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SECTION I.

I. . Introduchion. |

A buﬂ W*Lll maintain a constant we:.ght over a
period of days when its da:.Ju energy intake balences the energy
it requizes for its dnily act:.v:.tles. The energy requ:.red for
these varies duringr the year; also the food sources dvailsble to
a bird vary both in amount and in qualzty at aszenent times of
the year. Since passeri.ne b:.rds feed only by day, they mst stoze
energy for use ove:m:;ht » parl;ly .as’ fat which. has‘ the h:.ghest _
calorific value of 1:h¢= normal body'compbhehts. . Theymay also lay
down deposits of fat ‘Lo be used. as an energendy, resource in times
of need,. e. He during 1rery cold weather. For mgrat:.on, the extra
energy reaulred for 1ong, non-stop i'l:.ghts is stoved prior to '
tal_::e-off, again as fat. The amount laid’ aown is related to the
energy needed for the'"b:.rd to oomplete its flight (Odum 1960)
| Although aon m:l.grator}r blrd., do not have keed of such short-
term energy reserves, they nevertheless store fat each day in
winter and use it ove:mght. '

The breed.:.ng season is also a time of increased -
energy demand. for a.du]t blrd.s, thmugh egg production, -
incubation end feeding: .of nestl:mgs. For most birds the

breeding season is tified ultinately to coincide with food




abundanoé 5 this pemi‘&s each pai'r 'to raise. larger |

broods than it could at any othez' times of the yeaf. The
strain of breeding xna,y 1€ad to alterations in the body
composition (musc_lre protein, fat etc.) of birds, Thus the |
cyclic van:;ation in body .welight of the tropical bulbul,. '

cycnopotus goiavier i;g ‘associated with breeding and also

moulting (Ward 1969) - Newton (1966) .ah.lso f<.>und a drop in,
weight in the lean dry we:.g,ht (i.e. body prote:m and

skelaton of Bullfimhes (Eyrrhula pyrrhula) after the bleed.:l.ng
season. The present 5'stud,y set out to invest:.gate the sea.sanal'
_ changes in body welght and cmnpos:.t:.on of the House oparmw
(Passer domesticus) in view of' its extended breed:.ng season,
.Mortality in the adult House Sparrow is know_n to be hlghest

in mid-surmer (Suxmneru-Smith .1963)-, at a t:"m'e wl;zen the hiéher
temperatures would be expected to .unpose the least ma:.ntenance :
energy requirements oh birds (Kende:;gn 1949, Dav:.s 1955) Thls
mortality could be due to a relat:.ve foou shortage or poss:.bly y |
to & very high energy. expenda.ture throughout the 1ong bneed.mg '

season.
II. Study Area.

Qbservetions were carried out in variousl habit'gts in
and about Durham C:lfy; The areas chosen (Fig.1.) consisted
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3.

of.hbuses 1ntempérse_d with pa'rks, gerdens and allotments;
and included quite 'le\rge areas of 'wastelaﬁd As ‘many of
the buildings were old and in bad repair, there were plenby
of sites for nesting and roost:mg .
During the wmter ‘small ﬂooks of House Sparrows
from the study area fed :.n_ the neighbouring field or collected
in the City where. scraps were available. In the breeding. i
season, however, birds fed in parks and garder;s, searching. |
for-ins'ects. Towani_sj thé end of the breed.iz;g season, flocks
of up to fiftj birds fed on grasé seeds on the 'Qlotmnta and

wasteland,

I1I.  Food.

Spafmws ha;;re, to a large extent, becone éependent
on food provided directly or indirectly by man. Their pop~
ulgtion, density is related o the availability of food such -
as icitchen scraps, gz:ain and food of domestic snimals (Summers-
Smith 1963). Tl_iesca i:"r.ems form the major parb of their diet at
.al) times of the year (s&them_ﬂl»ﬁ)j tut more especially in
the winter, o - |

During the breed:l.ng season some pmtemasuous food _
is esse-ntlal for the. nestlings 'growth. The amoq_nt and neture
| oi‘ the animal food eaben va:.-:.es m.dely.' There is no shortage

of insects in fruit gxmwing areas, and the:vafom in these
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‘localities insects cumprise 405 of the adul‘t'.s_ -'_;iief.. The -
adults feed mainly on Lepidopteran larvae (23:.5;‘)_ Bt
Diptera (5.5:), Coledptera (4.5%) Hemiptera (15%) and earwigs
(5.0:) were also eaten, The nestlings- diet ﬁaé similar, but
contauned a higxer proportion of aphms It is not known how.
relevant these f‘:.gums are to conditions in rural areas in 1969.
In urban areas, wh@m ‘fewer msects are available, 00111nge( 1924)
found that adults and nestlmgs also ate slugs, earthworms and A
spiders, The amount and k:und of am.mal food tak.en depended on
the amount available. . _
.In Durham, I t'ound no evidenoe of food shortage

dunng the wi.nter. Sparrows fed on grain and scraps which were
ava:.lable throughom: ‘.he coldest per:.ods.

| To investxgate the changea in insect numbers, catch
records from a light 1.mp 51tuated Just outaide Durham were
ana.lysed. These included totals for Tlpuln.da Diptera, Hemiptera
Lepidoptera and Coleoptera (Pig.2.). A peek int_fotal runiber of |

flying insects occured in June-July followed by a slow decline.

N’

The mumbers of Lepidnétera.ns trapped decreased in August (Fig. 3.
since spar;'ows feed pri.mar:.ly on lairvae' fheir'availabilify
presumably decreased berore the decline of the imaginos.

The bzeeding season of' most insect:u.verous birds. has
evolved to coindide with the penod vhen most insecks occur
(Lack 1954). Spa.rmw.sh_, although primarily gramuuverous ‘birds,

breed at this time when insects are readily available as food.
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Fig.2. Change in total number of flying insects from April to
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Fig.3. Change in number of adult Lepidoptera from April to
September (based on light trap records 1966-9 )



Iv . ) Glimate .

eteoroligmal da a was 'ob‘a{nbd fmm the Du‘rhem a

University observ'atory, s:ttuatpd a mile t’rom the c:ntm of

Durhes city. The chamre' i‘n the mean tempe ra'buxe from Hov-'

. ember. 1968 to Au'ru.,t, 1969 is sho'm in- fz.gure lq..

Lemp°ratun.s 'throughout the begi.m.mcz of wmter

wem sbove the avera.g;. z\eoorded over the last 120 years, but

decreased towards. tne end of Deoember (Table . 1‘) After a mild -

Tam.ary, it was the cc:ldr—*st L-ebmary since 1963. Eanow 1a.y on

+he ground for nost m the month and pers.tsted :mto Merch.

J.emperatureq mcrease:l tn:mards the end of Uamh, and the mean )

temperatu:e in April ua.. a little below the mean.
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Hovenber
Dacenber
Junuary
February
Harch
April
ey

June

July

TABLE I

HONTHLY THEMP.RATURES IN DURHAH FAON

WINIER 1968 - SURLEER 1969

lean Dally
7.0
3k
beb
240
201
bk
Zels
13.1
15.9

TEMPERATURE (°%¢)
Jiean Daily Haximum lean Daily Mindmum
79 6a2
408 2.0
Ted 1,0
341 ~2.8
be9 046
1047 242
13.1 5¢7
18.1 8,1
20l 114,
T4BLE IT

HONTHLY TEHPERATURES IN DAl FROM WINTER TO SUAGER

Rovember
December
Jameary
February
H#arch
Apxil
sy

June

July

(Baged on the last 120)

TEUPERATURE (%¢)

Hean Dally  Xoan Daily HMeximum  Mean Dotly Wirdmun
5e2 8.2 2.3
LY 63 1,0
343 6ol 0e5
345 6. 05
Lol 8.0 0.8
0s5 10.6 23
9.6 140 5e2

12.5 17.2 7.7
hob 19.1 1061
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SECTION II.

o Introduction.

