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* . Expenments on the scnuer hondmg behaviour of red !oxes wexe,

tural enclosure at Salmonler Nltur"ﬂrk At Iuw levels

d levels of, prey b e were found to decreue

Vthe time spent in senreh of a cach sxte by ]oxu Increased lev

\  to increase the m

ps‘i.ch were not si ; and Eossxble reasons

d.: Ni ‘, pemenl o! a.ll

forlghe.h;k of

“prey items set out wer |ch 75% were ‘later recovered On

3 lvengé, 54% ol'the available eaches % ere ncovered wnhm 102 h«o! béing set :

,,ant at a menn rate of 93% recovery/dny Theu present . findings are

considered in light of ophmu.l loragmg theory.
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'\bhap’_ter. 1
IN’_I‘_RQDUG’]?'ION :

c?oma (Kadlec 10

impact_ gn larger,

The pusent thesis

attempts to assess the role of the red fox (Vulp:a wlpea) s a prednwr of a

large segbnd,\comn\un\_ty E o Wy s w
L1 BACKGROUND =T, o ETE L N

By nestmg in aress maccesalble to !errestml prcdntors (eg coastal or 7

(Brgestrup. 1941; Fay and Ca_;dp, 1959; Latk, }96&; Buéklgy and Bu;k]ey, P

Perrips and Birkhesd,?‘lﬂsa') When predntors gnifi access: to s;sbird islands,

they often have d;nmatlc e[fecu on senblrd mortallly, especlally lmong th,

. oceanic islands) many seabird spmu “are free from mammalian predluon




. Ashmole, 1971; Bailey, 1982; Lensink, 1984),

lack of effective anti-predator behaviour among many seabirds (Buckley and

Buckley, 1980) and their apparent vulnerability to introduced pred have

led same nvmn ecologlsts“and conservationists to contend that seabirds cannot

success(ul(y coexist on islands with mammnlnn predators (Errington, 1048;

Why- 'are cclonml

- mamigpalian predation! The, h!a-hlstory pa"em of msny' of thae long lived
spe ! involves low adult mortslxt.y. delnyed breedmg, pmduchon of a singlg

small clutch per year snd low annual productivity (Ashmole, 1983, Lack, 1968;

Dunn, 1979; Moors and Atkinson, 1984). Although increased longevity may

- ’ @ . !
,assure -higher feproductivé success (Murphy, 1968; Hairston, Tinkle and

Wilbur, 1970; Mai 1976), lian predators are not restricted to
'

preying on’ eggs and young ol seubirds a3 avian ptednmrs often are (Fisher and

Lockley, 1954; Hatch, 1970 Evsns and Nettleshlp, 1085) and adult mortahty

} creases predntor? impact (Moors and Atkmson, 1984i Furthermore,

ume, mmctmg predxlors (Moors “and Atkmson, 1984; Wittenberger and Hunt,

85). Altho gh syuchrony is thought' ta ocgur in rmponse t6 an op'.lmnl loodl

‘\Pernns and erkhead lﬂ&"{,"v‘" be er, 1084) by swampi d

ping

ind_i_.vjduxh ’n»‘predawr can “kill, a lcw;r‘)propartioﬁ ¥ total pm}" are taken

during P'ﬁk breeding periods (Patterson, 1965; Nisbet, 1975; Taylor, 1984).

seabirds . i Inerable to

seabuds s, nchromu breedmg e[fon and concentrate n number, space and K

lmann, 1011), it may provnde partial protection (Cuno, 1978 .

(Wmenberger and Hunt, 1085). Because a limit exists on: the q}imber of



Synchrony however, is not always effective, as certain mammalian predators
(i.e. foxes, rats) kill beyond their immediate needs (i.e surplus killing, caching;

Novikov, 1962; Kruuk, 1964, 1972; Tinbergen, 1965).

During the late 1800’s and early 1900’s, foxes were released on 201
Alaskan islands for purposes of commercial fur-farming (Murie, 1959; Jones
and Byrd, 1979; Bailey, 1982). These introductions are believed to have caused
some population declines (Lensink, 1984) and extirpations (Bailey, 1982) of
seabird colonies. However, because historical information regarding seabird
colonies, numbers and the consequence of predator introductions is rarely well
documented, these suggestions are often anecdotal (Jones and Byrd, 1979;
Manuwal and Campbell, 1979; Moors and Atkinson, 1984). Furthermore,
resultant reductions in seabird numbers would more accurately reflect the
effects associated with unnatural abundances of foxes, considering the basic
intentions of commercial farming (Murie, 1959) and that foxes were often
provided with supplementary food supplies (Novikov, 1962). Moreover, past
changes in seabird populations may also have resulted from multiple causes
such as: overexploitation of fisheries (Murie, 1959; Straty and Haight, 1979),
human exploitation of seabirds (Fisher and Lockley, 1954; Cline, Wentworth
and Barry, 1979;), the occurrence of additional predators (i.e. rats, otters,
bears, Barabash-Nikiforov, 1938; Fay and Cade, 1959) and natural fluctuations
in seabird numbers resulting from changes in food supply, climatic conditions,
general movements or epizootic disease, (Fisher and Lockley, 1954; Tuck, 1960;
Ashmole, 1971; Bailey and Davenport, 1972; Sekora, Byrd and Gibson, 1979;

Drury, 1979).



Studies on the impact of foxes (eg Vulpes vulpes nnd ‘Aldpez Iugoytu) on:

uland -nesting senbndl have pnnclpnl]y focnsed on smnll seablrd popnlmons

(Kadlee, 1971; Patton and Suulhern, 1971) and/or on the’ temporas et!ects &l

o di 'q llowi ,in i ‘ i (Petersen, lﬁ82 Quinlan lnd Lenhauser;
i 1982). Unde( these canditions predatory losses :rg without: exception high and
with regards to smaller. 9!0 “Tead lo_.]nrgé reductions- i cn]nn:);‘ size,

N

killed and breedmg sumss qu drashcx]ly reduced infiv _o‘E ‘the seven P

* L nesting on the island (Petersen, 19'8_2)‘ The"l'ollowmg_yenr however, the foxes . °
were no longer present and the number of l;;-:éeding'birds 'np“i)enmi similar® to

. that in prior years. Although such gi¢ounnts confirm prey vulnerability and

define the y elfects

,“ yi a-chance e , they do not 7
1early quantify the ;;r:dntors' role”:in: population declines. Px:ednior prese.nce
y govern the location” nnd succm of nest sites and thus, mnuence calony
1938 Larson, 19860), however, & speuu or

endnngend when predatory :losses, no

'studlh hnva ‘_ d d o relatiofship between

vd lh! dechnr of o Iarge senhlrd \populntlon (Moors and Atkinson,




‘lm) Normian (1971) .m.nined'ike eﬂects.of fox pregation on Shor'rh;led ’
Sbemnem (Ph/f nus lenuiroslris) nmmg anfvtwo large coutal uludz in
“A‘irstnlm OrPhlllp Island, where ra.bblh weu lvnhble as Allem-hve prey -
to. -foxes, lhe effect of predation on shnrw‘nels wu' found .l-o«be of minimal

importance. o Benison Island - howeve 'vhere tllernum prey was

unavuhble, pndluon wu dmcted ate prebuedl g'ululls lndlcahng a

seabirds (see also Bergerud"lvﬂ,: ;ogs). In’ some. situations however, the

, R .o <
ce of altefiate prey may ‘act to increase the size of -the predator
population and diréct- gréater predsure on the pridcipsl prey species (Odum,

1975).— 7. : — R
2 e .

; o #

Althdugh a large ‘seabird cor‘nmunity provides predators with ai
‘abundant{food supply, ;redllors O;I '\sllnds are often tonlmnled wilh' u/ - 0.
.equally dfamatic period of prey scarcity during-non-nesting months (Freuchen,

1935; R%klefs, 1989; Stephenson, 1970).” Osgood, Preble and Parker (1015)

contended that additional TGod supplies were needed to maintain the resldent

fox populagion on the Pribilofs during winter (see also Kndlec, 1071). It appears

‘.'lhen; !.hn the lack®of alternative prey on seabird islands often precludes ;

p‘ré;hléry

“from ishing resident populations (Paiton and
Southern, 1977). Of the 201 Alaskan islands on which foxes were released for =
- . “ &




ot ' .

f\pr!‘:rmin‘,' l’oxu. ‘remain on only. 82 of themt (Bailey, 1982). Many reports *

further confirm, that the occurrence of foxes on islands is often temporary

- . ». y
(Bergman, 1068; Bailey. and Faust, 1981; Petersen, 1982; Quinlan, 1982), and
E e . N . '

even'if foxes survive, decreased reproductive success has been reported-(Berns,
1060). ' Co

* By hondmg Iood .80’ animal may help ‘ensure adequate nutrition during
periods of prey scnmty or uncertamty (Morse, 1980) Food hoardmg is hmhly

r

developed and cla‘rly adnpnve for’ species relymg on’ prey that show large

| fluctuations in abundance (Ewer, 1988  Sherry, 1985) Red and arctxc

foxes both hoard food, but the method o! cnchmg ‘differs. The red l’o;( sca '

- hoards (Morns, 1082), ‘that is, it concenls each mdmdu&l load & prey

| sepumely and scnners these caches. over 8 large area (Mune. 1936 Scott

1043 Kruuk, 1064; Tmbzrgen, 1065 Henry, 1978; -Macdonald \078 1977). On

the al,her hand, the arctic [ox mgst eommonly larder huards, thst is, prey Are.

- “'stored together i inoneora few lnrge holes often lmted near or within the den

site- (Hewitt, 1921; Glbson, 1922; Braesh‘up, 1941 Pedersen, 1982) Theae
differences, often reglrded a3 species , lypxcal appear !o be a result ‘of
envu-onmeutal clrcumstance, bevaus: archc foxes also scutter hoard (Osgood et
nl 1015; Hersteinsson and Mncdonald 1982), and red loxes have been found to
houd in larders (Maccarong and Montevecchl, 1081).

i,

The arctic fox is endemic to northern climes where abfupt changes-in

prey:availability- aré common. Curiously, most reported larders contain large

8.5




-~
numbers of seabirds (Gibson, 1922; Freuchen, 1935; Braestrup, 1941; Pedersen,
1962) and occasionally microtine rodents are also stored (Feilden, 1877;

Stephenson, 1870). , The red fox is commonly studied in temperate- climates

_wher-e only scatter hoarding has been reported. Therefore, althoiigh a number

of factors may influence lhe type of hoarding method used. (Ewer, 1968); lardcr
hoarding among foxes typlcally occurs when prey are temporarily available in

large numbers (i.e. seabird colonies, good lemming years).

Knowledge of pi dato bird, i ions_is far from lete and

often, local ¢ir dlctste the infl and impact, of an introduced

predator “on a seabird populatmn " The numbers and behavmur -of bolh
predator and prey . and the a.vmlablhty of altemmvg foods for the predator i ire
important -factors in this interaction (Holling, 1050). Some of these factors

were investigated in thepresent thesis. ... ’ < .-
1.2. STUDY AREA s .

" Bacealieu Island. (~63 x 1 km, 48°07'N, 54°12'W) is situated off the

§ northemmost tip of the Avalon Peninsula of Newmundland nnd is separated

fmm the mau{land (~3.2 km) by the Baccaheu Tickle (Flgures 1-1 and 1-2).

The lslnnds 'I'Ion is locally dlverse, wn.h coastal heath, coniferous l’orest nnd

‘zrmy slopes and dows composi the, dominant habitat types. The

snn"o‘nnﬁing climaté is typical’ of coasta) Newlou;dland with _cool, foggy-
sumhié;;:nqd relnﬁ\"ely mild.winters, frequently.interspersed with strong winds

and harsh conditidés‘(Bnﬁﬁeld, 1083).



