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-"ggotectiﬁq from predxtorl. ,quentn féeq_ seniﬁptecoc;al

' 1nvglt;epf by, pnrente uiﬁ"bnoddinsj nnd nen; attendance.

.

Aq&ltsl_of 'precoclal epeeles£ hlyE' a’ different 1nvestnent'
"-;pat@etn. ﬁnny precocial young Jre never fed by parents and -

Y- are - totelly aelf—sutficient w!thin houri of hatehing.

I ¥

'.Pei‘eutal mvesteent :la seen pr:lnlrily 1n,- thC_ .‘@?g o

. nesrliugn iq :heir seatch tor food. and probabl t rough

'-."J . _,_'

E o vaoee ¥R & .l o '_ e It : _ o
chicka are honeotherwic.,_ g : £ ¥ & B LE
o o . . 1 _
il The evolut&on of nltricinlity. endothermy and _pnrental

l
1

’ ,'ce:e n(e thought to be all c}oiely correlated (Bopsou. 19?3.,
'Case, L97Ba.b ﬁartin,“ lQBO)u ' Hopnon (1973) feels uhatn
.lltriciality evolved (1u manmela. vith nome avian parellels)“‘

;to reduce the grea:er energetic requirenents oi udo:hern1c~1

_-1 - -

fyouns: 'Ify.tﬁe .onaet of eudotherny 1h delayed until some
'iiie-ieter 1@ :tbe neutling stage, -nore of itheﬂ energy

_'provided by\ pareuts ,uill be chlnnelled 1nto grovth rether'.

-~

. 'thqn._pody Atelperpture' naintenauce. v Ihua. al:ridial_

% &EVelogﬁepg;rettﬁ lde;é}ed endoqherny,_necéen4tatge-sreaner
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parental behnviuur and care- daie (1978e) peint37 out -ﬁthntf

tu:el .energy savinge for parenta would be greater 1f more

, energy vas put 1nto the embryo (egs) and therefore lena 1ntof'

13 o

the- nevborn, beeauae ic- mey be cheaper to 1nvest hesvily 1n'

eggs than“uffepring. . Hpvever,-*if ,murtality“’is greatest

1.ﬁdur1ng the’ egg atage, it may be cheaper to inveat mnre into

- : L.
'regring‘chicka. The enersy Eor egg_pruduettoq is gathered,

 land e:pendea 'over & short tine,'which-Ehen'eqmbereg to the

o enefay"invesied 'over the E neetling .peripd;l may oot

'neeesseri}j‘-,ee.w an . energetically fcbeeger‘ﬂreprodective

't"'

:birds and their :methode-lof cnpturing t. ﬁreclude the-

'derelepﬁenf:.of'-precbcial'.yuﬁns.. In‘j-these ,.instancea,'ﬂ

alericiaiicy may be the Eavbureﬂ rnhre‘ . Garnets are
- . Lo . . " ' !’ - .

“~§fedged and ‘erperieneeq birds‘_csn_ efficien&}y exploit,

.t e . .

'l551npe gennEt j(end. other eltricial) _chieks have -peak

_eeergetiq_.requireménr agretiue dyring the neetling periud.

R ,5erents must epend_a'greater_pprtion-nf their time 'Eoraging

w &

'eomparéd to paréﬁts .‘uhﬁbe"ﬂnffagfing- ‘develop ndfe

precocially. -11':' T RP

(Case, 19783)-n lt 13 vorth noting that more than 802 of 311

~

bird Bpecies are nltriciel (Ar and You—Tov, 1978) and of nllf

3

951 are believed to have}f/mnnugenoua nnting system {v?tner'
- .. . 'l - . - .

B e

Honogany 1a favoured underllrﬁe 'nltribial coﬁdiflons'

2 invesrpent. Case notea thet uany of the -fuode'beeten yb}k

‘f. tpg pesserinee (the majority of vhich are altrieial), abnut"
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ubecieq -broteet young, ' Case _£éels that "postnatal .care

: ewolved prior. to altricislity; " However, ,tbe: d;fiy of |

'endothexmy cauaed parental cnre to' ﬁecoue refined and

_e':':ended-'i_n altrieisl individuala. Case (1978a) d1ffers

£rom Hopson in contending that the evolution of umallet ;nd
L]

< altricial young vae .due tu "the relatively 1atge anount of

.. -

ave lnpoued a aerioua ener etic burden “e for adultn-
l L
J 3 = Theﬂ sppropch of the preueng_atudy_h.q begp tp.considé}.

Y

the- parent-young 1ntaractiona éh:;a délt;ipéixe;_levél. by
1ncerporatlng %ertain ‘energetic cbhcepta{' 'Thg ptimiry

.objectives ofm.thisx atudy were .exaninatinﬁ‘ bfg' 1) Ehe

Py parental 'tine 'snd cnersy investnent of Horthern Gnnnets.

Post~- hatching pareuta] 1nveltment by ganueta e f npecial
- i %

\

(Ricklefa and Hontevecchi, 1979}, and becauae they Tﬁte‘ the

latgeut;altriclnl specid“cnnsidered in view of reproductive

< time and energy 1nvestnen: (see Dunn. l975a).: Nestling

o "

-éfouth"ﬁnd' ‘the psttern of parental care are considered as

'1nte}hct1ng norphological._'phyaiqlogical and behavioural.

adaptationa. ‘Ehg study ,of':whicﬁ ﬂﬁay halp elucidnte the

" )
adaptive aigntficance of altriciality in gannet-.

énd' Hi}lioh;‘-1969).--.5intp both' * precocial gnd altriﬁill'n

\ nonthcruogenic tissue formed during ﬁégg_ production vould"

developnental T —pattern N nf:_.neutling "% grnvth._ ener;y

v sisimilat;on, and”’ behlvioutil adaptationa. hnd 2) thé:

f-interest. because they 1nveq; aallittle in egg'pro@uct;on
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- Study Animsl - - 4 @y B TE PRI
) ?Hortherh ) Ghnnbts (Morus . bkinhnus -’@1!111')"
& F H .

L iong-living.' pelsgic seabirda that are ne:ullly monouorphic

.and- nppareutly mate for life ,(ﬂelaun, _19?83}. :In Hnrth-.-'

-

Anerica the hreeding ' geason extendu from nest- site' T

.occdration 1n April, until colony depatture 1n late October.-

-

Colontea . aref' typically 1nlu13: lndf lnlccessihle to

e -

‘terrestrial predatoro-“ A single egg 15 lald .in . a .shallov

e

.- (.: !

neat .on _-a cliff ledge or gtaasy slope above cli[fn. Durius 0y

1 L3

:he non-hreeding neaaon. gannets apend most of their time nt -

ard N ‘
. B o N i _ '
‘sea. = e g F - i L q <
. - B % S - . | L
s <k 4 . Wt . -

-

.Ggqne;a belong to. the 6rd£r_Pe1ecanifotnej!'ﬁhidh is

¢ v e -\, G o 4
coupriled of - .aix £ln111ea._ frigate hirds 5 species}.

'

cornorauts (27 -spp ), pelicane (8 -app ). tropicbizdn {3

- spp ). unhingaa (4 spp. ), and gannets nnd bnobiea (9 spp ).:

‘-:The- gnnnet s:"nomeﬂclature, includea fno leuu than eighf

"

seneric pames and a gcore of vernacular nanea. Host of the

gnSag., Hith‘fegnrd'to seneric- nnlenclature, thef &meri:an
Ornltﬂolugiits Union adopted the genus ‘gérua' n\1901, in'

S contrast to the British Ornitholngis:s Union 8 choice of .

'Sﬁli', rhe deaisnution of tbe genus Horus put: éhe tbrae.

gaunet species 1: a genus leplrate from the boobiea (Suln)

uelaon (1978b). however, pretern to conlidur the ssnnets al

' . J- L

P ¢ 3 ..,
"y ppuaon namea such ls' ‘solan’ uere derived trom‘ku&% r or h

superspeciel end placga all :he bnobiea and ganneta 4n” thexf:-

A ———— S arE——
.
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‘-.?{'j“ ‘ 7“ The ntt&y was chrrted ont_ in, threé“ﬂortﬁlAmeric;n"

gannetries between Hny and August in 1978 and 1979' k?igufe

.’."1. ;aig, nlsa Appendix A) l) Great Bird Rock, Hagdalen e

; geographic -center of the- Gulf of St._ Lawremce. The top, of-‘

AT £ oy

3 c : B}

.J‘

i
: aouthern end (Nettleship, 19?6). The aidem are vertical sndi
g % E:?ade ap of a red snndutone. The lisht station on ;ﬁe 1sl;nd;”
& ';s-'g:ill nctive ﬁuﬁ} manned. 'i  Becond and cnnsidergbly: o
smaller 1slnnd,,known ;s Little Bird Bnck in located iabqﬁtf‘n'f
- {“i,? ﬁiﬁpg t°::Fh€ .ugr;yuep;; aF;aae shqalnbua;er.-- IFfris

- coﬁceiﬁiﬁle_thgtja; one tiie-tﬁg‘tyo rocks were‘uhe'(nryaui;
1861y, f-"-.' T e T“ ;-“

) z) Baccﬂlieu Ialand Hewfoundiand “(48° 07° ¥, 52 '47°W) s

.

located about 2 5 km north of the northveatern 'nrm '0{ the

Avalon Peninaula, lying hetveen Conception and Trinity Bays.

-

f f; cliffa betweed 50 and ?5 m in height (Hontevecchi et g_.,

P o .

o R e 2

' %3 !unk‘ Island.- Newfoundland (69 46 K, 53 11 H) ia N

amall grantte rock lttulted about 56 km north-northenst ftom_

»

"N .
Inlands, Quebec (d? 50° H,- 09 H) ia lncatg¢ -near.';he';

the 1aland 18 flnt and graasy, oval 1n shape, about 0.4 km'
<long by U 1 kn vide.. The northeru point 18 43 m higH, vithf:'

;ﬁtradual downward s10pe to a heighr of about 26 fm .af 1the"'

:. The 131and 18 appro:imately 6 1 km long . by 1 3 kn wide. The”

gaunetry gg located on the elatern afhe on three verticnlﬁ

VR PR
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. Data co11ect1on

a

L weatern _egﬁ, of the island.‘ Additiunal deaerlptiveﬁrevlewa

'of theae coloniea .ean be Iound 1n' Tuek _(lgﬁl); ﬁettleehip.

(1976). delaon Tl978a b) and Hontevecchi tlgl.tlﬂﬁb).

obtained Jom nacca;jeu Ialand (o ‘1 19783 Ctwo - 1n 1979}5
ffed capelin at ;requent 1uterva1l (up“to six tllel daily, 0{

chieka were then fed predoninantly natkerel (tuo to ‘three

‘e

I tinea daily. er until- aatiated), after tup nontha, feede.

" mackerel ..and, oceaaionally an entire mackerel.' Three of the

/.

';reaptive ehlcka aurvived at leaet until fledgiug age and e_
died at 39 daya- Height 1ncrenenta of’ captive ehieka were ‘£

nnuitored on_a regular baaia throughout the neetling period;

T,

-'196&, Poulin, 1968). Aﬁ additional eonpariaan vaa baaed ou

the veisht incremeuta (n-S?] on- 15 mhieka of known age‘\from"

e

'5reuth meaeurementa.wereraleo recurded daily up to 21 daya;'

LY

'Cape Freele. "It-ia 0. Blkn long‘ﬁy 6:4 ko uid@faﬁd'ia,lﬁ:q,.

