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ABSTRACT
Habitat selection of Leach's S{ton'n‘ Petrel’ (Qceanodrona
leucorhod) was studied in threé Newfowndland colonies of this species.
Habitat preferences as inferred by petrel burrow densities wére-

emm'ined and quanified (Study 1'and 2). Of habitar paransters

: scudizd, peat depth, tall vegezation and fern ty‘pe vegetation uere

" positively l‘eluted to increasing petrel ‘burrow denu‘ll’.y,, Hnbitnt
preferences. ag a function nﬂnrgw densi'ty varied between colonies.

Burrow architecture vas examined in one colony of petrels.

- Physical characteristics’ of the burrow may affect the imternal micro-

climate of the burrow. Several burrow configurations were described

* which may serve'to moderate internal burrow microclimates, maintain-

ing a cool, stable enviromment in the burrow. The neeeas‘ityv for a
cool, stable internal burrow environmeht is related to ‘aspects of
Leach's Storm Petrel 1ife history which include early onset of
festling thermoregulation. )

‘ Eggs, hatching dx;:s ‘and. chick‘ weights in a high burrow.

density (HD) area of oge colony were compared with these measures

taken in a low burrow density (LD) area of the same colony (Study 4)..°"

. Non-significant differences in egg size were found between the two

areas. No differences were found betyéen the two areas in probabil-

ity of hatclring. HD area chicks were heavier and uere more 1likely

to be alone. i the burrow on a glven date than were LD area chicks.
A comparison of egg measuremcnts from previous bréeding

seasons with the 1978 data suggests that. egg dimensions (breadth
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of the female. - 3"

The' ontogeny ‘of habitat preferences vas: studied. '-n.e assump-
tion uu:. hnblul: pnteuncu are mediated by habitat !qu].nﬂ.ng

was tel:ed (S,cudy 5).. . Chicks Erom bmgenwlu blﬂu were lllwed
to che se hal\leen lqylea cf l:bei{ nltll him: and'a nuvel bl\m in

a maze. . Four age groups. ueu :euted. The test pnulta were in-

com:luulve, chicks r.hulu biome: Expe

randonly. Possible reasons

“'for the gxperlnsn:ll h.llun are dhnuauﬂ. )
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- INTRODUCTION -

This thesis examines aspects of habitat selection by Leach's
Storm Petrel Dl:eanodron.:a leucorhoa 1n_Neyfuund1ni|d. A study of
this natdre has not ye;’. been systematically carried out in Newfound-'
| land ‘colondes of this spectes of bird. To this end, Featuzestos

habitats differentially exploited by Leach's Storm Petrel were

qunntified and L factors t ig burrow
birrow status and breeding succesa were: exanined.

/ The 1iterature review discusses: 1) general aspects of
habitat selection by birds, 2) the habitat selection and preferences
of Hydrobatidae and some of the Procellariidae throughout their
Pacific, Atlantic and Antarctic,distribution and, 3) relévant aspects -

of the breeding blology of Leach's Storm Petrel.

Habitat Selection by Birds

Although aninals may be restricted to characteristic habitats

because .of o and'

cal res 3 to the

(Wecker, 19633 1964; Hilden, 1965; Klopfer & Hailman, 1965; Klopfer,
1969) , 8 fore parsimonious explanation is that the distribution of
birds is répresentativé of locations.in the enviromient vhere breeding
success 1s likely to be highest (Ortans, 1971; Grant & Nettleship,
19725 Alcock, 1975). ' This implies that birds will evolve to be most
x‘ecepl’.ive to suitable hahltata (Orians, 1971) bu: do not necessarily

. ‘select these habitats only on the huia of factors directly rellr_eﬂ



- function of the experience of, the individual (leu\rnad) or as some’

to survival within the habitat (Svardson, 1949). ., .

Habitat of birds are a as

* - being governed by genetically mediated (innate) components or as the

of geneti. and ullh the envixonment

(Klﬂpfer & Hailman, 1965; Hilden, 1965; Klopfer, 1969)

The' degree to vhich habitat preferences of a spectes’ are
influeiced by, one ot the other components is a function of several

aspects of the blology of a species (Klopfeti 1969). These lnfluem:es

include: 1) the 1 and ceritral 1 capabili-
ties of the bird which limif its perceptual world (Klopfer, 1969),

and 2) the physical constraints and le;zning capabilities of the species
which enable it to function most efficiently in certain habitats
(i1den, 1965; Klopfer; 1969). In scme species of birds, rapid
learning and attachment to habitat termed "habitat imprinting" occurg
(rho:bé, 19443°1945; Serventy, 1966). - Imprinting here is defined as.
the developnent of stable preferences as a consenuence of an exposure ©
toa given get of stimill at a particulst developmental state

(Klopfe!. 1969). Although this type of effect is particularly

Televant to precocial birds (Klopfer, 1969), it has been suggested

(Serventy. 1966) that one species of procellariiform (Puffinus

:enu:.roauis) and other species of altricial birds (Kunghumer & -

Hess, 1962) form attachments to hnbltats and -enviromments in this .

way (Taylor & Taylor, 1964). Al:qui:ed habitat preferences may also




NG
be.a functian of a) suclally guided learning whereby cnnspecif’i,cﬂ

& guide or attract Dthzrs to a nesnng area (I(lu))fer & Hailman, 1955
" . . Burger & Lesser, 1978) and/or’ b). site temacity, which 1s the. retura:,
to a particular breeding site for several or all'of the breeding

‘seasons of an individual (Htlden, 1965). This is known to be parti-

cularly strong in p:ocenaruto‘ms incldding Leach's Storm Petrel

5 (Lien et al., 1977; Morse & Buckheister, 1979). . A third major °

influence derives £rom the fode of development of a species.
nidicolous species of birds, being dependent: on their parents, remain

in the area of the nesting habitat and become accustomed to.it. Pre-

coflal and nidifugous young ard mot.physically constrained to remain
with their parents and habitat preferences mist \;e absuted independent
4 of habituation Sffscts through habitat mprlntillg or gaﬂel‘.lcully
nmediated preferences (Klopfer, 1969) N

_Habitat of

\ i Hydrobatids; or the Storm Petrels, are a family of mirpht
ologically similar pelagic species distributed over most of the
pelagic waters of the earch (Wilbur, 1969;  Crossin, 1974; Alnley,

Morrell & Lewis; 1976) which come to land only to breed: Although

tended
incubation and time to fledging of young (Gross, 1935; Hunfimgton in

spending long periods of time at breeding colonies due to

Palmer, 1962), relatively little time is spent at the colony once the

egg has hatched. ' They are with one exce

n (0. tethys' teported in

Alerictal, .




Harris, 1969), roctirnal on land' (Ainley, et al., 1976).

There are several qualitative reports of the nesting habitats
of hydrebl-:ms in’the Pactfic Ocean along the coadt of the United
States (aams, 19745 Atnley et ali, mq, Mnley, Lavis & Morrell,

- 11976),. the Calapagos Islands (Harrls, 1969) and other ‘1slands of

the Atlantic and Pacific (Allan, 1962; Harris, 1969; Crossin, 1974).
T 5 %
\

‘Lesl:h‘s S;:arm Pétrel and the “Ashy Storn Petx‘e‘l . hrmochro‘a)
have) beerr reported breeding on North and South Farralon Islands off
California since ‘1854 (Alnley & Lewis, 1974)." Both speclesvcw‘ncer{thﬂ:e
their nesting on thé southieast quarter of South Teland, under rocks
in a south-facing talus slope (Ainley, Morrell & Lewis, 1976). ‘I’l‘mis
1s an area of few or no nesting gulls. \e\zedauox; by ‘gulls [has been

 implicated in' the similar nesting. habitats and times of the' two species
on the Fatralons (Afnley, Morréll & Lewis, 1976). P

'Off the Northwestern coast of California, Ashy Storm Petrels)

Leach's Storn Petrels and Fork-tailed Petrels (0>, furcata) have been

currently reported breeding on Little River.Rock, and were previously

kion to.nest on other small islands. Soil erosion caused by human

intervention and the removal of vegetation, and the’ lnr_xndu:tion of

UL and- fatlure’ of

Ashy Petrel colonies. - On Little River Rock, Laac( Storm Petrels

vere only limited By the availability of soil in which to dig

burtows, but preferred areas of nesting (as jnferred from burraw '

@




.the Atlantic Ocean. <

dessities.of 1.2 butrows per ‘Equsre foot) where characterized by
low brush vegetation nnd lnnse, easily exl:nvnted soils.: Rock depres-
slods were avoided. Hurrows tn grass sod (0.8 burrows per square

foot) vere less subject to collapse but more difficult to excavate.
Extremely low burrow densities (0.3 birrows per square foot) reflected
a . lack of soil develnpmem: arou;.d succulent ve;e:-éhm. Fork-tailed
Petrels were also flexible 1n’ burkow Location;: nesting in rock
creviu:es ard cavities, but preferring edges of hanks and st northerly
wportions of their range, burrowing in isoil (H.Irris, 197&). Gulls were
st during the riesting season' of the pel:rels" and were a major
stuice oF jhedution o ok 1t was dhabsutionls opinion that the

northern limit to pétrel distribution (unless there were no diurnal

.. predators). was created by the lack of nightfall in northern }atitude%‘

+
as the Pacific limit for Leach's Stofm Petrels was St, Lazaria Island

! in Alaska, and southern Greenland, Tceland.and. the Faeroe Islands in

Two species of storm petrels, the Madeiran Storm Petrel
(0. castro) and the Galapagos Storm Petrel (0. tethys) are known to

breed on the Galapagos Islands. (Allan, 1962;|Harris, 1969). The

breeding habitats of these to-species do not overlap although the
breeding ranges do. The Madeiran Patrel is wide-spread in sub-
tropical parts of the Atlantic and égciﬂé. on 1slands! Trefefred
nest sites on thé Galapagos Islands were holes ia cliffs or unfler
boulders daep enough to hide’the bird but not exclude light. / A few

burrows were located in soil or guano.
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o The Galapagos Storm Petrel concentrated its Resting on

euifs and lava fields in flssures betveen 1ava sactiuys. Despite
avian predation by the Galapagos. Owl M gllaglgoenals it s diurml

on land

‘The Madeiran Storm Petrel breeds op the smaller islands within .
" archipelagos. throughet the morthern tropics and subtropicn. The pm-i

|
Eemnc‘[ for smaller, islands is u::rlbuted to the absence of terrdstrial

predation on these uninhabitable islands ir.a chain. P!eierred‘ habitats ,

on islands vere decp crevices in cliffe and \:unou}: dug from il 1dose
boulders. These sites weré characterized by easy excnvatinn and c/m—
spicumm boulders which coul(i easily he 1daut1f1ed by the occupants.
Burrows were preferred to crevices and very steep cliffs were avolded.
"No preferences for leeward orl windward sections of the island vere
noted despite the windward sidés of the'{slend belng superior’ for

hovering over, the nest.

Off the coast of west central Baja California a subspecies

of Leach's Storm Petrel, Chapman's Storm Petrel (0. /leicorhoa chapmani),

occupies every suitable habitat for nesting on the°San Benitos Islands. - -

The preferred areas were talus slopes ‘snd rocky areas, ' In these
areas,, they compéte with the Black Storm Petrel (0. melania) and
the Least Storm Petrel (Halocyptena microsoma) for npst sites lmdet\

boulders and in cavities between roc]fs.

On Islote Negre, in the Islands, 0.1. s
another subspecies of Leach's Storm Petrel, concentrated burrowing




vhere 1a:g= masses of volcanic Tocks vere present: These areas were

favoured over the hard panked 801l under the dense mats of plant

material, although burrows exca By Black-y d
(2. puffinus opisthomelas) were sometimes occupied by petrels

(Harris, 1974). 1 !

. on' the Phoenix Islands in.the Centtal Pac:.f.lc, the uh:ze-
thrns:ed sr,cm Petrel (Nesofregatta albigularis) prererred areas
of bunch grass, large clumpa of weeds or loose rocks.  Rocky coral

slabs without vegetation, or ).avxng only a short cover of vegetntion,

. vere Avol.ded by, these. petrels.

Several sp&ies of Storm Petrels breed in the:Antarctic

(aher, 1962; Beck & Brown, 19713 1972). The Yrevding of the

. Blackbellied Storm Per_rel (Frega::a :roglcl!) 1s circumpolar but

limited to islands near the Anzarctic convergence. « On Signy Island, they,
o : y B .

are restricted to’the snow-free coastal zone of the island in areas

of ‘Gtable, lichen-covered scree. : The nests themselves were well

hidden cavities beneath boulders. Wilson's Storm Petrel (Oceanites

oceatiteus) also breed on Signy Ism,li but have -a broader range of
habitate and nest in a wide variety of holes and crevices on talus
slopes (Beck & Brown, 1971; 1972). Skuas preyed upop.both species’ -
nocturnally. ‘Snow Petrels :(Pelagodroma nivea) breed i rocky areas
on the perimeter of Antarctica and well fnland. They locate'in

rock crevices which are fairly inaccessible to humans (Maher, 1962).

Reports of the nesting habitat of.Leach's Storm Petrels in




the Atlantic Ocean are gane;p and lack quantitatfve diratts 58 !
habitat (see Gra;au, 1935;, ‘Atnslie & At_kinson,‘l‘?Jﬂ‘Pslner. 12762; !
| Wilbur, 19693 Grubb,‘19y71; Drury, . 1073; Morae & Buchhedater, 1977}

1979 Generally restricted to islands,because of vulnerabiliey to

terrestrial predatian, and nocturnal because of diurnal predation -

by gulls (LaTus marinus and L. argentatus) (Gross, 1935); Leach's
islands

Storm Pétre; eportéd. to breed.in burrows in grass

(drury, 1973) and in well-drained portions 6f rock-strew: meadows
(Horse & Buchhefater, 1979) shd in spruce-fir forests on islands
Squbb’7—197l)'. i "

' The 'habitat preferencas of 'the family Hydrobatidae are ‘
S‘lmllﬂt, ‘however, the 8Ctull habitat selectad varies between 191-ll|ds. %
For sumyle, Leach's Storm Petrel is repurted to prefer talus slopes
on South Farralon Island (Ainley, Morrell & Lewis, ‘1974) because of
0n'Little River Rock,

| the dearth of nesting gulls inthis location.
off the morthern coast 'of California, the same species preferred
habitat which was ilat ground with low brush vegetation and loose

soil. Haxna (1974) felt that the availabilicy of soil, in which to

with which a burrow ‘could be\ﬁx mea were

b\n'rw, am] the ea:

the ppfle JeTetiindats of optizal habitat fof the petrels on that

Sland.