~ The enﬂrgy ‘re'quizwed by a.w'ild bird for its daily
activities is dszlcult to measure chrectly, a notable study »
is thot on the lz.la.ea. Anna Humingbird ( alypte anna), by Pearson,
'(195#). Because of tne «i:.ff:.cultles, indirect. measurements are
usually employed. R | |
Energy requirument may be divided for conve:xience z.nto

exzstcnce euergy" dei‘:.nﬁd by Iﬂende:.nh (1949) es energy :oequ:.red

7in maintalmng .A:aerd or basal mef.aboln...m, in chemical heat
.regula"n.lon, in secun.ng f‘ood and drink end in the heat :anz'ement ‘
of digestion and ass:.mllad::.on ’ and ”pmduct:.ve energy' requ:.red '
for actlvz.tles assve the .m:.mmum leval of ex:.stence » such activ-
‘11.1es are fly:l.ng, moult:.ng, and. bree&u.ng. In the present study, . i

u..:tence energy was e.:tlmated fron lr..asuv"ements on blrds in
captivity and by observat;ons of’ da_ntly actlvny-'rhythms of Sparrows,.
Productive énergy--ww alsp estimated from obseﬁatiém of activity

. myt}m.

11. l‘lethods.

a) . nergy requi irements of House Sparrows in caDtlv:l.tI

Birds were’ x{ept in cs.ptlv::.ty in a ventilated wooden

hut under nstural 11gh1‘; condlt:.ons-. Since the temperature was




. only ....11ghtly hlgher in the hut than outside, the cond::.tlons :
of capt:wity should not have altered the blrds‘ energy z'eq-'
uirements from those n.n_.the wild, apart from the obvious
restrictions in flight and activity. Hach bird wes confined
in a vive cage, g7 x 9" x 42" , Witn a shelter at'-ons end. .'l‘hese
cages did not prevent the birds- from . feeding and' moving 'quit.e
- freely, though they d.:d ;?egfh:fgct;fflying or éxcessive activity.
‘Birds were welﬂhed every morm.ngq . ’ ._
-”he base of the cage was lined vuth prewelghed fo:.l
and a we:.gzhed amount of c.*ushed oatp (1n excess of the b:.rds'
n.q.z:xrements) was pmvzde,.d each day. The epparent amount eaten |
each day ﬁés 1cazsred by;subtz;acti.ng the weight of food remain-. -
ing the ;f‘ollowing day. The alunamum foil was' changéd -d_a,.ily, and
any spilled food removed and we'l.p.ned- thi's -wéight. was ';ubtfacbed
" from the apparerrb smount t..aten to give a correcued f:l.gure for
'the daily intake. The 'foil was then dried to. a constani; weight at ’
| 55 C and the weight of thc' faeces produced per day obta:x,n.ed by
subtracting the originel wcight of the foil.
Celorific velués of the food and faeces were obbained
bombing dry-meighted sampies in a Ballistic Boub calouwseter.
' Hence the energy ingested and egested wes esti..métevd, and %ﬁeref‘ore

the energy required for each bird per day was calculated. -Feeding



experiments were carried out on four birds in early ipril before

the b:eeding season, and in early June during moult.

(b) agt:.me act:un.tles of House 5 Sparrows.
To measurc tl'e energy noma_ly expended in excess.
of thot measured in captivity the emount of time sPem: in

various ceiivities was recorded:

i) time sp‘ent in flight
©3i) tilne spent in feed_m. or dﬂ.mung
iii) time snerxt pe.r'ch:i.nq1 callmg, preening, most:.ng, etc.

As sparmw-.-, are gregarious, it was mpracm.c_al to
.. folléw any one bird, cnd ‘G'ibb" & .(195'4) methtd_ of. reneated ‘standard
o:bséx-vation was used. O’f;serv;ations were made by walking at t. set
pace through the study a:!'ea,' and recording the. _nature; of éach
spa.r'm""s act:l.nty when fu st seen. To avoid overestimation of
the time snent flying, bndu were counted only within a radius
o:’.‘ ‘..pproxmately twenty ymﬂs. Any birds dlsturbeq_dumng obser-
vation w'gre. not recorded to avoid eﬁcoumging:a bies in :"_esultsl.
Tl.xese observations were carried out on two successive
days, with similar w_eathe:,r conditior;s in early April, before .the
breeding season, and then_ répé.at;ed in nd.d-’..uay &nd iﬂ early June
when the fledglings were being fed. In July, as sparrows were
' feeding in flocks of up tcx £ifty birds, this method became un~

reliable and was discarded,
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RESULTS.
a) .Dgz' energy I_e_gﬁizements of the House Sparrow.

Before 'éiperiknentation,- four birds were allowed to |
adapt to conditions of capt:.viby for a week. Theif weight feil
initially, then 1evel!.ed at 5=7 gms below their original weight.
During the six day ex]per_mental period in Apnl,,the_ birds' weight .
did not change by more than 0.5 gns during any one day. .Hence, a
' mean velue for the daily energy zequired was calculated. (Table III).
The mean energy required for the spamwa (:l,mspecb:.ve of sex), was
21.0 K.calsl pér day at a mean tempe‘ratuxé of 6.4%C. " The mean 'energ
required by females (22. b K.oals per day) was slightly, but not sig-
nificantly higher than that required by males (194 K.cals per dsy)
This experimut was repeated on four birds of both
sexes in July (Table II)s The nean energy requirement was calcul-
ated as 19.8 ﬁ.cals per b:md per day, at a mean femp'ergtumé of 13.160.
Agein the females utﬂisé‘d more ener.g (20.8 K.cals per bird ;;er day)
‘than the males (18 8 K.cells per.bird per d.ay), but this difference wes
not ugnificant | |

b) : Dng activitiies of the ﬁouse Sparrow in the Wild.
' Field work was carried out between 'ghe.houfs of 0.500 to
21,00, end over a total of 45 hours in the months of Aprii to June.
During this time approxim.ately'h,OOO spot obgeﬁathm of behaviour



TABLE III

ENERGY REQUIREMENTS OF CAPTIVE HOUSE SPARROVS
IN ARIL (Mean Temp, 6.4°C)

Sex Wedght - Food In- Faeces Percentage Energy required
— (in grams)  take (Keals/ (Keals/ Assimulation (Xcals/day)

: day) day) ‘ ‘
Female 22,92 + ,11% 25,90 F 463 3448 ¥ .03 87.2 22,60 ¥ +57
Fomale 2546 + «52 26,08 * .55 3,39 + .07 86.9 22,67 + 1.10
Male 20,76 + .03 23.24 ¥ .82  3.32 ¥ .20 8e9 19.75 ¥ 37
Male 23435 + 26 21.76 + 91 2,99 ¥ .01 88,0 19,15 ¥ 437

TABLE IV

ENERGY REQUIREMENTS OF CAPTIVE HOUSE SPARROWS
IN JUNE (Mean Temp. 131°C

Sex Weight Food Ine Faeces Percentage Energy required
(in grams) take (Keals/ {Keals/ Assimilation (Kocals/day)
: day) day)
Female 23073 + o13 25.96 % o9 3.65 ¥ .10 85,9 21.31 + 1,20
Female 23082 + 029 2heli3 + o56 3459 + 21 85.3 20,34 T <91
Male 22,97 ¥ J18 22,81 ¥ 06 3,25 % ,06 85.5 19.52 + <65
Hale . 22,94 + o17 21,71 % o7k  3.51 % .11 83,7 18,19 + o3&

¥The vgriance indicated with measurements is the standard
error of the nmean,



10,
were made; and the restjilts are shown -in Teble V.