' "at the: higheat point (Hettleahip, 1976). Gaaaeta:neat oe'the:

Chiek growth meaaurea are baaed largely on four ehieka‘
,within a week of known hatching dates. Captive ehieka vere

, Ca L _
:Zluntil aatiated} for ‘the’ firat fev veeks after hatching, <

-

' 'uere redueed to- onee a day. Feeda conaiated of entire fiah -
.that were eut 1nto pieeea aeeotding to ‘the aiae of ehicka.;

:' Chiekq oidar than, eight veeke were given feedasof one-halfua_-

':(91 daye). uaing Peaola aprina aealea (300 500, IQOQ, anq‘

vSDOD g) and vera eempared ‘to thoae of other yeara (Helaeﬁ,;.

. Great Bird - Rock ' and Baeealieu Ieland, 19?9. ‘The folloiiag_'fff
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culmen (from tip of bill to' base' pf' feathers, 'n-48
'2}5  fl:JN 'meaaures), - 2) wiug (flattened, ftom tip of 10th primary ‘to.

s zlpipd,rﬁi'lfqlﬂed H;ng,,f nﬁié), '35 tar!us (from behind

_middle-toe 'co' 'heéi of _'.':*Er's'us';' . neEEY, whd 4) middle-toe

l

-

i uf down grouth wan obtsined by planing a 2.5'ém frame‘an\the

.dp;pal‘and-veqtral surface_ in.ghicks aﬁ& eltinating the

pErcent' cover._ ?hotogf&phi' of the frame on chicka vere
. :} tuken other day fro& hatch to 3 ueekn.n.' . '12” . :ﬁﬁ,
Rates of oxygen (VOZJ cunsumprion'of= wild chicke 'and

. ot o u
adults' were mealured on Great Bird Rock'and of chicks on

from plsst:lc brtne bucketa ‘to nennmnodate chickn of vnrioun

o BB
‘

' weighta. and an ndditional chamber ﬂaa made to accommodate

o

2 8 : fledglings and adults (sea Figure 2). Chicka vere. tested An

,\».

1 chambern aecording to age' “{;ld days, chamher‘ vn;umeaﬂ

£ ; pOsc-ahoorptive' state .. durina t93t3- ‘a8 they TREL. removcd

,

frnm nests usually 1n the murnins- and £eeds 'nften 'occur

5 \ 3
i . e " v ¥

_ S YR W R VR ——

. . '\-\. Y .
F¥ . uhich 18 litely within the range of tbermoneutrality £or .
) annnets. Standard test ptoceduren incluﬂed'f ’l) recording
P . 3 I - “ £ E'
of clnacal tenparatura prior to nnd after teatlng.'using a
= ! . e o &

4 50 .

3 (fron tip of nail to heginnins of tarSus'. n-&2).. An 1nde: ¢

A Baccalieu Ialand. Tqa air-tight chamhers ‘were canntrucf#d‘”

4, 615-- L5 ll 21 daya, chamber volume - 19, BOO ml, ddul;g,:

.chamber volumé = .59, 400 ml._ Chicks were probably not iﬁ-“h‘:

g

(+SD) 28 4 + 6 8 G and ranged from 17 . to 35 c ﬂuring teats;'.

-

duriug edrly morning;- Ambient tenparatures (Ta) averasedf '

b

B -
o . = o %

'and EVE'Y fifth day thErEﬂftEr} ;xgp the captive chicbs" ii)*"f'

- s
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2L thermometer =

7L

© \emperature
.t probe

- brine bucket -
- talse bottom

* spda lime
T H .
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-‘tﬁe“ teat animal, nnd T 13 tbe cbsnher teuperatute (t). The'

_—— - T ......'..‘“ﬁ.-_a.-_-.......l._-..-.._--... ASR

* a

L

Iey;éu Springa Inatrunen:aatelethernoneter and’ tenpernture

K

probe}' 2] ncclination period of at leant a0 ‘nihﬁ-to -gllowu

the bird .Ed‘,cqqe fnto thernal and_noistu;é'equii;bfiﬁﬁ

Ea

iitbin'the chaﬁber‘3'_qj 'neaautenent 6f preslure change'.
fuithin the chanbéT from betveen 15 to GD sin;. &) contiuunu[

uonitoring of qhanbet or. anhieut\tenperature"l '-5) body--

ue?ght[.: E:pired carhon dioxide P(COZ) _upi  abnorhed

.rplacthgf‘aodaﬁ'line 1naide the ;hﬁdnhér; _:the. ehange in. .

preibure between the chaﬁber nnd outside air uan deternined_'m

T - u

by reading the change 1n height (h) of tbe uuter colunn (am) -

6@ HI naponeter. To conver: h 1nto 02 conauned (ﬁo:) per g

_‘of bird per hr. the follouing equationa vete unnd'x - (V.

¥

W) : 1273/17 /10, 340 (o1 B20) (Unbteit, 1972), Exh = x'
(VOZ/ unit tile). XIH(g) = ?02/g/un1t tile' uhera?! is theF

flank conutnnt,,an 10 the volnne of the chaub!r (nl), H ia‘:;

hody ueight (g) used a8 an* approxinatinn of the!‘volune ;of

Y

. V02 can be con?erted 1nto calorien (cnl) by nultiplyiug hy

4, H (Dauson.‘ 197&). Tuo chicks fron Baccalieu Island were; .

. w

tested every - other day up . to 11 dayl tn-l?}. and on Gteat
Bitd lock -16 chlcka=

adults (ﬂuring the 1ncuhation stage) were alno :ented.--“
? R . g ’

Studien of srowth energetica ‘and dynanics: often :usé -
captivu' naltlingl due to 1631nt1=31 ptoblguu in’ using vildw

neitliugl (e.g-. !lhl. 1962' Schreihlr, 1976' lnlhlan. 1977:'

Cooper,_ 1978). Thil nethod nllows ditect aeanure.ent of the

?gge 12 o

21 dlyﬂ (n-&?) Four- hreediug.:"

g e Pt e B b By T o= ¢ -
“ - T -

s

L

" R .
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.energy requirenent- of chi:ks uuder captive condtiona and LU

I‘“. indirect neauuremeut of patentnl feeding energy output.-

Before extrnpolating reaultu trow captive to wilda chickn,
their ratel pof developmeut nust be chovn to be: ui-irnr._

This ia uaunlly done by conpnring increnents in body ‘mane: of

known aged birds. Field ntudien yield dore direct relults
(. -
g since the f:equency. type and quantﬁtg of feedu ate obtained

(Dunn,:*lﬁ?Sc). There ia often difficulty in quantifying the g

“\

.- caloric valu& nf feeds. Pareutal feeds by aeahirds cften E,

-

Vlry 19; frequency, type and size oyer the nestlina period
i (Pearaon, 1966? Lemmgtyinen,- 1973, Ihnyael and ’llokpocl,’
19781, Kirkhan snd Horrin. 19?9}._ ?ield m?thods for. caloric

" iutske ununlly involve collecting (e g.,--westerterp. 1973)

5%).estinating -(e gv, Dunn.ﬁ 19759) nestliug feeda.A This o

.
(3 e

.study incorpo%nted boph field and laborstory techniquen -iﬁ.xn

deternining calotic intake.. '. ' ”";. )

L

J‘

“j'_' Observationa; of parental feeding aﬁd chick begging

hehuviour uere made from

set. up about 7 o from

canvnl hide (0. 9 X 0. 9 x' L. 3 ‘m)

(four 40 1978 and 1979 ‘on Funk Ialaud‘ tive on.

.‘G_,_I' i
. . Rock r9?9) ieri/dgi;ucted., Thirl - X nests verehdbier;¥d;'

and n total ) 'nesg;bﬁsgr#aqién hi-tec;rded.' About 10

N negpn" re "hhnérvéd 'dufing each 'vatbh.‘ Study nests

fqp ned eggs and chicks betueeu one and 50 dayu gld.' The

of " daily uest attgndaufh by nalea * feualen.. '2) neat

-~ 4 Sz
eat aiteqr Thirteen nll—dny vatches b o

"fo lowing data vere recorded dizigg,gach watch' l) durltion RO

e




ek, R

il ahd l"L ST S TRy Mt o i

-

_nest' °'3)
7conlint¢d o! an .

"beyond the gape vith a trnnlter -qf'

-“_neck-bite
';rintention nove-eutn touard ihe

iatrival- t

'_lga cllll!l - 1) peltlinsl,

: yearu); aud 3y nature—plunaged ' trda‘ (>51 years,.-usually -
'ffbreeding 1ndiv1dual :7 ‘Sanplel fron cla-a l ver& collected

'uloafing birds.
49:10: td tlking flighta‘
'* e1ther lt neltl ot Iron 1nd1v1dua1- loafing at-

. of fha coloniel.

- ;'._o -
‘__‘ - ——— B 3 ——— Y .
. \l"’(' Fo, Lo .
L L I- & o | . T . R . ] i .
e i, : Page 14
LN .
3 . - e
Fa . . - . s

.l B "I« o

' change-o?arlf 1.3«. when ono parcnt replaced its nate n: the 'fj-

frequ:ncy Jo parental !eeda ff . aingle feed
‘ entry by the thict 1nto 8. parent 8. nuuth~
fond bolu- QFB‘Itpe--

chick).' Parents uere ndled-baled'on behaviuural'and iuStléi’;i

-orpholugical differencen. l) lllel ptandl ‘n, Icnglg- ljﬁd“
during copulation - b) they
' fqnale nf nape upon .evary

L

th}, nelt, rt) nalea collect nest-naterial; d}

@, o

'durlng the latter ﬁalf uf the nn-tiqg sealon. felalen -hov-"

- DR S ' & I
more vBita on thairf}oreha-dn (leinon, 19785; Huntevacchl A e
and Porte:, nao}. | % R ST e

: . . T . - . -

", 5|-p1el o! 1ngelted !ood 1teal ware obtuined fron thrae
. . - / .

2) 1n-atur¢-p1unaged birdl (2-5 jfi

e o

rEn . Claln 2 nanplcu wete obta Ey appro-ching f

that often regurgitatud their crnp contents

‘Ciass f? salplep vere

e pbriphe*y

allm bite or make _U_',i

s.-ple- veu fd" led: 'tn -peciel ".'lﬁ,d:',-“- B =t
: weished vitb 300 and 5' ;?Penoll npring nealea. Hestlins N
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"in Newfoundland. hatchtng begins in the lntter part uf

f’-

”_thoughx-there is ’ Inrge varintinn hetueen chickn._ Up'to321.'

‘u.

] days, cnptive chicks greu at“rates nimilar to those of uild"

_u .

chicks at Great Bird Rnck and Baccalieu Island (Figure 4)r: .

.‘.

~There usa no significant difference in elevatinn 'nnd 310pe‘

-

5 of ;the regreasion linen fnﬁ weight increaaea of csptive‘
‘:?ehieka (Y--327 12 + 73 92 X and Nelson s (1964) wild chicks

’ (7-4257 45 .+ 75.55 X) fram hatch to 50 days (t-test, p>.os- o

i " 1
Lo W Zar, 1973}. Chicks continued to gain veight up to .94.weeka.
i) h, ‘gnafter which captives were aubstantially heawier thsn wild
I ":chieks z111 beynnd fledging age - (week 14, Figure FEIN :theiu
. 'grnwth rate‘ cnnstent (K) for Horthern Gnnnets, calcuthed.,
B .. “using the logistic.'equation, in 'U Q63 {Ricklefn,‘ lgﬁﬂa, &
:._ ° i j1973)..Ihe 3rovth constant, ia sinilar to- the growth tatea ' '
b TR F : . T
) :' " g . e " “ b L2 7 i ‘.\
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o 'Jnne and peaks dn early July. hﬂewiy} hatched- chicks_;uere
S' ”.foﬁnd F“j late nnp 'the secoaé‘ véek of August.I hatéhiukc':i-,
3 il $:ueighta (x + SD, Q-s) vere 83 7 + 7 5 g.‘ Buring the first 3‘ ’ .P
; : ;;Jcnks, chicka gain\weight rapidly. uhtaining ahunt nne third
J§?E'¢ uiof :beir evantual éfult weiéht. By 7 veeks.‘ chicks nttain
:JF‘&‘ hfadnltv weight and 1urpass it gy up /D 501 by . veek 9 (Figure il__.ﬁ
fﬂf;ﬁﬂ_ ‘;5}.R Linear regreasion analynia of the veightn“ ‘o f chicks .
‘:':i p % ffcm ‘0 -to 60_-dnya. yieldq. ; highly significant line fit o
. S e \

"(f-039§051 &ftgr 60 daya. the - veight curve.-asynp;otea, R "
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‘cf 'dltriciar 1aﬁd—b1rds fha;"iiao- 1ay a. siugle eBg, ‘and

Wy

L

_1ay mcre thsn one egg {Ricklefs,'l973).