Interspecific competition for nest sites has been reported’
betueen sympattically nesting hydrobatids only on the San Benitos

Tslands (Crossin, 1974). Other sympatric hydrobatids avold direct




cvmpetir:ia far nest sites by haying fiexlblu or slightly, diffaren:

[0 19695 Baék ‘Brown, 1971; 19723 Harsta, 1970

/

" tlon for nest. sices has not bgen dmms:u(qi in hydrobatids in the
i

‘Pacific or Antércue species (Ctos!in, 1974) and Hun:ington (1963),

presented evicflence that nest site availability was not u | limiting

preferred habitats ang nest sites (Allnn, 1962; mhar,/ 1962; n-,rm;,

Xm’.raspenlfi: competi:

fuctm’ to populations of Leach s Stom Peuels, even 1n Newfnundlnnd'

\ Je .- largest and host crwdea\c@ oh Gull'Is and in wuless Bsy. :
‘ s 1 T iy
\ TN o:)mr _factors influencing nest site selection; by hydrobatids
| uppeax 1sland . 1al “and®l “ f by
4 : oL e
! * | domestic animals and rodents have been implicated- in the:decrease’
| - : ;
i

" (Drury,, 1973) and ‘disappearance of storm petrels (Harris, 1974) from
. ‘lslands -accessible to man.  A¥ian“predation both at'the nest site

I

. i and on’ the wing by gull and’ other birds (Gross, 1935; Harfis, 1969;
, o i1

i

Harris, 1974) has resulted in‘burrow. nesting or crevice mesting and

e o Ly nocturnality (Spe‘cer, 1976). . Ease of excavation ot soil, conspieu-

’ of adequate (leria, 1974) wel. éd_soil (Hntae & r
i :

5 1979; Threlfall & Haycock, unpilb. 15.) determined nesting habitat.
i : .

selection fn Pacific and Atlantic storm petrel cohnieu. Surface

vegetation plays an important role in burrow architectux‘e, providing

_support f6r burrows but at the ‘expense of ‘facility of burrow excava-

tion (,lhrrln, 197’0) Other effects of vagetntion such as yr:da:or

« protéction or tnsulation for burrows and ,nanuplclmuanssa Have never

. been systematically examined.

e

=% .
ousness. of boulders: mrkmg ﬂurrgus (Allan, 1962) and the av&tlahillty

ir
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Habitat Preferences of B\m-wgg Seabirds .
& Otherspecies of aeﬂblxda (eg., ‘some penguins Aml ulcidu,

most of the Ptocellnru.dne and the Pelecancididae) breed n burrows.

o2 og Puf!:llnw (Frhtertula arctica) are colontal, ueagua; which
burrow on islands. Habitat preferences of putting i Téeland vere
quantified by assessing the eavironmental Vartables with which 3
burrow density and breeding success were related: (Grant & Nettleship,
1972). Factora which were negatively correlated with burrow density
were vertil:al cll‘ffs and ‘soil cover of less than 20cm: Deeper soil
and denge plant growth were positively correlated wxch burrow density,
as vas the presence of boulders. High burrow dendities vere advanta-
geous because” ;umnvution of burrows was easier there and the landmark
" effect of the burrovs decreased travelling time from sea to burrow
and thus. reduced prefation by gulls and:skuaa. - Hovever, . the distri-
bution of burrows was neither uniform nor random, but strongly aggre-
gated in assocation with certain habitat fan‘tutas, including boulders,’

yegetation and soil depth (Grant & NettTeship, 1972).

Crested Auklets.(Aethia cristatella), Least Auklets (A. pusilla),

and Parakeet Auklets (Cyclorrhynchus psittaculs) nest sympatrically on
St. Lavrence Teland in Alaska'(Bedard, 1969). The nesting habitat pre-
" farences of the thrae species were deternined by correlating the
density of birdg of each species with inpec:'s of their common habitat.
A species’s density in a glven habitat was. found to be under the ‘struc-

tural contfol of ‘the mu-t sybstrate. - The size of rock particles




‘comptislng substrate vas eritical £o the fusbers of indiyidials of .

each species because it regulnl‘.ed the number ll'ld size of interstices,

available as pest sites. For. the Parakeet Auklet,.food availability

rather' than the mest site options'limited its. aumbers gn the island.

* The cies:ed ahd ‘Least Aukle'tu numbers vere Lniced by the pxesence

and al \mdlnce ol suitable nes: sites.

Shearwaters, like storm petrels, are : Bt nes:xng prccell—

aritforms which breed colonially on islands. They are pé\lagic when

not at 'their bréeding grounds (Rowan, 1952; narns, 19665 1969) .~ Rowan

(1952) described the Greater Stearwater (2. gmvm) at its breeding

grounds on Tristan, du Cunha. On‘an;island uninhabited pyan ab me
t1ne, ‘the shearvaters burrowed in all ‘habitats snch’ as memﬂnws, wobds;
tussock slopes, from the edges of low cliffs to the sumnit ar alow’
‘plateas.  Thé tusdock-covered slopes were preférred habitat and the
birds avoided pond areas D e sl b 16 waterlogged to support

“a’burrow and also avoided burrowing in'the penguin rookeries.

L on Suntl Cruz: Island in the Galapagos, Audubon's Shear-

* water (_ l‘namenieri nested in holes and recesses in the cliffs,

among Boulders,. at ‘zha base of cliffs, xnd 4n a very, few holes

inland from the CLiff. topu ()larris, 1969)‘ . iy

In the British Isles, Manx Shearwaters occur on scattered

1slands oft 'thie western '-mmrd (Harris, 1966). The best known of

.- these 1allnd! are Skokholn and Skmar where :hly hurtaw inthe peat

uail of ‘grass meadows (Lnl:k.l&y, ].962). /




“may’ be: found - e Gross (1935) Ainslie and Ar.kinsan (1937) Pahnez (1962),

to October (Crossin; 1974; Morse & Bichheister, 1979).

" Morrell's Lewis, 1976) and euphaisiid crustaceans (Lintor, 1978).°

mscussions of the breedihg biology of- Leanh 8 ‘Storm ?et’rel

.w1lbur (1969, Grubh (1971), Crauln (19714), Ainley. Morrell and Lewis

(1975), and Mored and Buchhelsr.er (1977 1979)0- .

“Leach’s Storm Pe:rel range m adult body. welght £rom 30—54 gm

depending on the yopulltiun (Spencer; 1978).. It breeds colonially

on”tolanda tn the North A:19nc1c and North Pacific from late April

Whén not at' the bréeding colony, the birds ar[ Soldtdry dad: Lo
agte and migrate ‘o, squatorial replons of the Atlet and Pacific

* Gceans (m.mk, 1962;.Crossin, 1974). Leach's Storn Petrels bresd on

e 1dssuuc,.nd 1inaccessible dslands vhere tha); are mnocturnally active on

land (Ainley, Morrel & Lwii, 1976). During the breeding season they

forage: offatiore for amall fish, =ephalopods. sipl\mwl)hous (Aj.nley.

7 3
Inthe North Atlantic; return to’the breeding culnnies bq;u:u

in-late April. lezumlng birds show extremely high ndeuzy to
previn\la uuceaﬁaful breeding sites (Llen, Grimaer & Spencer, 1977,

Morae & Buchhaiutet, 1979). : ',

vA single white egg conprlstng 20 yercent of the fenale’s

" body weight is laid in the nest.chamber'of the hnrro:w between Jude

nd mid-July. Renesting aftér egg loss is rare. . Incubation las j 3




41-42 duys and uay b extended by tempnrnry deertion rluring the
tacubatton pertod. ' Incubatio 1s-shared by. both memhera Gf a palg
in average ‘shifes of 2.7 daya (1-5 iy range) (iilsur, 1969).
. broodtng nf‘nm' nestling Lasts’ Fron’ 1-3 "days (Wilbur;. 1969), and
yaung Leach's’ s:urm Petrels mﬂiﬂtain body temperatures from at

least the firet’ veek in 1fe (Huzu 1974). Other species of pro=

céllariiforss (2. tenufrostris) (Farner & Serventy,. 1959), have been,
reported to tl\améreguh:a in bnrrowsmt: hatching or Hithin 1‘2 kours

of hatching. Adult bndy ‘temperatures: throyghout :he axder arg Lo

" and this is considéred indicative of a low Tate of basal metabolism |

; : i .

(Harham, 1971). T, . L

Feading of the, nestling takes, place at night 14 the burroy.
e gl The frequency of the' feeding Visits drops Off gunauu1y over ’t!.me,
wntil'the chick 18 abandoned,1-3.days, prior to fledging. Chicku

. f1edde 62-70 days posthateh: Aasnnll:ed with the dacranu 1t

parental feeding 1s a decline in veight of the nesnllngs, completion” -

of feathet grouth; and sojourns cutside the biirréw for wine exeréise-

a ¢ “--. (Gross, 1935; nunungmm, 1962, Ainley, Mortell ) Luw:u, 1976) -

typleally lence deferred nftirity and,

Proce!

longevity. Most young birds do mot VNIt the breedisig colony until
the age gf three years, while breeding for the mjnti:y beinxn at”

i five (Buncin;tw»& Burte, 19723, There are upons of birds mir-

Viving for 16 years after initial bending Guntington § Buret, 3972)

"y 3 and in some’populations, breeding birds-live.a minimim.
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sirvival rate of at least 78.9 percnt (Morse & Buchheister, 1977)

Thik thesig proposes to examine: 1) the hebitat preferenc

of Leach's Storn Petrels on islands off the south and east coast of =~

2) the environmental varis- - -

“.bles habitat and burrow : é in one

colony of Leach's, Storm Petrel; .
o : 3) individual differences
between petrels from high density ‘areas and low density areas of-~:
this colony; and ; ' .

: 4) the ontdgeny of habitat

recognition and preferences in mestlings of this species.

Study 1

Habitat Preferences of Leachfs Storm Petrels

Introduétion

Leach's Stom Petrel 1a kaown-to bresd at a number of sires
1n the Northuedtern Atlantls, betuoen northern New Englsd and
scuthern Labrador. ‘Thé ceatre of the distribution is in eastern
Newfoundiand (Brown et al., 1975).° The.breeding habitat of Leach's
Stom Petrel has never been systenatically described although the

literature contains reports of the breeding blology of this.bird.
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(R B §
Study 1 attenpted to assess the breeding habitat preferences of Leach's
Storm Petrels nu:mg oh. thie Lina Talandl, and quanuty other variables
affecting breeding on Middle Lawn Tsland.
Hethods
The Study Area

The Lam Telanda (46 S5, 55 36'W) are four small coastal
l1e1ands off ehe Burin Peninsula (Figyre 1). They are treeless Lslands,
and the vegetation 1 primarily mixed grasses, ferns (Dryopteris
spinulosa) -and iris (Iris Versicolor), underlain by peat. Hiddle Lawn
Island, (350m by 400m; 61m in height),.supports 26,000 pairs of v
Leach's Storn Petrels, which is by far the largest population of
petrels.on all four islands. As well, 4~5 pairs of Black Guillemots
- (Cepphus grylle) and one pair of Great Blm:kv-barcked Gulls breed on )
the sland. “Ti the sumierof 1977, Hanx Shearwaters (£, puffinue),
were first recorded breeding on the island (Lien & Grimmer; 1978)..
Offer, Island (250m by 630m; 3lm in height) supported.a colony, of y

’, approximately 200 pairs of Leach's Storm Petrels, 25 pairs of Great

Black-backed Gulls, 900 pairs of Herring Gulls and numerous pairs :

of Blacklegged (Rissa tridactyla). Island,

(172m by 253m; 61m in height), supports approximately 100-150 pairs

of petrels as vell as large numbers of Herring Gulls and Kittiwake
-Swale Island (166m by 180m; 20m in height), supported no petrels
in 1977 and about ‘75 pairs of Herring Gulls. On Middle Lawn

o |

Island, the population- of Leach's Storm Petrels is im?rauiug but




Figure 1. s The len Illlndu. Smpm t!lnuel:l_! nf 1975. ‘Also

7 u‘hm 1s :‘ha locltion ,of the Lawn Inl-nd. in relation.
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Procedure "

/ v
. /
Habitat on each iulnnq}/ was sampled by running two transects
/ g d
at oblique angles to each o:"he‘r across the four study islands. At 10
/

meter intervals nlung ench, gransect, a o? quadrat was sampled for

_seven ‘variables; (1) -the niber of ‘burrovs. in the quadrat; (2) the
nusber of burrows kn- eac /quadrnt which had &bird vith an egg, a. -
bizd witha chick or a c[ick 4n the nest chamber (a burrow which met
one of these «criteria vas judged to be occupled); (3) the distnnce

. betueen the midpont of-the- lover 1ip of each burrow entrance aud the

e point on’every other burrov in the quadrat; (4) the depth of the
soil i four places inside the quadrat.and at the entrance of burrows
1f any occurred inside’ the quadrat; (5) slope; (6) the rumber of species
of plants vichiti he quadrat; (7) the percentage of cover afforted by

grass, fern, [iris, or infrequent species of ‘{egetatiant Variables two
to seven w;reb adhennil oi vaktTE one, along with séven ‘additfonal
variables, which coded for the beffects on burrow density of ln‘cation on

A particular island, location on a‘palrticulax compass Szien;azinn and

the interactions between island location and compass orientation

(Kerlinger & Pedhazur, 1973). The simple multiple regression anilysis

was cztried out using the Statistical Pl:k.ge foz Social Sciences"
subprogran Regression (“15 ‘et ali, 1975). . /
41 B
Data collection took planz on the following dates: Middle
a % : ;
|




all quadrdts on Middle Lavn Island only, and'analyzediin a simple

~19:

Lawn Tsland,. 15 June = 17. Septembér; Columbier Tsland; 1 Augist ~ 5
AMugtist; Svale Tsland, 1 September; and Offer Island; 2 July - 5 July,

1977.

Slope was measured with & Brunton' Cc‘mp s which ‘was unavailable

for'use on Colmbier Island and Swale Island. Slope vas measured in

“multiple Tegression ‘which included slope, pi, soil humidity, and

other habitat variables measured there. . Soilpi and humidity were
measured with a hand-held commgreial soil meter which was unavailable .
for usé on”Offer Island,  Available soil pH data wére analyzed in a

3 (dsland) by 3 (status of quadrat; 'fe. occupied burrow in quadtat,

‘unoccupied burrow in quadrat, or no buirow in quadrat) andlysis of

variance. ~Past depths as a function of burrow occupancy and burrow
preference in a quadrat was analyzed using'a 2 (isiand) by 3 (status

of quadrat) amalysis of variance.

On f£ive locations on Middle Lawn| Island, the North slope, q

_the East slope, the Séuth a1oye,§h= West slope and-at the highest

point on the island; minimum-maximum thermometers were placed

] i
inside 0.5m sections of white p.v.c. A:h'ai%mun pipe ventilated with

several 1 cm diameter holes and secured uéxighl: in the soil.
i

|
Thermometers vere read and reset daily, from 15 June to 1 September,

1977. -Vind velocity vas measured at the Nlr:h slope thermometer
from 15 Juna to 7 Septembér, using & hand-Held wind meter and

compass.




“

In nine areas of fiiddle Lavn Toland, 15 burcous in each azes

were assessed (total N=135) three or | four tims' during the pexzod

betveen 15 June to 31 Auguat, 1977.. Burrows were included in the
study on the Basto of homogencous biohe, location on the ialand, and
were all active with a bird and an egg when I’Litiall‘y entered and
staked. Chick velghts wére measured on 30-31 July and 20-31 August,
and vere analyzed in a 2 (biome type) by 2 (degree of slope of area)
analysis of varlince: The effects of thls/ intensive interfereice
in bur;'mm were inferred from hatching suc’ceu‘ (the number of eggs

which hatched by 29-31' August/the initifl number of eggs) ‘x 100, and

the ‘number of abandoned burrows. Various, burrow architenr_urz pns- :

I
meters, (the length of the burrow, the mmber of turps in- \c, o1l

depth and humidity, Soil pH 'and the mean distnnce tn tbree nearest

burmws). vere regressed on chick weights. )

Results

Habitat data: The direct multiple regression.of the habitat
variables on the number of burrovs per quadrat yielded an overall
F13,13278:16 (p.<01). Percent occupancy accounted for the greatest

proportion of variance (31%); no other variables accounted for

'significant proportions of variance. Mean values for independent

measures on all Lawn.Islands are reported in Table 1.

Significant correlations occurred between the number of

burrows per quadrat and each of the following:  the percentagéiof

20




occ‘;.pied burzows (r=..56,p<.01), the percentage of .ground.l:aver by
ferns (r= ,38,p&.01) and a factor coding for Myddle Lawn Ialand
(r= .46,p<.01). Significant negative mrr_aiamm. nc:u;red between
the pumber of burrows per quadrat nm:lﬁ a factor coding for Offer
Talend (re = -.25,p<.01). A factor.coding for Columbier,Island
approached significance (r -15,5<.05), as-did peat depth.in the
sunarar T . 19indinsY - v pebemtain ot webogied Bk s

significantly correlated with the percentage of fern cover' (r=.35,p<:01);

and a factor coding for Middle Lawn Island (r= .43,p<.01). i

The stmple multiple regression of the habitat’variables on

- ;Middle Lawn Igland on the number of burrovs per quadrat yielded an
" overall Fjg ,4=6.81(p{.01). Percent occupancy accounted for a
significant proportion (16%) of variance in the regression. Signifi- ' ’ '
cant positive correlations occurred between the mumber of burrows
per qum:;rijt and both the percent cover of ‘fern (r= .38,p¢.01), and

the mean peat depth (r= .22,p¢.05). . 'Significant negative correla*

tions -occurred between the number of burrows per quadrat and the soil .
pH (r= =.22,p¢.05), soil himidity (r='-.28,p<.05), end. percent cover

by.grass (r= -.25,p€.05). .Slope and peat depth were significantly

negatively correlated (r= -.41,p{.01). Percent occupancy was signifi-
cantly correlated with mesn distance to nelghbouring burrows

(e= :47,p¢.01) and the soil mumidity (r= ~38,p(.01).

