased 13% by DAY -1 whereupon TBF fell 39Z'bleAY +2 (Jones and
WYard 1976). When allocating fat to thevélutcﬁ, some red-billed queleas
depleted TBF reserves so f;r that they starved to death that night
(Jones and Wgrd 1976). é. M. Perrins (ci(gd in Schifferli 1976) said
that the c#éstnut-breasted finch did not lose %BF ovey the ) ;
reproductive period; no data were provided. L -

In addition to the gurviline;r loss of'TBF over the reproductive
period, the maximum loéa of TBF usually exceeded the total amount of
fat in a clutch of 4 eggs. Schifferli (1976) found TBF loss e;céeded
clutch fat requiréments by ?SZ. Piﬁgyska (1979) noted that the loss of
TBF was short of egg fat needs by 52% (using Schifferl}'s (1976) fat

content of 0.52 g/ 4 eggs). Yet later in the same pap;r, Pinowska

(1979) stated that with an increase in clutch size of 1 egg, the

.

-
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" 7 average female loaded 0.833 g TBF; this amount of fat exceeds the

, total needs of the-clutch by 60Z. I cahno; explain this discrepency. t

. b
found that TBF loss excéeded clutch fat requirements by 46%. ,

Fogden and Fogden (1975) found TBF loss in the grey-ﬁacked

camaroptera exceeded the fat requirements ‘of the clutch by
approximately 100Z (3 egg clutch). TBF loss in the red-billed quelea

exceeded the fat requirements of the élptch-by 30% (4 egg clﬁtch,

’

Jones and Ward 1976).
4

-

The similarity of Pinowska's (1979), Fogden.and Fogden's (1979),

Jones and Ward (1976) and my results suggest that the observed

>

: . .
curvilinear pattern of TBF decline over the reproductive period is

more common than the linear decline exhibited by tﬁe house sparrow
population monitored by Schifferli (1976). If true, then the observed
TBF increase while approximately 50% of clutch fat was-being depostfed

v

in conjunction with the excessive TBF loss over the reproductive

-

ﬁeriod indicates that TBF reserves are not accumulated to Provide fat:
for just developing follicles. | | , “/ ;

To determine if femalesﬂlayipg different n;mbers of eggs were
either Hifferentialiy storing fat before egg laying oé uéing fat_at a
rate dependent on clutch size, Schifferli (1976) compared the Average
residuals of his TBF versus DAY regression wi;h‘femgles of known
clutch sizé against'one another, Females laying 3 egg clutches wére
found to .have significantly lower residuals than'&id either females
laying 4 'or 5 egg clutchés. Females laying 4 egg clutches did not
digfer from females laying 5 egg clutches, ?hus females laying 3 eggs

either stored less fat to begin with or they used that fat more

- * quickly than did either females laying 4 or 5 eggs (Schifferli 1976).
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. In a comparable anﬁlysis to Schifferli 5 (1976), I found females e

laying different numbers of epgs did not use TBF at different rates.
Because of the cu;vilinear fat decline, I cannot remark on initial TBE
stores but-aftei DAY 0, clutch size had no effect on TBF use. Pinowska
. (1579) examined DAY O to the appropriate DAY iBF changes in femnles
laying 3, 4, 5 and 6 egé clutches. She found that eniy fnr females

.lhying 6 egg clutches did TBF decline siénificantly. W%ile this

[ d

te information does not direcily correspond to Schifferli's (1976) or my -

o

anaiysis,.Pinowska (1979) did show that upon tefminating‘ﬁ\&iutch,

albeit no.. variation estimates were given, females laying 3 eggs had

.

- - lower TBF weightSéthan females laying 4, 5 or 6 egg clutches. These
findinga support Schifferli's (1976) analysis that 3 egg females use
TBF more quickly than 4 5 or 6 egg females. My findings show that .
females laying 3 eggs finish yolk formation with significantly more
TBF than either'females laying 4 or 5 eggs.‘No difference in TBF upon
finishing'yoik'formation was™~found between feneles laying &4 or 5 eggs.