* Figure 11 Map of Baceglieu Island showing place names. Inset shows the

4islands" location in relation to Newfoundland.
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Seabirds breed on Baccalieu Island from about April to October. The
major colonies are located on the eastern side of the island where cliff-nesting
species such as Black-legged Kittiwakes (Rissa tridactyla: ~13,000 pairs),
Common Murres (Uria aalge: ~4,000 pairs), Northern Gannets (Sula
bassanus: ~600 pairs), and Thick-billed Murres (Uria lomvia: ~180 pairs)
nest on precipitous cliffs (population estimates based on Montevecchi and
Tuck, 1986). Atlantic Puffins (Fratercula arctica: 30,000 prs) nest in areas of
grass and talus slope, principally from Dickey’s Point to Woody Cove and
along the northern end of the island (Montevecchi and Tuck, 1986). The
Leach's Storm-Petrel (Oceanodroma leucorhoa) colony is massive in size, but
has largely gone unrecognized as an important colony (Brown, et al., 1975;
Nettleship, 1980) and has never been censused. Storm-Petrels nest over the
entire island (with the exception of areas lacking necessary drainage) and are
found in densest concentration in the grassy slopes and meadows from Gannie
CIliff to The Founder and in the steeper slopes from Croucher to Green Bench.
Razorbills (Alca torda), Black Guillemots (Cepphus grylle), Northern Fulmars
(Fulmaris glacialis), Common Ravens (Corvus coraz) and numerous passerine
species (see Wells and Montevecchi, 1984) also nest on the island. With the
exception of Common Ravens, the most common avian predators are Herring
Gulls (Larus argentatus) and Great Black-Backed Gulls (Larus marinus)

whose nesting is largely restricted to nearby Puffin Island (Figure 1-2).

During late winter and spring, southwardly flowing pack ice drifts along

the eastern coast of Newfoundland and in some years may settle between the



: Southern view of Baccalieu Island and the extent of ice occurrence;
April 1984.
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~'mainland and Baccalieu Island (Figure l-':l). Foxes are kdown to scavenge on

off-shore sea ice (Freuchen, 1935; Andriashek, Killisaan and Taylor, 1985) and

-are believed-to have reached Baccalieu Island by crossing over an ice bridge

(Maccarone and Montevecchi, mi) probably formed of close to compact-or . _

cousglidnsed pack ice (Markham, 1980). Ice floes that would permit crossing
(>8/10 g ion) have

d in t[/e vicinity a total of 10 - 13
years from 1950 - 1084 (Davidson, 1985). Althou;

the llghthouse-keepeu ca. 1959 (P Rlce, pers./comm.), they most pmhbly

inhabited the island prxor to this d{te; n‘-lccnl resident requested permlssmn to

" trap foxés on Bacealieu Island in’ 1014 (Newfoundland Fish and ‘Game

Commission Records).

The o;IIy ottiér mpammals to have b/een recorded on Baccalieu Island in

recent years are otters (Lutra, canadensis, A. Macfarlane; CWS. unpubl”

d‘:ta), but their presence is,in[requent. and temporary. "House mice. (Mus

T . *-/ . .
musculus) were found in a shed near %he southern lighthouse in 1960, but_rweren

exterminated that same year after t/ﬁe dwelling had been destroyed (R. Hyde

ud L. Walsh, );e'ri comm.). Heiite, the lack of mammalian prey limns the .

dlet of resident foxes to seabirds, me‘landbnrds, berries and occumnnl refun

dlscnrded by the hghthousrkeeﬁers As well, there are no beaches p!r se on

Bacealieu Island, as steep cliffs form most of the island'g shoreline, sevegely )

" limiting the foxes' opportunity to scaverige on marine foods. \

!u;m were ﬁrst noticed by’

N
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1.3. STUDY PROBLE}EAS
.

The predatory beh of a well-established red fox_p
= exarmined in relation to a lArge, multi-species, seabird island from 1983 - 1986.. -, - 2
An effort was made to gam an understanding of fox-séabird i Y i in

order to provide a mund folmdauon on whlch to base mgnxgemenc decumn’
s with regard to seabird conservntlon ¥ A . f

In Chnpter 2;"the diet and bredamry behaviour of ?d resident foxes- is
reviewed on the basis of prey remnms, carcasses found at nrde; sites and ‘scat

analyses! Prellmmury mvestlsahon revealed'that tb\a smallest most ab\mdant =

and highly vulnenble of the island's seabirds, -the ‘Leach’s Storm-Petrel,
e;rperienced the highest levels -of d_epre‘dation.and iherefore, special

considerntion was direcied to assessing the foxes' relationship w this species.

The habitat, distribution, burrow occupancy and size of the Leach.'s Storm-
Petrel colony on Bnccahell Island was also exnmmed (Chnpter 3) Using this . .
information, seabird harvest levels nnd thé" foxes' food reqummenu, an
attempt was mnde to nssess the foxes’ impact of: foxes on each of the island’s

: breedmg senbnd specles “To gain an mslght into thé the proximate hn!ors

elchlng our, i were d on cspnve foxes in )

a i-natural envi at Nature Park. An hptmul foragmg
npproach was used to examine the effects of hunger staté and prey abmiduncn

on the cognponenls of caching Izgﬁlvionr (Clmp!cr 4).




in the.world.

. coast of.the island.

Chapter 2

PREDATORY BEHAVIOUR
. OF RED FOXES
ON BACCAIAEU ISLAND
2.1. INTR:ODUCTION .

“This chapter examines the predatory behaviour and diet of red foxes-on

Baccalieu Island. The objective was to assess the foxes" reintion!hip to the

island's major seabird species. The foxes' harvest of Leach’s Storm-Petrel was
th; s‘ub‘ject_‘of primary focus, because this smallest and; most abundant seabird
species was ‘found to e)‘(pelziehce the greatest depred‘a‘lions and, as shown in
chapter}x the re;ident' breedin; population is an importnnl: one, being the

largest known Leach's Storm-Petrel colony in.the North Atlantié, and possibly
2.2. METHODS ¥ x
'I‘h; general field routine consisted of keepinig in constant contact with

the resident foxes. During the course of this study, the entire island was

" traversed- by foot at least once every two weeks. At other times, daily efforts

were directed in areas of major fox/seabird activity n‘long the southeastern
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To confirm’ the absence of mammalian prey species (e.g. Microtus

flvani Mus m lus) on Baccalieu Island, onme live-trap and 2

household mouse traps were set at 12 different stations and 3 different

habitats Traps were checked st ~3 day.intervals over a 2 month period.

N 2.2.1. Examinatlon of Nest Predat p

N ‘The high burrow densny region (lrom about Uppep Brister to Old Tllt
-

Cova) was c‘necked daily for signs of storm-petrel burrows at which’ predation

had occurred. Sites with. substantisl excavation (>4 adjacent burrows) were

examined and ‘measured ‘in an effort to ‘understand the possible cues associated

with predatory attacks. Percent g'm\md cOVered by each of the general

vegemxon types (e.g. grass, fern), burrow density, ‘ground slope and percent

! canopy (tree) cover were recorded. Equwalenl med sdjacenl. plots were

s and similar Teatures were

‘ marked in random compass

recorded. Data collection took place‘lmm May 3t < August 22, 1983. Be(ause»

(] of the violations of normality and b ity of variance assumptions, data .

. *
were tested with-the Mann-Whit'ney u.

2.2.2, Collectlon of Prey R.emlhxl ~ 4
On 42 occasmns, 3 stnnlhrd Toute along the mutheastern pomon oh.‘he‘

hhnd and a stnndgrd route leading to its tip were

_' searched fér prey remains (Figure 2-1). The species of avian prey taken and the.
type of damiage inflicted on each was, ‘r'ecorded." No' other .(signiﬁcanli
. mammalian’ predators inhabit the ‘island and all damaged rernains that couid

not be attributed -toavian pl’Ed‘lﬂOil were assumed to'be the result. of fox
P . . Z B - —




Flgure 2—1 Map of Baccalieu Island showing standard routes (SR1, SR2) and

location of storm—pelrel occupancy plots (G - Grnss, W - Woods;
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of egg was also noted, though eggshell remains
i 6
may have been discarded by avian predators, n_neh as Common Ravens (Corvus

coraz, e.g. Montevecchi, 1079).

2.2.3. Scat Analyses

Fox scats were .collected along”two standard routes (Figure 2-1) from

May-August 1983,'in Oclober 1084 and February 1985. Summer droppings

‘were examined i’ the” ﬁeld and lreqllenny ol occurrence by puy type tecorded.

This method pmvnded nn dstimate o! prey taken during ‘the d)ll’d nutmg

peiT 1. (After lnnlyus M’ the first. seasons dlu I!‘ beume lppll’elﬂ that a more

. nr.cumte method of faecal exnmnatlon yas dnmble Therefor_{ fall and

winter droppings were collected in the field and taken to the laboratory where

they were Anl.|¥16d usi,ni the ‘weight of undigested matter method (Lockie, ’

1950). Faecal samples were sterilized by at temp di
130° C (Kennedy and Carbyn, 1981). Scats were individually weighed and
measured n_;l then thc;mli;bly Av'vnhed in warm water, broken up and floated

in a plastic sieve (with 2 mm perfonllons) to remove extraneous delnlnl

mtlter Mter drymg at 70° C, ings were individu mto prey
B

componenu, wh\ch were weighed .using a Mettler (model AE100) balance. This i

techmq\m is mor: ,ecin than the freqnency of ogcurrence measure and Ai:o

permlts the uumn&N( the original wet welgh'. of prey represented in scat '
(Logkie, 1059; see alsd Floyd, Mech and Jordan, 1978).

Avian remains in scat were identifiable to l\pacipl when body. parts such




2
g as beaks.or legs w;re recoveréd. Feathers and bones prt}vid_e_gl additional means
by which ‘to di!l‘erentinu gulls from uborm—peuéls’ and puffinssa In the
labc:ramy, the fine structure of downy barbules was examined u]ld;r
microscope (at 100 n’nd‘ 250X) to determine avian order (Chandler, 19186; pay,
. 19686), however, the similar feather morphology nmong' seabirds as a result of
\‘ -’ their similar phylogeny (Cracraft, 1981, 1085; Strauch, 1985) and the fact that

digestion“ 6f¢en.destroyed the barbs and barbules required for identification

’ (Scott, 1041; Lgyer, 1958) rendered this method frequently unsuccessful.

\

. w Therefore, a combifiation of methods and characteristics were used’ to 'id.e_n’tiry

and separatt; avian components into 5 conservative categori?s: positive storm-
'pe;rel, probable stbrmbetrel (~90% accurate), passerine, large seabird (e.g.
' gull, puffin, murre), and unknown av@. - Lrln addition, vegetable matter (e.g.

.  fgrass, berries), insect, eggshell and marine organisms were examined and x,

. " weighed. . \ & .

2:3. RESULTS

2.3.1. The/Red i‘"ox Population and Dennln_g‘Sltel

Bl o - Fox ttacks and signs of predation were useful in determining areas of
- . <

activity and fox numbers. In idbn with djrect sightings and resighti

- “of distinguishable individual , an impression of the popul. ' size was gained

(Table 2.1). - : e Co
I .
! ‘) In summer 1984, I was able to identi‘!y 7 individual foxes on the basis of

pelage markings, size and area of encounter. Three family groups appeared to
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_Table 2-1: Summary of -estimated fox oumbers and denning sites. .
‘ DATE © - INDIVIDUMLS DENS~ .
KNOWN (POSSIBLE) KNOWN (POSSIBLE)
- e
SUMER 1978 1) . - - ~
- SUMER 1083 5@ L w f
J . . number cubs unkzown
? ° /
7T SUMMER 1984 7@ ) 3 W
4 ' ) 5,0.4 cabs
0 5 »
- »
& OCTOBER 1984 ] - -
o> :
B <
FEBRUARY 1986 ST W 2 freshly dug -
=T den sites
" SUNE 1985 .8 1w N
FR iy no cubs sighted
o g
\ (4) Maccarone and Montevecchi (1981)
‘ J 5 -
s :
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live south of Woody Cove (Figure 1-1). Trackihg in the snow dm:ing February .
1085, suggested ‘thatvﬂ indiv‘iduals_ were present on the island. The two most

northern residents (1 at Lunin Pond, 1 on the northern ‘end) however, were

tracked for only 1 dny due to ‘incl ther makmg 10. ible to

conclude whether théy. were lone foxes, a palr or dutmct l'srmly groups.

¥

_ The searcity of ﬁeld signs and the rarity of fox sightings north ol Woody

.« Cove (onjy 3 times durmg the enme study) suggested that fox nctmty dunng

“ the nestmg season. was generally Iocused arnund the areas of greatest seublrd
“ | nchvnty (along the emem com) Although field signs were also found along
the western nde of the uhnd this area appeared penphernl to mljol‘ fox
“ activity except along the wooded ravines which t:an:ect the lsland (east to

;ww‘) and dnrmg the wmter months when foxes extend or l'ul,ly utilize home

ranges as a resultlol food scarcity (Sheldon, 1050)." e

a .