On Middle Lawn Island, Columbier Island and Swale Island,

there were mo significant.differences in the soil pH of occupied
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. o . TABLE 1 “ .
4l i Mean (S,D.) of Habitat Parameters from Study 1~ . -
/ Y g E e e
' ' | g ® 3 ! vy }

i Paiameter ©. Lawn Islands. = Middle Lawn Island '/

1 e e (0145 .. quadrats) ' (n=55. quadrats)

| N ;

: I No. of burrews/ WodEl . n gt 4
mz'qi.;d'm . 0.56(1.2) 1.23Q1.57)
) Percent By e s el
i, occup: F 7.83(21;2). zu.:{(sz:z) e
A Mean peat . - o . ’,
depth - (cm) 2.6(14.3) - .0 26.3(10:5),
/ ¢ : ot :
Lo Percent cover e J % . T
fern .- 530176, 12.2(23.9) MR
Temagg o £ 43:332.5) i9.0033.2) S
; Uiris 8.4(18.0) 12.9(22.5) T
" other B 36:2(33.6) 26.0(28.1):
Plant ‘species Ak M o
, -, idiyersity (no. species . . - c
: /m2 quadrat) +:3.5(0.93) 3:5(0.74).
f o $ 5:80.4)
Mean distance" . \; \ ; o .
. to nelghbouring 7
) g burrows (m) - £0.19¢0.30) -,
‘ Percent soil s
humidity ot 89.57(12.6)
; ,
) . Slope (%) 8 19.2‘50119)

|
=
7!
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burroys or unoccupied bur:

among fslands ‘regardless of burrow occurrence in a quadrat.

Peat deptha. on the q‘undra:s‘on Middle Lavn Tsland and Offer
, Th Y “latand showed no aignificant dtfferences‘vvls P e P
accupancy or butraw occurrence in the quadmt- There was a signifi-
cant difference between peat depths’on Midile Lavn‘Island (meane2l. 2em)
and Offer Tslind (mem—ls‘acm)\rl,mnz.‘37 (5 ¢.05). The ‘average

. iidnimun-masima temperatures for the give sites on Hiddlé Lawn ‘Tsland
st i aiizy” mivce wedino gt cane ditferences
between the sitgs. 'Mean wind veloclty is presented in Table 2. M‘eAn
R it was 15.24 per hour”and prevailing winds wers from a. <
4 X ’ southwester]y divection. 0n storny days, the' il GRFE S meRSys Y

froma north-r}orthust dtrection.

Chick veights and success:, An anlysis of Vltiance which
cmnparad the veights of chicks as a function of biome and slope’
yielded a. now-significant F1,91=.01." Chicks frm,slnped areas of the' .
1eland were not significantly heavier than chicks from level areas:
of the island nor vere chicks from fern biomes heavier than chicks ;
£rom grass biomes. However, a sigilficant intersction (Fy 91=5.72,p&.05)
indicated that chicks from/sloped, grassy areas were the heaviest ’

M in the sample. .
|

The {nittal sample of occupied butrows was 135 on 18-26
June/- Two othier interventions in sll study burrows were completed
on 10-12 July and 25-27 July, and nh_iéks weighed 25-27 July. On




TAB]

LE 2

Island. diring Jnne, July -and Mgust, 1177

Nean Mun:hly Minimuin and xuxunm 'Iamyeutuun (PC) on Middle l.awn

Location .© - June Jily Auguse .

Y ] ain-max sl i mif-max

Yorth " 8.2-15.0 9:6:19.6 a0
3 South - 6.5-16.5 9.6-19.6 116-36.2

Summie 's.zv—ls.ov 20,4194 - T 126193

yes; 7.7-18.2 8.9~21:3 iis-21.r, ¢

“Bast” i L fa.zl—la"a‘._ N 10.220.3

11.9-19.2

Mean Monthly Wind Velocity on Middle Lawn Island diring June, July

T

and August, 1977 ¢
»' June July i August ; |
" Wind" ' Dirégtion - | Vind Direction  Wind' - Direction
- speed speec . g speed 5 v
(km/hx) (kn/hx) (n/hr)
32,7 SE 1750 12,60 w220 18




29-30 July, the burrows vere. again entered and the chicks wereweighed

(with t'h'g\ e/xc"epuun of 11 ‘bux‘r‘mﬂ;?. ‘At this cin?; 107 of, the qr;énul
burrivs (79.37) vere -stiil occupted. A fourth iatervention on 24~28
Septenber, 1977, relocatéd 106 of these 107 -chicks (39%).  These
chicks’ were either fully feathered or the burzos was empty with pu,
éig of \predation mortality a'the birmw: Some bufrows were entered

. four times and some’burrows were entered only three ‘times. The
number ‘of intervéntions wasinegatively (re'—.46) but fot ‘sign{ficantly
co"ruyla:ed with the  number of chicks' fledged per habitat ares, No

" ares fledged a. significaifly greater nusber ‘of chicks and .the Taté of

burtow abandonment was sinilarly uniform, v o v

Burrow architecture parameters Were regressed on the chick,
welghts. of 29-31 August. The simple! mitiple regression yielded a.

nonsignificant Fs gg=1.27. No variable correlated stghiLcantly with

ahy other varfable. i  *

_Discussion

The results were highly variable betveen all the islands -
hen congidered together and .on Middle Lawn Island. Certain species
of vegetation were ‘positively rilited to the mmber of burfows per

ek i
quadrat on all the island

Variables related to island ldcation

or'burxow location'were not related to burrow density excépt on

Hiiddle Lavn Island where there wes @ higher mesn demsity of burrows ..

overall and & larger proportidn of these burrows were tecupled:




Cuqudng means of mllhl-l qn all the Lawn Islands to Iolm on
Hidlﬂ: l.-wn Island dmmted that bmwn _on Middle Lawn Island

were, c!.osar u;azher, 1n deeper soil and u-n more iikely m be
occupled. - The ‘single varisble that:sccounted for aignificant ‘

s of variance on all islands was percent . . ,

+* occupancy.: Variables on ‘Wddle Lowy Island which tcwlmted for

“ relatively large amounts of vartinés 414, mot account for similar pro-.
* portions of variance wher all the islands were can-ldnud togsther..
This vas taken to indicate that- the pettels may be oppuudnxuic in:
- their breedm habitat seléction'on these islands. - Pulthemare, “
 since the pl“el Population u( Hudla x.mm Ioland 16 inciedsing aid |
the petrel populations on the o:her three 1slandg are dhcrenitgyst L
“itis suspected that petrels on Mtddle Lawn Tsland -n ‘beginaing to

utilize a broader range of habitats. 2

Although Testricted to islands because of vulnerability to',
prefation; cics & colony 1s located on an 1sland the habitat
preferences of the petrels on the island nay be influenced more by
the nature of the avalsble habieat rather than predetermined °

Apréuencag. 0" _

: Other a-u analyzed sepsrately did nnr_ present -icmr-cu: :
Z pmuu either. - For examplé, the pi.of the sot, despite a signifin
cant inegative corrdation ‘um\ the mmber of bufrows per quidrat on,
mdm Lavn Island, vas nJ: stguificantly d:!fhun: 1n uccupled

bnr:wu when comp-nd to Ilnoccupied burrows on m.ddl. Lawn Iuind,




‘with no‘burtovs in them

with ng"butrovs in then’ o the- o

. burzovs. Y

Columbier Island o swale InlAnd -0n m.ddle Lawn, Island occupled’

" burrows had ugnuu.nny Togi sotd pH's-than. the soil pn's bE qmdrau -

Vhen unnccup:led h\l!raus on Hifdle Taim!
Taland, Swale Tsland und Columbiter Tslands vere compared to qu.nn:s i

ds, there weré o signiil:an:

differences in'the sotl p's of either the islands or the burrds ;:r

quadrats. The biological pxgnxﬁcme of these® findtnge nay ‘be’ o

negtigible ds Scott @ers‘ culmn-) has expressed denb: cm petula

change so41 pH in and around their nesting colonies to'an extent thul:"
the vegetation in the colontes would be affected. urthermore, dde .

to the small umple size of data collected on be:h Svnh Island and

' ‘Columbier Tsland, these results are to be interpieted cautiously,

® 3 N

. : | :
Mean peat depth was significantly deeper on Middle Lai “ . v

: . : | 2
Island than on/Offer Island, when these two islands were compired,. but

was not différent’ in quadrits with o -burrows locatéd in them, nor at

“unoccupled ‘burrows ‘or occupled burrovs.. In general, the caveat about

&mall sample ‘sizes holds for the data from these two inhnda_u well,

bu: on madu Lawn Island alone, ihe mean peat. depth. in qudzatl

. supporting ‘burrows exceeded that of, quadrats which. supparted o’ i

¥ G

. Chick weights as a function of natal biome. or slope.were
not significantly duieren:. although chick: 'tt:}m flat, fern areas
were significantly. heavier (64.7.gs) than l:hick.u from .may. level

dreas (57 ga), grass slope (so 1 y:) or fern alayaa (sz 2 gup




'

_There vas no-difference among these areas on the number of chicks
presuned fledged by 24 Septenber; The greatest mortality occurred
 durtng dncubation of the egg.. However; the mean percentage of eggs
hatching £rom the initial sample’was 85 percent, (73-88% range) and
all but one of these chicks-survived to fledge. These rates of
success compare with other studies of the breeding success of Leach's
Storm Petrels which report success rates of 66-82 percenit, from =;;g
A layitig to fledging (Wilbur, 1969; Morse & Buchheister, 1979).

) . .
The negative correlation of the number of interventions

with success does indicaté the deleterious effects of entering a

¥ burrow. s

The burrow-architecture parameters could not be related to

« chick weights in any way.

S C  The high degree of inter-island varisbility in habitat | ¢
o P preferencqé of the petrels and the d1fferences in the size of the
perel populations on. the thres islands which supported petrels
malle the results of this study inconclusive. The study of habitat

v E prafgran:en wds therefore extended to two other islands which

§uppor't much larger populations of Leach's Storm Petréls and a diffe
. Ly Vi :

s W7 %» erent sampling technique was employed.
b > : F
R fe Study 2

lid =g Habitat Preferences of Leach's Storm' Petrel

SH In:tod\lcﬂun' s

Study 2 vis carried out in three. large colontes. of Ledch's
T i e e




.. maxtmum of five.

. 800m wide at its widest points.

Storm Petrels. around Newfoundland. Field methods and statistical

procedurea vere alrered considerably.. Sampling off a transect assured :
za-ndnmness (Smith, 1974)" but hubir.at supporting no burrows was over—

repr:sented in the_ datd. ~ Pt éhoraore, the range of the dependent’

meagtre (:h= nuiber of burrovs per quadxa[) was from zero to a.
An altefnative Rethodiof sampling which incorpora-

ted randem and equal of

and nonpreferred
habicat was achieved by sampling to a density criterion. The criteria
used f1 Study 2, vere ‘arrived at by dividing the aingle cofitinuous
dependent. measure of Study 1 1nto fwu:: dependent measures: © A refre-
/Qenzauve' sample of petrel habitat on three islands was ‘colldcted: it
1978 and analyzed using a multivariate (echl;ique,v discriminant

 analysis (Ferguson, 19713 xérugg & Pedhazur, 1973; Tatsuoka, 1975).

The s:ufxy Area
Gull Tsland (470 15N, 52° - 46W) Liss'off the cast coast of

' the Avalon Peninsula (Figure 2). Tt is approximately 1600% long and

Eastward-facing exposures are of smooth
cliffs, westein cliffs are broken, overhanging cliffs With numerous
Tedges, .north and south coastlines are indented with long, marrow

coves, Maximum sumer temperatures are about 27°C. Fte'vuillng wind *

apeed 18,2475 kn/hour (Threlfallis Haycock, unpub. ¥S.).

Veseuticn
above the \t.pcky coastal slopes 1s grasses '(Festuca rubra, Deschampia

exuoga, ne\\r sheltering vegotation such as dead trees or shrubs,

red rupberry (Rubus 1dacus) occurs. , A forest of nixed speclss of trees




Slq:le‘ue-. for Groups 1-4. (map ¢
after 1 n:-.l.f.u & l-yeock m xs,)..
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| Gull Teland in relation to the Avalon Peningula -

and Newfoundland. (After Threlfall & Haycock, *

‘unpuby MS.




Figure 2 b.




spinulosa), shrubs and the seedling of the deciduous trees. Puffins,

western tip of Conception Bay (Figure 3). It is approximately 6km long

“and 1.3 I wide at its broadest points and x‘ises to a maximum helgh:

+orthweatsrn cosstline of the dsland. - Prevailing wids during the

; i . : T 3
eliealid largest area of the island.: The most sbuidant tree species
1o balean fir (Abies balsamea). on the east and south sides of the islind;
on the south end, white spruce (Pices glauca) is common. Understory in ’

the less dense forested areas is &d by wood fern (Dryopteris

(50,000 pairs), Herring Gulls, (2,663 nests), Blacklegged Kittiwakes,
l

(approxinately 10,000 pairs), Razorbilled Auks (Alca torda, 37 pairs);

Murres (Uria aalge, 316 pairs), and Black Guillemots, (14 pairs), vere. -
Feported to breed on Gull Island in 1972. Petrels burrow everywhere
that there is organic soil with the exception of wet areas ‘and washouts

(after Threlfall & Haycock, unpub. MS.). = = .

|- Baccalieu Tsland, (48° 07'N, 520 4MW) lies off the north-

of 122m. Vertical ulifl faces of 50-75m punc:ulla the ‘eastern and

summer are from the south, with'occasional winds from the morth.,

. C\mlfato'ns forests of balsem £1r. and vhite spruce cover
most-of the northeastern and sorthvestern portidns of the island. In
some ‘areas of the island' the dense forest excludes. light and there is
no, unrlexatary of shrubs and rems. The edges of the forests, ° {
particularly in Group ¥and 4 areas are characterized by a thick
understory of ferns, shrubs and mixed grasses.. Aress mot covered]
by forests are pum:nu:ed with Tock outcropping covered with peat

moss, grasses and ferns. In some of these areas there is little soil




Sample Avess for Growps 1.
.l.qe-um:"of Baccalteu Island in nd.-tiu u Co :
Nevfoundlasd. (Aftet Hontevecih, Harvey, Kirkbam &
" Patchane, 1a presdy,
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deposition. S

© § %y Several. species of cliff-dwelling seabirds occur,on the ‘cliffs: * g *
4 '~ - North Atlantic Gannets (Morus bassanus), murres (Uris salge end U. 11brnvia)-

§ Bucuegaed Kittivakes, Puffins, and Leach's Storm Petrels burrow 1n the

so11 ‘(Montevedchi,- Hatvey, K!rkhlm & Purchase, i press).

The ‘only mammalian predators on the igland are red foxes and

domesc1: animals (dogs) The foxes have been documented taking ‘the

egks of all the species listed above and prey on the young and adilt-
adaal

petrels, which they dig out of thelr burrows (Montevecchi

press). .

(See Study 1 and Figure 4 for a.description of
\ X

Middle Lawn Island.

this study area.)

Methods

'Field méttiods: 'On each’ fsland, 40 m? quadrats were sampled 1n areas

of ‘the: petrel colony which di¥fered in Viilliﬂlly estimated petrel

burrow density.. The areas are indicated on maps of the iglands
(Figure 1-3). . groups vere sampled with, ten quadrats in each

: group; the total sample from each island was 40 quadrata. Quadrats
were randomly placed in the study areas and then included in a’
group on the basis of burrow density within the quadrat; quadrats

T with zero burrous were assifned to Group 1, quadrats with 1-2

. . bukrows were assigned to Group 2, quadrate vith 3~ burrave were

‘assigned to Group 3 and q...dm. with 5 or mote burrows vere assigned

T

’
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4 x 5 matrix); (3) the number.of species of plam:¥ (b? the number

‘to Group.: Occupied burrows (burfows with.a bird egg or chick,

‘op-a, solitary chick, were constdered occupied) and h‘u:luded in the -

sample T ¢ . »

o

¥ v ¥ . :, 1§
Fiye measures. vere taken within each quadrat; (1) depth of .