TABLE 'V, DAYIDME ACTIVITIES OF SPARROWS.

Month:  Mean Day lengl;h Est.’unate 2ot Total

Temp, - - (hrs). ’.I.‘img spen:b. - (Kours) _
(1) Fiying: (2) Feed:'m.g (3) ALl other
_ . T o . act:l.vities.
April  6.4% | ;llu- _. 3.8 ’_ ' _3.1 B X
ey 94% 15 - k57 . 52
June 13.% 16 5.0 68 . b2

% Estimate calcoulated by multil.pl.ying day 1ength by percentage -of

" time spent in different- s.ctivltles.

At the beg:LmLLng of the bmed.ing season, sparrows had
little difficulty in obtaining food. In early Apnl (F:l.g.V),
| feeding was carri.ed out .Ln a. le:n.sumely manner throughout the day.
In this month, .cock spaz'.l.'aws spent as mnch as 165 of the day
calling outside the nests- and both sexes passed a large part of
‘the day in non-essent:.al-activ:.ties (such es preening, dust.-bathing,
sunbathing, étc)‘ as the breeding seaaon progressed, a larger paz't '
off the a.ay was devoted %o obtaz.ning food. 'I‘his also n.qulred an
increase in the time spent fly:.ng (to mach feed.m.g stat:.ons). R

" In June, when the birds were feeding fledglinga, adults
fed for 42v of the day. Birds showed. marked peal;s of feeding activity
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Just after sunrise, Just becI!e sunset and at other times

of the day (rm.s)

) Field energy reguiremgg,ts of -House Sgarmws.
Sparrows kept in c.aptivity coula. move and excewise

- quite freely. Therefore, the energy requu.red in the wild for
feeding and activities other then flight is assumed %o.be.
equel to thet measured in csptivity. To estinate field energy
requirements of bizvds a calt:eqtion was epplied for the 27 of
dayl:l.ght hours spent in fl.'l.ght, i.e. 3.8 hours-in a fqurbeen
Jhour photo-period |

Lefebre (1964) esltimated that the energy required by
the homing pigeon Columbia 1111_5 ‘E'or rapid flight was eight times
the resting metabolic rate. This figure agrees with 'l'ud:er's (1 968)
va;l.ue for -i‘lig;t energy remnmme-gzts of the' budgeriger (Melopsittm
.ir;dulatus). However, pigeons.ﬂyigg at moderate epeeds required
only three times the energy util:l.sed in restimz metabol:.sm. As )
sparrows do not fly very fast, or very t‘ar, it will be assumed
that their energy mqu:.rement.s for flight are three times their
resting Metabolic rate. '

My results of the heasurements of the energy require-
" ments of House Sparrows in caéﬁvity vere similar to those ob'ta_ix'Bd
by Kendeigh (1949) using the same method, ‘and so it may be

. assumed that his values for rest:.ng metabolism (obta:.ned by measnring
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the rate of resp:.ration) may also be applied to th:Le study

In Apnl, with a mean tempera.tum of 6°G, the energy utihsed
for resting metabolism was approxmately 0.8!4- K.cals per bird
per hour, Henee, correct:l.ng for the fl:.ght energy requirements ‘
| ‘l:he total energy :equ:.red ‘by House Spar.mws at thet tz.me :
| 2.0 + (Bhx2x 3.8) )

2.0 + 6,38

2742 K.cals ;’ger bird per day.

. In June, with a mean temperature of 15 c the restin.g
mta‘bolio was 0.75 K.cals per bu'd per day. led energy requine- |
ments of sparrows ca.lculated ‘aB above equaled 27.34 K.cals per

bird per day. However, at th:Ls tme the birds spent an extra 5.7 
hours colledting food. A-saunlliné that in moderate act'iv:lt‘iesl a |
bird utilised twice the energy necessary for :r.west:mg metaboliam, o
the field ensrgy requ:.rements of sparrows in. June
27.51 + (0.75 1‘3-7)
3+ 271 2
30.08 ' K.cals pér bird per day.

4

"



' DISCUSSIOR.

.If tﬁe- daji.ly? a.étiﬁties of House Sparrows (ﬁ. €.
percentage of day spent in fl:rs.ng, f'eecll.ng, etc) s in J'une
eq_ualed those in Apri. 1, fz.eld energy requ:r.rements in a sixteen

hour photoper:.od would
| 1931¢-+075x2x1c-.32
19,84 + 6.h8
= 26.32 K.cals.

' Thus the House Sparrow requires epproximately 3.8.
K.cals for act:wities due to breeding. -
. The mean_. energy metabolised by captive sparrows in- |
both April and June, trr_aé" higher than the mean energy i'eqizix'ea
" for resting metabolism a.||; temperatures of 69C and 13% resp_e_&- |
tively (Kendeigh, 191#3-).": This difference waé greater by approx-
‘imately 1 K.cal in June..- The assimila.tion ratio -(i.e.'en'ergy
metabolised expressed as. a pementage of energy inteke) was lower
in June (compare. Table m Jable I ), while Kendeigh (1949) found
~ that this increased with -inareasing tempepatum. These d:.fferenoes
although not significant. nay reflect the changes in métabdlism |
due to moulting. Davis (1955) slso fourd a sl:l.ght increase in the
energy reguirements of moult:l.ng b:l.rds
| Since these values for energy requirements of sparrows

are éstim_ates, and cannot’be regarded as numerically exact, but

are reliable for pu_rposes"of camparison. T héy show that the



- ]4-

extra activity reqtiizvgd ffor:'f'eeding'ﬂédglings, results
in a higher energy requirement in June éompaxfé«_i'with April |

by a Pactor of about 1Q.. .



4. Introduction.

gnarmw caXe: 15....5 were snelysed to mvestlgatc.
the varietion "ai?mugp she' spring and summe - in the major
body constituents: | lipirllw;.tex; and lean r]ry weight (chiefly
skeleion and muscle protein. The sk'e-let_al se:‘nght. ves assunée'd; T
to remain constant. o ' .
- Lipid leva].s in the fl:.'.rht mascles oi‘ b:l.rds have B
been :.nvest:.gatea for the: study of fat metabollsm before |
migration (Kinr and "‘arner 1965J¢ but m:ar'le wemhts are also
a vcluable ma.mation.s;.-'a:;ﬂ: 1969) of 'b__b.e__ amm_mt of ‘protein in -
_tfne bbd‘,y‘. Any p;rotei.r@ rké;_t‘icieﬁ(:y WDl:llC.i. ‘be exééctéfi-to ﬁéult;_ _.
. in.'a &ecmase- 1 the J.ean' (ﬂi.o; fét.f‘me) veight of lthe. pectoral
muscles, 'I'he present t,tudy was carzied out to f‘:.nd “how energ

resexrves carried by Housg -Sparrows vaned duzn ng tne year. .
2. Methods.