The negative slope éhrough the TBF weights after the formation of 3, 4_..

or 5 yolks suggested that the females- I examined were terminating egg

' produciion for reasons other than the depletion of TBF.

The red-billed quelea used fat during egg laying at a rate
—— - , .
dependenf on‘clutch size (Jones and Ward 1976). . - ‘ ¢

1

Further, Schifferlt (1976) and I found' that females finishing egg

] .
formation had enough TBF - to- build 1 more egg without endangering ' -

’ - “themselyes. Thus, TBF cannot %e determining the alutch size of house

gparrovs.
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N ' ' Upon finishing egg production, female red-billed giieleas SEN T

Y ’

- producing differénﬁ numbers 6fxeggs.ahowed no difference in Eehhining

- b .~

4

TBF (Jones and Ward 1976). . ~ C
' ‘ Hypotheses suggésted to e%?lain the TBF declime are: 1) to meet o~
clutech faé fquirémentsh(Sphifferli 1976, Pinowska 1979), 2) to reduce ie

the female™s foraging time,dﬁring~egg laying to avoid breaking the'

developing‘qggshéll'(Fogdgn and Fogden 1979), 3). to allow the female
. ’ . . :
to.spend fhore time searching for high;proteip food (Jones and Ward

1976) ad& 4) to allo;;tﬁeffemale to spend more tiﬁe searching for-

. -

' calciferbus materials (Schifferli 1976, Fogden and Fogden 1974)3

Both hypothesgs l- and 2 have already been shown . not to explain
' * ° ' (%
adequately the chariged in TBF for the house sparrow..

Reproductively active female passerines, including the ‘house

- spa}row, have offen been foﬁnd to alter ‘their QieGEGB Anclude both
more high-protein foods and/ot calciferous materials (Pinowska 1975,

: ‘ Jonés and Ward 1976, Schifferli 1976). Quantifigation of the impacf of

o altered food habits on'totai’foraging time during the reproductiéﬁ

petiodlrevealéd that mo;kingb}rds (Biedenweg 19&3) and willow .

flycatcherg (Ettinger and King 1930) do not va;y toéal foraging time

during the rgprﬁductivegﬁeriod frdm‘fqraging time during the

prereproductive period. If house sparrows are similar in their time

energy budgetd to either mockingbirds or willow flycatchers, then

.
-
@ .

, . switching £rom gran%:dry to omnivory would decrease the amount of time .
avhil&ble for intake of seeds. A reduction in seed intake would be

deletarious to fat‘reservgs'becquse it 13 from seeds that fats can be

4 . readily built (Ricklefs 1974). I cannot assess if the increased intske

o ]

of insects compensated for the reduced intake of seeds.




Of the '6 hypqtheses, the swij:ch in foraging pattetns -to include

. more high-proteﬁn ﬁbods ahd more calciferous materials best explains

» -

the TBF decline. N ; -

Concerning the opservation that females tend nmot to occur below

¥

3' . the TBF versus reproductive £at regression line after becoming, -
23
reprodhctively active,‘.fZ alternative explanations exist: either
>y - ,
.females with low TBF a@*; breeding early'or they .continued breeding f

but: increased their TBF'levels. . : .

‘The former explanation is not supported by the rarity of, large -
(>2.5 mg) atretics (<1%, this study). Lf females, had quit breeding -
after thev had‘developed somecyolky preovulatory follicles,,thén thigse
large follicles should have been recognized as large atretics. ‘ K

‘Admittedly, ? found\atretics difficult to recognize (see Kern 1972),

but Schifferli (1976) also mentioned that atretics ‘were rare (&LZZ) : ‘

. 'Schifferli (1976) believed the lack of atretics proved that ‘once s
follicles began to enlarge in a female, she would lay all eggs . .
W

planned". Although dall plaﬁned eggs were eventually laid Schifferlf
. (1976) noted that the eggs were not always laid dafly. He found that
114 of the females he monitored in 1973 interrupted daily laying _" e
during cold spells, Interrupted laying because of weather in house.,
A sparrows has also’been reported by Seel (1968). In laying white- B

. 4 . .
- crowned sparrows (Zonotrichfa leucophrya) Kern (1972) found‘that

4 ’

, follicular atresia of yolky follicles Wae ‘uncommon. _ ."