“soil, in fml!' places} (2) pezcu\c ground .cover. hy P m: species (esti~

mated b y Sasasding vegenttoﬂ cover'a 20 ‘spots wi in| (the quadrat {n a
4

of ‘tress: (5) vegetation keight from the surface £ th% ground to

the top of ‘the vegetation; excluding trees, in fofr pla)cea. ¥rom

these five field és, nine 1ables weré calculated

7

¢ P I
TheSe nine predictor variables were then employed [withid the discrimi-

nant analysis. -The nine predictor varinblas used |vere: (x) mean depth
of the soil in the quadrat;:(2) percent irdund ainer aff\n:ded by fern: :
vegetation; (3) gercent ground cover by grass species;”(4) percent
ground covgr by moas spactans (3) parcest burface area which lacked -

vegetation; (6) percent groind cover by 1nf!equent species of

vegeta:ion. (7) the total ntmber of plam: specles ot plant species’
diversity; (8) the-total number of r.mes ., both nviég and dead;
and, (9) Hean vegetation height, g |

The data seta fron each island vere analyzed beparntely‘ -
The similar scale of the predlcto: variables hetween iahnda rendered
inter-island conparigons valid.. Within edch quadrat, the nunber, of

burrows and the status of all the burrpws. vere recurdegi.

_Statristical methods: . Data was dnalyzed using T multivariate

technique (see: James, “ld71; Rice, 1978), discrininant |analysis.




" Mnear combinations'of the form of :

“the groups

In general, _analysis is with several

data groups which possess values on :vo or more predictor variables.
F2

1y group

interrelations among the predictor yariablés® (Nie et al., 1975; Tatsuoka,

'1975). The dimenstons along which group differences occur-are linead

of the pre les and at the same Lllz, geometric

axes in space. ahalysis 1s a

1 tool for deter—

mining a- llnnlr combination of the predlc:or vurll.ble' ﬂul shws large

differences tn zmp means (Tatsuok#, 1975). Almaush conceptually

i lnaloguuu to mll:iph regression, with dllcrﬂnh\lﬂ: lnnlysis the

dependent variable 1s alvays £56up mpmbazahiy (Keritnger & Pechazur,

1973 10 dtstinguish between Eroups of-cades, prediétorsverisbres

m-u!inz characteristics on which the groups are upa-::ed to differ

. are sampled (Nie et al., 1975). With three’or more groups, & Linear

Sstfuation is mought that will seximtss Feoup Fory e B A

A e, e 3
the groups relative to the differences within the groups (Kerlinger.

“& Pedhazur, 1973). 'l'h- of the

Package for the Social Sdnut (ste et al, 1975) was eaployed for

the discriminant analysis.

In combining and weighing predictor variablés, such that .-

e statistically as distinct as possible, one or more

Dymdgaytdygsyto. -"1p ) : .

aré created. D, is a.g score of edch quldra: in a group on the.

dis rl.mlu.lnt function 1, d is the ‘leight!.ng coalﬂclenl: associated ¢

[ : : .:"‘/4 Sy A

aré sought on the basts of the




with-a given 1able, z 1s the value of the

P P 4in the analysis. The scores are

standardized (% = 1,6=0), 50 each score Tepresents the mumber of
standard deviations that a quadrat is away frcm the mean for all

quadrats on thatydiscriminant function.
S

. The mean of scores for the quadrats within a pucic'ula:
group 1s tha grovp emn of that fuiction. Tor ‘esch group, the mean:
on all furictions is the groupycentroid. It 1a the most typical
iocation of a:quadrat from that group'in e dtocrintnant functiod

space.  Functions calculated by the pro;nm are un‘lnssd 1n order of

dacuning annﬂ‘.lnce (Hia al, 1975) because each. function is

calcilated €ruh residual variance maccomted for by preceeding.
functions (Kerling & Pedhazur, 1973). The location of group means
along & parcicular function say be conpared, keeping in mind that as

te!hlul vlﬂlncl d.c!ulel, group dﬁflteﬂcu llltlnrly decrease in

than similar sized dlfferen‘:e! on-later functions.

\
i

The Dis t progran provided other analytic .guides.

The dhcziwinm: fnncu.on cuefﬂuent- (d,) are analogous to beta

weights of mltlpl- rﬂllion. Calc\lllted on standarized dutA,

the sbsolute value of the coefficient represents the relative .contri- |

bution to- the fuiction of its assoctated predictor varisbles: The

“-sign denotés vhether the ‘variable makes a positive or:negatiye

to the funcel nay be used to naze

“the ‘imdon because they unufy the donl.nlnt characteristics of

- nicn!ﬁ:lnce. Differences on the Firse function. are more meaningful




a funétion (Nie et

, 1975).

‘Eigenvalues are also of analytic use. Each eigenvalue is a'

43

measure, of the total yariance existing in the discriminating variables

“explained by a given function. The Yelative importance of the

* . mssociated function is indicated by the percentage of the total sum

of the eigenvalues that a particular eigenvalie accounts for.. The

_number of or the ity of the space

IR E
1ia determined by the’number of eigenvalues associated with an analysis.

''It'4s the smaller of two numbers, either (K-1), where K is the number

of groups, or,p which m»iumber of predictor varisbles.  The

istically significant ‘functions may be éven a\uller

number of

becahse not. all of the functions may

along which statisticdlly significant differences exist (Nie et al,

1975).

Canpnical correlation in general is the correlation between
o linear composites, one each for the dependent and lndevmdmt
variablea. It is symhauzad as R;. In the dis:rlminant suhprogrgm,

it is used as a means of judging the importance of a disctimimmt

function. " R, measures the degree of association be:veen the iunc(lun

and the set of (K-1) dwmmy vartables which code group membership. *
‘1t s indicative of how .closely the function'and the group variables
ere related. fhen the 'é-nonz\qu 'cnrxelnum ig squaréd, the value
R equ.ll the amount of variam:e in the: diacrl.ninmt func:l:m .

explained by’ the groups.




The number of d: 0 18 11y

" Limtted to (1) or p¢ Edther of these two values nay. exceed the
e e TeeE o Bk dis‘[inguisl\ between groups. Wilk's
lambda 1a a test of the significance of the difference between
groips and the. significance of ‘the contribution to group attserintia-
_tion of a function (Tatsucka, 1975). By, testing for the sifnificance
‘of dscrintnating infomation not already accounted-for by earlter
funcl:iuns, it Becones a criferion for the elimination of superflious

functions. As lambda's value increases, it is.an indication that

there s less in ’ 1
may be transformed into a Chi square statistic for testing the ;
difference betveen group centroids. -The null ;y‘yathes:ls, that group,
differences after resoval of the first d.isczi.minln! f\‘.\nction are due’
to-sempling error, is- rejec:ed 4€-the Cht square 1o significant.
Otierwise, group tterences ‘ara-aisuied tobe thi result 8¢ sampling,
error. and no dubsequent functtons Vi1l be aignifidant, if dsrived. i
Non-significent furictionis need mot be derived for nathematical or
analytical/purposes if discriminltlon has been attatned by previous
“functions (e et al., 1975; Tn:suoka, 1075). i
Resiults

-~ _Gull Island

One function oz :ha chres possible functions, was\stutiau:l]ly

. sipniftcant (Wilk's lambda= 0.06,5¢- 01). It 'accounted for 92 percent

oF the variance iated with the, 1abl The d:




Anant coefficients of Function 1 are presented in Table 3., fMean

Vegetation height provided the best criterfon on which to digerimin-

ate the four groups. The of the group centroi \ 16
presented in Table 3.  Growps 1 and 2 were close on Function 1, while

3 and 4 were separate from each-other and the first: two groups.

:l'he classification routine of the Discriminant program verified the
g(u\:p overlap between Group 1 gud Group'2 by shouing that statistically
half the Group 2-quadrats were Group 1 At dRapAce Tin EUERE e
1n petrel burrow densities between the groups: Overall, 67.5 percent

Of the: quadrats were correctly classified. =

Middle Lawn Island

Two of the possible three functiohs were significant.

Those functions' accounited for '90.8 percent and 91 percent of the

variance associated with the 1abl Wilk's lambdus,.
canonical’ correlations and di function 5

iated with the “are in Table 4. Coefficients
of less than 0.1 are not rted.” In both functio e

of ground cover by fern:is the best criterion on which to separate

the groupd. Group on the twb are in!
|

Teblé 4. Groups 1'and 2 scored highly along Function 1 and were

d by a small of fern cover, shallow soil, and

lov percentage cover by either grass or:infrequent species of vege-

tation. . Group- 1 quadrats scored highly along Function 2 and vete
discriminated from'the other groups primarily on the bisis of having

Tow. vegetation: This functfon vas interpreted cautiously as it




TABLE 3

Discriminant analysis on Gull Island

Function . Wilk's lanbda Caiondcal correlation
= = i
1 0.061 is [ 0.93 |
2 ’ A 0.055 o571,
3 \ 0.825 0.418
i
\

Predictor vlrl\!hla-

Stapdardized co

© Mear vegetation height
nean peat’ depth
% ground covar\ by moss
% exposed- ground
% cover by ferns

- number of trees s1.\1 quadrat

0.766
0.175
0.172

0,148+

‘0,027 J
-0.014 ’

\
|

i l Group centroids orf the significant function

Group | “Centrotd on Punction 1
3 e
3+ | o 0.997"
2 " ~0.887
- O : i 0.643
& f 1.181
i
i |




. 3]
i i N ! %
i e ©. UTABLE 4
b Discrininant analysis on Middle Lawn Island ~
- Function B % Wilk's lambda i Canonical correlation
10" 0004 - 0.989
:. zon 0.176 - 0.903 L e T
3" Yoo . 0.956 0.210 :
7 —
SR “Predictor varfable . g | Standardized coefficient
: } Tr
Function 1 -
o ~i.097 -

‘% ground cover by fern

*X ground cover by grass —o‘_zf;a 2
"¢ mean peat’ depth L E -0.149
. % ground cover by 3 A7 : o
{nfrequent species - K ~0.149
2 ‘. Function'2 Y S e o ~
% ground cover by fern : 5.991 !
g ground cover bydgrass: T 4175 1 g '
Yn, it o 4 : 5, 1 ’
( infrequent species . 3.252
-0.999

tean vegetation height




u

_Group centroids

TABLE 4 (cont'd)

on significant Functions', -
. - iy

Function' 1 -

Function 2

T

1.152

24 0.810 -1.355 :
I3 -q.880 : . 0097 s
4 ; 1056 T 0.06
5 o
. re : %
: L
- ! " 1
3 &l = I
2 R ; N
o i | By




. of vegetation cover .and. peat depth. Group. 4 qun&< s were character-

49"

Island.were statistically correctly classified.

Bacealteu Island |

" §
Three, of the three .possible functions, were statistically ¥

significant. Wilk's lambda, canopical correlations and discrimipant’ .

7 function coefficients are repoxted in Tdble 5. 'Function l accounted

for 50.3 percent /of the variance associated with the predictor

variables, Function 2 accounted for 30.2 percent of the variance; '
s

and, Function'3 accounted for 19.5 percent.. The interpretations of

the functions were veighted accordingly.. Highly variable predictors )

were fron the of ' the results (Tatsuol S
3975). ’ ) :

Function 1 discriminates between Groups 1 and 3 on. the
basisof percentags ground cover by wain grass and infrequent
species of vegetation, the nimber of trees in the quadrats and peat '
depth: Growp 3 quadrate scored highly along this function and vere
characterized by a low percentage of cover by moss, grass or
infrequent vegetation, the deepest soil and the greatest number of
trees of any area on the island. hméu.nn 2 -best discriminated
between: Group 4 m/d tha othier thras grows on the 'basis of plant

species diversity, percentage of exposed ground, species and height

/
N

CEE v




TaBLE 5 ;
Discrininant analysis on Baccalieu Island

Funcion Wilk's ‘ladbia " Canenical correlation
L 0.067 0.850
2 0179, 0.791
*0.480 0.721

G E i

‘Predictor variable

Standardized coefficient

Function 1

% ground cover by moss

‘. % ground cover by grass

% ground cover by
1infrequent species

number of trees
,mean depth of soil

Function 2

plant species diversity

" % exposed ground

mean vegetation height

mean peat depth

% ground cover by ferna

~-1.155

=0.993 "

-0.931
0.323
0.204




_TABLE 5 (cont'd)

Pfedictor variable © .. .. Standsrdized coeffeicient

el
ru_x;cq;n 3 4 5
% ground cover by moss : % ;1.457

N7 % ground cover by - . ; A L LK
J infrequent species =0.945
% aﬁpo-;d ground . Ty S g 10,758 ;
%.ground cover by Qx-ge e R
% gound cover by saiis . ;s ‘ e o -0.44 .

T

Group centroids on significant functions k7

ge
s ;
i
" Group ‘Fumction'1 . Functdon 2, Function 3[ A
i A f e
X o105 ©-0.747
2 -0.332 . 1.166
R o LR ) 1Y -0.307
& 0.117

0112,

L,._'< i




" ized by tall, diverse vegetation and the predominince of ferns.

Fuaction'3 discriminated between Group 2 'and Group 3. Group 2

d by yery small cover by moss,

quadrats were charag
infrequent species of végetation and exposed growd, and larget
percentdge ‘cover by gm;s and some ferns. Eighty-six percent of
the quadrate vere correctly classified by the analysis. This is
1n: part due, to the power of the predictors and the number of signifi—

cant functions (Tatsucka, 1975).-

Burrow occupancy rates and mean group values on the pre-
‘dictor variables are presented in Tables 6.and 7.

Discussion

Breeding habitat selection by ‘the petrels on the three
islands in the study vas varlable. Thig vas simlar to'the results .

; found in Study 1. ’f E ! @
’ .On Gull Tsland, high burrow density habitat vas character—
ized'by tall vegetation; deep peat, and ‘trees. The lowburrow

density quadrats,. and quadrats with ;\s’burmws in them fell close to-
gether on ‘the single significant function. This habitat had shaliow
soil; trees, and ‘short; sparse understory of moss vegetation.. It'is .
possible that most of the bast habitat’has been occupied on Gull
Tsland and now. petrels are boginstng to, cultivate narginal

(Groulfs 1-2) habitat. : e oty

B
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« TABLE 7

Island and Baccalieu Island in 1978

*Hean" Groip Seores on Predictor JarLiables on Middle Lawn Island, Gull -

Predictor variable

Middle Lawn’Tsland -

Group 1 . Group 2

Gtoup -3 Croup 4

-

mean pest depth(em)

4.3

21.8 1, 31.1° 44.3

% fern cover o0 5.0 .0 960
% grass cover Cgds 40.5 v 'a.‘o' 2207

* %uoss cover P 1.5 0.0 00" 0.0
% exposed ground Tsis 0,0 0.0 00"
% infrequent’ species zg: 9 1540 5.5 1.