;

relation tc proportionate adult sice compared to othcr body

Hparts. By 3 weeku. thc tnrsi arc fully,growh, and the feeq

T Eatchlings hsve- well deveioped tarsi and midtoes in

"Page 18 .

almost ‘ag rapid as thoac seen. snong altricinl species-_rhat: 

reach adult lengtﬁ*by ueek [ (Figure 5)-- Thc rnpid growth:

‘of"rhc _taracp Iand midtoe is Iinked directly vith néﬂtling

-acrititieh, eig., rccciving fccd,- tempcrcture' regulation,

Il

:an& ving-flapping, anc-will be discussed la;érrf ‘The chicqus

b

bill ia small relative to adult length at hatéﬁing,”'thodéﬁ

F spproaches adult lcngth at about the acne rate as the"

W
e

"midtne (Figure 6) - "'.‘ 7.3_' - II. '.:2- -

‘_wing providea the nost reliable meauurc of age (Y-—l 98 +_

Ihe wing is the slowest groiing extﬁrnal part ch.lﬁ
o .

nestling. At hatching it is nbout lD! of aﬂult léqgth. .Ther

Hing neaches adult length at o slishtly after fledging age

’

' _(Figure 6)..__

o .

0.56%, ‘reo. 994),- followed ”by f(in dccreaaing :ordqr of

accounted variance) ueight (Y-—327 12 + 73 92!. 5-0'980),

o~

culwen ‘(Y-IS.QI_ + 1.611 r-O 978), midtoc (Y-3 10° + 0 18!.'
- r90.902); " and 'tcrsuc (Y-l 58 + D . 16X, r-O 886)..k .hli

-—regrcnsion liceaf nhcvn in figuren havc homogenous variancc

and hnvc bcen htaudnrdizcd to percent adult aice.: Y
-Photcgraphs and eccimates,&f dpvn'covcr for sevcrai

o ) L.

ann' view- “of the five rcgrcssiou linca io Figure 6 the

7
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A'chickn have ahown that the back 18 fully douned by d'a'y‘ll
. npd- the belly by day 17 (Figure 7)- At’ hatchtn “tFe b'elly
B :13 conpletely naked with down firup

w ueek .' -ern accumulatemvenly on the ventral ourtace,,,butf

_lrebs. ‘Hhen a sxposed. chicks are vu'lnerable ‘to - I:he climatel L }
' 1

_by day 1 w:ll:h :I.udiv:ldualn having slightly more or leu.. The'

.dovn daes I'n‘at ac;umulpte ev‘enly Iand‘@ré{j_-; '_1'11' the -

' regi‘onaf covered but sparse. between Joints. ,clmica’, \l'ingii,
| hgaa'm'd neck bare. .dsy 11 - head and neck £111408 i, back .
fully covered, vinau atill qufte uaked (ngre Gb). day . 13

- Hinga nowv -cnvered and down is long and flu[:‘tfy, day 15- -

‘_forehead and cheek sress.

) 1 to 21 days were neasuted using the apparatuu diasralad :ln

-usgd}, the uponential :utve provﬁidad l:he baal: fit (r-o 634°

}

aring l:y the end of..

T . // R

15 slightly»—variable betveen 1nd1v1dusls- Accumulation ‘on -

[

t'ﬁe back 1s'lmul:e _Mcial than en, the belly, becaune :he

..parents brood ynung on the top nf their highly "“_ﬂ'},ﬂ”“'*d’lj__’*’_,‘?

S

i

) ,Erom their backside. The dorul auriace hu tracea of dovn

folloving ' utages': ZQay Tl virthally -na’kéd.’ nparse "

A __:scattering of . down filoplumea. day 3 - the a:leuing-tracts ’ J

/

-are visible but euentially bate, neck ang head eparse,” bsck

has \risible tmctu (Figure aa), day 7 -_ hip and: scapular

chick 1s cnmpletely covered uith down', ‘but may be spara‘gi. on

I. 2 - Oxygen Consunption LT

\

The rates of nlysen cnusunpt:l.ou for ehi:ka (u-IB) from T i

ll':lgure 2. 0f the pnwer, e:ponential .and linear nnalynes
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' - . ?1gure“9}a qugt‘pf‘fhe unecceunted variance vas due to thej{
.eerve flt,'-elpeeilliy betueen 5 lnd 10 deye, and the eurvef.,:
T ehould poeeibly be highe: tban. -hovn.ﬂ} Oxygenw-eonaunptionf-l
. N \ tends ':,*'to decreaee vil:h ege, aud t.here wes less variebility' '
., among the neaaureg of older chicke. .The fout adulte teeted. "
) f;}, " had- a 'meen (+SD)aconsumption rate of a. 173 + 0 063 ccfgfh- P
e s % The telationship betveen Ta and body tenperature (Tb), wheu
TN
& g bge P chicks were removed from metaboliam chamberu, indicatee the
; 'nqﬁ "\1-age at vhich endotherny is. attained (Fisure 10). .Chicks up -
a0 'f'; to 10 deye could uot meintain body temperntute et lov'31~
JC - . = . 3
g e T : lnbient tenperstures (F.‘sgure 108). . Chickn 'older' 'than '10
. days-. (Pigure* lOb) ':lhoved greater etabili:y dn " body -
D W YT e W tenpereture, and cbicka ¢16.“ﬁey! _and older appeared
B > - X . : i . . RO "
L T endothel}mic._ B . b oW -., g
: t y ) O ™ i s s, _-..’_ . b - H
. i“' ' " 1. 3 --Food snd Feedyng . WLe '8 : TN #'
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g BN, TG i T N B L :
i'f 5 of the number of. feeding boute.. A feeding bout usuelly:'
Z} d L, consists of aeveral entrieatby the ehick 1nto :he parent e
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’ -,-'A = % .
e | Eech time a chick entered the ' parent [ ] 3ape 1t did not.
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llvayeTreeult in a feeding. Dlder chicks (week 4) beg-

- F . -

’%::""- = visaréusli- and oftdn 1nduce the perent to gape before 1t 1;""'

3'.prepered to: Eeed.-cnneequently the chick does ‘ot receive-

v

"eny food., Feeds expzenned 1n the reaulta.'represent entriee

'vhieh 1ed to-a trlnsfer of fond fron pereut tofchick.
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. ”feeds 1ncrensed ateadily from hatch tn week 7 (Table I).I

"Page. 27

‘food bolus to their'gape vheré 1t f{e tranaferred _to ' the .

th!ck.f\The.chicE; 1nmediate1y hefore feeding, nttetches 1:5 E

heck and pushes up vith 1ts legs (Figute lla b). The ehiek,

-inuerts 1t§r head 1nta the pareht e mouth nnd gnpea.v-The

‘bolus. then alides into the chick's mouth, which acts likel a

'funnel‘HIFigute llc).*The lovet mandible 1a distensible aud

_can be - stretched outuard ¥} fnr: hh_.the 3ular.'ppqch 1w111 ‘

ellow (apprnximntely 12 cm &t the hinges)

Daily teediug "rates ‘of chickn ”ara 1n1t1311y higb.

-_peakiﬂg- in veek‘ 3, decliuing 'theteefter (Table ;).' -

Chi;sqﬁare 'analysis wag. uaedtto tent for sex difterences 1u‘

fparental feeding. AlthOugg the aaﬁplea are “mot cnmpletely

"1nqependent, : this ‘nunlysis ' is ‘more conaervative 'en&
-aﬁplicable thnnl a Cochran Qf ot HcNemar -test, . Three
Chi-square testa vere perfqrmed on; ueeks a) 1,72 and 3.-5}'

Y T, aud c) 1 7 The reaults for teutu a) a'lpj "1nd1¢5t§.'

‘ttqt nnlea delivered nign!ficantly (p< 001) nore feeda than

1{?#%133" Test b) revenled no Tnex difference ;n, pntental

\"I

feEda (p> 05)'; Hhile males delivered more feeda overall,

- Ithey differed significautly Erom females prinarily- during

the' firat 4 veeta post-hatch. The uenn cnloric conteut of

.

As mentioned previously, captfve gnd vild chicka grev.

- et ainllar tates up. te_.week 8 Tbe foods fed to captive

L}

chicks vere - lar to what vild ehicks _received. Chicks.

A

- were ted prinarily capelin {Hallotus villosue) during the
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;petiodieally- The nutritive value of the Eooda e:preaned in

. with'a 18. 61

L

..tetns of their metnbolizable energy (kealfg, .we ) ueight)

; o
are-- maekerel 45, send launee (Anmedzte he:agterus)

T 53,'eapelin 1s 08,.squ1d 0. 97." Haekerel o fatty fiah

L+

‘-,cnntent,h as- compared to launce (7 8!),

K

=;fcapelin (6 UZ). and squid (3 0X) 3 for percent conposition of

.‘iveter,,' prntein,' lipid ; an&"ash of theae ;foa@s,_‘le{.

”‘”Cnoper (19?8) enely:ed thel energy excreted» from captive ;“-

'from hateh ro fledge uaa 45, 545 kcal. l"r: ’.__’

‘_exereted in these samples vere 3.316 and 3. 03? kcalfs (lU 36 §

”ehangej: in _the energy content of e:ereta over the nestling 3

! intake - keal exerete] f keel intake) of 76, 1!. Since the -5}.

[

. ]
Ta ’

ennsuned by captive chicka are expresned as daily a erages

L

-~
L

N L)

*[ehicks, the feces nust _be 'waighed, eualyzed for' calorie

1

'ﬁas'not &dne, tnnughttvn.feceg eempleS'wére} collected frnm :

”twp captiVe ‘chicks anout"ﬁ' weeks -of-“ene.l- The energy

"'nnd 13. 77 g dry weight, respectively, mean - 3. ll? kcal!g)

[

South African C&pe Gannern {Horus eaggngi 8) and. obtained g ,“

> period. and caleulsted .a mean assimilation effieiency ([kcal

:&.'firuf‘ ﬁ to 3 veeks and eiteruardu montly meckerei (Senmber:?

To caleulate daily mptabolizable energy (HE) of eaptive }

k)

'3Hontevecchi and Porter (1980) The caloric #aluee ,o{} fbnds’”

*_-at different ages (Figure 12). The mean total fnad 'intekél"

]

‘_'?alne;_and :subtratted from tood intake. anortunately this':if o

5 -

:'imﬁan.vnlue of 3:07 kcal/g. Codper fnund- no significaut‘.x




lecorq of foml i l’.cnl) fed to clptive chiekl -
n-Z) and ut! 'ued utlboliuble autsy '(nx)
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'f' : ' #
' ) “re‘lnt'ive' 1ncreeee in" bo'dy mass and' t'h'e’e‘n"e-rgj 'conte'nt.‘.of'
.. . o B Eeceo, of Cape and Horthern Gnnneta are sinila%'. 1t -will be

e P

'ussuned that euinilation efficieneies are almo aimilnr, “as.