. i
* The number of dens and the extent of their use was difficult to assess Hue

] " to the'islands large size and hecause many boulde strewn DI‘EI:! form natural
_cavities which are used by foxes as !emponry shelters. Of Che lonr possible
. dens lound in 1084, l.w'o qontmned cub: Thg fate of . these gubs was also .

-~

;,dlm_cult to deterrnlno, becalm adults moveéd young to alternate dens after
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Foxes preyyed on storm-petrels in two ways: by (1) excavating nesting
burrows und (2) capturing adults returning to burrows, In the latter, both
pndawr and prey behaviour was difficult to observe accurately since storm-

"petl‘els arrive after dark. “The digging out of nests, on thg-other hand was

. qmtg consplcuous (Figure 2-2) and could easily be monitored along ¢!

sloped régmns where burrow‘densnty ‘was hngh The foxes although prlncnpally.'

ncclutn‘ i were often” nchve during tw1hgh¢ hours making direct ubservu.lons
of mest pl;edahon poulble‘.
h % -y {;l‘ ) S Ty
When xe‘»xcnvatihg burrow:, foxes generally’ dug 3direcll§" into bu)rru;v
entrances using their rorepaws to .widen the opening enough to thrust their
heads into the, tunnel II aﬂdult young or egg was not renched rhggmg was
) resumed until prey capture. Typically, from one to a few consecutive burrows

"were Qhecked and scent appeared to play an m\pornnt role in determining

whether a burrow Was dug or not. If a burrow was. not dug, the fgx unne—’

marked the entrancs (Figure 2-3) and travelled ~5-15 m before checking
‘sxmther. “That burrows were scent\mlrked dter ‘each investigation or
success{ul prednuog, suggested that foxes used tlis system to identify burrows
prev.iously<chec}(ed or-emptied, in order to decrease the an‘wunt of time spent
foraging during a’ future visit (see lHeli'ry, 1076). Of 20 b’urmwshed and
ignored by- the fox, only 4 had been occupied (l-e{g, 1-adult and 2-egg and
adult), whereas 20 actively dug burrows, resulted it ‘in 13 successful cnptum (7
, were \lncccupled) (X’—l 94, <.05). *

. % 3 3
. . .
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Figure 2-2: Close-up (A) and distant (B) view of depredated storm-petrel nests -
dug by red foxes at Ned Walsh's Cove. hk ot
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T}mugh less frequently qburved, foxes :IQ times dug down directly into
the storm-petrel nest chamber, a method commonly used by foxes digging up.
rabbit stops (Myers and Parker, 1985; Mulder and Wllln;v.-D‘l;m. 1079). The
“fox, attracted by the call of an adult storm-petrel, would laterally turn its head
many times in an effort to localize the nest chamber. If unsuccessful within a
shon whlle, llla fox often alternated between dlmng sbove the nest and at the
nearby bumw entnnce

v

Tlxe foxes-were not nlways s\iccesful in exuvmng prey and ol some

age d occasions, burrows were dug !or exten&q penods wninouz succeu For

(2 mple, one. mdwndunl ‘spent 230 min excavmng a burrow located in a bank,
M

s < ... until finally a hole ~5m? in dlqueter was dug dxreclly thmugh.('vs;p) to the

other side of the bank. Although the extent of a ian predstion was not

exnnmed during this study, Common Ravens. were rved occasionally

\ s dlg;mg slorm-pe!rel burrows and were successful i m capturing adult birds. A

similar obs:runon was made for North Crows (Corvua inus; Bent,

lﬂéﬂl)‘n'dl»h;sjﬂso be;n' suggested for élld Esgles (Haliaeetus leucocephalus)
? REReien Yor
(mc.ng’e' and Nelsot; 1Eszj. Di;gin_g of storm-petrel nests by ravens appeared

to be limited and was always separable from red fox predation. v

i -

ly focused at one or a few burrows or within

Diggiq; by foxes was ty

a reln&ive\y small area, although several latger 'ar ere found at which
.y ki .

“ nxtansiva -dig;in;;hnd been done. For example, on the eastern slope of Ned

Wllshs Cove in ln area of ~1800 m? which was estimated (s grid was lnid'
g it (Y

“r




Montevecchi, pers. comm.),

- . dead ferns was significantly lower st exé¥vated sites,

over the dug area and 1 2 sub-plot was randomly sampled within each 10
m vertical ;l;q)\) to contain 5,508 burrow holes, 55.1 + 21.3% of the burrows
weie dug ou by the foxes. This excavation wss located ~30 m from an active
den ang”fiky’ have resilted from a few years. of seasonsl digging (WA.

-

Ahe exbent ol burrow dam:gs also varied.’ In 37 :luvéyed plots, 28.1%
. (182/847) ol burrow entrances were heavﬂy dug; 55.3%, (\’!58/047) showed
minor signy.of dxggmg and 18.5% (107/647) were untouched by loxes- A
mmlmum af 53 kllls were found st these sites of wlnch 06% were mucmted
witlx heavily dug-burrows. ,Seventeen percent. ol the heavily 'dug burrows

- contamed young or young nnd adults,, indicating that captum did nol alwnyu

oceur. at e){tenswely dug l!urrows and that pnrtlal excavn(lon does not in all
cases’ lead to bunow abandonment Extensive digging_ dlsturbed surrounding

vggetahon sad in’some arm caused soil emmn and burrow deteqbulmn

LT - P

*Table 2-2 tizes the features iated - with' ivated- and
h " A e -

i . | .
adjacent - unexcavated plots. ~Digging sites appeared to be non-randomly

selected. Burrow density Wy higher and the percentages of. tall vegettion and
e . : »

v -
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J Table 22: Comparison of features (% =% cover) of ‘preu.du; by foxes and
& § ‘adjacent nondug control plots; analysed using the Manw‘-Whi'.ney U Test. -
9 : - = g
PLOT- .  EXCAVATED CONTROL ‘nu—}vm.m
#ATURES T ONEe S N=8 | ]
: v MEAN 3 8.E.  MEAN 3 6.E. [
I sm==cheas= === {‘
. STZE () . 5.4 1.0 _ . ‘6.4 .1.0 ]‘ - B
No. BRROWS . 4 (31 _ 9.8 3.3 | 0.03 ( A
% GRASS 9.4 47T  WE 45 NS
_ % 'SHORT PLANT 2.2 6.1 16.7 33 ks .
To . % TMLPLANT- 207 36 1.7 4.3 0.0
e Lo N 3
- : ‘$ DEMFERN .. .66 22 — 6.9 25 0.02
T \ i ;
2 X 5. ) g ! v
) £ d J © % MOs§ . - 38 22 . 3.3 21 n.“s. . .
/ % DIRT R S 19 11 N.E ® 0B
- #% CANOPY COVER - . 6.8 3.1 43 ot




2.3.‘3. Prey Remairns . . N ' . ;}’
'Avian‘rem‘xins (Figures 2+4, 2-5) collected duting the summer and fall are
s\lmplnrized in_ Tuble 2-3. Leach’s Stnrm*Pe!r)el rl|nd_e up 76.7 to 97.8% of all
..rema‘-ins (mean = 89.0 + 7.6%). The highest proportions of non-storm-petrel *
v 1 renraingwere found in May, ;he onsét of nesti_nf[ for many of the species. In
- “ light of the fac‘t that not all seabjxd species -(e.g_l pulfins, Kiltiwakes and -
’ i murres) were ;esent in April al‘ld:Octaber, an overview of lo:prednticn lr;m ) :
Gy " g 8 l/la)‘l tcl Algust "em’f comparatively mo;e informatjve. JZuring this- period the
4 '[ollowillg proponions.were ln‘ken: " Leach’s S!omFP‘etrel 86.9 (N=3§4), .
* ) ‘ - Atlanm Pull'in 4.3 (N=16), Black-legged Kittiwake 5.0 (N=19), Herring Gull .
25 (N=9), Northern Gannet 1. l (N=4) and Common-Mutre 0.3 (N=1).
- ) Adult mortslity due to fox predation on storm-petrels was high; howerer,
- egg loss appeared similar to that l'ound in gulls (Figure 2-6). Posmbly, the
: movemenl, al‘ adult stotm-peXiels'in their nests distracts foxes lrom takmg !he.
eggs. nlumahvely, smrm—petrel eggs, hecn\lse of l.l\elr small size, are mgmled .
' # E whole by foxes, leaving l'.w nuhceable remains and/or the lnx!s prefer’ llk ; Looe
ndults ovef less prol‘uuble eggs. Puffin eggshells were slmllnrly, m!requenlly
) _lound: This may rel’lect the.deeper,.. more protective nature of ‘their burrows
L 3 [[p'ers. obs.), being c/ommoly\localed in areas of boulder :cree‘ Tl\ough murres
. - " and ganllels sullered relanvely high egg loss, adult pr§dation wastow. Murres i
. . * nest-on sheer portidns ol clx!l‘ and appeared more sensitive to disturbances (| e. v
fox™ activity).  The gnnnets' 'r;e size may -limit the extent of predation »
(Nelson, lt), however, sdulh may occsslonally be blown into Bull Gulch

Valley where l.luy are vulnerable fo' fox nluck: (pers. obs)

L I} A




Figure 2-4: Th,e types of Leach’s Sxorll_l-l?etral remains encountered: A -

¥ ** .surplus kill' (arrow indicates punctures inflicted by canid teeth);
B - carcass minus head; C - wing set. : ) s
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Table 2»3:'F‘en:¢n (no.) of avian rerfains-coll
2 ® €

e‘reni mo;_lths on Baccalieu Island.

SPECIES APRIL.

MAY
Y

JNE |

JuLy

AUGUST  OCTHBER " MEAN § OF TOTAL .

) . = ,,l TR
STORM-PETREL 84.9(45) 76.7(112) 92.6(88) 97.6(83) 87.2(41) 94.7(195) -  89.2(584)
PUFFIN = 5.5(8) 32 120 8.6@ 0.6 L Z7dn
XITTIOAE T - s L 12 24 = C1.800)
HERRTHG GULL - *1.9(1) 2.1 1.801) - 2.1 0.5() *am
‘umm\cuu. 9.4(6) $8.2012)  1.1() - 8.0 T 44020)
GANNET _<1.9() 2.13) 1.1(1) - 0.5(1) 0.9(8)
MURRE - 0.7(1) - - - g - 0.2(1)

< ) . P
- UNKNOWN 1.9(1) - " o - N . 0.2(1)
S 5 3 o~
_ suM 100 (53) 100 (148) 100 (95) * 100 (85) " 100:(47) - 100 (208) 100 (632)

(a) A small proportion of these may have been left by Avim/prcdlun (see text)

(b) A small proportionymay bs fledgelings; similar in appearance to adults at this time
2 ‘_ ge P A -

—
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Figure 2-6: Rercent of remains of different avian prey species (Adult N = 632,

Ezzl‘5'=63)A- —~
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Only*12 sigus of predation were found during the 30 days spent on the
island in Februnry-M:rch:_ Identifiable ‘remsin_s were from two storm-petrels, a
Corhmon Eider (Somateria mollissima) an Iceland* (Larus glaucaides) or
Glaucous ‘Larua hyperbareua). (‘.‘.ull (2nd -winter), ;n unidentified (1st winter)
gull, four uinknown completely ‘white. feather patches from éither gulls or sea
ducks and one ﬂossible aleid. The rarity of remains during the winter may
\luve been due to three .nonexc(nsige réu;ns: (1) fresh. snowfall covering ~

p}edntory siZ(ns, (2) low food availability and/or (3) many kills are compl&d‘&\

* eaten or cacheds e 4

2 3. 4- Snrplus Killing

Kruuk (1972) defined surplus Killing as *the killing of prey by a predator,
without the klllmg ilndw;gual or its offspring or members of the same social
unit eating auy-n.:ing from the carcass, although there is free ncce$~ to the
carcass, and usu;lly the- particular prey species would be eaten by that
preda’tor.f On éac:slieu Island surplus killing was restricted to Leach's Storm-
Petrels, with the only evidence ol predaﬁon beirig that of canine teeth murk‘s

generally found at the base of a bird's neck. Eleven percent (BS/BM) of all

¥ ‘avian remains or 12.0% (65/55§) of all storm-petrels were left as surplus Ty

condition in which avian remains were found i§ summarizegd in Table 2-4.