" spectes diversity 3.8 36, 34 3.1
nuber of trees Y 0, 0 o

| memn Yegetntion : % 7 ) .
neight(en) 10.0 33.2 3.1 34.4

! v 4 : "




TABLE ] (comt’d)

Growp 1. Group 2~ Growp 3

28.3
©0.0°
%0

.

| 56.0

g e

i«
1
|




TABLE 7" (cont'd) -

_Predictor yariable

Baccalieu Isiand

Group 1 Group 2

.mean peat depth(cm)” 3.1, 7.6 66.2 _ 45.1
% fern cover . -, 0.0 - .3.5 26.5 1821
% grass cover . 20:0.) 725 140 28.5
% moss ‘cover. : 4.0 . 9.0 18:1 6.5
% exposed ground ' 0.0 - 2.0 335 16.5
% infrequent speces L 0.0 s 53 30.0
' species diveraity SRR 5.2 3.1. 5.1
nunber of ‘rees 0.2 000 o5’ 0.3
néan vegetation $ -
height(ca) . e 180 T aga 2000 '30.0
Lgn ~
e i
. ;
ks S . ;
a > i

56
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On Middle Lawn Tsland, the high petrél burrow density and
| moderate density (Groups 3-4)'were close together on both significant
: fynctions, while Groups 1 and 2 wdre ;uaéu’ separated from each other .
and the other two groups. Groups 3 and 4 habitat had a large per-‘ '
«centage of ground cover by ferns and deep soil. The location of
3 Group 3 and.4 on both functlons suggests that there 1s little qualiv
R tative difference between these hn‘biznts Some good habitat 1s !
| avatlable to'birds breeding for the first time. The divergent loca- ' ‘
tion of the Groups 1 and 2, suggested fhat 1f good habitat was rot
available, the slternative choice way different habifat fron the
Habeae st v 1Eas iRl ThJa vas vnlike the results fram

E Gull Tsland whee Group 1 and 2 habitats were similar; which indicated ¢

tha alfernstive habitat was the same as habitat'where no birds
s ¢ . located burrows.  Non-utilized areas of HiddleTLm;n Taland had shallew
» 8011 and Tow vegetatior.
» !uculieu;.Island hlbit.ﬂt, with a sparse; tall understory
"ﬂf ferrs, and l{mdern‘:ely’ ep soil and trees, was h}ghly utilized by
wy the petreld. 'Group 1'.;;-;3 ts, in contrast, had no trees, few,

- 1 i
i plants, and’ shallow 50il.

: The significnnce of burrow .location sttntegies uuly be re—

® ©* lated to the m-rv!.val value n! sllch strutegies and the nature of

A% available h-}:xm; on an island. In this atudy, 67.7 percent of -the

e ol accenaible burrows on Middle Lawn Tsland were occupied wh

the buuw %
vas r.n[ered, 67. 7 yel‘ce'n:‘ of t)m accusl'ble Jburrows” on “Gull Island

Heu active, aml es 5 percent of ‘accessible burrows. were nccuplad on &

i
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Baccalieu Island. * If the rate of occupancy is' brokpn down by group
(see Table 6), the 1argenc n\mbera of nccupieﬂ \mt:?yg oceurred 4n

Group 3 habitat. Although this Right be 2 reuult of "the 1nzr1||sll: )
value of the habitat being reduced as the mumber bf conapeclﬁ.cs 10
‘it dncreases (orians, 1971), the nccurrence of empty burrows argues

ayinst this. Huntington (1963) inund thp.: there .appeared to- he

. room for more birds e besasief high petrel burrow density as

75 percent of the burrows entered on Gull Island were occupied and act

66 percent of the burrous. werg Gecupled on adjacent Great Island.

The present data’ may re(lect a change in breeding hlbitnt
selectlon by, the petrals®n these islands. Petrels may not be returning
to Group 4 typé habitats but are colonizing Group 3 habitats on the
same island o leaving the coloy.’ This is !yaculaciun which could-be *

tested by consistent bmding of adul:n and young over mny years.

Factors ‘ofher’ than nest gite availability appear to be affect-
ing the numbers of. petrels in each area.\ The factors could be predation
or habitat changes which' render the burrons’ untuhebitable (eg: sée
Thtelfall s Hayeock, unpub. MS.) or 'emmigration of birds reared. in
Newfoundland colonies, (Huntington, 19633 1973). Huntngton (1963) has

suggested that the Newfoundland cnlunies of Leach's Storm Peu’el.s have

a :relunduuu 16fluence on other Ax:lam:ic colonies of pe:rels through

the interchange of individuals.

Other spectes of burrowing birds (eg: puffins and auklets) Z

are limited in location by, the availability‘and depth of suitable soil
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(Bedard, 1961; Grant & Nettleship, 1972). On all thrée islands in
thia study, the greatest mmber of petrel burrows occurred in the arehs
of deep peat soil. Possibly there .11.{ a minimum peat depth required

for support of the burrows and this minimum may increase as the s
number of burrows increases. Peat could also serve to insulate and:
keep burrows dry. Habitat variables which were correlated with deep
soil ue_r%"pn vegetation and fern'vegetation, and trees were also

good indyicu;mjubof peat depth when, they occurred with' tall undetstory

" such as on Baccalieu Teland. Conceivably, petrels are guided to néat
/sites by vegetational characteristics which signal other necessary
factors such’as. peat depth.’ Grant & Nettleship (1972) speculated that
puffins return dost rapidly to burrovs which have a landmark feature .
beside them and that a rapid return to cover of a burrow increases

the chances of survival. Other petrels (ALlan, 1962) rely on conspicu-

" ous bnulde!s to, itk bukova. Tall Vegetation or trees may gerve a
similar purpose for Lench'svstcpn Petrels. on these island v’mich‘ requently

experience ‘avian predation by gulls (Aimslie & Atkinson, 1937).

Study 3 . i i
Burrow Architecture Characteristics
\ . ;

% ‘
Introduction

Certain advanfages are accrued by birds which burrow or
7 :

Live' 1n" crevices. These includa the avoldance of ‘predation (Horse &

Buchheiuter, 1979), the of 3 ¥ (White

. ‘et.al., 1976), snd energy conservation- (Kmuleigh. 1960 .
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Leach's Stor Petrels burrow in peat soil on lalends. Burrovs
consist of a straight or curved tunnel, terminating in a spherical mest
chasber. Nesting material lines the bottom of the nest chamber vhere
e stngle gp 1a Jabi; Tncebatioe of e egs, Bréodisg sl fasding
of the chick takes place in ﬂl! nest chamber, Previous studles of the
burrows on Middle Lawn Island (Lien, 1976 Lien & Clements, 1977;
Spencer, 1978)- démonstrated that turns in the tunnel are frequently
 the result of impediments to burrowing directly intd’ the soil, such as
%ot or rocks. However, there may be. other functions served by the

turns*in the tunnels such as' regulation of the burrows''internal climate.

_Burrow z affects 1 such as standing .
waves generated by the burrow and attenuation of difsarint’ sound
frequencies.| Both are features of the burrow which modify petrel
vocalizations and their meantng (Lien, 1976).. Physically, the

burrows change with age

a result of the digging back of the nest
chasber by each season's occupants (Lien, pers. comm.; Morse &

Buchheister, 1979).

This study relates the physical characteristics of the petrel
birrows on Middle Lawn Island to the daytime internal microclimate of

the burrow and the status of the burrow.
'

Methods * s
During July and August; 1978, thirty burfows on the north-"
east ‘exposure Gf the island, and twenty burrows on. the southwest
2 : '

exposure vere entered and marked with mumbéred stakes. These burrows




were/ chosen at Tandom within each area.

Y In each area, half the burrows were occupied at the time of
the intervention, and half were unoccupied. All burrows judged

occupied had birds with eggs or birds with chicks. in them.

Interventions into the burrows were carried out during the
day to minimize the disruption of the birds. The following measures
were: taken at each burrow: (1) slope, (2) direction of exposure on
the island, (3) ambiént air tempetature, (4) surface atr tenperature

, below. the vegetation, (5) air-temperature in the. tunmel, (6) nest

chamber air, temperature, (7) peat depth to bedrock at burrow entrance,
(8) best depth to the tunnel, (9) Peat depth to the nest chamber,
(10) distance to ‘the ‘five nearest neighbouring burrows, (LI) percent
ground cover by fern, grass, or infrequent species of vegetation,

(12). the total length of the burrow, (13) the shape index of the

burrow.

o D .
Peat depth at the burrow was measured by puul‘dng: a graduated
metal rod into-the ground and recording the depth.that’it penetrated;
Peat depth £rou the ground surface to the. tummel floor and mest
'chamber £loor was measuired by droppin, the rod fatp the tumal of
nest chamber and measuring the distance from the surface to the

botton of the tuhnél or nest chamber. ¢

On thé surface of the ground; an arbitrary grid was placed
Tover the burrow. The Eirat set of (x,y) co-ordinates relative to

" the grid was at the burrow entrance. . A turn in the tunnel or 25 cm from

b“i_""‘



the burrow entrance was the location of the second set of ‘to-
ordtnates. The chlizd set of 'co-ordinates was taken in the nest
chaber. From the co-ordinates and peat depths & surface nap and

a depth profile of the burrow vas | obtained.
!

Temperatures were taken in each byrrow with a mercury
thermonmeter dropped into the soil or suspended inside. the burrow
at the two locations where the metal rod had been used to measure

peat ‘depths. ;

Total length of the burrow was calculatéd by considering
the distance between the co-ordinates as the hypotenuses of right-
angled triangles, using the formula aZtbZecZ. ~The value of c was
taken to be ‘th:.‘langtl& between the First and decond set of co-
ordinates or the second and third set of co-ordinates as described

above.

Once the distance between.the burrow entrance and the
tunnel and the distance: bm’mm the tunnel and the nest chamber
were obtained, these two Values were suamed £o give phe total
length frm the burrmv entrance ‘to the chamber. The ratio of the'-
length £iom the entrince to the tunnel turn over the length- from
the tunnel turn to the nest chamber was calculated and ‘this varisble
vas termed the ‘shape index of the bufrous. The range of the index
1 from 0-2. 'A burfow with an index of one, for example, was’
interpreted ds penetrating the soil vertically a distance equal to

its length frop the turn to the nest chamber.  An index of two
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indicated that the burrow was deeper than it'was long from the turn to

the nest chamber. ;

The data were analyzed using 2 simple miltiple regression,

: with the measutes id on, the meastre of
: G
burrow occupancy which was coded with zero for.an unoccupied. burrow

and one for an occupied burrow (Kerling & Pedhazur, 1973).

‘Results : )
" S
. e
% ignif: betveen varisbles are } in

Table 8. Means and ptandard devis:iorns of mdepmdem measures appear
in Table 9. The regression yielded anoverall Fi7,3275.52(p<.01) ot

Frequency distributions of modal values of the variables are presented
p )

in Appendix A. |

i . The burrovs sampled were located on slopad ground on the
taland as this.vas characteristic bufrow location (see’Table 1)
The data fron-study 1 indicated that slope and pest depth were mogs:

tively correlatéd on Middle Lawn Island, thus the mean peat depth of'.

the soil in this study is 10cm less than the overall mean on the
] .

island.

The ‘status of the burrow' vas not slgnificlntly"cox:ell:ed § v

:with any of the indépendent variables related to the habitat. Neu:

chamber ‘air and“soil temperature and tunrel soil temperature were ' '

significantly correlated with the burrow being occupled. 5 E




o ' TABLE 8

Summary of Independent Measures from Study 3
: -

™

Measure

~

Mean (s.d.)

slope

ambient ain\ temperature(’c)

" surface air temperature (Oc).

: tunnel air temperature ()

% fern cover

' tunnel soil temperature- (Oc)

nest chamber air temperature’ (0c)
nest chamber soil temperature (0c)
veas dtaniie 55 hRAEHE

neighbouring burrows (cm)

% grass cover
.

% other species cover

soil depth to tumnek (cm) °

041 depth to nest chamber (cm)

overall soil depth . (c)

total’ length of burrow (ém)

shape. index of burrow -

25.2 (13.0)
22.2 (4.1)

1907 3.

15.5 (5.4)
13.2:(4.6)
17.1 (1,9)
g ¥
15.2 (1.7)

111.1‘ (42.5)
36:6 (3.0
57.2 (43.1)
6.1, (6.4)
20.6 (8.2)
23,2 (6:3)
30.4 (12:7)
40.8 (10.0)
2.0 (3.3)

"




Summary of Sighificant Correlations-between Variables

Varable Varisble

mest chamber

tunnel; soil depth"

i 801l temperature nest chamber air temp. Sy oL
/ . X s surface sir temp: .40 05
tumel atr temp. .36 .05
" " nest chamber'peat depth ~ =.41" .05
2 fern’cover -.30 .05
hedt -chanfier > = .
wir ! . —nest—chamber—soil-temps 71 i e S A
ambient air temp. | .55 .01; e "
A an surface air temp.. .53 oL
.., tuonel air ‘temp. 36 05
5 tuirel soil temp. 43 .05
B % grass ‘cover 32 .05 I
; overall peat depth ~.38 Thjes L f
tunnel air températurs tunnel ‘sotl temp, 196 . .01 (.
) AR I 801l depth to tumnel 96 .01 )
nest’ chamber soil temp. 36,05 i
ambient aif temp. 33 .08 :
3 surface atr’temp. 29 05
SH1s 0 0%
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TABLE 9 (cont'd) "

Variable - * /

Variable

total burrow length

/surfacé air. temperature

. tunne¥ soil temp.

% cover grass.

% cover fern




air in the tnlmel.

RN o
* Although the compass’ rientaticn of a burrow on the, island

was s;m{ﬁépnzly correlated with ambidat, air and suirface :em;aergtures,

this is an artifact of sampling the burrovs located on the southwest ~

area on varm parta of ‘the day.. Data sumparized in Study I demon--

strated that no exposure on 't_he island was' significantly warmer .-

than any other although the rates:of daily temperature change in

thele areas were ot menuu:ed.

Soil temperature inside the n'est‘ chamber was correlated
-with nest chamber aif temperature (r=.71p<.0L), surface air tempera
ture (r=.40,p¢.05), and tumel air temperature (r=.36,p.05) and
negatively correlated with the nest chanber peat depth (r=-.41,p¢.05) *

and the percent of Gover by fern (r=-.30,5¢.05).

Mean air temperatures in the tunnels and nest chambers of
ncc\lpleﬂ and Imnccup;led buﬂows exceeded’ sall Lemperatures in the same
spot by 2°C but were cooler than either ambient or surfaz:e air ‘temp-

eratures by 5-7°C.."

'l'um\el peat depth averaged 3cm less than peat deyth “to.the
nest chamber but nest chambers ‘overdll were warmer than ;-muels. This

inay be due to the presence of a bird or a chick 10 thenest chamber.

The temperature profile of :tQ. burrow during the day showed, warm

¢ alr ou:airle the butl‘mv. varn air inside; the neat"nhmhe'l and cool

| Alr. r.:mperature 1n the nest chmbers wvas: sxgnificuntly cor-
ulued with nest :hmer oLl :mpen:uu (=" 71,p< .01), mbxen: 5

i
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b ity GBS €01): aunfies B Rendarndipe o 83,5000
tumael. atr temperature (£=.36,7€.05), soil tenperature in/the tumel
(=.30,7€.05); and: percent ‘cover of grasa (r=.32,7<.05) ad negatively

c‘oﬂgl*téd with peat ‘depth-at the burrow (r=-.38,p(.05).

J The total lemgth of the hurrw was positively correlated’
with zhe depth of the soil over the cannel (r-.37,p<.os), and the
soil r:empstal:uta in the tumel (r=. 30,p€,05). The correlation of

total burrow 1eh§:h and overall peat depth approached significance
(x=.22,5.05). e
* Surface 3ir. temperature Was 2.50C lower-than the ambient air. .

furface were | v fdted with

per:gm: gmma covur by grass (E=. 28,p<.05) and negatively correlated

A ardiy cover, by fefn’ =305¢09. o

. “The of the burrow as a

function of burrow occupancy. are presérted in Appendix A and sumarized

' in Table Lo The modal tunnel air temperature vas thé same (1700)

for cccuplad butcin as undccupled burrous, but modal nest chasber '
temperatire for occupied. burrows -(17°C) was' two degrees varmie than
in ‘un;c;:ﬁl/)led burrows (1'5°c) Stmilarly, the sofl temperature of
e tumiiel.(1490) _ vaa not, dfFferent in occupied dnd unoccupled )
'buﬂaus but nést” ehetber soil temeratures were - ndgher ln ccupled:
i burrmu (16‘7 179C). " The modal peat ‘d‘eyth 15 occupleﬂ buzmwu to .
neat chambet was less (15-19 n) than 1n unoccupled burrovs (20-24 &)
but peat depth to the tunnels - (20-24 ca) vas not. Overall ‘pesg dipth’-

L .




e ! b2
at the burrow entrance was 19.5 cn’(average modal value) for unoccupied
‘burrows, but for occupled burrovs it was 24.5cw.. Occupied burrows were 5

shorter than unoccupied burrows (35-39 cm compared to-45-49 cm). The.

s bugrow shape index.was generally 2, indicating that the distance from
it s ¢
burrow entrance to the turn was twice:the length of the distance from

R . i ;
the tum to the nest chamber in/occupied burrows. This'value vas 1,

1in uhoccupied -burrows, indicating that the'two distances were equal.