~

The other alternative, that females continued to breed but

increased TBF, -has 2 possible explanations. 1).. Females with low TBF .

»

accumulated TBF quickly. The ability of paaserineo ‘to deposittfat

- .

i quickly during hyperphagia ‘has been demonstrated. often (Odum” et al.

. -

- ®
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1964, EL-Wailly 1966,'Kendeigh et al. 1977), Further, both Pinowska

(1979) and I have shown (see ahove) that house sparrows can accumulate .

fat while building eggs. A tactic that females with low TBF could have
used to accumulate fat, other than hyperphagia, would be to alter the
follicular development rate. By slowing down the development rate of a

follicle(s), a female may have the ability to divert fat which would

. -

“ have gone into those follicles te reserves. "The yolk/dye experiments
s e - : . : - . . -

whith demonstrated rariaﬁility inhfollicular aevelopment within

clutches. supports'rhia 2) Low TBF fqpales beginning rapid follicular -
é <
development could “have hélted follicular development until resefﬁpg

were accumulated. Although experimental proof ‘of this isdrot known, i
.4 b3

others ,(Warren and Scott 1935 Grau 1982). h@ve Elluded to this ‘

l
possibility. Since female house sparrows can interrupt egg laying in

LS

.response to inclement weather (Sehifferli I976 Seel 1968), then it is.

W | not unreasonable for femalgs to interrupt rapid follicular development .

- because of Tow TBF levels. IR

0f the Z‘alternatives, I believe the data supnort thewaecond,
that females continued breeding while‘accunulating‘TBFr
'Just as the interpretation of the TBP decline over theA .
R o ' ?
.reproductive period was difficult to explain, so too is the

- interpretation of TBC A significant decline in TBC over the S ‘

-reproductive period was nored, yet the variability in calcium use was

! -

very high (90% unexplained) while the average calcium use was very

low; only 6.6% of the calcium needs for a clutch of 4 wa; drawn: from

a -

-

reserves. Clehrly, the female meets her needs.exogenously. Scﬁifferli

(1976) also found that his index of.TBC (lean dry weight of the'cntire .

skeleton) did not change over the reproductive period. He found that

»
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epproximateiylo.zo g of skeleton were stored before follicular

>

degelopment'(n = 4). If skeleton is mostly* calcium carbonate, then

approximately 0.08 g of calcium wgs stored. I found that 0.04 g of

. calcium was stored between the WINTER and PRL period. If the calcium-
* ) .

dynamiCS'for the chicken are an appropriate model for the house
'soerrob, then between 0.07 and 0.14 g of calcium (4 egg clutch) shonld
come from'the.skeleton (Comar and Driggers 1949, Mueller et al. 1964).
e ' Accordingly, it seems that house sparrow females ma§ store enough |
calcium to produce 1 eggshell, ) ' - -
LEG and STERN also declimed over the reproductive period but

theseg, indices also had high variability and low average use. Both LEG

. and STERN increased between the PRL and LAY‘period suggesting storage

* L ;
‘ . q.of medullary bone. If this increaseahae only mednllary,bone rather
. than coftieelfbone, thén both LEG and STERN ehbuld have remained
': s constant until, after thellast eggshell was formed, and then dropped
”A ”s! (see Simkrss 1967).. This did not happen in either LEG or'STERN Both |
-~ indices.declined gradually from DAY -3 to +4 wigh the exception of th