’

¥ Ly B 2 ’1975&)._ The mean. daily- values 'f..or _HE. Besed on this.b_' |

.

¥ o estimated l:o be 34 660 keal. 1'.- " ¥ md o

A " The, substantial veight 1ncreuae durina-'the_'f.i'rp”tlii"

—

R -,l-:eéks was due t".'o in:'reeuing Iood cunsumptien', whieh wvas llote .

C

-3 lees "stable ’ Erom veek 8 (\rild chicks tjrp:lcally reach a,

P the repid 1ncreaae ln daily caloric upitake 1s I:he cha‘nge
L . LR '_:: in diet from capelin to veckerel, amnd :lts higher fnt
‘ ¥ 'J : P [ ‘

content. A Prom ueeke 7 tn 13, cbtcks eonnuned . average 598

-"?&-*’-.';n: three ueeke sinee \rild ehicks renei\re un nverage fe\rer

o i x: " 5

t‘ _.‘,..:,"..“ .-.. %
| R 5y & . G Porter, 1980) ~ the meen_ (15])_} ue:l.ght -qf '.’mec_ke'z'el

I = : ol B :
g R Di,scuseion]- S =

s b o
4.
(nun-breedera ] n-36} vere - 1dent:l£1ed and in .nany caaes -
meighed. 1 The frequency of food I:ypes collected bu»th years
" “t'rom the l:hree gannetries are. gi‘ven for adulta (Table IL)

- . R T T Y e P T R e R : fume 4

.-.' ure thos-e of other fish eating marinpe birds (e. By ﬁunn.‘-

. 'if130 kcal!dey. This value is ulightly :h:flated dur::lng th’el'

A

feeds per day'as they apprnnch tledgiug ~age.» A more‘

nsaunption are plotted in. F:lgure ll., The mean totq], HE bii-,"

F

peak ' vedight duting Weeks 8-10) Anor.her, faetor eentributing.

’redlilt'ie value for week 13 ia 299 + 224 kealldny, based on

l:be ‘mEAD nunber of observed feeda (0 4. from Montevecchi and
- - regurg:_lt}etione‘ from adults. (305 '+ 100 g, h-Bi;' see

41 4 i r negurgitetiona from 'hoth aﬂults (n-805) and sub-adults ,

Sl




nbl-e II- rrequency (petcenuge of total) and the

L +- 7 .. mean (45D) weights (g) of regurgitated : A
. .00 !, food types. by adults across sesson and': | .0 ..
CR R coloniea. L ., e . :
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FunkI
_31/7- 5}8/79

entaga of total) and the mean (*SD) we;ghts (gj of

éﬁ“‘

ood @es by ad:ults across season and colemes
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r'Tbtal(t)

Scomber # . 79 (33)"
scambrus X+SD: wtfn)275+119(7)

Scmberexbs
saurus -

Rlex .. O 1
111ecebrosus &

,.a:n
-U-‘ -

Clupea. N
hare:ngus

Amnodytes by
hexaptems .

- 2 .(1)

Misceliaﬁédps "f164 6

Total - " *

: 68 (21)

y 33 (11)
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154 {65)« gy

| 158+55(44) -
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5 (23)
"'91318(5)
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216 (65) 2—.

217+25(15) "’

.
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. 103-(57)
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26 (15}

zwmzazj '

33 (18). .
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‘16 (9) -

: 341+a7(5)
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.:“comnon food at Great Bird kock. uhile none uere collected at
.

Rock. nnd squid and nackerel were obtained at 511 colonien.
- . F -. e, 'G‘ - « T

‘-tempora!- diffetenc:- ’ qaupl;‘lns. nnd 1- poasibly a

; reflection of neasonsl ahundancea.) Hean adult regurgi:atiun

L f0110va. 1493 1n Hay. lldg 1n June, 2173 1n July, qqd eﬁﬂ;
i 5 ,1nj‘ August. E Regurgitaxionl :ﬁ collected ’j from both
1nnature-p1umaged {non—breedins, Table III) birds and adults
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r ’ .
J7 5 ] =
1L Py ' . * e ¥
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4males avaraged 221 (99 2 hr;
g coptinuoully

" three veeks.

- a ttendance by

-':'nignifica'ntly (¥e0. 63, p>.os).

R I T kTR S

of ll:l'l'l_!- daily nest nttendance during all ~day untches. Hh:lle

-’I‘ahle IV). chicka are brooded

Throughout ueeks 1 to ?. ! mnlea

]

nes.t for 463 (446 2 hr) of the day and fennles attended f.or

542 (531 2 hr) Hultiple regreuion analysis‘ I£.-nent

n.‘

1n the neat cycle (INC, PHl 3 PH& 7) indicate thnt tine in

Iattendnnce at_;!;;e nest (sexea pooled) did not ‘nge!

'I‘he sl:a tiatical .hn:eract 1on

-]:etvee_p_ seasop 'by C8ex ' was uguiiicant (P-ll 51. p<¢001).
Priinat'lly due"tu 1onge'rh :lncubl:ion spella. “females apent
significantly more time on i:h'-e 'nc’:nt " (F=28. 65, p< 001}

] -br:lng:lng

nut—-material tb the
nest-huilding throushout the
'pe_r_iods-,

" _‘Halel make wore tripa co the neat—site thao

feualea', y ofteu

£em'n1e. Gannebs enguge :ln

incubat ion . rm_d

e

with almnst all of the materinl be'.lng collected by

\u

the male.

PO Sy = [ - W S )
R ar L] ™ oy

e semiei (= leaits o) [ — MRS SRS

.(f_.'

118 'Incuhat'ién shif'ts for'-'fenales n.ve'raged' 582-' t359 5 hr) "

attended I:Iu“ )

malea snd - females “for. three diffarent stagu

nutling

for the fit:t. tvo veeks and occu:lonnlly up to L

<l
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Iable I'I- Average (+sn) :hn:nbatian and hrooding shitts to I J
». ... week 7, by males and ‘females- (IHc-incubation. B e ;
S Pﬁl-poat-hatch “\tjk . ‘ ; y . B 5




-. 'rable Iv - Average (+SD) incubation "and brooding shifl:a
- . (min) by nales and females (INC- :l.ncub ation,
PH1-post-hatch veek 1). } ’

!

R - - . Time at Nest B o

-+ Nest - —_— - - = No.
‘Stage - Male. = (1)} . Female (%) - Total Nests
CINC - 192.8+268.7 '23.3 . 633.44249.4  76.7 27,522 -32 -
PHL 485.3+329.9 51.9 449.74329.5 48.1 3,740 - &

PHZ  496.0+288.3  54.1  431.6:294.8 45.9 14,681 16
PRI 335.54307.0 37.7  353.4#3i9.6 62.3 9,775 1l
PEA  250.0%+ 10.0  32.1  527.5+22.5 67.9 1,555 . 2
PHS  396.2+157.4 44.0 502.54129.6 56.0 5,380 6
- PH& 562, 5+1az 5. 72,3 - 215.0+170.0 27.7, - 1.555_ .2
PR 299.7+158.2 " 37.9°. 49220#171.7 6201 - 2,375
CPHA-PRT' 357.04100.7 43.4  466.04188.0 56.6 .30,450 37

PR1-JE7Y 393.74247.8 - 45.7  468.74245.5° 54.3 58,646 . 68
we-rmrt 324442714 3.1 526.14255.0 61.9 B6,168 . 100

Ilnclu-des 24 additional mests from Funk i;tlaﬁd, 1978,
- that conteined chicks of ages between 4§ and/weeks
: post—hatch. _. X

o ]

)
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A e, et ' DISCUS STON W4 P et S E A e
w SRR T W 'Gr:_nrth, Tupetatute ae;ulluon and uét;bolian
ér ’ X 'rhe ;routh of neltling glnnetl 1n1rc1v¢- varioul changu # ‘
: N g 23 o " " e = . i 7 : : b 5 5.'
’ BN B N norpholosys : phyaiolog; -nd behavinur. ‘ Hnny of . the ’
M .:", ‘5._... Ve D 1 e £ , "F' at 2
B SN ‘5‘ phyaio 1qgica> chansu. ek’ . a8, the dqvelnpunt ‘of . -,
; _,\, 4§ e ‘ X homeotherny, are cauully‘ iquc’luted' with mor,ph_bplugi_clil and s
P ) behavtuural chsngea. SN ok - L e O - TP S
¥ v -, B Accordins to Ricklefa (1979b) the srnvth rate of ‘an‘:
" " R orglniun 1- best : dateruiud by tl'ie lloueu .grolring hody
. g . -~ . b z
g S conponen{t. In ller:hern Glnue:t, ‘the ving 1| the ll-o\rut : %
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grow:lng ' eouponent and doal no £u 111 mature until a.f.l:er S
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e QAF 4° g fledg:l.ng.' Cape Glnll!tl cllo lhoy Iiueap 1ncuues in wing

o' ‘ .:- 1et{slt.h ruch:lng ndult in after fledging (Cooper, 19.78). Ty
e . N : - In conparilon, tI:e slwest grcwin; body plrt jot pte.c-o'ciall
" J I 11: ntten the tarsus. 'Ihe lcquisition of tunctionll uturity
Al of body pu‘ts ;..l.related to I:he t:lu uhen grouth ap;.roac‘l;ga . RLE
AT wnf g asynptote (ll:l.cklefs, 1979b). . The, 2o ¢ wter fn
,: ‘A ’ N ‘tilll.lll’ll a].ao z mesnure afl !unetionll _na'tﬁrigy;#f-e**'g’f :‘;
¥ - ""ﬁ-el;lal: urfeaa:lon and . pl‘u;sge _ devéla_m ); Thc gannet (N
1 El, " ', caui mature £irst, follo/:d/u €essively by the nu:ou, K
y s ; e &
A i . ‘ : culnan and ll:lnsl ( dy//nigllt is cnulidereﬂ lepatately)- ' B,
. .‘.' - ‘rlu /ripid ;routh uf the tarui aud midtoea n l:l.nted y
' -:' ' //directly with nutl:lng :enperature reguluion and tged;lna-’ . ‘ :
1! // " The urai tret:lcu}nl:e) snd feet - (tou;aluce) are " ltructured :

- L

L) R ) such that lovenent /ou.lsnd i» slov and : ukwu;ul, since .th'e.-b -
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« J7- geonet®s . cent.et of ;uvitr is in fron: of the hip joiuu.
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oo _ flutter:lns Eacilitatel '_.,ileat loss. -‘th'rou‘sh' :-_‘ev’a'pdr'a't_'ioi: Lo

" ",':""' "-'-!:"ﬁ' .'-""-‘:1.!—'-.4»\-‘--&:'--:--.'!--:---_I;.......'. - - — I,-’--— - -;'-J -.'.
> "t . . PR P
'” IR e ’ . Page3d
..‘ I.....”" ; L} - i -
LY I w . /
" "j'rhe nethod of chir.k feeding uqu:lru the ne-tling ‘i:o pu-h

.'-up\rard 'vith :ltn feet nnd to stretch !ts neck up into the‘:

’parent s gular: pouch (ue Pigurg 10:). Thus fot« efficient"_"

'reception of. food, ‘nest. lingl need vell developed neck and.

-

‘ leg nunc‘lea and proper body lupport (nidtoe). T

8 . i Bickle!u.' Hontevecchi ' Kirkhnl. '."d c""ld‘m (ﬁ’)'."

x
-y

analyud ‘the cozpasition of vartoul body pnrtu and orgunu i’n:_'_.*.