Discussion < . ;

Although previous studies of burrow structure on Mlddll g2

b Loy Taland were 45, goneral cofroborated by this®study, there vage

| séme dtFterancen. Lian & Clements. (1976) found the northern and
edatern exposures of the island "to have ‘colder soll temperatirs,” .
than the southern and western exposures. This dtFerence was ucx1~

" buted to the ceoung effgcts of r.h wlnd and dlffazen:inl mtpnau'u

!

\ to'sun. In this study, no aignlficlnt cortelurd.on vas' found betwegn
I the direction of the exposure on the island and soil temperatures’

| ; 3

1h the nest chamber of tunmel. Surface vegetition'and'peat depth : B

J . éver the burrow may gffect internal soil temperature.- Nest chamber g
| e | ; : :

801l vas orre with the percent coveér of
fern-and the nest chamber peat:depth. . Dccupied burrows had nest
chambers \lhlch Haru clﬂlel' :n the surfu:e ﬂun dld nnﬂccupled hu:tm i

and were warmer tastde; although tfils may be in part. dusto, tha |

presence of 3 birdor chick. Lien & 'Clements data were tnllected

in the early part of ‘the breeding seasoh before the vegetul‘.lon grom:h

was complete. This study on the other hapd took place:in August after
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such growth would be complete. It is possible that the ferns act as
an insulator once they are grown bécause of their height and cover.
This would explatn the'difference betveen the data, 1f the ferns

uglx.ed the chilling effects of the vlml on the soil in the bxeedlns

season. .

“Ner correlation was found .be:veen the shape of. the burkow and "
the Burrow ortentation on the island. This'is 4n contrast to Lien &
Clements! data vhich shovad thit burrovs located on the cold sxde of »
"the island umd to turn sharply and burrovs located o the warper

sites were utnlzht. ﬂ-ep bnrrwn. Seven of the 50 burrows were

" straight burrows and llx of these !‘ven were located on the northeasb

: llcrpe of the island. This difference may be becatise slope influences

h\lrrou shape to a greater utmE than do other variables such -s'
sotl temperature or orientation” on the 1.1.‘»4.‘ This; also, is in
::unn'ut to the nuun; of the Cl:l\ll “Y:nl (C_nulaﬂlm:m BNIFP
edcapilivs), in which the drection 6f wind and” Rim: atr eemp
eratures significantly affect burrow drientation. Burrows sre oriented
"to get maxtma wind tncidénce as this has & cooling effect on the '
internal temperature of the buriow (Ricklefs & Hainsworth, 1969),
which in turn increases the ymbah;h.é: of ne;zin; wicceas 45 tids
spectes (Austin, 197.1.) on -1npa‘d ground, most burrous have nlzn; 1n

“ them pmh-b],y beclula :he lhnummna of the panc Ao I'.l\ea: areas .

prevents iunhnz dl“!.p] The -veuza peat. rlupﬂl in the study areas
Hln Jn 4em. . Average modal overall peat d-pth of Bct\lpi‘d burrows

was 2‘ Sd, Ihlla that of unoccupied] burxwl was19,5cm, 5pencl!_ -(1978)




was_an 1ncreased p:obabiu:y of vetnesa 1.nuide the hutrow He cm-

' conditions than under heat’ stdas (Hows11 & Bartholenew,: 1961).

suggaated thnt Leach's Storm Petrel can: thmoragullte within

 Serventy, 1959). v i %

“dimonstratal that, s peat soﬂ compacted nzound a hurrw,:theu

cluded that peat soil depth'was mPortant to the drulnage.af the hurrm

Thtelfﬂll & Hnycnck (unpub. MS) implicated burxow flooding in perm-

anent’ burrow desertion by petrels on Gull Island, The dafa from
this study ére consistant with both of these £indings. ~ Occupied
hurrwn vere located in decper ‘peat 401l than unoccupted burrous

a!\d may, :herefare, have been ber.t:e! dtainad, drigr ‘burrovs.
o

Ocher pmueu_m:ufom néa:'ungs, for example the Christmas

Islatil Shea er (2 s) ite bett -mder conl

wel, thernoregilation in other specles. (£ gnuirostris)hegim at)

hat:hlnF or very !hurtly After, in tha hurruw,k It has. bun i

of hntr:hing (Farner & Serventy, . 1959) 1 'rhese alpec!s of the ufe 5

history of a:her pzocell rufom muy ba relev.nr. to Luch's s:om

Petrels, considering that the burrow Seens to be’ wnxtt\lc(ed to. nmh:—

tain s:l.ble,h «cool tem'petatures innida l'hiu ‘is nimuat to. et un:tion

of burrows built by other. bixdl within, hhﬁ same order (Flmer & s

absetice of wind. Although teimpe atures were nev‘

72




to naintain nxx,_czxcuxééian. Night-time air moyement would be facil-
itated by mocturnal visits. of the adult birds whose movements along
the'tunnel vould act as plstons to force ajr clrculation (Vhite et al.,
1978). Petrels on inshore islands vould rarely have to contend with
“indless days of nights (see Study 1) vhen air would have to be
* elrculated by convection alome.. 'Furthermore, air turnover inside
;. the burrow is more rapid as the 'ﬂir;pesd of ‘the wind increases and
s enhanced by a augn.uy flared burea antrincs o Lodation on
sloped ground, thus the pettels Have sevetxl structural options open .
| . to them khich create & functionally similar burrow. Indged, with the-

Fa high mcxdume of wind on the islands, it is concetvable that the

tunnél turd serves-to slow devr air as it enters the bur_tau and thus

reduces the cooling effect of wmd'. The inportance of air circulation . .

for thé petrels’ 1s evidenced by, the relative shurtnes.f of their .

burrois vhes cmpnred to the burrous' Gf other birds (eg. Merops

aplaster) which-ave:aged 100em ‘tn:length (White et al., 1978),

g g cofipared. to the averags lemgth of petrel burrow in this study, which
was 40.8cm. s vell, short petrel bnrrwu generally have one eatrance

-7 - but long humm may "have tvo (Lten & cmun:u. 1977).

The natire of vegetation surrounding the burrow may have !

-an indirect efféct on the internal temperature of the burrow as

surface temperatures in. fem biomes were slightly cooler than in g

grass bims. umi the nest chambex nz :e-pmeuu vas simluunﬂy

ol




. tesperature fluctuations. Agaln, this construction provides another

xn:roduc:& oy o o . . i 9

*of nemnd Locations’ densitdes’ have beea damuu'-nd in mg-uu.d

The-role of peat in drainage and insulation of the burrow . -

was inferred from some of the data. Modal peat depths at burrow

_entrances of octupled burrows exceeded the overall modal peat depth

of unoccupied burrows. This was related to drainage in the burrows

end the possible reduced probability of wet, unoccupiable burrows. -

. If peat provides insulation for burrows, then the degree of =
the cooling effect of peat may bé Telated to the peat depth over
the nest chamber, In fact, although odal peat depths. to the tuniels
of Sremied burrovacand unoccupled byrrows ik bk sane), ‘modal peat
deptha 1o neat chasbers of Ed Bpiows s L thn medal Yeab ‘
dofihitnihest hesbare b uipkespded buteohts Co‘%.id!rlnz the . 7
significant negative corfelition betweén nest chambet solil semperacure
and nest chamber soil depth, burrows \dl’.h less p-(mr nalt chnben

are likely varmer burrows, while still ot being subject to datly

of burrow which internal burrow -

feaperatures.
Study &
0 o 3 "
Egg Measurements
Dl!huncll in brehdiu success lnﬂ |:1n:ch size as l ,ﬁmntinn

(_ hlmxmh Duhdm & ﬁulﬂmn. 1976 qu!. 1978), - 4
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Laughing Gulls (L. articilla, Montevecchi, 1978), puffins (E. arctica, .

Grant & Nettleship, 1972; Nettleship, 1972) and nesting demsity in
3 - -

Kittiwakes (R. tridactyla, White & Coulson, . 1960; Coulson, 1968).. These

are fed to birds from’denge central
areas of a colony/being older and breeding earlier ‘than hirds nesting

- in periphtral, less dense areas of the‘colony.

{

. Egg size (breadth? x length) has Been directly related to
age of the adult bird in kittiwakes (Cnuls;n,‘ 1963; 1966), Shore-
tailed )e?xe-muara (. tenuirostiis, Serventy, 1966), ‘and m_nier's
* mollymewk (Diomeded bulleri, Richdale & Warhan, 1973). In thistotudy,
" the aize’of cges, probability of hatching, and welghts of ‘chicks From
burtos located in"high burrow density areas of Middle Lavn Islnnd-
were complred to-the sarie méasires taken of eggs and chicks in low

density sreas of ‘the island. = .
% 5 7

Dlvie (1889) and Reade and Hosking (1967) desut!be Leach's
Sf.om Petrel egga as being shaped much like a vigeon 8 egg. It is

vhize it colour with a fine Eput:ez‘ing of minute ﬂot! of reddish

broim of pale lavender. Average size-of 50 eggs 1s 3.57 em by 2.70

“—cn'in Davie's (1889), report. ~

Spencer (1578 found oat. che date ‘of egg laying was inversely’
ulnted to Ehe breadth of the egg for petrels an Hiddll Luﬂn Inlnnd.

Egga laid lnbe: in the bl‘eedink seasnn were narrower and longe! than

‘thnse 1lid ul'ly in the hreadlng Belnnn. ‘This reluﬁionlhlp in cmisleﬂt o

© vith the hypor.huh that hteedmg experience 18 associated with earlier -

[4




oy . : 1 [
. { e LA
homing by Leach's. Storm Petrels,, Spencer ‘also, found a weak relation-

" ship between thé ability to home:and the breadth of an’egg, presumably

dedicated

]
because older petrels are qr more
- parents. »

‘ : Al - ) St i
The predictions made here are that petPhls from high burrow i

Haie g density areas of Middle Lawn:Tsland producé larger. eggs than birds

from lov dedoity areas. uuﬁrences on these measures may be related

3

€ the ahe of the bmi produéing the‘egg, and the probabuny of - the

P G g hutchlng. t

¢ . - Methods

w( ; * Betveen 10-14 Jun=}<w7a, Leach's Stom Petrel burraia on
i -1 widdle Lwm, Tsland vere examined to assess the status of th-burrow. e

Dn ‘the no::x]ens: slope of 74‘9 1s14nd, mean interburrow distance was

- S 1 O m this area was designated as a high burrow dmuy area (HD).
"%k tota of 151 burrows vérs' eitefed to obtatn the sample OF 50 eges.
i : . im.;g'n; and breadth at the maximin point qu each e v..veze‘,muﬁed// 3
Bl “wleh calipers,-to the nearést 0.0lem, Burroys entered were ‘nurked
T i with musbered ;?;kém):ullwed for'alm

*burzow den-ity area (LD) on the East and South Bides of the unme

1sland Hhere mean 1m:grb||rtmv dlstanc: was 1.46m. A fotal nf 153

e bll!rmls vere entered ta Dbhin a !mp!‘ of 50 eggs. Egg! in buuouu

‘unoccupted by adults vere included in the sdmple 1f they appeared!

3 P . mh i dkedt, a8 ,,aum' i deaert. fresh eu- ,.

SEA 2ot g BT )




stés was caloslatedag length x naximn braaith? (Romanoff & Romaioft,

1949). The shape indax was caltulated as maximum breadth x 100/1ength,

(Coulson, 1963; Ryder, 1975) ok &
0 31 July and'l August, 1978, the status of the HD'snd LD

.area burrows vas reassessed.. The numbered stakes were relocated and
the burrows entefed.

The chidk, 1f ‘present, uﬁ\-uegghed with a 100gm

pesola scale.’
§

Data collected by Speacer on xudcua Lawd Tsland in 1975 and 5

1976 ave uaed, vith,fits perplasion, t felaté og aife to age of adile.

Data: on ‘egg ssize and adilt body dimensions colliChed on Bacealieu

Island in 1978 are used with permission of Dr.

I
‘Results

* The results of the ez dlmens!.on study/ the te-ln:ervennons

. ne"ﬁ'resznted 1n Pable 11. In all, dinensiohs vf gg size, the HD e
uneeded the LD eggs but these dlfferam:es wers ‘r. au:uucany

Iikniflunt. hlpe indax data 1ndicnted a sllgh y shorter, broider

egg from the H lreas of leldla ‘ann Inland.

(OF the orig!nil 50'HD burrous, 42 wers| Telocated and ‘entered

“on 1 Aug\llt (mn 1), Forty-geven of the S0/1D area bu::wn were

reloated lnrl eqle:erl on" 1 Angu t. Iu:ervan:im into lm ara@ ¥

bnrmu wera un’lld alll: 29-31 July one daj 'slmnet ‘than L\!'lrea

butmu. but lhare were fewet birdu with qggl, no bmuded nl\ich!.

gmku 32 l.sn.

1D mean mm: wedght 'of z,a ) gm LD n'i-;bntgwﬂ had & gredter n_\nb'ef“ .




4 78

[ .
I ; . TABIELL
: Egg Diniensions from Middle Lawn Tiland. in 1978
i Diménsion High density area Low density ‘ares
1 s e (a=50) ' (ai=50)
i - ! mean” length(am,s.d.) ., * 3289 (1.08) 32.76 (1.09) o
| mean' braadth (mms.d.) | 2400 (0.74) 23.90 (0. 66)
! mean egg size (s:d.) 16.93 .36 . 18.27'(1.32 ’
i , . axbd) C. ) ;
3 . mein shape ndex. (s.d.) . 73.06 (0.24) c 72.81 (2.55)
. (b x 100/1) =
j e ;

i ~ g
i - VENrYy
; \

\ ;
\ -
Results of Reintervention ¢

. Meagure High density arka - Lov density aves,
! . O : 31.July/78 ;- 1 August/78 :
! : per (m-t7)
L i 77+ % birds with eggs 16.6 { 19.0 % " i
¢ % birds with chicks 0305 ' 6.t

‘| % sole chicks | mwa i 68.0

% sdults birds‘alone :. L9 | N
' i
ok i . % chicks 35 gmwe. LT 4330 28.1 s

i " mean ehtck veight (gm) 28:7 (10~ 7):
1 Tz mm hurtou\/ 71 4.8 (2/51)




‘great. Tn HD avess, 3 of 42 burrows were: empty. .

of urd-\\.ma eggs, brooded chicks, and a smaller percentage of solo

chiclks. ‘rl:hough were not this °
pattern clearly indicates earlier laying and older chicks in the ED

area. |

| et W W
Iu larger percentage of empty burrows in the HD area is an
ynexpected T

esult, although the actual mumber of empty burrows is not

During the. summers of 1975 ‘and 1976, Spencer collected data
on igg ize of the Petrels on Middle Lawn Island. Combined with data
collected in 1978, it seems to indteate a direct, 1f weak, relation-
ship between egg size and the age of. the female in Leach's _Sty:m
Petrels. The data are presented in Table 12. Several trends are
evidént. Romanoff & Romanoff (m;) demonstrated that breadth and
sizq aze met smﬂ'lu.vuv to. age effects in birds. ~Six of nine (67.72)

birds whose histories were available shoved increases in the breadth.

| . ;
. of [the egg laid fn 1978 when compared to the breadth of the egg laid

1..:/1975 or 1976. In this sample, £ive of nine/eggs, (56%) showed an .
i.’b:tuae,ln length with age. The overall mean egg size is 18.. Blocn]' :

4!:: ombined mean for 1975 and 1976 1! 18. 54ca’; ‘and the 1978 Ienn 1s

9.15cm?, ‘indicating an 3 incresse of q.nan3 over two years. i ahipn

index also increased from 72.56 in ‘1975—76 to 73.81 in 1978, indicat-

 ing that 1978 eggs were shorter and brnlder than the 1975-76 eggs

;: uuc!.lud lﬂ.th the aane | adult. -

In addition, vhile intervening in burrows on the island
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: TABLE 12 ! 3
Size Change in Leach's Stdmm Petrel Eggs as a Function of Age A Y ,
Band mo. - 75/76 dimensions . 78 dimengions ‘&1 aw  oEgg size’ 76 Shapa - 78.Shaps ‘aShape.
(75/78 © | (1 x w,mm) * (1 x wym) LT, (ca®) Index Index  Index
. borrowy 5 .
791-59703 ol : i S ey |
(1137/576)° 31.1 x 24.74 36.0 x 24.0 2.9  +1.86 - +4.86  77.62 76.47 ¢ 1285 T
761-59329 . . . . 3 R i
(726/726), . 30.96 x 30.62% 309 x 25.6 42,68 769 82.85 . 4591 .
. 761-59190 . s P8 ;
. (710/710) . 33.92 x 24.68% 33.4 x'24.0 -1.42 72.76 71.86 < ~0.90 . ¢ g
2 k 791-32086 - ) . 7 .
(681/681)  33.74 x 23.44 34.3 x 23.8 40156 +0.36  +0.88  69.47 69.39° . -p.08
761-42945 2 . 4 i
(812/412) 32.16 x 23.28 ‘' 32.2 x 23.3 +0.04 +0.02 +0.51 72.39 72.36 -0.03
761-59742 : g . o g i
(658/658) 32.04 x 24.12 32.3 x 26.2 +0.26 +0.08 +0.28 75.28 74.92 ~0.36. Nty
761-42923 3, St g
(358/358)  32.64 x 23.92 32.1x 23,1 40.54 -0.82  -0.15 + 7111 +0.85
% ** data from 1976 siu&L season; . all other data is from 1975 or 1976 ad indicated. b g i3
i
b i
- ; |




TABLE 12 (cont'd).