81 b:.rd.s were cmg_ht by nuat mttlm_z at a;mmx—'
m:ately fortm.ghtly mter'vals f:.'nm J anuary te July, 1969.
During the winter months iJ anuar:gr to Harch inciusive), birﬂs |
‘ were caught prior to ruost:mg The birds were k:.lled, we;ghed
z.mn-.ed:.ately, and stood in. deep freeze for ana..ys.w at & 1ater
date, . _ o

anﬁ carcess’ was ‘plucked and ths feathers weighed:
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The bréast mscles, i.e. péétoralis xixa;joi'-and pectcralis‘
m:.nsar, weye dissected cut carefully and the sternum and
ooraoold were scraped. clear of any rema:l.nmg tissue. Theég-
were weighed and extract.ed separa'l.ely. ‘i‘he contc,nts of the

. crop, the ,prpventicu;l.us and th_e gizard were -removed. T'he'

. i»eng-‘:.iz ks the testes- were n;eaLSuzwed. : . |

a,) : So::hlet extrac't:.c-n. S ' o
| .The breast muacles were dned to a. eonstant we:.ghb'
:m 2 vacuum oven at 55—60_(;1. The r.-\ater:.al was g;lowed. to -

" ool in a dessicator',‘ _theni;gmuna finely and returned to th'e'.

.va;:xxﬁm 'ovei: overnié;_;at to -err_su‘m that all the Wa't;er in the
tissue had been removed. 'The dried usterial was placed in &
paper extractiuvi thimble and weighed before extract:.on with
technical petroleum ether in the soxhlet apparatus (c.f. d;agram),-.

. whi.ch pemts eont:.nuous extract:.on.

The dried 'brea._,t r.uscle was extracted. f‘or 6 hours;

.after this time no f‘urther we:l.ght loss occm:ed. 'l‘he thunbles

were a.r:.ed a.nﬁ zwewen.ghed to ;z:.ve the emount of. lipid preeent

by d:Lfference from the 1mt Lal we:.g,hmg

B b) Direct extract: on w:.th Eetrolcum ether.

The rest of the carcass (i.e, mi pector‘al
muscles), was choppe& az':.eil to 8 constant wezght in a vacuum

‘oven at 5)-60°C and then gmund f':.me].y prior to extract:.on.

|t
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Extraction by this methcd r.aa;pr not be as complete as by
the soxhlet method, so it :-azmt be used for est:unat:.on
| of‘ small amounts of” fat. I-owever-, it is muc:h q;tu.cxer
and where larger volm:.ea of' ma.tenel or appreciabl.e we:.ghts
of fat are to be extractsd, it has proved ﬁuffz.ca.cntl_f
awurate for niedsuz'emnt of ]:Lp:.d 1eva.1s in bn.rds (Odum 1960
Newton & ivens 1966, mein 1969)

" Direct extra.cta.on wes ca.v'rled out in cr_fstalls:ng

. dzshes warmed over an elcctncall,,r .1eated waterbath. oeveral

’exbract:.ons of each port;:ton mere made with ..olvent decanted

off and f;l'_te:ed between eac,.h. _ Il:.nally the m:.xtur'e was £ile-
tered 'l:hmugh a weighed fil‘tiﬁer paper and dried to a constent’
weight. As before, the a._\m..xrt of 1ipid present was calcul-

sted by’ subtract g ‘the rezg,ht of re.sn.due from the ongin.sl

dry weight. | |

’
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114, Results.

Live weights of both male and female House -
Sparrows tx-apped in late afeefno'c;n were eighest -in.mid-winter'
end decreased tbereafter unt:.l Anml when weights of females
" rose el:.ghtly (Table VI by 1gJ e )..- ‘7e1gh+s of ‘both sexes rose in
May but rlfapped in June. Th;e .mean 11ve welght of f‘emales was |
higher than‘ tha;t of. xzilale.s in’ all mdnths, thragh ('eeca.use of the
small samples avaiiable) thig difference was significanf at the.
50 level only at .the end of Lhe .breeding'e.eason.. This sg'.gnif‘-
icance of changes in totel 'weigxe will be discussed 'later.

. | The we:.ght of Dlunl'zage dropped stead:.ly throughout the
sampling period (Table VII). In mrter the down feathers act as-
an insulating layer, helplng-the .b:er to ma:n.xrta:l.n a constant
'temperature without incmase& metabol:.sm. '""hen. the-:temée'ratﬁres
rise "Ln spring, such extra 1nsulation becomes unneccessary, and down
feathezs lost are not” replaced Thls expla.lns-some of the decrease‘
in welght of the plumage in the spm.ng, a. further contr:.butmg
f'actor is a.bras:l.on of the ‘l;:l.ps of ‘body feathers. -

During J anuary and. Febmary, the weight of food stored.
Just prior to. mostlng remalnn.d at abaut 1- gm, \aayronmately 14%
oi‘ the leen dry we:.ght) de ,pllbe a long period of harshl we_a.ther-

(Table VII). In March the weight of undigested food fell to O.gm.



SSASORAL VARIATION TIf LIVE YEICKTS OF HOUSE SPARROUS
Yonth  Time of No.of Weight of No.of  Veight of Pee

Capture  lMales flales (im  Pemales meles (in
g";_mﬂz 13}

Jenuary 1630-1730 3 29.36 + 465 9 30430 ¥ #31
February 1630-1730 10 28,70 ¥ .58 3 30,76 * #57
March 16301800 4 28,19 ¥ b4 2 28459 + 227
Spril 1600-1800 9  27.L0 + L60 3 25,08 ¥ .84
Hay 1600-1800 8 27465 + o43 4 29,93 71.10
June 1600-1800 6 2648 ¥ 010 5 2752 ¥ o91
July 1600-1800 7 25,80 + 64 6 27.82 ¥ .69

TABLR VII

BRIGHTS OF PLUNGZAGE AND STORED ROOD

Honth Time of No. of Vedght of Vielght of Undigested
January  1630-1730 12 2,38 ¥ ,03 88 3 ,10
Februaery 1630-1730 13 2,32 % «29 1,00 ¥ L,10
¥aroh 1630-1800 6 2,06 ¥ 402 60 + L10
April 1600-1800 12 1.99 ¥ .02 o2 ¥ W16
Nay 1600-1800 12 182 7 402 (17 5 .10)
June 1600-180C 1 1,67 ¥ 02 (025 3 .12)
July 1500«1800 13 1e70 ¥ o05 (o34 T 402)
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(8 'of the lean d.ry-weight) From Apnl onwards the blrds

were not trapped mmed:.ately before roost:mg and the weight of
food in their gut and g:.zzard: #as more va.r:.able.