.

The majority of storm-petrel remains ‘and carcasses (excluding -feathers)

* were found in the wooded areas of the island. As well, the proportion of

“surplus kills Twas higher when the birds arrived at the colony {April and May)




“Table 2-4: Condition of avian remaibs attributed to red fox predation on Baccalieu Island dnr‘ing different months.

= v . B
cODITION . - ' APRIL wy * JE " JuLY. " AVGUST_ ocrTosER
WHOLE 13.2(N 13.1(16) 8.4(8) 3.5() Yo.00 13.120
; - CHEST BITE - 4.18) 21@ S e 2.101) -
BooY oy ;- 3.3 11w —- 7 maan | 290 - :
HEAD OALY © 6.7(3) 0.8(1) 1.1(1) R 0.5(1) .
- . ) o - 4
HALF Euusxm - 4.1(8) 120 - . 6.5() 1.0(2)
e LEG(5) @ == 1.8(2) v - - o
© 7 wues wD LESS () - 0.8(1) e = Lo - : .
IGS (&) 7 18.9(10) 13.1(16) 23.202) 11.8(10) 25.5(12) 29.6(61)
FEATHER () |, 62.333)-  59.0072) eo\.\(:) BTSN TR TET) 52.9(109) :
TOTAL ‘100 (63) 100 (122) 100 (96) 100+ (85) 100 (41 100 (208)
(a) A small propottion of these may have been taken by avian predators (ses- text) =
(b) Only large numbers of feathers or feather clnn}u (ofnn hlood stained) were considered signs of &
~ predgtion

7 K >
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and at fledging (October) than during tb.a'summer (June-August) (x3=85
p< 02). Vulnerabxhby appeared to be an |mporunt factor in determmmg
" which species and/or mdlvxdnnls were surplus kllleJ (ct. Kruuk, IOM) During
arrival, when petrels were reutabhshm; nest sltes, wrrow,s were often snow
~ covered or ioe jnmmgﬂ ("~10 15 em deep), and" dults were ¢tommonly found 3
crushed.into burrow entrances. Similarly ht‘edging, you:g' were pQrﬁcuiery‘_

vulnerable (and weak toward the latter pal t pers. obs.). having to tnvel a,

gnm dxstsnce on loot before reaching a’ clearing (A. Hartenist, pyrg. comm.).

These individuals appeared to constitute a significant portion of surplus kills.

.

=g 2.3.5. Caching Behaviour

In addition to"scatter honrqing, ted foxes on Baccalieu Island have l;een

found to, larder hoard prey‘(Mnccnroneh and Montevecchi, 1081). Although

_rarely seen near l&rdeys,‘ ‘obe occasion [ observed a fox enter a larder area
A $F

carr}ing two stofr rels in lﬁ mouth. A small larder hole was entered for
appmxlmately 5 sec, nlter whxch ‘the fox came out and trnvelled ~10mto a
e &
vlug‘e); larde ole where both prey items were deposited. The frx then returned

the ﬁrsp‘hole smﬂeq for a while and left in the same direction from which it
' came. After-less than 5 min, the fox returned with another storm-petrel. This
one however, the fox ate, leaving the uneaten remains above ground.
. R v
L w4

e : * During this study, seven larder sites were found; of these five were -

located at dens (Table 2-5). - The largest hoatd was located in afea 7 (Figure
2-7) where eight-sepnré‘te"rluders céntnin;;i a total of 320 avian c§réasses




\ .

4 ©
Table 2-5: Number of carcasses found in larders (and scattered above-ground within 3 m? of: uch larder hole).

H
1

LARDER DATE STATUS NO. OF AVIAN SPECIES
5mum PETREL PUFFIN KITTTNAKE UNKNOWN GULL GAINEF MURRE  foTAL
> =
1(a) JUNE/78 " 1 - 302 16 2 - - i 320
» 2 1 3 3 - - 1 a7
3 2 4 38 1° - - 1 82
4 1 :?2) - - - ST 4(2)
6, 2 123 5(-) 3¢) o l() l(—) 22(3)
6 Y 1 6(-) 1(-) - o 8(0)
A * 3 41(60) 1) 1(2) - (') -— - 44(62)
8 - 2 1008 - ==, = == 10(16)
9 0cT/84  x 1 - 7(18)  3() = - = - 10(18)
‘€0 JUNE/SB v 8 286(71)  6(1) 104) - -
) Jumeses (e) - 8 29¢-) = = == 4= 320078)
: * 5. ’
SUM (THIS STUDY ONLY) 26 393167 | 16(2) 6(6). " . -Q) .V‘ V200 100 aeure

(a) Montevecchi, unpubl. data (almost all bélow ground:)very few above)
(b) Maccarone and Montevecchi, 1981 (almost all below ground; very few above)

(c) Eight smaller caches found nearby (see text)

#: Den with cubs |
+: Den - no cubs present

“: Possible den - some lppnfont activity

x: No den within 100 m

!
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Fligure 2-7: Photograph taken of larder hole and hoard at Ia‘rder s‘mvna.\ 10 (see !

*table 2-5).
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(range = 18 - 161) and elgh! smaller caches contained a total ol a ltems
(range = 2 - 7). Ninety-threé pervent (207/320) of carcasses found in the eight
ntact.

/\..

principal larders were mostl|

..j ' ..

Storm-Petrels fofinied 94. 5% 1393/418) of carcasses found at’ﬁ“ﬁlen P

mn]or larders and M 9% (161/176) of items luund scntered withig 3 of
each IArdgr hole The propomon of storm-petrels found at Inrder sl(es (94.6%
[580/592)) was significantly higher than field. remains (802 (561/820); 2
x1—47 p<.05) or that found 'in seat (82 1% (134/103), x‘—ﬂ 73, p< Ol)

The pmporhon of storm-, petrels found in scat and as remains did not d|lfer i

()(‘T ‘p> 05) X’ls clear that the foxes hoarded more storm—petrels thnn
they ate. ) 3
2.3.8. Scat Annlyuln g ’ J e

Table 2 8 iim ., izes the freqy of ot IC Q[ pr;y found in scat

)

_dufing summer. Storfn-petrels comprised §2.1 4 0.9% of-all remains, ranging

. over'-Bl'-Dl% in May througlf July and dropping to B7~76‘~’5 in August. Though

the peuk penud of. stpnﬁ petrel utilization nppenred to be in July (005 +

0. 7%), the occurrence of larger seabirds in scut was blghest in Mly (160 ¢

. 4.2%), gradus.lly d@cremng to 0% in August. The ovenll declme of avjan prv.-;x #

in seat during August comcldes w:th an increase in bgy intake (e.g. bluel ety

Bl.lberry, bakeapple). The 1b{ence of Inrger seablrd: in the diet may :lso

. re{lect that some specxes [eg pul’ﬁns, murres, lumwakes) Ienvu the lsllnd in

August andvne ‘no longer _available. lnsect And eggshell remains occur in

o




i i ) § " I 3 ! k
] £ ~ . s J
L - ; oo !
sTea3ed-wrode ATuFPaIes qeomTe ezea 3nq ‘ATeATITEOd"PETFTAUSPT §q 30U PIRQR, IV STFYWI UNTAY (V) . w (
5 ; g7 .
g0t v o 1 oz . ze v - § e lvsao o
“ i \- ] . : A %
@z - - - - (@oor . .- - \mv. .
1 anen (®9°28 \ms,,e.oa .- . mos @9 (@ my'z 4
A ZYL ‘8 2 zort @0'gt - - o -
\ .a ., .h.s. . ) Fs. LEMCLC % )80z
Mmoo - - RN X ] - - -3 -
L T . .
meo . - - & = mre - -
(en)o°tr - — M\ mre  @oor ma-zt VZ..P "®o'er  quravas vt = L3
. - . - b - Low ®
one's mz'y - . (BT'6 c (D09 (D99 (D80, (DINE 1#..5.5.7:-&.- B
T eEem L GosT @ . @078 (DO's (eI (VL (o9l TR ~
- Xrge - ) : g e |
0% TVIOL LT ISOOOY 2T 1SNOAV. TZ AT SL AT L NAT . TE AVA  ZrAVR e
A 4 198 &Es__m u punoj -...TS.. UBIAY JO 22ULINI0 2.. (vou) £>uapbaj yuadsay .u_a.d.-.
- L A IR i ¥
¥ ) w2
- - \\ . .
L) i .f . s -




.
minute proportions in scat and therefore, unless found in ndtgnble quantities, '~

¥.' =,

may have been overlooked. \&

Tables 27 and 2-8 summarize the diet of foxes in the fall and winter
seasons based on dry weights and the estimated total intake of-prey calculated
using Lockie's (1859, 1061) correction factors. Based on the total pmporuon of

estimated wet wexg‘ﬁrmgated storm-| petreh{'hrmed 75.1% of the diet in the

, fall and 5340%_111 the wmte;. The intake of large seabirds however, increased

- from 18.9%in the fall to 22.0% in the winter. Seaducks (Figure 2-8) nn’d gullsp

© are abunidani during the non-nesting period and undoubtedly constitute sn

important part of fox diet. One winter scaf, contained the beak "ol = dovekie”

(Alle alle). Although landbirds were available to foxes during the winter, oo
s e h 1] R

ﬂ;eni‘nins were found in scat. Mu_rie. (1959) and Stephenson (1970) hu}e; similarly

noted that passerines are rarely taken.

Non-nvmn prey formed 86% and lt 1% by dry wught of hll and winter

scat, respecuvely Marshbemn v b
v»(Vnmmum\ nnguah/olmm), tundn bilbefries (Vaccini tliging )
crmkerbernes (Cornus canadenais), bakeappl (Rubus chamaerr rus), and

croWrrn« (Empelrum nigrum) are fnqnently taken by toxu and consmnle 8

: mnjor sourc’; of clrbohydute (Lindstrom, 1083). Mnrshbﬂries, wluch are

peripds. Periwinkles (Ll'llon'na 0_pp2rﬁd mussel (Myh‘lcu ap.) [rngmenu-wera

found: in small quantity in fall seat® In comparison, winter scat contained s
. %y ; . p

Jooih ® N k: w

o : ; A »

° available in the hll and spring, might .be lmponlnt to the foxes dunn; le‘n @




- Table 2-7: Analysis of scat gllected in October 1984 (N=168); based on dry
T weight, estil welwelght and fi of
. ; -
- " SPECIES DRY EST. WET WT.(a) .FREQ. OCC.
® ) ® » o .
STORN-PETREL 108.3  43.9 S
i ® 8178.1  75.1 81.3
STORM-PETRELS(b) 76.4 - 31.2
| - -
——NON-STORU-PETREL 33.6  13.8  2040.8.  18.7 9.8
" %' PASSERINE’ 28 1.2 1268 - 1.2 1.2
' UNKNOWN AVES 8.0 (33 4.7 3.9 7.8
S 'L, EedsHELL 1.7 .07 . 248 02 217
VEGETATION 6.0 2.5 6.0(c) 0.1 4.7
. * & ¥ *
- ¥ -
: BERRIES 6.1 - 2.4 70.8 08  27.1
a .
4 . INsECT - 20- 08 2414 02 3.5
MARIKE R 0.6 0.2.° ' 0.6(c) <0.1 3.8
# ROCK R X 0.2 0.6 <0.1 4.2 W
r = B = .
., MIsc. 0.2 0.1 0.2 <0.1 3.0,
k] B ‘ “ - 1
TOTAL'{T. -.7242.0 ' 100.0 10,893.3. 100.0 * - e

(a) ALl curncﬁou based on Lockie (1969;1880)
- (b) Avian remsins that could not be 1dcnuf od positively, but
. " ware algast certsinly storm-petrel
' A (c) No corr Ction availadble -
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Table 2-8 Annlysls of scat collected in February 1985 (N—-52), bued on dry.