75/76 dimensions

78 dimensions Al  aw

Band no.
(75/18 (1 x w,um) (2 x v, mm) (a3) . Index :  TIndex !
‘burrow) g <275 e

I3 7 = v
761-59070 = . - ) f 1]
(520/520) 32.28 x 23.34 .33.2 x 24.3 =1.08 +0.96 + 0.93 7 -u.s 73:19 " +5.10

i T - e
761-59174 A : . 2 2" = fae « LA
(525/525) . 33.74 x 23.42 32.4 x 23.1 -1.34 -0.32 -0.12 L69.41 71.30 +1.89 . 7 W
RIS )




d o,
g D!.I;{m(m' from August 1978 :
Mm st RN Lo ..". y .

. @=17) i i : ¢ % o

- : P
. dean length-(ms:d.) © UL 0 32,88 (1.29)

Ao n@nnbrMFﬁ(u,u’.iy = SBwe.n i

dean size(l x2, 0.d) . sg@eon R

F i : i i
mean shape index(e.d.) - . e §72.60 (4:22)




i X during Augus;; 1978, dimensions of any viable egg vere -taken (Table 13).

7 Between 3 August, and 9 Augnsv;, nevah:een'-;ggs ugée'f;aund ALL but one
L of these eggs ‘vere "Ednp“ied by 1ncuba:1ng adult pacuu and cwo were

L pipping eggs. These burrows hdd riot bm pravinusly diam-hed ‘durifg’
;97§._ zggn encountered mﬂy in Augunt uau prubahly laid during chgﬁ
last wéek in Juné or early July, mqld.ng then laté s’ *Thé mean
breadth 'of .eggs encountered was 23.88 m. mean length was 32,88 mm.
Mean egg"wize wis 18.77c8%, and average shape dndey was'-n.n.‘/‘,_ Tn a1l

‘. measures but mean length, the eggs measured from LD h:‘-ed‘)m::nreas on-?
me:_uland n Ju;e excaaded the measures ‘of the eggé encountered 1n”

s L adgust. Tnie nmung supports Spencgr s datd. The'shape! fikdex indi-

_‘cated that :he August eggs were narrcmer, relative to :h:u leng:

e than thope eggs measured aa;ue: in the breeding season. e

- Discussion % e,

! Meagures on eggs. f!pu burrovs. located, in LDaress vere sligh:ly

smaller ‘then egge from butrous locnteA in HD aresson the.same island.

; None ‘of 'these ices vas | 1y X: But to gsin

) o pexapecti\!e on’ the mgnit\n‘le of these dlfferucen, the difie!sneea in

egg am desnﬂbed ibove vere cnmy.ud with mz.mces rhpor:ed in ;
5 Ve

. - 7 Sy . " porid
) Leach‘?‘ Storm Pétrels begin to breed at the age of!four; to five .

stud;l!s of, uthey pl‘vuellnr!ﬂom .

"4

yeats (n’ming‘can & Buree, 1970). " Birda firat banted whild incubating

L




& brudtﬁwv t—the e 3 eurs—is“ HQmm%lch ‘uverage (n=lDD

;z.asm This is.an mcrease nf 2.4 percent. Serventy (wssy !xman;d

‘egg size 1n “relation to in r.he short-ta{led sheﬂwn:ez “The sanple ot' E

breeding females had been swd £or ‘a minimun of\te‘n b’reeding seasons.

From Serventy s daza for female shearwatérs, ‘aged f

ive ta etght yenrsr

the increase qver o yeats'in egp brea; h was 1. 2mm for epes which

{avérage (n=100) 47.10m, a2 percent inrease’ slmimrly, Buller's

sollynauk shoved average iricresses infffreadth of 2 Ulmn.for egga which)
range bezween 67.5am and 64.5pm 10 Sreadth. This 1s an Theresse of 5
percent over thirteen breeding seasons. The petrels seen to be

ex)'(srlem:ing Wo— 1in egg breadth uith age and Bredding cxperience

which 1s typical. of the order.

Spem:e'r (19;3) presented"data demol;strniing ‘an iaverse relation=-
ship betwéen egg size and date of egg Laytng in petrels.  Larger eggs’.

" were lafd edriter {4 the broeding deasén; This finding"is supforted
by the present da,:a.' Eggs found in burrows during August were
sebpover snd sitshely shoerer than, ;g;s Hound Sirtng early June. It .

“ is suggested that older petrels lald. slightly larger eges sooner during

‘the breeding season than did young or tnexperienced birds which latd
lomaller eggs, liter in the seasén. The effect of 'the small but
consisteqt egg size differences on hatching was not clear in this

~ study as there appeared to be no relationship between the two variables.
. . \ s
The 1D e hiicks weighed an average aé\\3 7gn more. than the

1D area chicks.. 1t vas suggested that this difference occurred because
~

. thie HD chicks were older, as fewer HD chicks were being brooded at
~ <




.

the' tine of the Data on Blacklegged u\n&ukes .

(Coulson & whue, 1960), and puffins (Necéleahip. 1972) supports

this tdea. . Hore older chicks occurrgd m high deqsity aveas of - - W R

y:cmke colonies on a,given'date. than, 1n loy dgxsi{y areas-of

e of expetienced birds (ke § Conlgon, 1968).  Nettleship (1972) O g

denignstrated that puffin éhteks  fromsloped, high burrow density areas, .
. were heavier and fledged sooner than chicks from low denstty habitats. -
o 0 The difference in fudgmg dates between the tio areas was rélated

to the earuer d@te uf egg laying by xm:ds nesting in the slgped LA -

habiéus £ — o .
. RN i

Huntington'(1962) suggested that .Leach's Storm Petrels have

occupied an ecological niche based on an inefficient’feeding method M

which prevents it ffon ‘threateningits own food supply Age and

xpefience of ah adult.would increage ics ability to fotage effectively

and the .bu;uy to rear a chick (tack, 1960). It'is poseible/ that the
. wétght dlfferences in .chicks’ fron the tvo. areas vas, 17 “patt, also

Nos T 7 due to differences in the age'and experience of- the ‘parents and the

in which is with of the )

adults. s ™~

8 \
Althgugh a limited age-egg size relationship has been demon-

stfated, it may be that egg size covaries with bodysize only. Monte-

vecchi's data ‘from Baccalieu Tsland refute this hypothesis. Neither SR
’ 1 i : £
. "adult body length nor adult body weight was ‘significantly corfelated Nl

with egg breddth or egg size. ‘Large Leach's Storm Petréls do not

riecessarily lay large eggs.




Cstudy.5
g } ! 3 jRe_cognition of. Vegetation by Chicks

Intfoduction 4 i ’ 3

[ . m\i‘tds and animnls{fam rapid attachments to habicat:
§ {' of thetr enviropfents. This “ls referred
. N = ’
tolias habitat-imprinting (Thorpe; ‘19443 1945, Wecker, 1963; 4

Serventy, 1966). These early’ attachments ‘inflierice Subsequent habitat
i ! ;

selection by adult organisms (eg. Peromyscus maniculatus, Wecker,

1963) or nestipg locality (eg. 2. tenuirostris), Servenmty, 1966 - '

atricilla, Bongiorho, 1970).

Thie. tintag of a sensitive period for habitat imprinting is
1af1uscsd’ by the méde’of ‘diveldpmant 'oF th bird snd the’Eisitag of
tha Restitiigls, sxpeitinte with the habitat: Servénty (1966) crass-
fostered eggs and young of. Short-tailed heasiskers andstiiolche
sensitive period for -locality imprinting fo be when the chicks firgt
energed from their burrovs to exerciae their wings. This cofneided
with the beginning of the desertion or starvation period for the
chicks. S '
i Y sy 7 .
Leach's Storh Petrels, like Short-tailed shearwaters,
“experience slow growth rates post hatch and require 63 to 70 days to -
fledge (Huntington, 1962). As Fledging approaches, the misber of
feéds of the chick by the adult and the amount of food per feed
decrease. “The'nestling's weight declines cotncidentally with the

completion of feather grouth and it begins to emerge £ron the burrow




Blynfgh: on exercise forays' (Gross, 1935; Huntington, 1962). This may
be the tim® of habitat mpn_..mg by the petrels. T

‘O1factory .tests of vegel:ar.lun -rmmd an’ lndlvtdull'

burrow duonstntad that~adult pe:uu could d\-cﬂ-ﬂ.n-u omcgg)y_
 patssseh hate e biome gnd vegetaticn not found arvound their burrow
(ohnson, 1978). -

< * “Given that petrels which return to natal colonies occupy

burrows close to the, natal burrow (Huntington, 1963; Lien, pers. -

), 1t 18 c that eariy expe of the habitat.

by the chick has 3 e habitat ces by the same’

" chick ss an adult. The importance of visual cues in medtating ‘habitat
‘prafere.ncan has neves been tested. | & i »
The ontogeny of visual Tecognition of ‘nast biowi wee examined
in this experisent. If petrels becode imprinted on visual habitat
characteristics when exiting the burrow at night to-exercise, then
older fledging chicks vould recognize their ovn bisme but young chicks
would not: Hab{tat recognition and preference just prior to fledging
‘would support a habitat imprinting hypothesis.. ' e -

Y 5 * ‘I. ) P . '\
Methods . 5 e & - |

Subjects were 240 nuzung Leach's Storm Petrels from- etthar

fern or grass blomes on Middle Lawn Island. Sub] ects were,recruited

from burrows in homogeneous habitats (ie., vithin 50cm dimmeter ofthe




appeared that the nestlings might be: discriminating habitat types at

“burrow Jentrance was either all grass or all fern vegetation), Haif'

the c‘hinks were trom fern biomes, and half were. From grass biones.

Ench burraw was mlx‘ked vith & nimbered LBKE, Af & suttaple subjdct vas

found ingide. The neutlings were weighed, banded and assigned to an

 “age ‘growp on the basis of plumage development and weight' (Table 18

after Wilbur (1969) . InitLally, {thre age groups of chicks wete' to

be tasted (Groups 2, 3, 4). but as testing of Croup Two finiuhed e

age 15-25 days, so another younger group (Group One) aged 8-15 day‘s
vas' included. in the stuty. Half the chiicks “in each ‘sge grovp were

natve indlviduals ikah had evet Hapn tn the bast Box and. kalf vere
individuals that had experienced the ncuvuy test box .and/or the habitat
test box as previous subjects in the apparatus. By the cine Group one'.
was ‘instituted; on 20 August, small chicks were not- reedily availdble

and only a naive group was run.

Previbus experiments with adulf and nestling Leach's Storm
Petrels in a maze apparatus met with some lack of participation by
the subjects (Grubb, 1973;  1974; Johnson, 1978). To reduce the mumber

of nbﬂrespundi%subjents anioniithe diliks el a8 Bubliucts, T pilnl

study on activity asa fynction of stimulation was run; The effects of :.

tactile stimilation, auditory stinmulation, or.a combination of auditory
and tactile stimulation was exaiined (and is presented 15, Appendix B)

On the hnsis‘ of this data on chick activity, a'pretreatment of auditory
and tactile stimulation for age Group Dne; Two and Three was instituted.

The results of the chick activity study are reported in the Appendix.’

i




N ﬁa’y, between 1000 and 1900 hours; in a covered test box

Chicka which plrticip!ted in the activiey. study “were later used in
. to
'the préference study. . - - % ‘

3 : . 2 ; f
All habitat preference tésting was carried out| rirfﬁ the

of testing by age group werg: Group One, 20-26 August; (:roup Two,

20-29 August; G‘;Dup Three, ZE.Augusf: -9 s;iacempezé Group Four, 8~ .
24 Septémber. Downy.chicks were run S sunny days tq prevent chilliiig
f:rnm dampentng of the natal down. T$np'ex;:ui—'ee diring testing ranged

£rom' 16°C on 25 -August, to 5°C on 8-9 September. .

The test box was a wooden box 100 x 'S0 x 50cm. . At each end '

were 30 x 40cm pleces of sod from.fern or grass aréas of thd fsland..

The box 'w

inch pipe betwpen the two sods. The pipe vas cut i half to prevent
the small festlings from stvaylog i the box. Ghicks 1in other grovps
were tes’t'ed with a plywood flootshetuatn the tuo ends of*the’ box.
Chicks were placed in the.center of the pipe on the £loor, after .ten
seconds of tactile stimulation, aid the cover Gf the box was then
dram over it.. Grow call vocalizations of Leach's Stors Petrels were

then played to the chicks for,'the duration of the five minute.test

The dates’

modified for Group One chicks by Testing a plece offour-

1dcation in the box at this time. A chick was-scored as having chosen .