" The decrease in we:.ght of plumage and stored food

'Was one of the causes of the overall drop in live wc:Lght of
Sparro: throughout the sp‘.!.'.l.'ng and summer. 'n’hen Welg_hts.of
plumage and food are subtracted, the res:.dual ‘body weights. showe&
a clearer difference betwecn the sexes (Table ViI, E:.g.VII.)
Female spamwv fluctuated moze m mean body we:.gnt than meles,

but the appa:ent decrease in mean wemhts of female.: between
-'Janua.ry and Ju'Ly was not s.Lmstlcant a‘b the 5o level. r"he:.r
highest mean body weight was recorded :anay, when it was preater
than the::.r 10.":’5.. mean we:.g,ht recorded in Ju.ne. - Not even this :
_ drop was s:n.m:.f‘.:.cant however, due to the small sainple'si-zes.

| _ At the end of the ’breed:l.mz season, females were s:.g-
m.f‘:.cantly heav:.er (P = 0.05) than the males The mean “body
.welght of the males rema.med. approximately Oonste.nt until Nay
| and then drupped in June and July (P = 0,02) at the end of the .

breeding season.

a) Yariation in the m;g}or 'bodxg colmpone nents, ’ -
Analysis of the bocly :.nto ‘the msjor compore!rts (Table VIII)'

lipid water and ﬂ:ea.n dry .ve:.ght (i €. ch:n.ef‘ly skelaton and muscle :

pmtem) revealed the follow:.n,g dxa.nges. .

|
A
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TABLE VIII

SEASONAL VARIATION IN BODY CONSTITUENTS OF FEMALE SPARROWS ( in Gramsz

Date No.of  Wet Weight Hater  Lipld Lean Dry
Birds Excluding Veight

Plumage and
stored f'ood

January 9" 26,97 F 42 18,42 ¥ .24 2,51 F ,20. 6,04 ¥ 03
Februsry  3° 27483 % o53 18,16 T ;53 2,60 ¥ 422 7.09 ¥ .13
March 27 26,03 F 429 - 17.39 ¥ 413 1,91 ¥ L08 6.73 ¥ .02
April 3 26,64 T .98 - 1814 ¥ o64 1,45 F J1h 7405 T 422
Nay L 27.91 T1.10 19432 ¥ 460 1.30 ¥ 08 7.29 ¥ .17
June 5 25,49 F 492 1748 ¥ o7% 1,02 ¥ .03 6499 T o1k
July 6 25,89 F o78 17466 + 46 1.32 T .10 6,91 7 #25
TABLE IX
SEASONAT, VARIATION IN BODY CONSITTUENTS OF MALE SPARROWS (IN GRAMS)
Date No.of Vet Weight ¥ater  Lipid Lean Dry
Birds Exoluding _ | Teight
: Flumage and - -
stored fcod

January 3 25,71 424 1741 F 466 2.02 ¥ .20 6.28 ¥ 020
February 10 25¢22 F .50 16.57-F o153 1.94 F .10 6,71 F .12
larch L 254,98 F 418  17.43 F 46 1.68.F 12 6.87 T L1k
April G 25458 7 4B 17.12 F o13 1.25 T .06 6.85 ¥ .13
May 8 25,67 T o42 17.56-F ¢10 1,11 F ,06 7.00 ¥ 12
June 6 20069 F o37 16475 T 28 1.04 F ¢Q4 6.90 ¥ L1y
July 7 24,02 F 40 1651 F 30 91 ¥ 403 6,60 ¥ ,12
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Jater co-zr:(;.ezl_xt of* spaz‘ﬁows was highest :.n J'-léy |
du-rihg the early 1_)&1'1;. é\f the' breeding season (:E‘ig.VIII)a The
. mean weight &f water in femeles degréase'd in early spring, -
.althcnugh total méan "reight increasé'd at -this 't'ime : "!afer-
content than rose in npm.l and Yay, but fell aga:m in June and
July. Pne wean we:.ght of water in males var:.ed less than in
1;ema1es-. The highest mean w;::-.ght. wes. a;so recorded in Lay. ‘ In
Pebruary and L.ay the fenales h;ad a significently hiehei water'
'_ content than:the fnaies. . Since the welght of water in an,v 1nd.1c-
iduel was partly relsted to the weight of fat present (R = 0.-.&-209) ’
this éL:.ffemnce was, in bart, associated with tne g;nenter Pat
content of the females ment:.oned ‘below,

A moriad aecrea.,e in tke rre:.gn+ of 1..p1c1 yresert in
btoth maleslt' and females also contributes_' to the decr_eas:e in 1:i.ve
: weiéht in spring (Fig.IX_)."- Hens .had'. a higher fat content than
cocks in all mon.‘bhs; this difference ‘in oean ﬁeig_ht of' fat,' wes
sig.nificant (r< 0.001) :Ii:;nll"‘ebruary and J"uly.l_ During .the'
early part of the breeding. season (: e. Anr:.l and May), the
- weight of fat present varled more in the females than in the
males., This vanation may have been due to -the uc\relop ing eggs-
present in some oi’ ’che females analysed .'L-:.p:.d levels. .dropj:éd
in June and at this tioe "'he mean weight of fat camed by hens was

a.bout the same as that of* the cocks, The fat contents of the males
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dropped ste-aaily from mid-7inter to'July.'

In House Sparrows of both sexes the lean dry,
weight increased significantly during spring aﬁd ﬁmaimd _
cbngtar’:t until =2 decreaseloccfuried. toﬁa;rds the end of the breeding

- season’ (Fig.X). The lean dry weignt 'of-the females increa-zea in.
early s.. g but ell in I.nrch to a level below that of the males. |
Throughout the breeding seaeon, from forii to July the lean dry
weight of the females .I'elnalned.appmmmtE.Ly constant . The mean
fai:-fzee-( lean dry) we:.ght of male sparrows :mcreased more
.zslowly than that of f'emales, rema:.ned constant unt;l Iaf, .Jbut then.
decreased sn.gn_:.f:.cantly- (v L 0.001) to m 1f3vel Just above the -
mean weight ian aimary.- The. variastion in 1ipid index (iipid_
expresseci as a porcentage of ,i_ean ary weight)is; shown in FiéuzeXI.
The lipid index provided a measure of the lipid levels in an
animal indepe_nﬁen(: of any change in lean dry ’weight. The lipid |
index of female chée parrow's droped sharply in spring, due to
both an J.ncrease in lean dry we:.gh"' ‘and:- g decrease in fat’ content._-
Prom April to llay the lean drv wezght increased further (F:Lgune x) .
and the lipid-index still c.mpped. The 11016. :mdex of male '
.sparrows fell in spring end tllxen levelled out during the breed.mg
season to a value almost ic.em 1cal w:.t‘ﬂ. that of females. This
suggests that the higher v.-eignt of Pat carried by females during o

. the breeding season was needec";l to provide energy tolmain'f_aj.-n the.
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body temperature of th;e-largér lean dry weight chiefly.

metabolically active tfis.sue.

b) Variation in weight and m_gjor eonstituents oi‘
Eectoral muscles.

" Analysis of the flight muscles of spai'mws showed -
that total ﬁeight ard é:omposi.tion varied in parallel with the
rest of the body (Table X & xi). L'uscie protein ié believed '
to be a better indicator of proteln levels in the Whole hoay
thar lean dry weight, 9B the tissue is homogeneous.