0 Although both LEG and STERN vere not different in»weight between

DAY -3 and -1, there was a sharp increase in weight: on DAY O (Eig. 9.
‘This peek ie prbbably not the result of marrow fat'fluctu;tions'ksee |
Ojanen et al, 1975), Both Raveling et ai. (1978) and C. D. Ankney
icited in Hutchinson and Owen iQBA)astated that ‘marrow fat declines or

remains constant, réspectively, in geese over the egg laying period.
Such peaks have not be;n reported for domestic fowl (Simkiss 1967,
~. ) Hurwitz 1978) where medullary bone slowly accumulates before egg -
laying (up to 2 weeke)(Simkiss 1967). Hovever, the difference between
¢he PRD LEG and STERN, and DAY 0 LEG and STERN is 22 and 14%, B

. e
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'respec:ively. In the chicken, 22% of the femur and ISZ of the sternum -

.1s comprised of medullaxy bone at the: beginning of laying (Simkiss

1967) . The similarity in these values leads me. to believe that the DAY

.

0 peak does represent medullary bone formation. Why the house sparrow

L

waits till DAY 0 to form so much medullary bone 1s not understood

\.

The significant drop between DAY 0 and DAY.+1 in both indices
cannot represent meduilary bone .loss, if medullary bone is used for

the same function as in domestic fowl. In_domestic-fowl, medullary

bone is the ohly source of calcidm labile'enougﬁ,'on the 24 h basis,
to meet the demands of the shell gland (Simkiss 1967) Therefbs@ fowl

cannot produce eggshells without medﬁllary boné. Since medullary bome -

‘

in fowl remains»constant in weight throughout the egg laying period,

when it is weighed at the same.time daily (Simkiss 1967), the

fluctuation in LEG and STERN after DAY 0 could only have been caused
- - ' - . ..

" by cortical bone loss. 'Thus, ‘the average female appears to.use the

-
°

calcium stored in'cortical bone for the first egg, and thereaftef )

relies on exoffenous sources. e

- -

Whether female paéserines can consume sufficient calciumldaily to

meet eggshell requirements is unknown, but the frequency’ of
’ . . .
calciferous material in the gut contents of ‘breeding passerines .

- -

‘s

suggests that exogenous calé¢ium is important in meetiﬁg‘Eggsq;ll
needs: hoose sparrow, snail shell (Kalmbach 1940), snail shell, mortar
and eggshell (Summers-Smith 1963), snail shell (Schifferli 1976); red
crossoiil. bones - (Payne 1972); barn swallow; eggshell (Burkli 1974); .
blue' tit, snail shell (C. M. Perrins cited in Schifferli 1976); .
hred—biiled quelea, calciferoue grit (Jooes l97§); and'brown-oeaded

cowbird; snail shell (Ankney and Scott 1980). Evidence from fowl
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indicates that diurnal intake of calcium is insufficient to meet the ‘

daily calcium demands of reproduction (Simkiss 1967, Hurwitz 1978). ;ﬁ

But the applicability of thie model- is questionedrbegpuse the timing

of éggshell formation is epecies specific. If the calcium.dynemics bt
the chicken are approbriate for passerines, fhen of :Ee pesser;nes
studied, I would have predieted that at least the brown-headed ¢owbird ,
woeld store talcium. Calcium storage does not occur in the »

browﬂ-headed cowbird .(Ankney and Scott (1980). They concluded that

brown:headed cowbirds require medullary bone to meet the logistical
. ’ h * 2

needs of eggshell production but that clutch formation is not

terminated because of a cglcium deficiency.
The house sparrow dees store calcium both in certical and
medullary bone before‘and during rapid follicular develepment. The
‘necessigy of both reserves is unquestioned for if~d£ily intake 'was
sufficient, then why store calciuﬁ? Calcium_teserves are most likely .,
important in repidly meeiing the cdlcium needs of developiqg,éggehells'l

and in meeting nocturnal needs. Exogenoﬁe calcium probably meets=;’

b

diurnal eggshell needs and helps offset nocturnal calcium defiéigs.w

4.2 Daily Energy Budgét of Egg-Laying Females °

r

\ .