MISC. - O.Z 0.

weight, esti: d wet wel;ht md‘ quency of occurrence.
SPECIES DRY WT. EST. WET WT.(s) FREQ. OCC.
® ® @ ® o
A \
STOR-PETREL 18.0 2.2 i
mss;y 63.0

STORM-PETREL(b) /19.4  27.1 g
NON-GTORM-PETREL 22.2 - 31.0  1364.4 ‘\u.e 2.6
PASSERINE 0.0 . 0.0, 0.0 0.0 0.0
UNKNOYN AVES ~-. 1.9  '2:7 1018 ~ 3.2 7.4
EGGSHELL C40.1 <0.1 0.4 .)o's 3.7 =
7 :
VEGETATION _.-2.2 3.0 3 2.2(c) 0.1 92.6

< [
BERRY 3 19 2.8 26.5 0.8 33.3
ARTHROPODA [ 0.1 <0.1 0.1 .1 1.1

-
MARINE 5.7 .9 5.7\?) 0.2 9.8
ROCK B ‘1 09 0.1 14.8
- * .
37 02 ‘7.4

TOTAL WT.

'y w00 3,174 10070

(a) Al eorrocue based on Lockie (1969;1961) i
3 '(b) Avian remsine that could not be idemtitied puinnly. bab
vere almdst certainly norrpoerah

{c) No correction .

silable

T
4
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Figure 2-8: Large flock of Common Eiders off the easiern coast of Baccalieu

vl Island (Pt}zrunry, 1085); through January - March flocks ,o! > B
. 1,000 birds are not uncommon.
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.high proportion of sea urchin (Strongylocentrotus fragments (8% dry wt.) and
- no other matine invertebrate species were found. Grasses, Empetrum leaves,
A

_ balsam needles and lichens were frequ ily present- in scat, but’_i’h small

propmllon and were probably ingested acdidentally whilé’ capturing prey or
forngmg on berries (Lloyd, 1980), although certain grassés act as dmrencs
(Lever, 1958) and are sometimes eaten in lnrge quantity (Bezeu and Gnllmt
1050). In ject remains (<1% by dry or wet wt.) included Coleoptera

(principally Nicrophorus mnrgmalua), unidentifiable Diptera, Hymenoptera

*(Meaabomb lvanicus) and Siph tera (Ct halid, lpp)Dend

maggol,x' (Diptemn “larvae) were ‘also found in lcat suggesting the use of
scwen;ed or cached foods. Only onme winter scat c(inlnmed Isopoda (two
xowbup) g ke *

-

s

Seabirds were the principnfprey of foxes during: nesting (summer/fall)

" and n;:ninestin;kpring) periods.‘BEI’l‘iu and marine invertebrates were also

taken and may be important in supplementing Tox diet. Figure 2-9 summarizes.

the pattern of monthly changes in the 4 major iprey groups of fox diet on

Bnccalml l.slnnd *

24. DISCUSSION . | 2 f’

Red foxes are oppnrtunistic predators and eat a wide variety of foods,
vith availability niting a3 a pxiimryvdeterminm of diet (Errington, 1'935'

Scott. lﬂﬁ(onhsen, 1050; Englund 1065) On Bucaheu Island, tvmn yrey

. nT‘de llp ~86-03% (winter and fall dry wt, reapnmvely) of fox dlel of whleh




Figure 2—0:

)

Summary. of the monthly chnngu in the 4 mn;or prey groups in -
fox diet; based on the frequency of occurrence jn red fox scats [N i
381) Small Bird = Swrm Petrel, Pmenne, Large Bird = Sk

Larids, Alcids; Marin Manne Invertebrates.
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' Leach's Swrm—Petreh ccmsmnted the bulk (800 + 7.6% remains). Three

facbors wlnch d storm-petrel eptibility to high depredations were:

(1) their relative abundance, (2) their vulnerability when g;lri'ving at the colony,

ﬂedging and adult feeding and brooding/incubation shift clunges ( ially .in

the wooded arens), and (3) their accessibility in n%tlng burrows (especially in

¢ the grass region). Predator efficiency is increased due to the foxes nocturnal

= ‘ nature and the fact that toth fearing and scent are well-developed as distance
“

. receptors for locating subterranean prey (Osterholm, 1084). -~
LA ] -

The three methods used to d. ine prey utilizati were_gonsi in

showing that storm-petrels. composed 80-95% of kills and 75% of ingested wet

— : weight. The highest pmporhon of swrm-petrel was found in July (scat, 90.5%;

sc:t collected in July may hnve been deposited in late June or (2) dnn early

\) - remams. 97.1 af %) which comcldes with either: (1) the peak of egg-laying, since
. .
o
N
¥

/\—— & chlck rearing, when adults would be miking frequent foragifg trips’.v
™ Nevertheless, these t;;bors suggest that storm-petrels were either at pegk ¥
abundance on land or highly vulnerable. However, because surplus killing w:s
¢ atitslowest (Fii'\;n 2-10), the former may actually be the case. On the other
hand, durin; the nesting season large seabird species were found in highest
proportion in May (scat, 16.7%; remains, 2?.3%). .While establishing nest sites,
\ cliff-nesters (e.g kittiwakes, gannets).are exposed to predation when g;thex:ing 5
N, nutmg material on the’ gnuy slopes (pers. obs ), suggesting thnt vulnerability

. rlther than ayailability may be the cause. / w
¥ - : L]
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Figure 2-10: Monthly changes in the proportion of surplus killing compared ‘to

) wthnohviumnnimndscu(nzmmN='D:2;‘SeuNS /

320; Surplus N'=564). . E -t
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The re;ident red fox population’ of Baccalieu Island consisted of up to 9

individuals (excluding young), ising 3or 4 family groupu:~Seihir3: were s
« SR . o
< highly abundant food source from April through October and the scarcity of

food in winter may limit the fox population.

\ ’ 3 Foxes fully utilized éf\':_e}‘ ranges during the winter (see also Sheldon, . .
< - 1950; Ables, IDZS). This was appafent in that tracks ‘were highly nolicea‘ble »
along the westers hll:f of the island where, during other periods of the year, B
little activ}ily (;ccurred. Scuvernkgingv along the limit‘eﬁubmhw and on both L

" stable and flowing lpnck. ioe was also ccmmon_an_gl there, (9xes—||;ny have
\occnsionally' found, an injured- or trapped murré or eider (F;euchen a‘nd

- A . Solam‘ansen, 1058; .Tllck,' 1080; R. H}de andL; Walsh, pers.comm.). As well,
~ large flocks of seaducks (ie. Common Eider, Oldsquaw) were cam:mmlyv
observed feeding in leads in the psck ice close to shore (Figure 211) and

atiracted foraging foxes (pen obs). The bebgyiour o! one fox in particular

exemphfied food mrcxty On two sepmu occhgions this mdmdunl was LR

tiees and during 1 hr had ea¥en as many as four

‘obxerved fongmg in

balssm fir (Abies_balsarnies) conés (Figure Z-ﬂ).'» Murie (1656) also “foted that "

dur}ng periods of prey scartif qu;p' will- eat Iood_ items that appear to have
little value, although. coniferd: w‘onéé‘ may ,i>;ovid= some nutrients (A i
. Dismond, paﬂ_mmmML:d-‘uw incresse of imr‘ma inv:rh\;nm in the .

dxel, the low occurrence of prey remmu lnd increased cuhe use, provxded

.lddlhona.l evidence of food mrclty during the-winter. \ ;
\ N




. " .
P - ‘. "
-~ Siai
5 - § >
%" T
e 2 vemy e o

Figure 2-11: Common Eiderp‘ le leads in pack ice néxt ho shpri’. s

e« . . (February, 1985).
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Figure 2-12: Fox *utinx-ll bthul'? fir cone inl the trees (February; 1985),
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suggesting prey scarcity.
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< . Periods ;af lov‘l prey ‘availability ﬁuy act to stabilize l‘ox_bopnhﬁo by.

decreuing: (1) répreettive .Eucées (2) po{tpntum survival of cubs A’nd/or (8) o .
,uvemlz survival during the ﬁnl winter. Chircova (1941) found that female s
red foxes.as a conseq\lence\ol poor nutrmon, mlyﬁ)t come muk‘:slnls, ova =
may not be ferulned rn\ngr;hon of embryos tnkes place and !emulu may fail
/ to lncl.nts, P general, the proportion of barrens femalu inicreases Under
condmonl of food' searcity (Engh‘l_nd,r 1970). On Bnccahe\l Island one pair
'faileti to .prodllc.e offspril;g in two separate yeu:'s,_ even though a den site was
occupied and their behaviour reﬂec!;ed that of a mated pairv. iiecause ‘breeding
Y in foxes takes place in early February andsyoung are born in April {Ables, (
= ’ 1975), the Iuk of food would not be an lmportnnt factor in decreasing
f poslpnrtum sunnv-‘ of cubs on Battalieu Island, since seabirds begin breedmg
nt this time. On the oth’e?i‘md, young or juvenile foxes ‘prob;blx experience
high levels of mortality during their first winter on-the island. Alt'hough' the fox
¥ : . :opuhﬁon on’ Bacealieu lsland‘lppenl Ii.mited, it has maintained ;uell for
’ lgne than 25 years. | ] ‘
. * . . B ;
] o Oné behaviour with apparent survival vniue for tb)e foxes is cuhil{g p‘rey‘ . ; .‘
) for future nqe‘(F igure 2-13) and the nbliity o cn‘éhe enqugh food for the ;«iLur
ﬁuy be more important in del.ermining the liu\of th‘}ft}yopulltlon on lhe

island than the scarcity of winter prey. Luden Have been found in rve years

L (see M aad_ M hi, 1981), indicating that this method of
IS : s
¢ hoarding i not unepmmon n{d sy be adaptive ,4)' increasing reproductive /" .
! J ¥
- success. Cache use whs verified in that storm-petrels composed 47:- 53% of  _ _.
“ﬂ‘ " . : v » '
o . @

N



. o . s P
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Cache utilization in wintet: A - truc’ks leading to shd frot. a
cache suggesting a fox recovered food from a cache below the‘ '

snow; and B - direct observatiqn of cache recever&







fruh scat collecud in February. Though seaducks, gulls u;d passerines'iﬂ{y
be. taken during the winter, cached. prey l.nd scavenged nrrplus kills mny

provxde lddmon:l nusz,sﬂ T g® J i

¥ ' In v;ew of the eiist;ng' lh{:;ture, the caching beixaviour of red foxes o
4 Baccalieu, Island is umuzu:l in that prey are both scuur and larder hoarded. .
’ Archc loxs typlcally luder hoard when near seabird co'lonm and untter
hond in non-seabird areas (Bnestmp, 1941). These ﬁndmp suggest that

B % -

the method of hoarding. Caching
= behaviour by red s /oxu may be more flexible th]n yrevxously described.” Lu'der
~ . hoarding may sctually be an effective, (or afe) strategy in areas of low

. spopulation density snd/or in areas lukmg murspeclﬁc “competitors (see Ewer, -
e 1968), where the hoarder would be mare liligly to recover its‘own food items
- (Andersson and 8, lﬂ7§)‘ ..:\lthough ‘()onnm;n anem may occasionally
ltavsl‘lnrdeud prey from foxes (beu. obs.), foxes tend to sv?id g{ne another and

S ‘ev‘e'n_ family members (D;It!]de the breeding le‘uson), wh_icfz also decreases the

* lkelibood of 7 P 3 ey
f theft (S: 1972; Storm et al., 1076). ‘
of ; hel ;  § rm ef ).

Tbe";ru oceyfrence of storm-petrels in larders than as field remains

.o can be explained in at least four ways: (1) Field collections were not limited go‘ !
.

one srea or habitat and may therefore reflect grea
" lo}lnd at lu-don-'. (2) Cubs ml} asdist adults ln hoardj
- because most den:l ‘are located away from the seabird cﬂi{n, only storm-petrels

would 'be ;vqhhla to them.  (8) Speciés that maintain well-delineated

.; P i
Sl T E

ariety than that
urilg genning Anqv ]

e

1
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Errington, 1935; 1967).

jrey moe@ly on Leach's S!omrPemll, efll & their availability,

) territories can. board a

n smount of food by gathering items
»

néar the Inrder ﬁrst (Smlth and Relchmﬂ‘ 1984) “) Houdnd prey (awrm-
peml in th:s case) may constitute a non-pu!erre‘d food, wlncb‘.u mrad for
future use in the e_vent that nothmg,beug.r is found (Mncdonlld, 1976; see also
5 y i
» 5 S
) g . : 1

In summation, 1! nppem t}ut the red fox population on Baccalied lslxnd

is.ell- ut\.\{uhed though smpll:owing to the scarcity of winter food, Red foxes

#nd vulnerability. «/
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Cha.pter 3.