The mean vet weight of' the flzght muscles of the -
females decressed in spiring {Pig.XII), rose again in hpril and
then d.mpped. .':-1!’_nlf_'1c=aq1'.ly and steadlly- until J uly. "The higles't
" mean weight (in J’ému.ary)’ was 153;— higher 4;-.h'an the.'_lowesf mesn
weight in .June. The mggn'v:eight of the f‘li‘ghlt mﬁscles of males was
highest in February amd thén renained fairly conls'tant' until liay when
it dropped sigﬁficm ly ( P< 0.001) to a July mean we:.ght 15:(:\
lower than that in Febnuary

‘dater content ‘of -the flight.'_muscles varied in pafa‘ll_el
with mean total wet we1ght, in both females and males (compane
" Pig.XII & Fig, XIII). However, lipid levels in the muscles |
dropped steadily throuv_hout the sanplmg per].od in both sexes,

The hens had a signif .man’cly higher mean weight of fat_ in their

mué.cle_s (Fig. XIV) then aid the cocks,' but a lower we:;.:ght- in Mgy
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TABLE X
CONSTITUENTS OF FLIGHT MUSCLES OF FEMALE SPARROWS ( IN GRAMS )

Month Number Wet Weight Yater Lipid Lean Dry Weight
January 9 Lo9% + o16 3.48 ¥ ,13 .192 ¥ ,002 1.26 ¥ .03
February 3 he78 + o34 324 + .06 .142 F ,002 1.39 ¥ .03
March 2 L7 ¥ .01 3.05 ¥ .07 .086 ¥ .001 1.33 + .02
April 3 L84 ¥ 429 3.38 ¥ .12 .075 ¥ .0U6 1.38 ¥ .03
May L4 L4o60 ¥ 47 3.21 ¥ .10 .049 + .008 1.34 + .03
June 5 Lol ¥ .15 3.09 ¥ .12 .040 ¥ .006 1.27 ¥ .02
July 6 4e56 7 418 3,19 ¥ .15 .063 ¥ 004  1.31 T .04
TABLE XI
CONSTITUENTS OF FLIGHT MUSCLES OF MALE SPARROWS ( IN GRAMS )
Month Number Wet Weight Water Lipid Lean Dry Weight
January 3 4.36 + 2,02 3.05 + .07 142 + .020 1.16 ¥ Ok
February 10 5,02 ¥ .10 3.57 % .06 .126 ¥ .001  1.32 T .04
March L L.78 ¥ .31 3.25 ¥ .01 .106 ¥ .001 1.43 + .02
April 9 466 ¥ .30 3.21 + .08 ,058 ¥ .006 1.40 ¥ .01
May 8 4495 ¥ .13 3,51 ¥ .08 .055 + .003 1.39 + .02
June 6 L71 ¥ .16 3.32 7 .08 .057 * .00k 1.33 ¥ .02
July 7 L.26 ¥ .09 3.01 + .08 .O43 + .006 1.20 + Ok
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and June. The rate of decreese in the weight of fat present
in the flight muscles was not as repid in males as fc’males; -
Ueights of fat in the males ‘pectoral miscles decreased sig="
" pnificantly ( ¥ < O 0-)1) fmm January to Apnl but mma:.ned
constant thereaﬁ;er. . _ _ ‘ | _

The protein vontent (1ean ary welght) of the f’ 1ght o |

muscles of females incréased during the early soring and rem- .
ained constant throug:‘qo&"h the 2arly part 'of. the breeding eeaso:_l
(Pig. XV ). From llay %o June R _weigl_lts dropred s'i@ific‘:'ar;tly but
a'elight "increase was nef:ed in July. Lean dry weights of the )
| meles‘ muscles showed mater vanat.l.on than those of f‘emales,
reaching a maxioum in Llarch mzm.fmantly h:.gher than that of
the females. Ycifhts rem_;n-.ned constant until bay wl_len. the mean
'weight d.ropped signifileaep'ly to a weight just above that "re'corded
in January. ' '- - B . _
The ratio betuez,n fat and 1ean dry weight (i.e, the
lipid ;mdex), was sluhtly more. var:.able in females than nales
(Pig. XVI) The llpld index dmpped .,haribly from Januery to
" March, :r.nd:.cat:.ng a mar{ed drop in the proport:.on of fat .,tored in
_ the muscle tissue prior to., roostlng._ During the breeding season the
lipid kmdex dropped -Purthe;; even thougn from Ap:ul omvards the lea.n
dry weight was decreas:.ng The lipid reached 1ts lowest valpe in
June. The lipid index of the flight muscles of males varxed in almost

exect parallel with that of' female's.
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General Discussion.

'_Live.meig,hts: of sparrows were high;ést in
midwinter and lowest in midsumer. The patbern of ‘véeig{at |
change wes similar to that found in Bullfinches in Wyhham Woods,
Oxford, where vanat:on in welght was related to temperature
rather than food availab:.lity (Newton, 1966) It will be shown
that the seasonal v:'aria‘t;.‘ion' in the mean weight of‘ sparfbw's’ was
due primerily to changes in temperature snd dsylight in epring,
while during the sumer the effects of bregding,vwer.e more - im=
porta.nt. : _ |

o ensure a stable body tempersture, a bird inuat
maintain a b&lance between heat loss and heat prod..xctmn.
Within the sparrow's themmoneutral zone, 5-57‘°G (Kenda:.gx, 19321.,
- Steen 1956) it can control heat loss Pntlrely by physical thermo-
regalation, that is by aﬂ.‘l.er:.ng the pos:.tion of the body i‘eathers
relative to the skin. in th:.s way, it can vary the insulatzon -
provided by the air spaces between the feathers‘. 'Above_ the
higher 'aritical temperature’, 3]0 C, heat loss may be facilitated .
by sctivities such as panting. B_e‘lcm' the lower critic_ai_ tqmpex;é
ature, increased heat lcnsg erequiz'eé increaﬁed’ heat pmﬂuction,
approximately prqpérticnal l.to' the deczegse in environmental

_ tempersture,
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In Great Britain, méan daily tempemtu_res' are
" below the termoneutral zorne thmn;,ga most of the‘ yeér., 80
sparrois ‘can meintain a constant body temperature only by
increasing metabolic aétiﬁtt at lower temperattmeé. Hence, |
'in cold weather, their energy requirements are .éone_pozidingly
greater. | | | |

To survive periods of cold weather, birds have
evolved both physiological and behavioural adaptions, for
example , sumer-adapted sparmws in captivity were able to
survive only in temperatures above 0°C, whereas m.n_te_r-aﬂapted birds: |
.oou'."l.d tolerate teﬁperat'uz'ég down to approxiniatel; - 30°%. " This
a.cclimatiéatign was aéii_eveél partly by the thicker plumage of the
- vri:iter-ada;pted birds, and.pa'.rtiy by & change in: the pattern 6:‘_
energy imtsks ot lower temperatures. Thus the maximumn energy
intake of sumner-adapted birds was only 23.K;_oals, 9 l.;._e_alg lower
than that of the winter-adapted birds. Energy intake at s constant
' temperature was aléb m:l_.ati,ed. to fhotoperiod, increasing with aeot.'eaa-
ing daylength (Davis, 1955)

The increased level of food :mtak:e dunng winter,
enables e passerine bird t) store enough enery, chiefly as fat,.
.but also as undigested food to survive an obligatory starvation ‘
per'.i.od. ovemght. In St. Paul's, Minneseota, winter feeding patterns
of spprnows were related both to dawlength and to tanperachum(neer,1961).