To the best of my knowledge, this 15 the only daily energy budget .

constructed for egg laying passerines.v81milar budgets have beén

. -

constructed<for an anseriform (Drobney 1980), a gruiform (Alisauskas

' 1982) and a sphentsciforn (Grau 1982) . - . o

.
. ‘ ~

0f all the aubcomponent budgets the eﬂergy budget'of the oviduct

&vas, to me, the most surprising. The negative budget during DAYs. +1 to’

. ' C to é iq
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+3 euggests gfat the oviduct acts as a storage orgaﬂawhich both Murton

and Westwood (1977) and L. A. Astheimer (pers. comm.) have suggested.
According to Murton and Westwood (1977:97) the, "oviduct, (especially

the magnum) becomes charged with albumen granules during hypertrophy.

while L. A. Astheimer states that, "the gross anatomical studies
suggest such storage (albumen storage) occurs in the oviduct...”". This
anecdotal evideece differs from Schifferli's (1976) hypothesie that
the oviduct acts strictly as a device to la&'down albumen and shell,
and-to expel the egg; He also thouéﬁt that after egg layiqgfthe
oviduct is resorbed qﬁickl} to reduce ﬁody weight and not to offset

any negative pﬁg;ein balance caused by egg production. I believe that
» - N

el

afte;,egifi;;ing, the oviduct is quickly resorbed to offset any
negative protein balance caused by egg production and to. reduce body
weightx*Reducbion in body weight, though, cannot. be an important

function because the oviduct does not weigh much (5% of total body
L J

fresh weight) and there is little need to reduce transportation costs

when the female will not be f}ying much anyway (she begins incubating

after laying)‘ o .

Both yolk fat and yolk protein budgets resembled normaiacurves,

thh‘yeaking on DAY -1, with yolk fat demanding more energy per day

then yolk protein.

.
e

The most ehergy demanding egg component on a per .day basis was

albumen., Albumen was the only egg component in which the energy demand

-

began arft finished abfuptly.
The total energy budget peaked on DAY © coincident wvith-first
albumen and calcium depositon but after follicular fat ane follicular

. 4 .
protein had peaked. The drop in TBF between DAY 0 and DAY 1 suggests

aQ

»



‘that females accumulated fat to meet the energy requiremenfs of DAY 0.

'Thus by storing TBF, the female could devote much of her limited

foraging time to meeting the abrupt and great demands of albumen and

-
eggshell production.

<

Peak total energy equaled 50% of SMR which 1s intermediate in the

range calculated by King (1973) for ‘altricial Passeriformes (45 -

582). As pointed out earlier,

all estimates of reproductive tissue

costs should be considered conservative because they do not include .

eggshell production costs.
Even though reproduction

house sparrow; SMR, the house

tactics to lower reproductive

follicular development; ;lter
N [ ]

adds at most a 50% energy demand onto
sparrow could have used many alternative

costs, e.g. lengthen the rate of

clutch size, sequentially vary egg size,

or rely on endogenous reserves to a greater extent., Some of these’

development rate and .oséibly

_tactics were observed in the populafion I studied (variable follicular

the varying of egg composition with

sequence), while other tactics were observed bétween’populatiops

(altered clutch size- élugch size varies with latitude (Pinowska

1979), and rely on endogenous

reserves to a greater exten!L TBF ube by

. [
the population Schifferli (1976) monitored). The use of some or all'of

these tactics can be interpreted in 2 wayg, either the tactics were

used to reduce daily demands or the tactics were used to increase

hatchling variabilify. I doéubt the former because compared to the

added reproductive costs to. BMR of anseriforms (156-239%, king 1973),

" house éparrow costs are negligible. As to the latter explanation,

0'Connor (1977) showed that the house sparrow exhibits the predicted

traits of a brood reductionist which include large variation in egg

-

/
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size, hatching asynchrony, large initial variation in sibling body