PREDATORY EFFECTS OF
RED FOXES ON THE ,
LEACH'S STORM-PETREL

.. PQPULATION
OF BACCALIEU ISLAND

* 3.1. INTRODUCTION o ‘.

To assess the impact of red fox éudntion on the Leach's Storm-Petrel

of B lieu Island, k ledge of both haryest levels and storm-
petrel xopuhﬁan size are needed.  Although Baccalien ﬁ)m&'luge area
ﬁrecludu direct and mm,mh"‘. of nesting storm-petrels, the method of

. lystemnliédly censusing -burrows in ,sample plots in different habitats carr

provide information rfprding relative densities, and along with “data on .

habitat ares, -may be used to eshmu popnlmom of breeding " birds

V(Neuluhip, 1076; Bull, 108}). The objacti\m. of this chapter are.to estimate

on Bsccalieu hl-nd;' (l) the mth,r"nutin_';bhnbihu of Leach's Storm-Petrel

And their areas, (2) lmrrow oecupmcy levall in the diﬂerent babitats, (3) the

lnd on' ) all other major hrnding uibird wqciu

T
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= ko 5
-~ 71
¥ * ’
8.2, METHODS . .
. 3.2. l. Blbltut Description and Classifieation
. Leach's Swrm-Petreh nest in a vmely of habitats on Baccalieu Island. e
“The three™ "principal hnbluu are: lm-ren heaehx, borex!’forest and grusy-
hummncked slopes (Flgure 3-1) The densut concen!,uuons of breeding storm-. ~ . LR

penels oceur in the grassy areas on the eastern side oI the island from Gansie

Cliff lo chkeys Point (Figure 3-2). Medium and low density ccncentrmons
are found in wooded and beath\’r{:mom, respectively, . Smnller neh composed
of y!rbnceous. plants, grass meadow mixed with henh, and grass :qd herb
mixed with heath are alsp used for }:esting. A description of the;lhre; major ™

' N : and three syb-habitat types is given below. ¥ . %,
R d = 5 .
) ta ] .

Barren (coastal) heathd - Northern and southern portions of the 'ullnd'u\

k | - barren regions (Figure'3-3) are princiinll);' soft ground or Empelrum heaths

(Mesdes, 1973, 1083) dominated by eric shrubs (Vaccinium opp.,

. *  Emipelrum &pp., Ledum groenian dicum, Rubus ch us, Myrica sp.).
£ :;Muunuivn Alder (Alnus m'ﬁ and small,-scattered ltm_ﬂl of dwarfed li)ruce ¢
*(Picea sp.) are also fo‘und., The central portion of the island’s barrens (Figure :

) 3-4) (with exeep'.ion‘ of Dog Marsh), although similar in lp;ciu composition,
s has. 3 low, peat accumulation und—)pml of hud ground heath (Meades, .

. 1W3 1083), canhuun; species which have. high light ' requirements and are

’ ‘\ unnbla o .l?rvlva under .shrub or !or‘ut canopy (anmu, 1084). Bare
""" bedrock; lichens (Gladoriia app) snd:mosses (Rhacoritr m ap, Sphagnum 3
. 8p.) predominate w area. .. % ‘ » .

i . . e .
5 : Ly - L . R
S . ! ; et T
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North East Point

BACCALIEU

TICKLE
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HABITAT KEY
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BACCALIEU ISLAND ¢ et 1



’ S
—_
Loa e
i - ~ -
o 1
.
. e N
- 1 ’ s *
Figure 3-2: \{"lew ‘of southeastern cliffs ang, grassy sl‘opes; the latter is i
| principally occupied by Leach’s Storm-Petrels. —
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Figure 3-5 Hard ground or” coastal heath; the inset provides a close-up of the * ;
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Boreal forest - a coniferous forest (Figures 3-5 and 3-8) gompégeipfiiicipnlly

o ar'BM‘Fir (Abies balsamea) .and White Spmee (Picea muei:)."mci'dnonp— —
species, such as American Mountain Ash (Sorbus nmcnunw)"wmu Blrch " '—4

(,B,eluln papyn/‘em] and Chokecherry (Brunus vigginianica), lorm -minor forest P

= components. A variety ol‘ mosses. (Pl f hrabari, Polytrich ap., o

Sphagnum sp.) _ nnd herbueolu plnnts (Aralia nudwnulu, Clintonia borenlu,

Ribes gl "' Maiantheh i V'oln .p) form ‘& denn

understory, ‘but in_some areas, the forest canopy’ exclndes ‘hg

the point
\Ahere tha substrate is largely bnre :
-

Grassy hummockzd slopes -, Tlns lnlnul is pnnclplhy composed ‘of mixed

"  Desch o )

grasses (Poa Sclquu and
sedges (Caru 8p., ) often in the rorm of tussocked slopes And meldown (Flgure
3-7) In some portions of tlm Iublul gnsss are mixed with a vnnely of

- herbueon.s phn's (Cumu- ., Prenanthea

Rumu aceélosella, Huhu

pubescens; bryoptmc auslriaca, Osmunda a_u-(rin:n, l{n_mmmhu q‘a:)‘ . =
+  Herbaceous plnnl - Dominned by fern (K&‘ﬁ' aualn‘nca,; Oamundn
:cmnamomea), thu ‘habitat may also eonnm of a variety of (often lsll).
herbnceous plnm (Ribes glandulosum, Epllabmm unyullllalmm, S'treplayul' '_
amplezufahua, Tnzwalu borealis, Monuu umﬁom, H‘cmmlhu ap) and is

most commonly found in a8 lnnsmon wnc between the nm a)

h:bmu Although differentiated, this Inbltlt llu in close nlocuhcn with thé .

e grass hlgnut.
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Figure 3-8: Closé-up of the wooded b

burrows.
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petrel burrows are mdumd by arrows in B).

1g distant. () and closé-up {B) views (storm-. _ -
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Meadow and Mized - In the present i'nvesti‘gnlion.twu additi?nil sub-habitats
which are found within the heath habitat were differentiated. The mesd(‘)\w-
sub-habitat refersto nr;ns of grass meadow (Deschampsia 8p.) and ericaceous
shrub common along the n;)rtheru.end of the island. The mked sub-habitat
similarly contains gr;es and Empetrum, however, short herbs predominate. *
Although differentiated here, these sub-habitats are highly heterogencous,

sharing characteristics of heath, grass and herb habitats in varying proportion,

¢ miaking them difficalt to del ‘eaie.
3.2.2. Hlbltlt A.ren Annlyslu . ) .

" Two methods weré used to determine, the halntat components of -

Baccali Island Both ! one snother and_provnde a framework for

compmson

Acna( Phalagraph Method: Three BEI’IBI phntographs (1:25, 000 Can. Depl
Energy, Mines, and. Resc\n-ces) compmmg\ the southern, central and northern
portmns of Bncnheu were used. The island’s land mass was overlayed by a '
grid’ composed of 150 lull"_quadrnt& Ea‘ch ‘quadrat was examined under a

' lhng'nilylng‘ ln’mp nnd/o; ‘s",'ereoscopic glasses and "the percentage of . each

" babitat type was esti d. Aerial ph hs 'wqg pril "", useful in
c!iﬂ'erenthting woods, rocky sreas, cliffs, barren and grm habitat. Whéu
,co;mbieed wit‘h 8 knowledge of. general habitat chsrnc_t_etistics obtained from
ground survey, re}a'.iv’e’nrei estimates of herb, meadow and mixed sub-habitats

could be made. .l § i




3 d ” ‘s
Map- (Digitizer) Method: A Numonics digitizer (model 1210-1) ws used to
trace a 1:8650 map of Baccalieu Island and compute its flat surface ares in ha.

Addition’ally, areas known' to be homogeneous (i.e. woods, ponds, etc...) were

ca]culnleg} Mthough gerial photographs could have: been \lsé. angle and

* height inconsistencies between plaus would have produged greater error (H.
b

. Butler, pers. comm.). Addmonnlly,;the larger schﬁ

lhe. msp (}:8650_)

provided for greater accuracy with area calcumi?q This meth6d is absalute

. and results in an’ éBjeelive two dimensional anslysis of "island and habitat
.

* areas, > e ' .

3.2.3. Grotnd: Survey of Possible Bnrrows g 3
PR

A general measure of the density of ‘héles or posslble storm-pelrel

burrows was nepded to evaluate the oveuh’ﬂurqber'or storm-petrels esting in

each habitat. In ordf*c'ov‘er-all areas of the island, piol sites were prechosen

*
. on a map (with relatively equal distances between sampling sites) prior \to

o

7

examination. Randomness of plots and transects within heath, wooded, mixed

und meadow habitats was assured by tnvellmg a random zhsfange (deurmlned‘
[

by a table of random numbers; 100-500 m in the hent}l, 50100 m in l.he woodg

and, 25-50 m m_»boLh mzxed and meadow habitats) 'lg;d.compnss direction

(N.SE,W) Arom the pn’chosen site.- Estimates of grass and plant habitat”

densmu we;e obtmned Yrom dah collec(,ed in mcl tion wnh lcx hunting

strategy (Ghapter l) Co ’ g .




# ) % bl RGN

2 : P
* to. slope. Therefore, plots were categorized into three slope_clmes J‘ : 0-29,
" 30-59 and 00-89°. Tbg number of p]ofs: per category (since randomly chosen)
were assumed to represent the total |;roportion of areg within each habitgt
occurring at that slope and obtained percentages were used in. estimating

' storm-petrel numbers.

e

ory surveys a!so

km norlh of Dog Mnrsh to Cow Rock (Flgure l-li contmned wer dénsit’)-' o

burrowu pparent; dlle to shallower soil as indicated by agre{ter properuon
P . ol‘ exposed bedrock and beds of mg'ln orger to assess these dlﬂerences in-

'hurmw dehs:ty, dltwere col]ected in nm-them, southem and eentral -

g . locations. . . : 3 . :
7 e B s - . : " . -
3.2.4. D ination of Burfow O« A in Three Primary
» N o L
Bubltlh - = @

Dunng Mly June 1984, occupancy ploLs were, established in grusi forest

and Empelrum heath hlbllng south o! anter Pond. Eight sites lyplCll of.

wooded (n=4) and gnssy (n——4) hlhnn's were selected. - The exact location of.

each plol was delermmed by mnrkmg 35X 10 m ares and aubdmdmg it into
four equal quadrats of wlneh one wes ra.ndumly ehosen This procedure was
.
_mnnmnad in uelectmg four 125 m? plots per habitat_of whxch lwo ware in

+\ /" areas with’ >30°- slope_and two were on approximately level ground (0-5“ w5

llope) Grass habitat i3 :umposed ol either grass tussock or grass mlxed with

|
|
B
|




berbs, two plots were placed at Gannet Head (g-;n.n tussock) and two at Bull

Gll']ch (g}m/herh) (Fig;ne 2-1) to account for possible subhabitat dilf;rencu

In the heath lnbnul. the density of Tholes [or possible burruws) was very low

and \amMe Therefore, two 100 m? plots (H1 and H2; Figure | 2-)) were set up .

in high burrow density heath habitat (mést common along the island's

periphery), and two 4 X 100 m trapsects (H3 and H4) were set out randomly in
_ typical heath habitat. : - é
. s .

Diggri‘l'm.‘«of" plots were drawn relating hole position and distance to
ngikhboring holes. A‘ protractor and level were used to determin’e slope.
With.in each plot, connections between burrows, burrow length, the présence-of
nesl‘r’mterial, adults, ch;ckp, eggs md‘ the general characteristics of vegetation
were recorded. Nests were u";xﬁned bet.welen 12 - 22 July 1984, in early chick
rearing l;‘;’plfximnuly. 4 to 5 weeks post egg-laying (Morse and hnc‘hb:‘nm,
1979) and reeh«k_ed from 17 - 20 October for nesting success (1-2 wks ;ﬂer

estimated first fledging - access to the island was not.available until this time).

3.3. RESULTS

‘3.3.1. Phynlul Habitat cn..mm-mlu
Buccl.lxeu Island has & Lohl h}vgg—dlmenslond surface né of 523 ha of.

which, 303 ha nre at-an elevntlon or greater Thln ~75 m nbove sea, level.