&

.diﬁerent aged gnnnet neutlings. The lipid-ftee (\ret},‘

ot g s veight of the head - hratn and leg nunclel o! saﬁnet chickl"\'-

L3

‘ull increaud to uear ;dult 1uve1| by veek.é. smilar tre dnl '

'have beeu reported for *other nltzieul neu:lings (b’cpnnor,'

<-1977). The ralatively largg nile -of the bll n

'naaociated ui th a 1arge gape a

: greatbr capac:lty fot/increand food li:e. _' L .

*-

The second 1nportant function of r-pid E'nrnu'a‘,f m'idtoe -

P body pntl:a ‘are of ptiua;y aid in heat 1o|q. : Culnen .nj.!e'_- '

> correaponds vith the. si:e ':l':_i'f " the gulsr ."popch. X Gt‘l'la'r_,‘

z ..(Bartholoneu, et l. al “ 1968)., 'I'he psuch is | fhl.shly S

) ': vaneularised as ue the webhed fent.l .' Hhen heat-—atreued,
. nentlings typ:l.cally extend theit less and uebn out f‘ron;-'
> V-under their body. The viuga are dropped outiards "'m':d' :he"_',- .
‘ -‘_-‘neﬂtzing. by __.111 viuunl app:nrmcel, 1nok- ﬂ;ud = chickn G
’ . : .goiten dafecqte dj::el:tly :I.nl:o tha nelt whi;h 'provides a c?o;:
L l;.llbl‘t;l.lt‘e .:. : lrhen plnced .on a . I;qt iu.bn'tute._.ch‘:l;ch ;“.1"“:‘;
‘ . | | 0 f' :"_}J B

T P A F T S T P ia

and hud is ;

ulnens and consequentiry a. -

snd culmen gx-quth is in tenpiratuu tegulation“ A11 three
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" Bources. of

thelt body and begin to gular flutter (Harvey. 1979).- Cape

'-_Ganuets. respoqd to high enbient temperatute 1nitie11y By

'atanding. followed by guler flutteting*-and wing_-dgodp}ng

. -(Cooper and Siegfried, 19?6). The

-

oﬁtoaeny
flutteriug haa not been investigated, but apped:a very

'developed at hatching (Hontevecehi, unpubl. data).

"-. The transitlon from poikilotherny to Lndntherny nlad-.

. involves the sbility to and' :etain_

2

produce body

Shivering ‘and.- muscular nctivity

® .

heat production,’ non-shiveriﬁg

o

8ince

- thermogenesis has- mot been observed

Enget.-l95?; West shivering not

1965).  Leg is

' 'develnped in gannetn nntil week 3

= -

Grovth pectorals 19 nlou relative to other

(Monteveccehi,
comm. ).

" (Ricklefs gi,. ‘m8). and 13 probably not’ importaﬂt in ‘the

et
. : v o . o o TJ
' development of nestliug tempetutute reguletion.- T

5%

Increaae ;n body maae correaponds.‘tu a decrEeéing

*iga

4 aurfacq :to

'_decreaning -trend of thermal conductance with 1ncreaning body

ipi;e.' 'Theﬁ inerease in body ueight vould therefo:e enhance

"heat retention, however a conplete coveriug of_

_filoplumes.jia _eaaentfel
"It was found ip the present - 'thet ‘have .a
" ' L [ Z +

-cniplete

etuay neatlinge

-coverins of down

fully downeﬁ by" 17 daya.

II/
-aTre

‘on the beck by d;y 11 qnd.ere

Gurney t1913) statea thet
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of -gnler.

weil

hel_to.

appear to be,the:primety ¥

in birde (Steen and’ L
fully_
perﬂ.,

_mupclea :

volune rltio (Calder, 1974). There is 8 general_

dawn,‘

for uaintnining hody temperature."‘

gannets

fully dovned by 11 daya, vhile Helaon (19?8;) aayn that'

b
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defeiopnene‘ df ventrel' down compered to' dotael- grovth
ER

~ o -
- 3 . . T

':of thelr vebbed feet. Z:f'{_:: . A - LE , Wy .

i - e A

,Sinee the Ieet and gulnt pouch‘ate uued as sourcee for

-gheat'jléee; fthey must be :covered vhen ' the 'chiek 15

”cold—stresaed. Hhen ‘subject to cold ambientatemperaturee,

/_.

Cape Ganneta sit on their vebs snd cover their bill beneath

the vings (Cooper, 1?79). Northern,_canuetn"are broqdedlﬁ

3 . : s e -

".continuoualy during the first tvo’ .weeke, and - ocbaaionelifil

_:during the thiFd veek. Hntchltnge eool quickly on removal
from 'the Eeht.e Body 'tempersture, 'relatiVe_ Eo? amhient
a . temperature, is maintained by around 16 que. indicating the

';‘achievenent of effective endotherny (aldo the - age vhen adult

‘flutterins ‘and’ shivering are all vell de?elopeﬂ. c

T, e

'}ddin‘uqecuﬁulatinn‘ is complete - by week 3.-' 'I"l‘qle'"tulcmelr‘t

-'co:responds to the adult 8 pethod of bronding chickh on tep.

1

'_brooding ends). At ,this ntege . in - neatling growth, the

htarai, midtoes, -culﬁen, dnvn cover. ‘cupaeity Ifor gulat

.ﬁg The age of endotherny in ‘northern seabirds other cban

‘3aeneta,e§er1es eonaiderahly, according to- developnen:nl

ﬁpqde;‘, grd&th'.rate'“aud 'bodp_'size; ?he' !ttainnen: -of

'}-endpgberny renses from the day of —hntching (e.g., Bider

DGEEe, Somateria _ebllinsiea)' to 2. ueeks post-hetnh (e eBey

Double—cqpated Corﬁnraﬂta, 'Phelncrocora: auritue; .anﬂyu

1975b, 1976e b; 1979).‘ Hesked Booby (Sule' daetf;atra),:

nestlings, the only other sulid ERT ) vhich IhoEeotherny 'h;ha.

- )

g 9 - - il [ . . . . .
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e been atudied, are & n&othernic; at 18 days (infiboloiev.,‘-_
LE 3 . o - ol -GF' . 5 i » y ; Vs p

v

w——mara en
.
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a _ue}ght receaeion to be confined td aeabirde, evnllous and

em ke e . Lo - : e et R M meeeaam TN A ‘P

1966) . Effective endothermy 1 -3 nnets is marked 'by the - L
develobnept and naturity of verioue body componenra (e. g.,_ .

. !
. full down c ver) and also repreeente the.’ f{ret " stage fiﬁ.f"-,:-%

;'chiek independenee (e g.. Eessation“of'psrenrel brdodini).'

" As in meny other dceanic bitds, gennet chicks show a

v

Height recession. prior to fledging. Rieklefs (1968b) found §:

awifte, species that epeud long perioda of. tine -on the wing.ll

'.ThF. drop “in neetling weight appeers correlated with a loee
. | L .

_of water an 1ntegument .tiseuea mature (Rieklefa, 1968b).

.'O'Connor (19750 hae  &lso {pupd veight recessfons in ﬁouse

-

Martina . (Delichom ' urbica), . Houee 'SbErrous (Passer
] . . ” ." g ’ ‘ - i

donestieus) end Blue Tits (Perus eaeruleua), thpugh it 18

psrticularly emell in the letter two apecies.' A 'genuet_

'chiek may exeeed edult weight by up to 502 due priuarily to

a lerse depoaition of fat srores (Helson, 1978b, Ric@lg{/{

[

'55 -g;.,- me). The aubsequent ueight receaaion after veek 9
18" alao due to'faﬁ inerease ‘ip. neetling ectiviry ‘(e. ., B ?f?:i
wing—flapping),!a deeline in parental feeda (Hontevecehi and Tx.
'-Porter, 1980), and poseibly a decreaeed motivation . to Ifeeq-r

_by ehieks (e.g.,‘COOPer, 1978). ':" ' ' ' "--;"J-.: ‘

;r fledsing, Northern Gnnnet neatlings do oot actually T .Ir..
take flight, rather tbey jump and, 1f succeseful, glide down
from the nest riding updraughre and windleurfenre ro rhe

-hee. ‘At this. time, the parent-young bond 13 seveged.' Ir'isr
. > - IR S . :

thougbt ther the chieks.remein-on the uete% for a_eoupleaof ’
. - : S S N g ) - -

- B . W



'-these”forssins skills.

!‘ .' I- - - L . b“ ‘.- . _- . - Pége fﬁa -

S Lo o

','weets during vhich time they acquirellfiehing skillsivwhiie

Eubsietigg d' their {ar reuervepﬁT(Releen, 197Ba). . The

“Lgadneta pIunge-diving method of fishing is speciali:ed and

1t. 1s likely that immature birds’ ?%kegsone time deveﬂoﬁing

- s

The metabolie rate of wild nentliﬂﬁs declined to edul:
oLt

_ levels and became leas varisble when they reached the age of .

4

={endothermy. Endothermic chicks. end adulta differed in their Hi

oxygen eoneumption from the Aechoff and Pohl (1970) equetion.-!

for reating non-passerinee by being 232 (n-9) and 37! {n=4},

: reapectively. of the predicted adule Velue., Poikilothernicﬂv¢

chicks. (S days,up-S) consnmed oxygen-er a rgte ,of &Lz ef -

—0—-—

' that predicted for adults of similar weight. Dawson ec al.

(1976) compared measured hqsel_metnbolic. rates- (BHR) with
ralueh from varfous #rédicrive'equstidné; They found a. high

1 K

' :dEgree of ariebilit&- berween brdere of birds renging

:ﬁetueep' 65— 901 for ﬂunklinge end 40 721 of predicted values

..“__.

. for gallinaeeppp- birda. _ The Auehoff. end. Pohl (19701 h

-,pred&etive ‘eqhations for pesserines and nqn-pnaserinee are

A Y i
]il ’r'

‘beaed on 14 'apd'.f7 atudies rehpectively. The- largest

3

dzialtrieiel 'Eperies in these Jatudiee yar the Hooded Crow

"‘J

(Corvue eorgue) which is about oue: ai:th the ueight ef_'the

‘Ndrthern Genner.' Hetebolic relationebipn vith body sire are

' puerly underatood.ﬁ except in ternn -oﬁ' a prdportienete‘

[

f .

'-reduetion _ie the wetebolie pouer required per. grem of body-

mass {see Celder, 1974). - T
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1

:'Tne lov wmeasures of -gannets

Y02 for

:-prediEtedu-valuesl‘msy'hsve been 3If“n¢iion'b£ thf-chsmberaf

The chambers nsed_were designed for portsbiliﬁﬁ'snd did ' not

hsve'»sny' meqhnnism: fer.

produced may not have Seen :onplerely sbsorbed by the socda :
line. This .could have reeulted in lower ﬁoz levele. Since
ell methods were - pre—stsndsrdized (e g.. quantities -of sods

B

me
: !
J

w1 possibile thnt the results observed are representstive of.

- LN » -
,gyé-metsbuiic levels of nestlings snd ddulta.’ : p

.,”"’ _." . . ) 1t
i " The trend in

L1

can be  interpreted aa: rea};'unesﬁite the .

‘points. The decreasing ioz as .a function-

/

(1974) 5represenrstion of -

schematie
This funetion, in-sddirinn ta:tﬁe substantial

Y02 messures at week 3, indicates -a

ndtsholie*'rsre. :'Hhen -ehichs. ere Iable ';d;j'

'regulste, mote energy is used in these processes which would:

result 1 levels of metsbolisn vhich sre closer to’ those of

'sdults._ Aulle {1976)

uhen peetorsl nuscles vere fully deve10ped. rhése

thermuregulstion

R}

lagsgus Aulie, 1976) but 1eg muscles ere more functionsl in .
this - respect 1n - gsnnetqr:: Tﬁs dsve;opmsnt

assdeisted-nusciesJ[ﬂicﬁlefs et gl.;}ns}’sre vell

‘circqieting .alry - thus the " CO2.