. . 8 .
size, and variable growth ratésdependent on hatchling size. Many of
these traits are accentuated through differential egg caqmposition
(Howe 1978, Ankney 1980). Thus, I believe that instead of having

difficulty producing eggs, the house sparr%w produces eggs variable in

composition to accomplish a specific purpose, brood reh&ction. .
Additional supportive gvidence for my contention that acquisition

of nutrients/energy doe; notllimit egg production is in Tabie 12; Byv

comparing'tﬁe relative cogts of égg_layipg to other periods, one can

v

see that in all cases the nestling/fiedgling stageé suyrpass the
energetic costs of egg laying, If the production of eggs {g so costly,
then how could the female survive the higher energetic demands of the

nestling/fledgliné stages?

4.3 Yolk/Dye Experiments . L. e
Schifferli (1976) and I both estimated that house sparrows
require, on average, 4 days to form a yolk., While I used lipophilic,

. . 1
dyes to determine this period, Schifferli (1976) made his estimate

based on the av;rage growth rate per day of yolky follicles. Pinowska
(19?9) stated thgt yolks develop over 6 days based on her supposition
that all preovulatory follicles'greatet-than 2.0 mm would eventually
ovulate. ,As explained in Section 2.4, I was unable to confirm’
Pinowsk;'s (1979) claim.

Raﬁid'follicular dévelopment rates lave been ehtima:ed.for other

passerines (King 1973). Using data derived from King (1973), Ricklefs ~

(1974) hypothesizéd that the final weight of an egg detertiines the

L3
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. house sparrows should néed 4 days to build a yolk. This supports

114

rate of rapid follicular development as heavier eggs take longer to .

develop. Based on an average fresh egg weight of 2.8‘; (this study),

Schifferli's (1976) and my estimates for rapid follicular- development
»
" Whereas Ricklefs suggested that final egg weight was . the

determining factor of rapid fvllicular development,-Murton and
Westwood (1977: 194) felt that, "...in species not linited,by the
potential availability :& energy.resources, p Sthe number of days
required to form an egg) would most economicaily be close to the
clutch size." This implies the rapid follicular deveiopment rate is

.
more closely attuned to daily energy demands rather than to total

¢

energy/nutrient requirements’cAlthough both Schifferii (1976) and I
" .

found a modal clutch size of 4, p would have been 5 because of the 24
gdditional hours needed to lay down albumen and the eggshell. Although
Murton and Westwood's (1977) estimate is off by 1 day, I .do not

believe that the daily energy demands of reproduction are an

.

unimportant consideration to the female. '

Determination of the route(s) that ingested fat follows befpre -
incorporation into the developing follicle using lipophiiic dyes
should be considered cautiouely. Even though L.A. Astheimer (pers.

comm.) states that these dyes become bound to fats in the liver, I

have no proof of what happens to the dyes after they pass through the

iiver. This uncertainty is important because whether those dyes remain

attached to fats after entering either the ovary or fat depots 1is
critical to any interpretation. In this study, I have assumed that the
dye remains attached to the original fat carrier aftet binding in the

liver. Another drawback in using dyes 1is that the relative
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¢

cgptfibution of exogenous versus endogenous fat cannot be quantified.

For example, the final blue ring in egg yolk 4, clutch 1, ;pbeared
?

uniformly blue but contained a fluctuating profile, indicgtiye of
diurnal/nocturnal inputs. My conclusion regarding that particuiar rihg
waé based on anecdotal evidence' as m;ch as it was based on band color
and profile structure. And finally profile structures are not exact by
any means and without very accurate and precise dye mafkersi e;g.
single concentrated dye doses (see Grau 1976), interpretations can be
subjectiye. ' }‘ | .