'Rlble 31 summarizes the areas (In) of the island's hnhntnu Non-nesting

\

regions such lﬁpond- ‘dlock chﬂs and marshes eompnle 81 ba, ledving

approximately 437 ha (84% of ‘the totd) a8 pountisl nesting Inlnm for the

Leach’s Storm-Peluh. .-

e

N .



Table 3-1: Habitat area estimates using aerial phou;graphic and maﬁping‘

methods. -
HABITAT AERIAL METHOD WPMETHOD
LomE ) ®. e ®
HEATH 2081 40.8 mr s L
“Woops - 167.8 32:7 180.0 ~a4.4
GRASS - 2.8 w28 63
T meew ez Le 5.8 173 .
. HERB 9.5 1.9 @@ e
uDED () "g.0- 1.8 et e
. - -
MARSH Lw® | 34 o8
_ oy 6.7 1.3
10.9 7 () (c) ’

3.6 . 19.7 3.8
R

TOTAL w513.0 100.0 ~ - .B23.1 100.0 ~

(a) For a description see text i
(b) ‘Excluded from count
(c) Included in heath count

8 2
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The aerial photographic and mapping methods differed in estimating the

percentage of heath area. This discrepancy was a result of the map method
including plant, mixed and rock sub-habitats in the count. , Therefore, when
these sub-areas are extracted, barren habitat equals 37.9% of the total area or
198 ha., which is similar (2.7% diﬂ"erence) to that of tl{e aerial method.. The
slight difference between the grass habitat estimates may be attributed to
cither: (1) a subjective overemphasis (in method 1), since this region is highly
sloped or (2) an inatciiFate approximation in defining the absolute dixﬂensions
of this habitat. The calculated. areas of I'\oust meadow and cliff regions were

similar hetween methods.

Lunin (1.9 ba), Gull (1.8 ha} and Southern End Ponds (1.5 ha) are l.he
largest fresh wster bodlas on- the island. These as well as Bont, Lilly, Clay,
anter and Island Ponds were included in the map annlysm Dog Marsh near

the cenur of the'

and measured 2.7 ba (method 2) and was excluded fmm ihe

‘

% “aerial connv. 85 were ponds. since invariably, no petrels nest cheu The serial

methud was used to estimate the amuunt of, exposed bedrock at 10.8%.

8.8.2 Burrow Density of Plot.u

‘Burrow chanetemms of grass, rurst and henth plots are prwented mJ '

Tablu 32, 3-3 and 3-4. Holu wtnch termlnsted at < 20 cm from '.he cnrflce
were typxcally mutwe and were not consldered burrows. Nest chn.mberl wnth

multiple entrances were counted only once (number of nests measure). \The

Anumber‘.nf known- nests equalled, the sctusl number of confirmed nests:
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excluding burfows that were possible nests but were inaccessible (Tables
3-2-34). T f =
Bur;ow density was siguificantly different among babitat types (x; =
1266, P<.90|) l..nd was also greater lt sloped than at level sites (xf = 16.6,
P<.001). Within habitat comyansons, however, revulcd that burrow density
was grnler m sloped plo's only wn.hm ‘grass and foyest habitats (grm "1
" 8.12, p<.02; Woods "l =118, p< .001; he;th x‘ .2, p> 05) No sngmfcant
dxf{erence xn burrow density ‘between Bull Gulch (;rm/phnt) and Gannet

Head (grsas) was fo\md (f(l = 2.8, p>.05), however, gnss habitat cnnumed

2.7 umes as many nuts/m as did forast In uddmon, 1o significant difference )

in-the length of occupied burroyln betwetn sloped ugd level plots within grass (t.
= .02, df = 'l'ﬂ;, p>.05; o?mnl! medn = A38.4 + 100 cm) or wooded (t =
L.15, df = 25, p>.05; overall mean =375 + 12.0 cm) habitats was found. ~

| e h = . e

3.3.3. Assessment of Physical Hsblm Features™

" The pe:r'qenlqe of inaccessible’ holes in grass, forest and barren habitats

wn; 81, ‘203 and ;8.5%, respectively, Root systems and the amount of

bedrock account for +the higher proportion_found "ﬁlon; the.latter types and

-mny refle}t certain pmlpchve (lnu-pndlkary) benefits, uocnud with nmmg
in’ Chue habl!pu {Flgun‘ 38 see also Myers and Parker, 1065).The hlgher
burrow depsities md rool sylunu mny nfm account, for the greater proportlon

of inter, onnecud bnmwn in grass (17.8%) snd wooded (253%) habi

37%) The peicentage o! holes-less uun 20 cm Iong ‘was 5.9%
(ras) 5:3% (tm.e)k« 7.4% (heath).

Ly
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: Burrow entrances protected l;y root system (indicated by.arrows).
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In Table 3-5, certain physical, competitive and predatory characteristics *

associated wnth nahng in tbe three majdr habxtsts are assessed. Based on

physlca' {nctors (eg burrow erosmn, ﬂoodmg, freezmg), gnss *habitat nppv.-m
high in quality, with forest-and barren regmns being mtermedme and Iow
respectively. This concms ‘with dmee o[ hubxtat use in mlnuoﬁ to density.
Benefits ussccxated thh positive plxysxcal features ImWever, may be offset by

costs isted with ovi '».",,and/or rabili m,, dation.  The

intermediale status of the wooded hubltat wnhm each category may thgefore

reﬂect why it is more utilize Lhnn the henth habitat. 1 v

Sixty-eight percent 115&/128} al’ all nccas:ble nests were ozcupxed by

. either an adult egg’ or chlck_

rcent uc:upamy (Table 3—8) wis similar

705 nnd 72 l% and lower within heath

e - plots and trnnsecu ‘st 53.8%. No significant dlﬂ'erence ‘however, wes lmlnd (x,

_ =43, p>.05). The  presence o‘n eggor's chlck was used to _cotfitm that 8

~nest was occupxed by a bmdmg #lr (>3 yr), '.he percentage bclng rehnvely

“x "\ equal« in: each hnblm (gnss, 913%; woods, 90. 3% ‘heath 95. 2% combmed

- meth =91.8% (142/155)) “Therfor

g L e s L

&

2 mmhi-mm of 62.3% (% occupaucy x )




-3
’ P
s fective relative of qualitative habitat features with
nm!ing, “competition and predation. Rating Seale: 1 - poer
(negative), 2 - fair (neutral), 3 - good (positive) quality. s
. — Ao . )
4 .
PHYSICAL HABITAT- FEATURES HABITAT
. FOR' NESTING BY ¥ * =
- . LEACH’S STORM-PETREL GRASS ¥ooDs HEATH.
BURROWING EASE (a) 2 -3 1
- TUNNEL EROSION 2. 3 e L &
. FLOODING 30 .2 1
FROZEN/SNOW BLDCKED (v) 3 1 2 ¥ :
5 PROXIMITY T0 SEA 3 .2 2 5
- & . . OBSTACLES (.\; trees) (c) 2 1 2
. “OVERALL RATING T 12 - g . - -

Lo () With
(c) With reference to arrival at burrows (i.e. as a poniblu
source of natural mortality)

'INTRA- AND INTER- o HABITAT
e D—

+ . BPECIFIC ASPECTS g ik
OF. HABITAT OCCUPANGY . GRASS ¥00DS HEATH °

= SUBSTRATE AVAILABILITY- (d) * 1 o2 3 |
2 * BURRON AVAILABILITY (o) 2 2 8 !
/.. INTRA-GPEC. CDMPETITION 1 2 3 |

wd 5 BURROW PROTECTION (f) 1 3 3
~— .. OTHER GEABIRDS PRESENT () 1 3 2 |

N OVERALL RATING s Rt I 14

(d) ‘Based on burrow don-iey (conlplci!icl)
(o) Based on'¥ occupancy .in major habitats % .
et o () From predators :(s.g. foxes, ‘ravens) as's result :

. ' Toot 8 tems, bedrock, stc. )




urrow, 9é:(:upzney. in grass, for

rest and heath habitat plots checked during 12 - 22 July, 1084 (A - Adult; C -

HABITAT. PLOT - PERCENT OCCUPIED 4 URROY
TPE TIPE (¢ OCCUPIED / # NESTS) 2A,1E  1A1C 1AIE 24 1A IC IE
Level 74.6  (47/63) 1 - e . 2 - 8
GRASS ) )
Slope :67.6  (56/83) 1 - 48 \ 2 4 s 4,4
" Total 70.5  (103/148) 2 - @ % 6 - 4
Level- 71.4  (10/14) L L] ™~ 1 2 = C I
w00Ds ¥ :
. . Slope . 124 (21/29) - - 20 - - -
N = ;
Total 72.1 (31/43) B - 27 1 2 <1y
Plots 56.6 (10/18) - % [ - .2 - 2
HEATR . 5
Transects 62.4 (11/21) = & 8 - - o 3
. Total 53.8  (21/39) - 1 14 - 1 - B
GRAND MEAN (SUMD 63.0 (155/228) 2 1 129 4 8 - 10
1
1 .
h '

yo1



105

8.3.5. Fox Predation and Reproductive Failure
Nest ;redation or burrow damage as a result of fox digging was apparent
. at two grass habitat plots and :here[are,vif extrapolation is made to all plots,
1.3% (4/314) of all holes checkec or 1.5% (4/274) of all conﬁrmeld nests would
bave been dug cut by foxes. An adult was killed at each of two nests, one of
which also contmned an intact (dend) egg. In the other plot, no evldence of
Kills was lo\md at the two msts (ome of which was only slightly dug),
suggesling that they had either been \moccupied or were abandoned. T'wo of
‘the 141 eggs found were cracked suggesting that egg loss was Apprpxlmntel}
14%. : ¢ s e B

3.3.8. Nehtlng Success
- -
- Thraugh the 17 - 20 of Octuber 1985, 129 ncc\lpmd and nnoccupled
burrows were re-examined to estimate ﬂedgmg success and to establish possible

error associated with the previous ‘intervention. One previously unoccupied

burrow contained a large nest and egg fragments, suggesting that it had been

’ ‘occupied during the first intervention o was rsublished a‘l‘terwud& No

ewdence of young or nest material was found in the 13 (8.4%) nests occupled

only by ldulu in July, sub jati thelr breed g status. Seventy-fc
. percent (55/74) of all previously occnpied nests were empty, the percehtages
being similar ‘between'grm (78.2% (43/55)) and barren (80.0% (8/10))
- habitats, but lqwer in the wvv‘m‘éded habitat (M:A‘@ (4/9)): Based on the
proportion of tgﬁ Tesulting.in live young at last vini; it can also be estimated
v that 88-94% (14/16 or 15/17) ml"\rived to fledging. No additional predation

had taken place at mi of the plots since the first intervention.
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3.8.7. Ground Survey *

Sample plots varied in size and nnvmbcr within and between habitats and
therefore, two measures were calculated: (1) the Erand mean of holes, in order
to obtain a variance estimate and (2i the mean nymber of h:)]es based on the
total number of holes ‘encountered/total area sampled. In th; former Jneasure,
each plot regardless of siz_e: was v‘veighted egually and therefore, plots <2 m?
were ‘excluded from the analysis in sn;ﬂor‘tlto increase the homogeneity of

. v plot sizé _and decreasé'l}he Lias towards small plots. This measure (grand
mean) is‘leported in the texf:"(bblnw) only as'a comparison with the mesn
number of burrow¥, whlch 'u'bélie\'ed' to provide ‘a more Agcura.te densiq

S. estimate, treating each ‘plot _according to area ssmpled, .and is used
" ) ] 3 E

determine storm-petrél numbers. '

Grass habiu:t co;taix;ed the highest grsna mean density of holes (4.§ +
0.2/m?). The mean number of- burrows was s:mnlnr betweén areas‘of low (0 -,
R 29") and intermediate (30 - 59") slope 3t 4.3 3 0.4/m? and 2.2 03/m .

respecuvely, and lower (36 £ lz/m’] within Inghly sloped (60 - 80°) aress.

Areas with mote than” 80% fern or tall plant also” contained hlgh burrow

& . density (3.8 4 0.3/m?) an’ expected resnlt because fern habitat is ofwn closely
hssocmed with grass habitat. The mean densxty of possible burrows wag 1.2 £

0.3 holes/m? in the Iorat'ed regions and burrow density mcrnud with slope
(showp'below). Northern (0.038 i'o.ms/m“) and southern’ (0.050 io.ooa/mzj
helchvregiam were found t3 have from four,to six times the density of holes "

{ha central region (0.008 + 0.003/1112) along the.rock backbone of the island.