» and time in chsnber) under eontrolled conditions. it;

metabolie change against age in gannetn

sforemeniinned

BMR and nesqlingrsge;:
_ B ABE.

3reducﬁion 'in

stsbil}zﬂrinhl in

t'emperature‘

speculated.that VOZ might stabilize .
muscissi

iu ptsrnigan (Lsgogu .

develnﬁeiﬁ

‘Telative to. '

Lo e
‘of age (and}
develupment of endothermy) of gsnnets fite ;withr Rfckiefs;j:‘

4

of tsrsi and . .
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}thé fredﬁction anh atahili:ation-' of ,netabolic: -;ate"

Il

-

; growth). The caluric value of 1ndiv1dual Jeeds 1ncreasqd :up”

o rates dec%ined after wveek 3. Ehe feed: aizes increaaed up. to

s;;eponéiled in.te;hq’gqf ueight ‘lbas. and'“theI decline !in y

: c&r;gs;upgs vith the maturitﬁ\ f- ieg and . aaﬁécig;edﬂ"

[

.“bith :hiir abiiify ‘to receive larger feeda (e.g., culmen:'

: ﬁ;edginé, f;he"pe:léd ‘frcm-veékg 8 to 13fiﬁé1usivg£mus§ be

" L .
o~ LT v . .
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1

e bf, veek ;3 anﬂ in accordance Hith Aulie’s speculatiou-that

. i

imuséulsture. Vleck et‘él. (1977) report differences in 602'.

-

hetveen precocial and altricial embryos- Altricials_show.ﬁn

etponential 1ncrease "in voz,ﬂ whereas preEocials' ha#é' Q;

3 T

plateau' iﬁ Vo2 before hatching. The authora suggest that

the stabili:ation in VO2 of precocial embryoa 19 due ‘té ‘A’

decline 1n growth rate, 8 pattern which ‘oceurs in altricialy

.‘,

afier hatching. - '1 ‘. -, o= R ;
fond'and Parental Feeding - ‘
S Ben s : 3 i & |
The relative.size of feeds takem by chicks increased
I - o ‘. *

o ‘week 7 and- prabably deelines shontly afterwarda.. ?eediug_ﬁ'

veek 7 .and theu remained fsirly stsble.- The. reduction in
feeding rates after week % 4 is partially reapan51b1e~for -tﬁé
suhsequent veight _rgcgualon of neatliqgs. To eptimatg.éhel'

amount of fpﬁd ‘energy 'fgd- to Jch;ciiufffom: hstchiug ftév.

-feéding ratea. It 'will be aasumed that the faeding rate

f

during this. period 1s sbout 0. ? times daily and that chicks

receive nackerel feeds 1milar in size tg the average,

Il Al -'
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' .’,‘ . ) 3
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regurgitation weight (305 + 1003). The aatimated‘ tatal -fpr_
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e 1IN A approximately 2 700 kcal below the cqnaumptiop by qutivg

chicka. .1 The- mean . aaaimilation- effiriéncy of’?ﬁ;rthirﬁ

Gaunets msy therefore be higher than. the 74, 27 valﬁf

L i) [ ., %

f; i Cnpe Gannets,_ aud-

',fOI

b . fuod intnke over b3 weekd thua becomes ﬁ2 aﬁa kcal, which is

poaaibly account for the differencea in

: ‘: caloric intake by the ‘two apecies. ., . -: ‘:ﬁizﬁ
k ) - f&]:j. ”: Hontevecchi and "Porter (1980) found the ratio =° .jﬁégsl-
. ’_.l___l 7 | .ré Eeeds. in Horthern .Gnnnet;L ‘ﬁo be about stable:‘
| (;pproximstely 10:1) up to week 8, ut vhich time t# > rat:l.oi
-\ :? -increared -drag?tically te. over 50 l during ueek 13..There
,q; 5 "ar 1 _?;s“an iu&erge -reigtionéhip ,hetueen hegging and feedingr
i} -rrred.‘durdﬁﬁ the'last'7 weékn;l It is difflcult to compare'
j 3 : !"ﬁuelson s’ (1964) results with Hontevacchi and Porter’sa (1980)—
: alrince the former recordad ~the number of. feeding "bu:uul:ﬁ"r
\ J: “ . which consluted of numerous gapelentrien-‘ In - tplq :atudy.b
%Trg-ftfﬂi{_:u :_;f;cbicka bétue;r 1 and 7'Ieeke poac-hntch, ﬁ&!_(nvféQ} oﬁﬁthe
S p '_5 T.f{.j:' ﬂgnpe entries (n-?Bé) resulted in- géeds,:‘ ﬁun:evrébhr.?rr&;
- Pnr:er (1980). recorded'agtunl :réndfera of food :a chicks,'
\ 4 " and their results are very simﬁlar 59 tbose presenged .hgre?f
;“ ., S (Table ”I), . Their Jata include feeding'-rateir;offif;6'

'_,adduional chick ages (weeks 8 and 13y vhich éji'p‘--i,y"ij:‘h_

decreuaing number '_f feeds obaerVed here

g ;.“_ ! . througb to 7. The high number of feede .reported by Nelson

:}'ﬂ“ (1964) - a .,veek.7,,posr prqbabl reflents increasad bégging

“actificx_aqq_forced'gépé entrie uaually unauccesaful)
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Thete, was a sexual difference in -the frequency of

- perental feede during the firat 3 weth‘}fost-hatch. Haies‘

fed chicka more- often during this period, but bath sexes fed

chicka"nn frequently 'qf;ervards. The . small caloric

requirenent“-of nestlinge ‘up to week & probpbly does not.

aignificantly increase the foraging demands of the malnfmneh

beyond 1te own . maintenance level. Many adult reaurgitationu

-

of ﬁackerel lacked heada. which had already been ‘digeeted.;

: Young -chicks ara’ frequently fed emall amounta of fiah, and

ool

the adult mugt reawallou after a feed. hdulte there!ore
‘_ . a - . * e ]
digest (and ansinilate):.portiqnslof the fish delivered to

o

: chieka.‘ -Affer week -3, ‘the” deily” intnkel by neatlings

' 'Parental Investment

. of fiah eaten bf Double—erested Cornotantn (Dunn. 1979)'.

':- unnally regqraiteted ningle uhole meckerel. Chicks 6. weekp .

increeeen sharply from 1.8 equivalent of about 1/2 a mackerel

2

(veek &)Eto ahout 1 macke:el (veek 6), During ‘this perlpd

ﬁa1es' and females ' share ‘more equally the duties oﬁ;ehiek

feeding.

Y
L

Gannets feed on aeverel species of fiah, all bf which -

are aurfaee ahoaling end of eomnereiel value.' Heckerel hae

‘a very high celoric value (2. 45 kcallg) :relative to other

:epeciee end is the principle food of Horth hmerican gnnnets..
The. othet epeeiee eonnonly ceught have en averege caloric'

value of 1.2 keel/g. vhich is abont the ‘Beme a® the ni:ture‘

Heekerel are the lnrgest fieh caught by gannets, and adulte

/o .7 _ ‘”.fif o o - Page ‘Z




N

F]

and

_older

can - e e sl o b e g s e

hnndlequfeede a‘

céan ;:entjre ‘ﬁecke}el, vhich
eupplies sufficient food energy for at least ' one day.
‘Heleou- (19783) eites a long liat of fish known' to have - been

o - Page QB?

‘éaugh; by " gaunegr.:

: ;iems”to 5e.the{ﬁbst colmoply caught ape;iee(

_Horthenn.‘Cape}end Australaaidy

u(see

P

- The
L

‘behavieuf

someuheé' sihilar.e

species of needle £1

-~

nend
ﬂorelenq.'19§6;:3ran
ieipi}arﬁﬁy in
different foéeéqq_,i

of

: fiahing enployed by

e

)n da:l.ly

- (7150

-

-correetiin for adults

-reghrgitated

_ngce single»

by ad

requirenent (nbout

steeter than the' requirenenta nf cnptive fledglinge).'

-~

- to the caloric value of
N . i

kesl). ‘The 'ad

elightly longer.‘

Tha— food requirenenta of neetl;nge 1nerease fron-hatch -

1989, o

thede'

Regardlens of colouy

All 3pecies

8h (Scomheresn:

Fi;eq ie
.'1974-'ne1aon.'

e related €é  .
fieh, ;anﬁ
all genneta.-

mackerel ) were - ‘Eh
ﬁlta,l the

11: adult

-

hn average
ditionel\
with chicks, ' as .

L

®

l'

lqcationm

_22 )
Neleon, I9?8b. Hodzieki 'and

19?Ba.b,

;the.

L 'regursitation (305 g) vill be used as’ the daily

5

an : ce
this

cnmmnn

‘ -

camnonest

ad

regurg;tated‘

foraging

to Jeek 8 and then_decline alightly tu a level vhich is.v

mackerel

' Fish eaten by
Gaﬁﬁets (Horha sefra;o;) are
Ieed on mackerel, verioue.

phalopodet

.etudy)._-
fish apeciea caught by gaunetp in. three_
“,schooling

the: plunge-diving nethod of -

averase weight of a maekerel -

ule

‘weight,. which iu ahou;,3f51"

food intqke of 800 kcel becomes roughly equivelent g

mnekerel

# IR
Eﬁ?kcal representd an estimated

time 18

food
foud‘

Thui

on
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eyerdge,_ eipilarl fo.‘honsunption at ?eek,SJ(SGB ical)doj;' N

j-Figdre 'il}g' Adults nust fﬁcreaae"'thoiro

1 proportionatc 1ncremeote ‘to succeasfully rear a chiok- If_

=3 ' -

adulta 1ncreased their food catch by 501 (1 200 kcal/daj), a

cale nnd female together could providc. oufffcient-food

enerhy._to: rear a aingle nestling. Tﬁcq avcraae odult

"fegurgitatioo-_oeight doubled shortly ofter hatching (earlrlhld'

. Julyi, which nuﬁoorch ‘the: above fectimate ,of 1noreuoed N

foragiug dencndo.

vhen chicks -are betweeu 1 and .2 mon:hs d

n‘. '

_This 1a bornc out from the £act thau, duriog thio pcriod,

v

'fadults compared to non-bteedero. . :_u“.{' ,v":

ZThe.'cost qt" toraglng in ganneto i restricted to the

'time opent flying and 1chc_'ener3y costa. o{' flapping and’

gliding‘ flight. _Tine 'apcht awij‘fron the neat during the

:oescling period will  be: considered Eoraging time. _This

’assunption -io"oVersimpllfied .since adults may ctill be 1n
i

.-the vicinity of the colony or ?oafiug on the uacer. ‘The

L

tine spent -rasting on the wa:er during daylight houta is,;

‘houever, 11kc1y to be mininal (Heloon, 19?83).. Herein. the .

'tern foragiog u111 refer to flight-ttne.

qanneta. feed '1n' 1nchore and pelcgic areno. ‘Thoj are

coooblejof flying at;apeedc of 65—80'knlht and :raveilingﬂup §

to 500 kn 1n a day (!elaon. 19781).' Gliding Ver-ul flapping

\ fligbt 1e an obviouo ncthod of enersy conoervotion. While

Doy

foraginﬁ ".'-:inr_--_-‘.“~

'Farogiug demnndn pro\nbly reach B peakfci-oﬂ".