Keeping,thgse.drawbacks in mind, the results still suggest that;
1) daily intake is incorporated into developing follicles diurnally,

2) daily intake replenishes fat reserves quickly (days), 3) stored fat

.

is incorpotated into the developing follicle nocturnally, .and 4) there
Y

is ¢onsideraﬁle variation among-feﬁales,in the use of stored fat

reserves.

A

4,1.3 Postreproductive

P
¢

»  4.1.3.1 Males

.

Since no nutrient indices varied'b;tween the LAY and POST

periods, postreproductive activities apparently ;equire equal amounts

of energy and/or nutrients as do reproductive activities. My inability

to separate POST males into incubation versus nestling males restricts

the scope of my findings. - ' ' ) ’

Schifferli (1976) found his protein index of flight muscle

.

remained constant throughout the postreproauctive ﬁeriod, but TBF
a\

“~

[N

-
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increased significantly during the incubation period and.then

decreased significantly during the nestling period. Schifferli (1976)
suggested the increase in incubating male’ TBF resulted from the much
lower effort put into reproduction by tﬁe male (éstimated female

-

energy costs during incubation = 11 3 vs 2.5 kJ day for males). The

-

decline in TBF of males attending nestlings vas attributed to the

increased énergy expenditure by males caring.for nestlings. Fogden and

" Fogden (1979) noted the same protein and TBF patterns in reed warblers

over the incubation and nestling/fledgling stages, flight muscle ///-\}

'-protein remained constant over the postreﬁroductive period while TBF

increased during incubation and then fell during nestling/fledgling.
The protein and fat content of red<billed queleas increased throughout

the incubation period and then fell during the nestling stage (Jones

-8
-

and Ward 1976). . S .

4.1.3.2 Females

<;oiiﬁdex og protein changed after LAY, corresponding witd
Sehifferli 8 (1976) findings. So little protein is’ required during the
pggtreproductive period that even when Schifferli (1976) widowed an
incuﬁwt}ng female, her flight muscle protein index remained constant.
Pihowska found LDW declined through both the incubation and nestling
periods. ' ) )

TheaBﬁ of red-billed queleas increased thrdughout the incubation
period (Joﬁes.and Ward 1976). Afterlthe young red-billed queleas

hatched, female BM returned to the BM weight at the end of faying

(Jones and Ward 1976).




would be naive.to expect all passerines to use a ‘single nutrient

- 117
TBF increased between the EI and LI/N eriods while TBP ahd TBC

were constant. Similar results during?th incubaion period were noted

by both, Schifferli (1976) and Pind (19795 When Schifferli (1976)

. wido&ed a female with nestlings, hercrate of TBF decline and total TBF

.

ioss were significantly greater than control females; however in no
case 2id the widowed femdle exhaust her TBF. ST

. TBF in Red-billed queleas recovered after egg laying and by the

end of inéubation exceede& TBF on DAY -l;xTBF then deolined throughout

the nestling period and sometimes approached the starvation level

(Jones and Ward 1976)., ‘ . . -

‘Bj the end of la§1ng allrcalcium indices were constant with their

respeetive El levels.

4.4 Conclusions

-
-

Many in depth investigations of the bioehéréetics of anseriforms

"during breeding have demonstrated that reliance on nutrient reéserves

for egg production varies with body size (Ankney 1984) and probably -

) .

the life history of the species. At one end of the spectrum is the

snow goose which conpletely‘relies on endogenous nutrient reserves to

-

) build eggs (Ankney and MacInnes 1978) while at the otner end is the

ruddy duck (Oxyura 4amaicensis) which‘completely relies on exogenous

-

nutrients to build eggs (Tome 1983). . ) e

‘Realizing‘the breadth-of nutriént:reserve~use in anseriforms, I

-

. [
reserve tactic. Alteady a spectrum of nutrient reserve use for

- building eggs hes been demonstrated although no passerine relying
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.solely on quogenous reserves has been discovered. The brown-headed