Period. At the, end of the trial, the tape TecoTder was SEopped; -

the cover was removed from the box and- the chick was located within

.the box. :A preference was recorded on the basis 6f the chick's.

one biome or the siternative if ifs Head and a nintmun of half fts

body was in’the biome aemid in he tdet. box. ALl test days vere

i




TABLE " 14"

frer Wilbu¥, .1969)

Plunage Deyelopment and Age ih Leach's Storm Petrels.-

)
|

(gm)

e -
ndtal down' cavering body and

* matal dowrt covering, body ‘and |

head; mesopiile plumage
emergent ! -

head;

energent. primaries and,

| secondary teleoptiles; R

restiices not emerged .
T N

| partially covered by contour

feathers; primaries and -
secondaries unsheathed;

Tectrices unsheathed

duit plumage on head, body,

Jwings; d brood pateh; band
1den':£n:a individual as'a . | 3

bird of the year, "’

some natal down on body; head

N







Hiﬁdy days“\but ‘test box had no directed lair circulation within

‘it because nf the covlr wmcn excluded both Light and wind.
A\

Results

N o : g
The'&s\uns‘!nm presented in Table 15. Qaly Group Two non-

- i - . ’ o .
naive chicks' chiome. their own'biome algnificantly more’ fréquently than

would b expected by charice slorie (F%=7.7,"d.£.=17 p<.01). ~ ALl other.

groups of chicks chnse habitat typés ‘in. the' bnx in a raidom fashion:.
In all, 203 of ‘the ;49 (81.47) of ‘the nenli\'\gs ‘responded 1n the box: Of
these 203 lespnnders, ml. choge -thelr own’ bome type 1n the maze and

|

99 chose 2 biome that was not sin{lar to their owm-(x%=0.10,14.£. xp< 05)

. . \
Discussion & | \

© . The. résults of :x-'.ﬁ\ stu;i)( do.not’ support, ‘nor definitely, rgfutg.
a habitat imprinting hypcl:heqia The single occasion.of llgntﬂcam::e §
Group Two; not-naiye was by chickn which could ot have been outside, -
the burrow prior tb the' tise of testing. Furthermore, beclusg the
data vere cit and. analyzed several vays, the probability of attaining

significance on one test is one x\}\| 12 (Neher,.1967) cited in Barber’
“(1976), ‘so this result 1o possibly|due 'to cnatice alone.” T vas |
concluded that. the nestlings ne'ver_\p\ppaaxed ‘o' prefer their own'blomes’
“over 'a strange, altérnativé one. A : T %
i

g | g LS
‘,‘ Before di n.huF: T g as the by

liieh young petrelg raturn to natal .area byrrows, two explanarions




for the expenmen: s failure should‘be diacussed The cues testedin
bdx weré of 2 yisual and olfuctory nature,’ ptovided by ‘the samples of
the. bloné. 4n the box: Althiough vegotation chiracceristics may_ be
saifent chess other species of ‘seabirds, par:icularly la}ids, use
lﬂnd_m!knv:o u:a:e,:he nest site (Tin‘bergen‘ ; 1953). Thés pes, of
cues were :ncu: :eg:‘éé 15" this, axperinent, Al:emutively, ven with
funy feazhemd subju:ts in Croup’ anr, it is.not cértain that me
chicks had previously, exited from the bu'mw. It 1a posstble ‘that "t .
‘habitat inprinting gocurs” o, those: m: Eev) latghts before fledging

f
and that the Last group OF chicks.was not nld enough to haye been

- outside the Bifrow at the 'tins they uaxi tested. Moreover, ‘the

tation by adult petrels

evidence of olfactory dia o

(Johnson, 1978) and " recognition of the biome

by the aduit birdggon an olfsctory basts

Procedural ‘and/or apparatus difficilt{es are also sources
3 i !
. of error. The covered tesc' box rgduce'd 1ight From en:exing “thé box.

d\lring the tests and although the birds were nocturnal on land as

dults and, exercise nncturm;lly as chtcks. it is possible’that mot

enougli light was. avallable to.the shicks to nake visual diserimination
of .the habitat. ' As vell, testing the chicks was. stressful to I:hem and
this might have resulted in chicks seeking shelter randomly 1nside

the ‘box rather than moying tovard ‘natal bicmes, 1£ tecugnined. This,

conjectire 1s partly: supported by the r:e!\dancy of chicks fo. gu to.

tall vggetatinn which vas evldent vlien the data were partitiuned and”

\analyzsd by “itaston of vegetatinn heig!lt (de., low yersin Mgh




-

“yegetation) n:_hu than by plantispecies.

" = The *resilts of ‘this. experiment do notlend | suppbtt to :he
‘hypa:hesxs that pe:ren beq_mne mprinnd on vinml aspeuts of their

biume 'zinr to fledging. llowevet, tﬁe results do nqt cast u!iohs

| -
“doubt."on Jetrels use of the Vegetaiton o visusl navigation l:\lgs.

v el €, R e
General Discussion Yo g

Breéding microlisbitat features were highly. variable bétween

the tslands’ studied; However, tall ‘vegetatdon'ind’ degp or moderately
deep peat o1l vere found to be good predictors of Tifgh petrel burrew
" density and high pates of burrou occupamcy (Stidy 2): These relatdon

slilps’ Taise soms interesting questios In terms of possible causal

relationships beteen the varisbles. This is mot to siggest that

causal relationships may be ‘inferred from ‘what are as ye) correlat- .
“donal relationships preseated-in the data,. but that the obseived.
'rglncinnumps provide poms of de‘parture for speculition 1in this

diret:lnn

It has been denénatrated that Ledch's Storm P;:rgla navigate
olfactorily to thelt “colony and burrow areas (rubb, 19735 1979) and -

“that Shey discriminate preferentially the vegetation typical of .t[u

" biome i which their. burrow. is located (Johnson,” 1978). ‘c;mmvably. .

" olfactory navigation to birrows is factlitated by the presence of

faniliar uiderstory vegetation which his familiar olfactory cues.

Tall' yegetation, particulatly ferns with durable roots, may act as




i /Thua‘it 18 ynssu}é

X 5 predstu!s whih antmpt o dig petrels out of thetr. .

b st Gsitey, Mortell 87 qu. 197

Unpub. M6.).. Tt secs dowptful cheE™ hcxgh: ot specids of vegetation

prevides liial feoss or, mv&g,a:iJn o o hy‘adﬁlt pe::eis ds. .

i
habitnt recognitlnn by fully fearhered chlcks was no: de

I’.hal: petrels od the/1slands studied burroved in

greutest nnmbers tn tail \(egel:ation \:ecnuse 1t vas mdst 11ke1y fernu

' which protect. the burrcms rmm ;mzsmux predators and yravided :\.e

adults with salient cues.for navlgn:ion to the burrow. . The advantagu
to-a bird of rapid relacumm of'the nest site vere. dlacnssed earlier

with respest to, avidn predntion on puffins " (Grant & Nettleship, 1972):

Hicrohabitat preferences are probably initiallpa function
Of the Strong nest’ air_e “tenacd ty characteristic of Leach's Stom

Patrels (Huntington, ].963; Hil.bur_, 19‘69; Morse'é Buchheister, 1979)

rather than habitat/imprinting. This is déspite

 the data ‘of Study 5 which did not demui\straée»habitat snp£inting

.Indeed, :h: most snllent miczohlbita: I\lrﬂc:exisrics for. petule

‘may fiot be isual l.vuhmm\, L978).

L vegetlc:lcn was frequen:ly fn 1cn:iva of deep pelt 501l

‘which may be necunry for both e suppnrt ot burrous and for :he

matnténance of_stable atr and soil temperatires inside the burfow |
(study 3)! Al e / B oE -

o the islands of: Scudy 2, it vas dmuubrltnd :ha: the cholcé

- of habitat vas nuc directly related  to: the dmuy ‘of :Dnspecii:l::s o - :

i-lden pers .cum.. Honte'vect:hl, :




nest site’, avulnbiluy as h.:bitats ‘with high burrw densities had

empty burrows in-Ehex. The Feasone the bunm ‘we!e e

mplmg were, m! deterniried $a Study 2 ‘and the |possibility remains’,

that, saspling cross-sectioned a'colony succession phennmennn. This”

- {s 'a possibility as Orima 971 siggeated: tlm: the 1n:r1ns1n worth

of a’givén habitat decreases o the ta of conspecifics " ehat

habitar 1ncraases. Alchwugh his model’ aprinertly 0 e of birds

§ vhich torage o bresitag territories or ccmpete iur nest sitzs, Land”

¢'a factor in their

p»trels do neither o mese, crawding alone nay

dfstribytion’on'an falgnd. This'would explain why fewer buxl‘ows
are. occupled in dense burrow aredls wiilé higher ‘rates of \:u:mu/
occupancy. are found ‘in‘less dense L .
i f : g
Burroy architecture. oo -ond: 1aland (study 3) suggestsd thit

the maintenance of ja cool (relative to external, daytime sumer

temperatures), stable, ventilated burrow éwironment was achieved by .

.convéction, burrow length, slope of the ground and flared or double

entrance burross' in corbination with wind movément. Given the

~ constant wiml which the islands are aubjec( to, the struculml is

features of "burrows which. mlnt&in air Citc\llutieon are’ to sime extent

fedundant. . There ate uvaul bukror desigus wRith vould asineadn the .
dame internal environsent. This redundancy may oygm:e to zxpsnd

‘the rangs -of sultable hebitats availsble to petrels on an 1sland

because 6 tne proximte Featura of the, habitat, sj. sicps of suEface.

" ‘vegetation, would Jeternine the suitability.of the habitat,

On one Lsland, (Study 4), small differences in'egg size




yere related to, burrow densities within a colony,, "Smau 'Lnuease's
1 s breadth and size évat two ot three bresding seasons, in esss
assqciated with the same adult, were found by’ comparing data- from *
Sr.udy 3 with Spencer's (1978) -data: }hu relationship has been

demonstrated 1h othér procellnriifofms. i .

7' Slightly larger eggs vere, found in high burrow density areas

ot th ieland although the differeuces in egg breadeh'and size between
high and low petrel h\nrrw density areas:vere not statfstically
‘si§niticant. These difietences ‘hyputhesized to be, the result of

older birds nedting in high burrw denstey areas of the l:u]zuny‘

Petrels exhlhit.high nest sue téfactey and “seneralay do nbt perman=

g ently leave a burrow unless they die during the intewsnxng yinter or-"

uper’xeme Jan: ‘breeding success in .éhic burros diring the bresding

season The}nuul prediction in this study was th_ﬂt the probability

<6f an egg hatching would be higher in HD aréas of the colony. than
in LD areas of the 'colony. This'was not found in the study, but

the HD area burrows consistenttly had. heavier chicks, fewer incub

eggs. and no, brooded chicks during interventinns than did LD area
butrows. This is strong 1nbica:1un that WD area burrovs held older

chicks then did 1D acéa- burrovs. | .
o s
v . Pl

“In Leach's Storm: Pgtrel. sudriather specten of ‘seabirds,
lx‘cger, older; chicks fledge sooner in the h:eeding season and dre
“more likely to sirvive than chlcu which aré cmnparitively smaller

T dnd yq\mger on a gigén dntF “in the breeding. seasor (Wbite & cailson,

1sso~ Perrix\s, 1966; n. de L. ‘Brooke, 1978; Norse & Bncl}%&siter, 1979+




It:is possible that HD areas.of the calony may be more succéssful i
ems of fledged birds, This 15 probably because of slrlier egg

" Laying. ot better arennng by experiem:eﬂ birds, rather than' the

small differenceg in egg: htegdth of size.

There appears. to' be'a hierarchy of factors exerting greater
B “ I 5 s K &
or lesser selection’ pressures on the habitat selection of Leach's

* Stom Petvels.  Factora of great ultinate significance such as '
avian of éé:{escual ‘nammalian .prédnuim have resulted tn relatively
Yiiverient habitat selection stiitegiop suchias nocturnality on g
breading habitat (;si-nds) isd preea_iig e TR e e Y

 talands (Gross, 1935; Palmer, 1962; Wilbut; 1969). Burrow “archi-
t:c:uze'm} serve to’ broade:: the Tangg of sultable microhabitats
as’a Hubier of burrou désigns .appear Ito Tesule. {n adequate ventila-

tion and internal burrow temperature regulation.

_ Tn Study 2, peat-depth wasf found 'to be a poséible Liniting
Sadbby b bitToTieg T ALEAIN duwae Fou previcusly in puffins’
(Graat & Nettleship,  1972). * Breeding sudcess (Study 4) and conttnued,
occupancy of a burrow (Study '3) are probably more diréctiy related
to burrow density than to microhabitat featurr;s othn than peat

") depth. ‘The mature of the succeds, occupancy and burrow denstiy

relationship invites: further study. .

Return to natal colony and subcolony by chicks in'years

" éubsequent to fledging is probably initially mediated by the high
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i Chick Activity Stwdy . . -
PurposeSN.To type of. stimulutlnn most effectlve in
reducing the n‘umbare of nonresponding suhjec!s 1in the nestling
habifat Fecogiition study. . / - 3
Subjects: Subjects vere 42 restling Leach!s Stom Petrels ‘taken from

; burrods on Hiddle Liwi Tslend betysen' Kugust 19. and August 29, 1978 © U

The fedn weight of i’ nesmngs vas 64.9gu (fange: 52-7
subjects were judged to, be from 20 to 25 days of age g
feather development and weight. Ipdividuals included e study were
covered with natal down but emergené primaries and secondiTies vere
visible. No o;her teleoptiles were evident on the body, not e
Tectiices ehergent. Becausé of the large individual varisnce in weight,
individuale vere never ‘excluded fron the ‘sample on this criterion alone.

N . . y .
Plunage development was - judged to be of primary importance for aging

the nestlings. 1

& Ty o g 3

Appatatus & Procedureés: A wooden box 80cm long,, 80cm-wide, 50cn high)
Wwith three sides, was divided into4 quadrats of 4lcm by 40cm edch; with

surveyor's tape tacked to the £loor of the box.'

A plywood 11d approxi-
mately 85cm by 60cm covered the top of the box.. The cegélbax- was n.lways
orfented with the back of the box to the wind: ' All testing took place
outdoors, between the hovrs of 09:00 and 18:00. Weather conditions
were clear, 140-16% with Si'winds. T attempted to’mininize the dis-
Tuptive effect of testing by taking the nestlings'from their burrows,

y
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veighing and banding thes, testing respons

to stimulation and return-

ing them to their burrows in less than 30-miputes. ~ Diring holding timé,

- ‘the. chicks were kept in'a large covered tin pot insulated for the %

purpose: - Careful vatch vas kept to avoid either chilling or keeping

the chicks overly warm. Chicks vere tested individually‘fn the ek

box. ' A UHER 4400 steréo tape recorder, placed difectly in- front. of

the box near 'the open side, played a recorded tape of an unfamuar‘v»

petrel croving from inside a burrow. Each mestling received a 2 minute
/ .

.putzwt

random sequence of the followit cond(ciona' 1) Control (C), no

at the center of tha test bax. Enlluwed hy a

stimulation;:2) *Adult *crow’ Vocalizaclon on tape (CR); 3) Tl:tﬂ.-

* stimulation (T) consisting of gentle Aouching of the chiek -hwt the

head and dorsal body surface; 4) Adult vocalizations and tactile stimu-
lation (CR & T). Taped 'crow'vocalizations were presented throughout
the 2 minite trisls in (CR) and (CR & T) conditions; tactile stim-

ulation was given for. 10 seconds prior to putting Ss into the right

| front quadrant of the test box.: Each conditdon trial was 2 mimutes

(120 seconds) during which Ss latency to Eirst body movement and the

nusber “of crossings of quadrant lines was recorded by E, who sat
quietly in front of the test box recording and timing trials with a

stopwatch.

Résults -

.Latency:’ A l-way analysis on the latency data ylelded a -uyiuc'm:
(. N (FA zm-.11,61 p< L01). The mean lltem:y in seconds for

“each cofndluon was (A) 66.0, (CR) 25. 1. (‘l') 16.. 1- (c) 30.7, (R & T)




o 14 7 seconds; an, efféct that:is 5ignif1nun:. The (CR & T) condition,

i 5 was nwst efxecuve in activating the chicks to move:

A s B fetivity; A 1—wa analysis of'vm—nmce on the ' number of bats crossed " .
| A . chick in.that tese conditién ylelded & Fy,p194.28;p 0:0L.
“Iha aversge: num'ber of bars erossed by chicks in each test coniltion
“was (4)0.67, (€) 1.12, (CR) 1.3, (CR& )17, (D151 The () and A
(cn & :r) :and‘iciun seemed: to be che most- ;ffective Ereatments foz
 tdiscing ndatlings to move, and keeping them active’diring the Eest.

s R *_.."'. ‘period in the box. . The means of -these two groups were:the highest of

all conditions.

l?iscussibn; From':the results of the experiment, a pretreatment of 10
.seconds of tactile stimulation pricr.to being placed: 1n’ the . :
Vs Habitat maze wa¥ instituted fof Groups 1, 2-and 3. | For the-duration o
of the 5 minute test pe;xud in ‘the habitat maze, these groups: also.

heard a 5 minute recorded tape of an unfamiliar adult petrel crowing

" in a burrow.’ - “

It has been documented “that' upon- return, to the burrow e

contalning a nestling, the adult bird crows and touches the nestling
©on the head. The nestling, in the absence of the adult, remains
xe].u‘:ivgiy -quiet while in the hurrw. The auditory stimulation of ", U ey

N . .- the crow voculﬂntinn, :nmbined with the tactile stigulation of the ’

sduit's return; rbuae cne chick.to feed.

I attempted to simulate the types of stimulation that an

adyle petrel would' provide for the néstling upor return tothe burrow. .’
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