(lid-ﬂugnst).ff_f

:aigoificaquy larsc: regurzl:ationo uerc collected from
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:Iratioa, or long and narrov vings {ganne:t have the highest

y sdnpted as & caloric eati:atc of snanet £113ht. :ﬁ-.i e e

- . . ]
P B L L Ll T
RS wesrTy G

;iny SEntinatés for’ flight metaholisn are around 13 x BMR

(Tucker. 1973). sliding flight in Berring gulll 1: nbout 2 X

EHR (3 6 xi BHR* Bsudiuette and Schmidt-ﬂielsen. l91¢);
Gannete vere obeerved when approsching. depcrting and when .’

-xauny'.from -colony aites. to intermix 311ding with fiﬁpping

v

£light._': 8 4

y : N, ] g e
There have been no ' direct measures taken ' of £11nht

)

ﬁetabolinm in gannets. but baa;dIOn ving afrﬁcture hnd a
_relevant study by Blill (19?9). an indirect entlnate can bef

nade. Hailn (19?9). cunpnred ﬁtlight Ienergetica 1n the

- -~

hi:undines (martins aud swallouu) and svi!tl. vhich are very

) '-nimilar to gannets in several repgcta. All species have the

fﬁlléwin; similar éhhracteriﬁtici: a) a period of nestling

‘=veight recession (Ricklefs, 19685). b) spend 1ong pefiods of

-

ttne on the wing and in open' spaces, and e). high. alpect

b3 -
X

~

uapect rntio of a11 Britiah birdu: Burlee.' 1956).r A high 

aapecp.-bratio. reduces ﬁhé 1nduced aud profile povér.'

reqﬁifendﬁts. The hitundines differ signifieantly fron most

birds in havins uuch lower (than pradic:ed) netubolic levelu‘

during flight. The netabolic 11n1t'- vere foupd lto be

~ betveen 4 5=5 x utandltd letnbolie rnte. or'ietﬁeen 50 aund

731 lovet than pr:dicted vsluea (Eails, 19?9). ﬂlsed on :thi’ L

several pnrnllel behaviournl cnd norphological sinilaritiel_ ~

betweeu gnnnetn and hirnndinal, a valun of 5 = sna will be

+ it

- . F
=¥ 1 i . v
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Iv. 18'.diff1cu1g_.to measure foraging e!ficieﬁcy in ..

. gannets, firqtly. because. they often fornge.' at great
distanced‘ from culony  aités, and necdndlf becanne they

'rsrely bring a fish to the surface ino’ thelr bill. . - However,

'-iaéi 51.

1 Nelaon- (19782 " speculstes that following a succensful dive_ 

(irnn heighta up tn 15 n) gannets '"ahuffle—bathe“' dipping.l

nnd shaking their bills, vhich providen a potential measpure

- C . o .4" e
S . . of auccgaa.- Effipiency of prey capture can’ he asnuned 25
’ . r .~ T
S fu;:17~'high, aince they. usually feed in denne uchoola ot-l"
" figh. | L o _‘ .

- - : - . P o
- N

Lo S

.).." Plgége-dlvihg is'a spectacnlar and ldcially hffractiﬁ? ‘

hehaviour' the pure-white pluuage (unlike most " eeabirds) ‘of I

.. . S ' o

s .8 diving or. flying gannet can be sgen ~at -gpeat distancea
i - ..' (fiahetmen have'zoften used ganngt- pluﬁge-diﬁing ’as an
- o D 1nd1catnr of fish location"'see,‘uelson, 19783 b) Adt " ia

[}

4

Lot I-\ - 4
R R
) . C:{S' ‘ - . . "
Ce A The bconspicuous aignallipg of 'the white plunnga during 4
e ’ - " i_ - -

comnon to . pee Puhat bealﬁs as one or tuo gannets dlving,

: quickhf turn into 8 denae Elock .uf uplunge-diving gannets._

plunge-dive enables sohitsry or flocka Jof . ganhets to lucatq.

j o S prey qu;fkly and efficiently.

o
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) . I
) N . e
. time 1nVentlent by‘%nth eexes required to renr offppring.

. .

R - . Nett-site .attendanee by adulta 'reweain.th¢=ra1§t1iélg“.

Hnleo 1nvent by eatahlishing andidefending neating tnrritoryl

and by gathering virtunlly a11 tbe ue-ting -ut:rial (Nelaon,"

-FBJBu).; X re-ules N 1nitially 1nveut enetgy through eggiﬁ.
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p:oduction. ﬂecaule produetion of a ningle gauuet egg (16!
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. hdult'a 'uebbed fleﬁyylﬂd from' etbtyonic netsholi-u. _&he.

controlling beat :lgsr‘.durins '1hcubation 'npr does - the

'nd;A cal}act nest nnterill thit factot -sy be inlignificant.
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(lpproxilntely 750 kcal). 1t is unllkely :hat te-ale- expend

.kCIl) ._13 less’ aloricllly. llulblc than a 'ﬁnékérel'

il

more enetgyn thln nalea early} fn ‘the, breldlng !ellonki

Pemales 1ncublte tor aigni!icuntly longer, peribdl than:

: naleg-_ The hegt for 1ncubntion comes 1n part fron tbe

4
‘1

.-'enbryo contributq@ prosresnively nore h:-t Cas 1t develop-

- -

hrond a; clutch.' Recently, Hctteu. (1977) and Hallberg and

‘King (1978} -hoved :hat the relting_ netabolisn of aeveral

paaaerine apecies vas hightr than :hnt of incuhating birds.‘

_fhe ther-al envirouneut of the nest probably contributes - to

\ x

- -
]
f

.adults. . The gannet’s nest "probably 'does not .aid' in

-4

t
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Converting to- bajal levell.-incnbation 15 rousbly l ? z BMR

. 2

(aee King, 1971). -Differentlll 1ncubltion ahiftl by sex '

itrede otf uith effgctive forag!ng tilt, hug lince fen:lenada

"Houever it uill he aa-uned that enersetic reqnirenents .fg;'

(Drent,” 1971). Ring (1973)« firlt pnled the queation of s

:vhether or not an 1n:uhnt1ng bird e:pendl ld&itlonsl helt :n'

i :.(Ricklefn snd Hontevecchi. 19?9{.-Hontavccchil ;pdi-?oréir;ll'

1980). § U e hoeoa b s

flovering 'thg?,col:‘ of '1pcublgion. Heat productinn by the

embryo nlqo_loﬁerglpheyipcuhatibn:'engrgy' :nquirangn:n for‘

*lliricinl enbryoﬁ_provida much of the heat for 1ncubltion. o

‘1ncnbation "does not exceed a resting -etnbolic level (RHB)._
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During the tirnf 3 béeka* nfter' hatching. ‘males :uﬁd f'

'_Ie-dlenw‘irood chickl for about equal periods.

- 1

.and Porter (1980) nllo Eound

_ Honteveccﬁl

thnt3 dnring, PHI1 both nexes' ﬂi'

spend_ abqut athg- seme n-ount'ofQtiﬁe”ohitie'neq;. .Hal;i,-

ilthddah feeding chicks tore often'ﬂuriqg'fhii-fiqg;-do:;nqg\:
Male.
ﬁ.ot ’ . ;:f

catch to’ -ltilfy the chick'a fond

f npend siguifié“n{ly longer spells-liny1troi the nest;f

'attendance thun nupports the lpeculatﬂon thnt they need"

1ncrqa-e their..forag;ng

Y a

Fro-.pélf—bqtching ueeks 4 to 7. fenllea_ are'; T

-

'mequireuentdr

in ° tha -nn-t fbt lnnger periodl than nales._"

The correspondin; pnrentll fledl dutins thit nestling

attendance ‘at’

s}age

not 1nq1cate 'lny di!furential sex rolh.

do Fennleq may

therefora. _Se- aking gteater tclpanatbility ';nrj'thg,

of) chiekl, lnd ;hua :educal thair foraging tiue..‘
- P
In otder thnt rglltive reprodnctive inveatlenta by ual

S L
i, !

attendance

r

,lnd !e!ule gannet- be gsti.nted. ti-e lnd enargy 1nvest-ents

}-w-t-conpnred- Tnble v provide- a ti-e and . energy uunuary

both lllel !rol nalt-litl occnpltion to chict fledging.- 

ilt nhould be relenhetcd thlt the valuea| -ppenting 1h-;this

- CE |

'ngr

tnhle' a‘p baaed on uuleronl Illﬂlpﬁiotl lud sre rough .

elqinataa at'hg-t.- This. nu-nary.f.fbg‘ e;a-ple,l doel Zn&t’*\
allow . for :ﬁﬁp'- Qnti3y5 expedded by' -alen ‘tp,'col;éctslflﬁfj
Ineit--aéarial. nnd dlfaudg'thl nllt-litaa Hoiavir.glﬁﬁe_“

“359'1!1“& l"“lPtiﬂﬂl IPPIY ‘to both Ialel lId !a-al%s, thun '_‘Ji
!nintenance. |

_lllowina l cn.plrltivcfpictura to he- dtl'n.“
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. i 'L . , ‘_. [ st e . -

valucn ure ll.ulcd to be tHe lala !or buth IIIC:/‘f; :egglapn-:i"'i
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} e Tﬂble E—-— Relative parental investment as a function of
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R O O _Stgg'e ) ' _Male Female ' . Time (days)

Pre-egg

5 Vs 7« eggeproductiont S - g U . S e
- ,’ el . 5 - a‘dult-—maintenance.__-z. ) 37 ,500 : 3?,500 .:,-5;0 - I‘ ( l’-’ ‘
. ke .:..,:“_:_ _fn," A8 e o T
" . 4:\ e - 'a_dugl.-i:—'m'ain.t_‘é.naﬂce._! 32, 250 : 32,250 ’ 43 . e .
e e Caghde <78 ot ol T e e i
i ' q B adul t—m:intenance ; 1f 800 ’ _71;.4_0'0._‘ A ._ : .‘ o - .
ot k S feed:l.ng . ) : 23 533 } -2_9T9_32 ' _91 3 - -"J"'v. T !~_'.
| detan "--,166,0&3'— 162,223 0 o1s4 L :

Al . EERY o S o
A /"? from Ricklefs and Montevecnhi (19?9) S A 25

[ S iy

AT U 750 kcal!day x"HO-«d"?“-‘

SpH1- 13(6‘)
. PHI-L(Q):
PH5-13(§):

800 ‘kcal/da x 91 days; - E RN

. 750 kcal/day 'x 28- -days; . T —
800 kegl!day x 63 days. &l __'_,:_ ) °"-'-

»

i “FE f*based on 8 ch:l.-ek receiving 5y 827 kgal (PHI 4), with .

A 69.5% (&), 30.5% (g) feedsy plus 50 kcal for -each .
A [} 750 kcal fed (see, Disgussion); and 37,016 kcal (P_HS~
.. .18>to chicks, with 50%- (e), 502 (9) feeds plus 50 :

. kcal, for eat:h* 7f50 kcal fed - = e i T
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:(Hpntevecchi t al. 1980). Aasunins an annual nortality of

vy o N g e B L oae . P E . .

- '-throughout the nestling period.-' Unﬁ‘il- . 'he" chick hal:clhea. )

* Dg K

. relat:ive parent‘al 1n\reatnents are abour. F.qual. S:lnce nales

[N
1
e’

_collect tl.:le-. nest-naterial and - are territorially n;r'e
aggrealive tban females, the msle likely 1nveata the sa-ne ot ety
_':mora thnn fenales dur:lng -.t“'h‘e pte—egg' and egg periods. o
_Durin_g ‘the y nestllng stage; males 1n1t1:11y surpsqs femle'

{nvgstneﬁt (PHI 4) hy £eed1ng the chick more *often,

Thereafte:. tﬂe. feﬂhle participntea more in chick Eeeding.

aqualling het partnir. The tota tive inveat-enta by:
' both parents appears vittually the same. .Th:l'a\al,l'li"la,rity'in-

‘ _1n\res:nent ‘18 as wculd be predictled :!.u. vie\r pf‘;he ' gannet’s

eI Cem

,long term pair-bo‘nd.‘

'From 'th:e' above e'etiuate, 1: 18 poasibl’e to "n'ake 8

calculated gueas at: l:he I:otnl fcad consunption of gnnnets in -

Pl

. Hewfoundland . during ' a hreeding , aeaaou. '_There. l‘l._"el-

.