In the short days of November and Deosmber, i'eed.:.ng started 1medlately
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af'ter sunrise and was u,oét_ intense then aml bgfo:e sunset,
with two smaller peakm of activity dnring the 'day -Similar-
feedi.ng behaviour was.. observed at mean temperatures of = 9 to
=14°C. Then the mean temperatures dropped below - 20°C, the binis
. started feeding even hef’om sunrise; between periods of intense
feeding they sat pe:rcth in shaltered places, with feathera
- fluffed out. - By th:,s bebaviour they conaerved energy, both by
reduning aotivity and incz'aasing insulation. At mean tanperatures
between 2°C - 3 c (si.m:.lar to the coldest weather in 1969 in
Durhem), b:ers fed in a more efratic manner with no éu.stmut
peaks of activity. Beer (1964) concluded that & large propor-
tion of the sparrow p-apmﬂ.atinn he stndied in l!inneseota, failed
to survive due to the vary low temperatures. High ‘\;a:mter mortality
has also been recorded in Genmuw (Pallet 1958), and ‘Barrows (1889)
and Stenchinsky (1927) have suggested that enow and, low temperatures
may set the northern limit of distnhution of Sparrows, - |
In Durham, conditions in V.':.nter were cons:.derably milder
than these areas where winter morta.lity may 1im1t the sparrow pop-
ulation. The maan total energy reserves carried by bi:'ds at
roost:.qg were calmlated to d:.lcover whether they were sufficient
to ensure overnight survival in wmter. I also wished to mves-
tigate the effect of dqyle,ngth .a_nd tempemture on such energy |
zwee;erves. - | ' |

The totsl energy reserves carried by each bird at
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roosting were éalculaté:d by suzming the fat contént. (9.3 K. cals/
gm) and the stored food (2.2 K.cals/gm). Thése figures were then .
converted to cals. per gm. by d:.v:.ding by the wezght of the bird.
A value of 13 cals/gm. (the mean fat content of two sparrows whldx )
died in capt:q.vity, presumably due to stmatzgn) » representing tisace
liquids unavailabile for metabolic use was deducted from the totsl
_energy reserves to give the availeble encrgy reserves (Table 12).

The energy required for ‘thermoregulation .-during. the
roosting period was caleulated from Kendeigh's (1944) values for-
- resting metabolism of s;iamwa at different temperatures. Such
estimates are in fact m\ximm: values since they refer to,meaéuxéd air t
temperatures, whereas SI:?BI‘!'OWB roosted in holes,.under eaves, or in
outhouses where teﬁperaﬁgmé were 'pmba'ﬂy somewhat higher. The mean
energy reserves were sufficient to ensure sirvival of House Sparrows
and allow sufficient energy for the binié to search fc;r. food the
following mornmg My n=sults confim observations (Summersmith, 1963)
'the.t sparrows in urba.n. ameas can survive m.nters in Britain wzthout
hardship, since, desp:ite an unusually eold month of February in
1969, sparmws could obtain ample food to survive,

The mesn energy reserves for Jamiary, February and
March were more closely 1elated to the long tem-average temper".-
atures in these months (iéeorded over the last 120 years) rather
than to the mean temperatures in these months in 1969 (Fig.! 8..

Table XIII). Energy reserves carried to roost by Yellow Bunt;.ings,
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TABLE XII

ENFRGY RESERVES OF HOUSE SPARROVS AT ROOSTING

Date

10 Januvary

30 January

9 February
28 February ..
19 March

Heen Roosting Total

Tembe

1.9
2e3
=043
1.8

2.2

Time

13

- Energy

Reserves

" Cals/gm

888 ¥ 53

702 ¥ 43

78l + 84

690 + 6l
590 ¥ 51

Mean Available Energy
energy reserve Requirements

Cals

875
689
771
677
577

(Cal/gm)

627
580
615
546
481

¥ Variance indicated = Btandard deviation of the mean.

TABLE XIII

ENERGY RESERVES OF HOUSE SPARROWS IN RELATION TO

Date Hean
Temp.
1969
Jan Lab
Feb 2,0
lax 22

Long
Term

Tenp.

3¢3
3¢5
boks

LONG-TERL TEMPERATURES

Total Stored Energy
Energy /Food.
Reserves (Cals/gm)
Cals/gm '

65

76

45

Stored Energy
/Fat

‘ Ce.ls[ggz_

740
665
545
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\
Emberiza citzinellé.,' each day in winter were .sho.ﬁm to be

'clo'selyl related to the long tem average temperature tt'J be: _
expected on that day (Evm:;, 1969) so that it is possible that

the srbuation in tha House bparrow parallels this However, the.
energy reserves carm.ecl on my day may have been affected by the
mean temperature- on tha’c day (Fig.19, ), since they showed a
suggestion of a,.n‘:.nvereue eorzelatmn with the .temperature_. Yn__rith

the small samples of sparrows caught on each day, it is inpossibie N
%o assess how much of "éiis variation in the 'e‘x_zergy' reserves they
carried is related to the actusl temperature, and how mach to the
long tem average temperature wh:.ch may operate through the effect
of dsylength on feed.mg behaviour.

Marshall,(1959) has divided the bmea;ng cycle of birds
into se:veral pheses. Fnllowing the end of the bneed:.ng season, he
believes that birds undergo a period of recovery, the 'regenerstion
phase', during which no sexuel behaviour occﬁrs. Af this time the
sex orgens of both sexes iegzeﬁs before becoming functional. This
phese is also called the 'refac'tory period*. (Bissonette & Wadland,1 932)
since during th:.s tine b:.rds do not respond to photo-stizmlat:.on,

| it va:ies in duration beﬁ_wgen species, buj; ‘ends in,la‘t_:e October-in
the House Sosrrow (Narshall, 1952B). Following this phase,

- gonadotrophins 'are once qgain rjeleésed, the ,gonad's _:eczﬁdesée and
the acceleration phase begins. .
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In temperafe regions, semlél behaviour‘ occurs in.
several species in Autumn, and birds oftén pair ét this ti.::ne.
Definite sexual act:'i.vlzl:j has béen' Mmtmted in the testes of
Sparrows in autumn ('ﬁé:shal_l, 1959) so that birds were fheli in -
potential breeding uoﬁiition. 'However; winter conditions depresses
or halts the'devglopmént of the gonads. .Following the winter
" solstice the inc:‘eaae.jc:_:ifdaylength reactivates (vie the pit'g_tary)
the sex orgaﬁs of many;lbirds of temperatel-regi.pna. While the
. gonadls of male sparrows respond to photostimmlation (Poilikarpa,1940)
no marked effect wes found in the ovary of the hen sparrow (Kirshbaum,
et., al. 1939). Since sparrows and starlings (h__g_arsl;xall 1959) may
nest in autum, However, light oannot be the only factor regulating
the spermatogenic oy::le;. It would seem that in .Sprj.zag, after the
initial stimulus of ians?e'aée of light, the rate of develbpmént is
related to a complex of factors. |
| By meas‘llz".i.ng;fthe lengths of testis and ovary of sparrows |
caught in Durhem, the rate of development of gonads was fo];lowed.‘
The onset of sexual activity o@md in éarly January, .1969, and
‘the development of the's;éx orgens thereafter was ,paralleie'ﬁ. by an
incresse in the mean weight of protein in the body (as reflected by
lean dry weight of the flight muscle). There was; in fact, a si§ ‘
 nificant correlation between. the length of testes and the protein
level throughout the season (.~ = 0.8870) though less 'cozj:ialat;'i.on
was found with the. lengtl_; of the ovaries. During a mild January,