' éowhird depends exclusively bn.exogenous.protein, fat and calciu@ .
(Ankney and Scott 1980). Th; closéft species examined to the opposite.
end of tﬁe spectrum is ;he house sparrow population Schifferli (1276)
monitored which reportedl& stored'pgotein, fat and calcium before
rapid follicular development and from

. v . : .
essential nutrients and energy at critical times.

which stores the female acquired
Based on my undeistanding of the reports on ﬁasserine nutrient
dynamics, I have interpreted my findings in the following manner.
Protein and fat in males d;clined before rapid fglliculap | -
development in females began, but calcium was stable, The proportion
of males with higﬁ-protein and calciferous materials in their diet was
constant (low) over the prereproductive period. .
frbtein and fat reserves of females_were constant before rapid
‘_folli;ular development, but calcium was accumulated. Caicip@ in
‘ cortipal'bone was stored over a long period (weeks) whereas the

calcium in medullary bone was stored during rapid follicular

development. The proportion of females with high-protein foods was

constant over the prereproductive period while the proportioﬁ,of

P

‘females with calciferous materials increased as follicles began to
develop. , ’ ) ’

All indices of protein, fat and-calcium reserves in males

' a rgmain;d constant throughout.the reproductive and postreproductive

periods. The proportion of males that'ate high-protein foods increased

with the émergenc; of insecés but the proﬁbrtion‘of males wifﬁ.

-

Py

'calciferou7/m;¥q§ials was constant (low)‘throughouf breeding.

. b-// " . R
N

\ -
i .
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Protgin reserve usé in females was slight during the reproductive

period; the poésibility remains that amongst the protein reserves

catabolized were essential amino acids uncommon in daily int;ke. Fat

Ve

reserve use was great and surpassed the fat~redﬁirements,df the ,
clutch. In addition to beiﬁg used for the fat requirements of the

clutch, fat reserves met the énergy demands of protein and calcium
. . ) -

v
acquisition during egg Taying. Calcium reserve use was slight but

assentialain the logiétigs of eggshell fbrmaiion. As 1in males, the

proportioh of females with high-protein foods followed the seasonal

. emergence’ of insects but more females consumed calciferous materials

than did males during the reproductive period.

Protein and calcium reservés in females remained Constant.during
the bostréprodqctive‘period~but fat.réservgs 1nére§sed. The proportion
of femeles wifhlh;gh-protein foods was'constant whif@'the proportion
of'females wifh calciferous materials declined from'the reproductfvz
high, .- : . ’ ‘

Déil& reproductive energy costs péaked on the first day of
avulation and were no greater than 50% of BMR on that day. While

several ehergy reducing strategies during egg production were

demonstratdd by house sparrows, I doubt the tactics were used to, ~ .
reduce eﬁergy costs., I believe the tactics were used to increase
hatchling variability. . ) T

I conclude that, although female house sparrows do use nutrient

reserves during egg-layiné, their clutch size is not contrqlled

.tﬁereby.




APPENDIX 1. DAYs on which specific clutch sizes can be determined

based on the number of pre- and/or postovulatory
follicles present. This scheme pertains only to female

.

houge sparrows collected géfgre noon. i

-

. DAY
~3 -2 -1 0 +1 +2 +3 +4
Preovulatory follices | Postovulatory follices
Clutch size: unknown‘
x -
x X
X x X s P >
X X X x
x b X X x
x X x . X
X X X
» x x <
X
Clutch size: 3 ‘ ‘ .
X X X
WX X x
x X X ¢
‘Clutch size:‘ 4
X X X X
x X X X
>
X X X x
. N "
Clutch size:- 5
X X x p 3 b
x X X x x
Clutch size: 6 .
X x X X x %x
X ‘x X % X X
x % x x X X
. v, . ‘ . , 2 0 ’ , ‘ '
R
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