-npproxinntely 18,600 fbrea'edi'na gannéts . 4n Newfm;ndhid

t

_8015, (firat-year Birdu* . Helson.l9?ea.b),-_ there ?qrE

approxinately. 7, 4&0 nuu-bteedi‘ﬁg (}5 yearl) hulividusll.

Hith a hatching success of 86! {Honteveccht 'nnd xirkhan.

g unpuhl. ¢nta), the totnl nunber of - hirdl eating foad durins

4

ti:‘e- season . becomu a‘bout 34 000. -.-.I: :l.'a ‘- aaaulled thlt-‘

.9

_uouJireedera require on’ averase_ nbowt 750 kcal per dny,

heregore. f,téil:'_ “I:h‘ir' hagi\nning uf ll’nyp'l:o ‘the .end -o‘f.

‘Sep{enbar. -about 1. 7 10 9th kcal of. fish are conluned' A

1 (ruughly 2 5 nillinn lackerel). Tbe‘-annunl -nckere._l, cu't;h

-~
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";foq

s development

*3.5%

:,_ulunlly hatch with a yolk renetve vhich

1979 in -Newfoundland-' ag -Jk.? giilioh-.kg,~“ubich"n

according to Provincial Fisheriea "1 at 332 of the

most._

.

potential catch. § Since ganneta eat ione fibh other than ‘
naclerel.ttt;y prabably consume about 0.5% .of thtn.ngttetel ,{' 5
.stocks in Nevfoundlaud uaters. 't’:'hif' y :: %,“' :’f ”.'i'_nﬂ
Genexnl Discuaaion T ;_‘ ; ;-if QR; j‘*. #7 b v
.‘_. A question of priuary 1nterelt tegnrding repro;uttion -
- 1n Hotthetn canneta 1&" ‘why do gannets have a( altricial : P

davelopmentT ‘}Thé .gann?i‘a altricial mndq!_of'-»'f

b

mode

s charactetfted by 1nnnturity i .Batcﬁiﬁg'_"'
£olloued hyl a period bf' rapid growth.,‘:it' cohttqat,-

pxecocipl -and, ueni precocia! Speciea hatch with = greater'

Bl

fof

-

,portion their eVentual grovth already complgte but 3rov &

‘more . slouly thnn altricinla. These difterencea hlve been g_'

. 3

related to 'precocial species hlving eggs with lsrget yolka :"
Py and greater lipid and protein concentrétiona (Ricklefu, A
19?7).. The 3lnnut 8 ‘tik is siuilar - to . othet altricial

speciea in having -a snnll yolk (15 5z frenh egg veight)
very Jpw -dry matter content (yolk and albuﬁen, 25. BZ*
nickletn aad Hontevecchi. 1979). The éne:gy den!ity

kcllfs)

(0 90

1: the IOUeat knoun for any bird.. The egs im- nbont

=

fe-alea l weight (neintoth.

of 5 “1923;°  Nelsmon
?rectcial'chfckif:~

) % = " T

providth uutrition.

'-1978:-h£ nicklefa id uou:evecchi,.1979).,

feed for thenselveu.-n

.
¢ % =

. until 1_they ; beain Eubty0n1¢ H-?r

,dévé;pﬁmepttis fatfgréqter.thgntiu altt;cinls.

}pnd,tl:li_and.
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";‘thermoregulntory abilities

u‘:one. gannets nuot be strong and efficient flycro.

ﬂl‘canoot e:ploit an” ephcneral “_{oodl

C ek e e e T

N

- o . . - . N ) -
‘are ocll dévelopéd_cf hatehing.
' & !

. The initinl 1nve€\nent of producing an egg for a nrecocial_l

: nnd parcntnl 1nveatment 1nto neatlinss o8’ often leon.‘

Thc largeat birdo (Struthio 22 ’ Rhco 22 ) arc highly

'orecocial . nnd- lny lnrge

VS PR PO D P S

Page.57 .

.specics 13@%5hus mnch higher compared to altricinl npecicn.'.'

ﬁunberc ofi eggs _(e. £ nhca;

americgna - 13 20 eggo. Thomooo. 1964). In ordcr to oroduce _

. tom

. lcrge_ bodied'precocicl ‘neonates, the egg mus; also be largc

(e.ge, Ko ‘meueana;,-"- "soog)'. Thc- critical . dif.ferencc
N - . - . -
betveen tbe gannct and ‘these lorge tcrrestrial birdo ie thc

1 . ’

.nororc'_of their food resourceo, nnd thc:

-exploiting them.

L

1nohore) fccoéro, thot often forngc at great diotnncen fromﬁ

the breeding colony._ In order to erploit a pelagic feeding

-,

ifPeriod requircd Vfor- wing
{ -

nelf-feeding by neotlingo. but cventunlly enablen wthen to

ffeed in 'nffshorc rcgiona. Production of altricial yoons

fchnracterircd hy rapid growth and bigh netobolic ratc]s

:thcrefarc

rcsou_rce

Bt

-

opcciali:ed nkilla._‘: | . .

This- ltudy.inveotigateﬂ some of thc 1ntcract1onc cnong‘

,'the norphologiclf. phyaiologicul and bchnviournl aapcctnllofi.

: dcvclopnent 1n1 nentling*lgannetc.

methods of

" Ganneta are pelasic (and opportuniotic'

The lons'

dcvcloppent initinlly prccludco

thc ncot efficicnt nodc of dcvelopnenc vhcn youngi

,rcquirinjj.

Ir 1o dnrina the firht

. .
. co.

———— e e e

- per] -

: nontb,'aftcr hatcning, that the noo: prondnnced develoncntal o

s




Ehhnéeh' occurs - Horpholpgically,t tha bill, legs and - feet

r -
——

3i6w'to betieeﬂ BO inﬂ.-lOOI- adult size. ' Ehe rspid
"o -_'development of these body parts.‘ combined U:l.th conplete dovn

covgr fby' 37 daya),, 'enable chicks :Igo. 'eftectively

i ﬁh;}ioraguldte.l éu;‘!}ailcorreupondingly xhe periqd thn;
-barentnl'brépdln;fhehse;.' This psttern of growth uhieﬁ 18 -;
’ _similar to other altricial species; 1s 1n pnrt the result uf L
;hq- ahund&nt ahd’ calorically I .rich food . resource.
.Phyaiologically. du;ing the firat month, netaholism declines'
. to adult leveln, possibly 1nd1catins a pdecteaae. 1n 'energy
"gtpenditurel {1.e-. : maturity : fi most . body pnrte. nnd
,;endothernic capacity). All theae c;mponeuts aftect the Fafe _\;

i o ‘ i e \\
e Of development and repreaen;_ﬁgﬁ 1ntegrated repeructive N

’atrategy ndapted to exiating cellular cbnsttaiﬁtd”land.—the',
. B ’ e o "

:physicql env@;uument,-, i .' > & ] P4 P = £ 0 E
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e o _T,he gannetry at Funk Inlnnd lma preaeut \rhen Curtier -

A vis:l.ted. l:here 1d 1534 apd agnin :I.n 1535 (Append:l.l: C). By
1841, the colony hadl-_ already become locnlly Q%tinct, '

presunably nhortly afte: the" e:t:l.nctiou of l:he Great ul:a.

' Aga:l.n. the gannet 3 suftered peraecntion by the e:plolts of

_nan'.' How't'wo'l.', the colony wap re-utahlished i 1936 v-:l.l:h

'seven breed‘ing pa:lrs {Gilliard, 19‘37)-. Today, Punk Iqland

2 '_“13 protected as s nanctuary and l:he oolony 1! expandina. L ‘_'
& . , ,
e The 3annen‘h ‘at’ Cape . Bt.Hary 5 underuent ‘a . large

. E o - i B . B

po'pulal:ion -increaae between 1880 nnd 1910 (Lppendin D)-
SR L S:I.n::e Hynne-Edwnrds (1935) vioited the stack at the Cgpe n:-'."'

1934, the colony size hu re(ned !a3r1y stable 3nd appeara

- "
e e o

filled to'oapaoity.l Uynne-!dwnrdn also . mentioned the

a
EN

exploltation of - the gnnnewlocol fishernan, vhio.h likely ‘:

o

i E . diucouraged the brief attempts at- nesting ,  the -mninlan:!. .

T Y

L nboub 20 m auay.

1941 Pefers '(19'&2) descrﬂ:éd 't-'he'na'cc'nlien Iolano'
gannetry Ulﬁ.ch aome]mu had beEn uverlookedoliy orn:l.thulog:l.ats

n ) "fof over a 100 yeora (Tenplenon. IMS). 'Ihere oppears to 'be

- . v

LR

,room.t‘o:_ expana,ion 1n thia :"‘,'1-‘_’“.7i since ..L.IH.Tuck 1} 1960
.e's-t'ina'ted 9°0r neTting" nairo (A'pp_lend:ilx‘ ‘E)‘.’ Th:l.s oolony
': renoins as the onlyegannetry in Horth Amoricn uhich '-'13 ‘ﬁ-'o_t _ ’
\proucted‘ under the Federal Higratory B:lrd Sanctuary lct.:'
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_Thern are three extinct gnnnetrien in }Iorth Alle'rica
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Secile; extinct by 1889, the year atter - s ligh‘rhoune vls

» L |

1n,1819 nni! by 1900 tha colnny had d:luppeared. The Fganopn,

for the e:tinetion are unknoun.\ ’ﬂ;e Grand - Hantn' 'gann-e‘try,"

= -~ e

e ¥ 'lieu Brunwick. hecune e:tinct nround 18?0, almoat 40 yeau
~after the erectinn of a lighthouse. _--Tﬁe affacr.! _q-f" hunnn
diuturbance ganneta and other hnuhr bueding colon!al

) seabird- 1- usually deva-tnting. _-Houeve_r_. the l!_r,d - Roek

colony ;s' utill ,thtlving even 11: faeé of -_the -a'jqr“.--

diuturbaneel _of llmost l ceubury ago._- Y -,: .o :'-: Fa

° -

-_‘erec't'ed. The: Yarnouth eolony 1u Kev Brun-wick had &00 pa!rn _

©  The vorld population 'nunbers- declineﬂ fréq 1819

(1?0 20 pa:[tn) to 18950 (52 900 pa:l.ru, l':l.aher and Veveu, p

!9“}. The decl!nc was prinarily the reuult .of_ 'th'e_ nur

. dislppearlnce of the Bird’ Rockn co‘lony- ; Hor!d nunbers had
= b :

1ncrea-eﬂ slightly :'by. 19{9 (82 755 pnirl) _and - ‘then‘

-

drant:lcally up to 1976 (213 000 pairs). Eveu lt preunl; dsy

' lf 1918:) ; neaua .they '.'lr-e "the' leut“' ahund_n_qt_ of t_the."n,o'rth-

M:lnt:lc seahird lpcciu.- ; S g O g

'l'he stx exnut gannet coloniea {three in Quebec and

) thru 1!1 Nevfoundlud). conta!n severll other neab:lzd

-

nuubeta. an eatinate nf 500 000 Notthern x Gannetn (ﬂelapn._ '

L]
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bpecien.' llnny o! the apeciu are found 1n "largér ‘nunbtrl *

o

'_ Burrec (U:ie s 1 e, U- lo!vg ). llnrtheru Puffins (?raterculn
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