the ovaries increased significantly in size (Fig. 21l ). This spell
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~ of mild weather was.suff;"_'ncient to stiﬁilate b:eed;i.r.xg in early |
February 1969 in the south of England. However, cold dull weather
in February and the beginning of Harch delayed the sexual oycle.
Weather'ma;y- ﬁoss_ibl_y 'exot'-&irect';ly in the control of breeéing as-
birds mqui;e lees energj_;' for sumval in the wermer temperatures
. of late spring so tﬁat more energy may be diverted to .repmdncf:f.on. e
The increasing daylength :'a.t this %ime also increases the energy
potentislly available. Veather may also act indirectly on the
tining of breeding by its effect on food availability, However,
though animal food may bté an impoftant source of food for sparrows
at ‘the peek of the breeding season and during the fledgling ;;_eriéd
 in early opring, it is not an important food item in their diet. The
" major food item of Spm:a, i.e. scraps, waste is h;zaffegted by the
weather, | _ | | -

| Behavioural interactions -aisﬁ aetenn.im. the tixﬁing_'of
sexual development and egglgying and in sparrows may be an import-
ant factor synchronising the 'éf(mz-;ingtion 'phas;e'. (1.e. ovulétion- :
end fertilisstion), Sumersnith (1963) fouml the dstes of laying
) of fi.'rst.eggs of .dif-ferex_;_:t fe:;;;;le within each colony were more. X
closely grouped than between different colonies, He suggested
that breeding within eny colony was synchronis_éd'bry _displa& e.t
the mutuel feeding grounds. In Duii:th, 1969, Judging by the ti-.me-
fledglings sppeared, the ‘magdrity of birds laid in the second week

in May, while & second brood wes started.about a month later,
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The bfeediné; seg.son. places a heavy &@d'on the

energy resérves of the House éparrqw. Each season, a pair of |
" sparrows in Borthern England, lay, on average, 2.3 clutches
(Summersmith, 1963) eat:;h clutda'oc;nﬁaini@ eg_:;.si. As found '
in this study, the mean' weight of a sparim_v's egg is 2.99 gms.
Hence, if the dry-. we:E'.g.hi has a similexr caiori'f'ic value to that of -
a hen's egg (Broqy,' 4195%) é sparrow's egg has a calorific value of
2.6 K.cals. The ,energj_r:‘ required by a hen to lay a clutch of three
eggs would be 31,2 K..cais, assuming,’ foIlowihg Brody (1954), that
female sparrowe have a 25 production efficiency. At thg fi’mé of -
1ay:.ng, the energy requilmments of the msle are considersbly less
{than ‘those of the femalc' although they are more ‘active at th:.s time
of the year, The male helps to incubate the egg, but does not feed
the female on the nest as:found in some passerine species (Royama, 1966)

' The i‘ledgling period pla.oes the g:eatest strain on the
parents, \hen the ;)uven:.les leeve the nest they weigh 24~25 gms and
have a total calorific value of appz'oximately 30 K..cals. Thus, the
brood of three ﬂedglings inoresse by 60 K..cals over an average |
period of 15 days (Su:mnemmith, 1963). 1If fledglings increased in
energy content et a rate of 4 K.cals: per d.ay, then each . parent mugt
provide 2 K.cals per d.ay

At this time the field energy required for activities .

assﬁciatéd with breeding was h..K.(_ials. The efficiency of adult
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birds was 50%. The energy required by the hen may be
‘higher since the hen plays a.greater part in feeding the
fledglings (Sumersm.ith,. 1963). After the fledglings leave
" the nest the cock continuss to feed them while the hen starts
snother bmod_. Possibly the ;inmfation may be avpériod of
recovery (Newton, 1966) from any 'strain’ i‘nmrred when feeding young.
The breed:.ng season is a t:.me when adnlts need protein
for sperm or more Important agg pmauction and later for moulting,
and breeding may: be ultimately timed to .e‘o:i.ncide_ with the time when
enimal food is most readily ava:.leble Towards the end of the
season such food may not be llaol rea.dzly ‘aveilable due to competition
from othsr young birds. Houae Sparrows gradually show a dmp in
_bot'h lipid and protein, thmggh May and June. The s‘bra:m of bzeeding
cambined with a decrease in the ‘availability of food leads to
considerable depletion of thiair energy reserves, Tﬁnard’s tﬁe end of
the breeding season one.may .speculate that the birds may rot have’
enough fat to last overnight, and 80 may have to bresk down protein;
but this needs further. invesbigat:,on. -
In 1969, the breeding season at Durham, towards the end of
June and birds began to moult. It was inmossi‘ble to say whether bm:s
which had started moulting were st:l.ll in breeding -condition without
makin.g miqx'oseoplc examlnat:.pn.l The mgression of the gonads wes
‘closely paraueiea by a .sha.f:rpvdmp in body protein. This could be
due to exhaustion of the androgens whose ansbollc action may maintein

a high protein level (Hanson 1962, Hilliam, 1964). ‘The growth of
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feathers during moulting alsc requires protein.
| The termination of the breeding season may be

 related to the considersble e’imp in energy reserves. at this

time., The energy mquimu&s’of House épws msy be 8o -high'

that the production energy drops below a critical level and causes .

the regression of the gonnds"anﬂ the §nsét o'f'ul‘-f:." ' '
Tl House Sparrow, though a highly aaAptable mird; is.

partly dependent. .on man. Squal during wmter was facilitated '

by the food und sheltef ruadily available. I)unng the lon,g bmeding

season, -birds require both px'otein end lipid for z'iep;'odxacbion and

the extra activity it ent:nls. At this timé the availébility of

| insect food may be an i.u@ortant fac‘bor in detemmng whether the

birds can withstand the sbrq_in‘ of “breed:i.ng, aince tl;e;r other food

sources remain appmximatﬂlﬁ const-a.nt throughout ﬁhe year, - in: burham

them was no sbsolute food shortage » though towands the end of the

breeding season there was & decrease in the relative ava.;lability of

food. 1In large cities, where food such as wild grass seeds, grain,

etc. is nof within flying da,stax_we of tha nest, and ammal_fqod is

hard to obtain, a high sumer mortelity may occur, This may be the

cause of the decrease in the spanw population of London, :neported

from 1951-1965 (Cramp and. Tml:.ns, 1956)
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SUMMARY

A study wes carried out on seasonal varistion in
weight and body composition of the House Sparrow in Durhzm
City. |
Seasonal variatif%m in weight from winter to spring
was associated with chenge in day length and temperature. Energy
reserves were sufficient to ensure over-night survival.

Changes in weight during the latter part of the breeding
season were related to the higher energy requirements at this time
(30.0 X.cals per bird per day), associated with breeding activity.
The strain of the prolonged breeding seascn combined with = possible
decrease in the availability of food, leads to considerable dep-
letion of energy reeerves mhich reached a minimm et the end of the

breeding season.
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