" grealer flexibility (or preusan) in” the oversll

. Petrel on Baccalieu Island.
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The barrens also ofler uunable nesting substute along ihe lslnnd's penphery
(plots H1 and H; Flgure 2-1) however, O,hls snlrhnb)tnt is bard' to dnl‘ferenual.e
from the typical Empelmm heath and " therefore, its percen!nge of -area is
" unknown.

Table' 3-7 summarizes the nufnber of lots, total area sampled and the

nurnber nnd denslty of holes/aren snmpled wann each habitat. The samplmg

scheme was stratifi ied according' to slope or geographlc location to provide

opulﬁtion estimate. Tnble 3-8

brenks down total area mw sub-hsbxm type’ and summsmu the: densuy of

occupled !mrrowa which was calculated by mulnplymg the density of holes, by

: the proportilcn of holes kudwn to be nesting burrows, by the occupancy rate.

For hpbitais which were' sampled (heath, woods and grass)-the exact values of

occupamey were used in calculating density. For all other sub-habitat estimates

“ (e.g. herb, meadow and' mixed), the grand mean occnpaq:éy and proportion of

actual nesting burrows (of the three sampled. habitats) were used to calculate &

basic estimate of the breeding-population (in nesting pairs) of Leach’s Storm=

3.3.8. ngqll‘tlon Elﬂl‘;llte ~ .
The total size of the Leachi's SWm‘vf’elrel population nl:\ulnled in Tablé
38 at 2, uaooo‘ pm is buad,on a two-dlrnemonal penpeehve Analysis of

island conmnr'(nummmud in Appendxx 1) l‘evenl.s a 31 to 100% increase in*

" area (mn.n = 159 1 10%) due to topography,” suggesting thn,t the total

4




Table 3-7: Denmy of holes in different hnbxm/geognphlt locations based on
a stratified nmplmg scheme.

HABITAT SUB-HABITAT 0. OF TOTAL AREA  ¥O. DENSITY
TIPE/ - OF PLOTS  OF HOLES oF .
TPE - AREA - PLOTS &)  ENCOUNTERED HOLES/M?
HEATH bouthern - - 7 .1300.0 5 0.065
central’ 5 700.0 L) 0.009
northern * °  B° 800.0 29 0.036
‘high-dens. (a) - 3 300.0 50 S 0,167
overall ~ - . 23 3100.0 14 N 0,047
wims © G20, 18 -435.0 o2 0.694
30 - B9, . iy 5 113.0 180 1.693
80 -89 2 20.0" 61 2.100
" oversll . 24 77,0 ° 543 o041, b
‘GRASS  .0-20 33 164.5 67 _3.709 "
30-69 41 178.8 ) " 4.808
s0-8 - 3 13.5 50 - - 3.700 .- %
Croucher(® 6 31.8 ¢ 96 2.987
oversll .83 a78.6 177 © 4.168 "
EB 0-44 U eas o 308 . 4744
45 -89 ° 7 81.2 198 3.23
overall 21 126.7 506 0 ¢ 4:010
MEADOW  variable 7 - 700 100 ° 0.143
MDGED variable . 3 62.6 . 44 “0.708 ¢

2




Table 3-8: Hypothetical population estimate (nesting pairs) of ‘Leach's S!‘.or‘mA )
Petrels on Baccalieu Island, based on a two-dimensional configuration (for®- . ., ..

actual estimate, see text).

.+ «HABITAT SUB-HABITAT " AREA- DENSITY ESTIMATED

- , TYPE/ . - OF OCCUPTI NO. |
. TYPE AREA i . (M%)  BURROWS (/U?)  OF PAIRS'
, " HEATA  morthern - 1,231,000 - . 0.0212 . 26,000
! and southern -~ P " . §
o ‘ N eemtral 684,000  ©0.00433 3,000 -
. 1 highdensity(a) 66,000
y 1,980,000
d . ) “ 1,200,000
"+ 460,000
N 160,000 :
o o 1,800,000
- S - , S 7 -
c ~GRASS . 0 -28 87;000 .  2.21 162,000 5
t, 30 - 69 108,000 3.03 ‘337,000 - ¢
‘. .60 - 89 8,000 . 2.28 18,000 Y
* . Croucher(®) - 87,000 1.68 - 162,000
. & 38,000—  c-- T o0 -
4 fe totals 328,000 g . ebg,000 -
¥ , iERB . 0 - 44 65.000-  2.78 .7 181,000 < ;
. 46.-89 . 32,000 1.90 ;6,000
" totals 97,000 ’ T 242,000 -
- MEADOY V- ' 68,000 00838 ° 6,000
MIXED - E, 92,000 - - 0.413 . 44,000
MARSH, POND . '
BEDROCK AND CLIFF *668, 000 - -
' GRAND SWM S0 UB281,000 0+« D 2,113,000
* .(s) Estimated ‘at B¥ of total heath Babitat (- . g
© (b) Slops mot measured; estimate based on sreaonly o

Ly ~ G o
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“surface area of Baccalieu Island is actually 832 ha. This pracedure will tend to
" overestimate h?bitats common on flatter ground (e.g. heath) and underestimate
.babitats corimon on slopes (e.g. grassy a.reas),'blit-"will result-in a more
conservative estimate. Therefore, the es‘timnted Increase 'attrit;u;ad to this
factor, assuming all habitats are similarly affected, results in:a p;)pulnlion
estimate of 3,360,000 .pnirs, with *lower and upper limjts (set ‘at 09%

confidence) being.3,0,43,009 to 3,877:000, respectively. |

P34l DISCUSSIO

Tbe colonies ol' bench s Swrm-Petrel in Newfoundland are vnslly lnrger

Athan any other known colonm in the Mlanuc For this reason Huntington

’ (1963) contended that they may geatly influence other colonies thrn\xgh the

: mterchange of individuals and that\destruction ot/one, may md\rectly ml’luence

recruitment in anoum (see also Huntingtoh-apd Burtt, 1972). Bued on the
results obtained above, Baccalieu Island supports the largest of all kn?wn
Leach’s Storm-Petrel colonies and could play a significant n;le in inﬂuencintg
. bearby and distant populntionQ. ‘i‘herefore, it is of utmost importance to
identify the role and impact of're.d !ox;s,,l,s\well as the selective pressure they

. may impose on the storm-petrel population of Baccalieu Island. A 4

B

e
Ll
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3.4.1. Nest Site Ce ition, Burrow O«

and _H;bitat Use
gStorm-Petrels nest in a variety. of habitats g on Baccalieu Island.
Occupation of su‘b—oplimal"or less preferred areas is generally a result of high
intraspecific compmhnn (Lack, 1968), which typlcs.lly occurs at the cenzer of b
spedies’ breedmg rango (Buckley and Buckley, 1980). Eggs oulede burrow

entrances have also been suggested to reflect condmons of high nest site

(Huntington, 1963). Thirty-t percent (72/228) of all (well-
developed) burrav;rs‘checked wé;-e empty. This s){ggests, in agreement with
Huntington's (1963) fiadings, that svailability of nest sites’is not a eritical
factor at centrx‘i colonies. iggs vgntside burréw entrances were also ‘more

commonly found in the forest-habitat, where burrow density was intermediate,
t v X

* suggesting that other factors may achm.lly'he responsible for this, |

Sixty-eight percent {155/228) of all accessible storm-petrel nests.were
occupied by either an adult, chick or egg, and ﬂns result concurs with the
68.5% (50/73) for Baccalieu Island recorded by Grimmer (1081). As well, 2%
of all known nests were estimntfd to be occupied by breeding pairs, which falls
within the S&M%:\rnnge f?ynd by Morse and Buchheisger (1979) on~Matinicus
Rock. Wilbur (1988), suggested ‘that the rarity.of dead eggs or chicks in
burrows indicates ni _h\igh survival rate ainong yo‘(ng stoim:;;etr_els between

hatching and fledgifig. Although based on a small sample size, the proportion

: o! e;gx ruulhng in hve young near fledging was 88-94% similar- to other

scudlu whxch have reported fledgling success rates of 87 99% (Wilbur, 1989)

66:82% (Mommd" hheister, 1070), 73-87% (Gri 1681).




12

On the basis of burrow density, the grass region appears to be pr;lened

" nesting babitat, most likely a factor related fo its coastal location and W

relatively soft nesting substrate. Overall however, most slorm-pe!.re’ls nested in

the woods, a Tesult of this habitat's large area and moderately del;se nesfmg-/"

conv:e;qutions, S'.omn‘-peuela t_mnow easily into the forest floor, especially
around ;.He' r&qt systems_’ql trees. The rate of burrow occupancy was similar
between vthse..two habitats. In contrast, the reluivelx insignificant number of
burrows and Iower».og‘cupnncy levels within the barren hen:hs probnb]y reflect

that thi;‘kﬂ}im is sub-optimal o;‘newly occupjed, possibly du’: to a hard.

‘burrowing substrate and/or lack of drainage (e.s’. Storey and Lien, 1985).

3.4.2. Selective P y Assocl d with Predati o 4
i Predation imposes selective pressures on the slom'\-petrél ;zp'ulnion inat
least two ways. First, foxcs"p?ey heavily on storm-petrels in the grass hn‘biu"t
The high nesting denslly mly act to attract -predators (Kubs 1971; Fre'.well
,1012), although the re!mve (vulnenbnhly) risk to any one nest msy actually be
lnw',(l-[amllton, 1971). Second, .the seasonal flux of ‘s prey population in
4 J'eln.i;n to bthe constant demands of a predator population hay direct sel':ctive\
pr’c&n‘v‘s‘ 3gnins'¢ early ;nd' late breeders (A:hm}:l'e, 1963; Pnte}‘son‘,‘.lvﬂs;

?‘l'ubeu," 1975; Montevecchi, 1977). This situation is apparent on Bnec’snl'neu

Island, where"éu;plns killing is most evident éarly ;nd late in the breeding

season (a.nd ‘most pronounced in 1h= wooded habitat; see Chapter 2). This N
/

suggsh that My breedmg ldul‘s and fledglings of late breedera are AQ

greatest’ ru( Thereﬁre, predation prmure may opeuu for: 1.h= nlecug_gl)

e
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safer habitat sites, “as well as having a synchronous effect on the breeding .-
X I

benology of the storm-petrel jon of Bagcalieu Island (seé also Gochfeld, *

1980). . . =

8.4.3. Prednbers' Impact on the Leach's Smrm-Petrel Population

The kverage daily food intake of a red fox has been calculated at 1 Ib
(Scott, 1941), 378 g (Lockie 1959) and. 223 keal/kg body weighl./dny- .

(Vogtsberger a‘nd*Bnrren,I 1973; see also Sargeant,, 1978). Based on a

populntion of 12 foxes (increaséd to provide for a conservsuve eshmnte, see

> .Clnpter 2 for schlsl numbefs) over & 832 ha ares, And assuming & mean

g
weight of 5.2 kg (Northeott” 1@745, red fox biomass wo\lld be 075 kg of fox

' ussue/'ha At a mean wejght nf S0g (Montevecchn, et al 1983 see also Gross,

10_35; Palmer, 1962) and an adult population size of 6,720,000 mdwﬁualg,-v
. =y 3 5

adult storm-petrel biomass spproxi‘muta‘ 403.85 kg of bird tissue/ha. At an

’ energy,'density of 12:]3 kJ/g for storm-petrel (Montevecchi et al., 1983), -

4,808,652 kJ/ha 6 storm—petrel are available,, Based on the fox biomass

cllcnlated nbove nnd an average prey intake of 934 ki/kg body we:ght/duy
(eq\livnlent to 22;1 kcalfkg; Voglsberger and Barrett, 1973), 70.1 kJ/ha]’day of

2 sbpr;:1~petrel would be taken. Th’erehre, it is estimated . tht if_the -f&xm of

petrél: i 1y, they" would consume 25 587
kJ/h|7yr (21, 288 384 k.l/yr), wluch is equal to- 0.5% ol the avallable td\llt,
sborm-petral t).ssue This'is equlvdent to 35,100 nduh. storm-petrels per year.

~ . Natural mortality experienced by adult Progellariiformes is suggested to
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be ~10% (Morse and Bucheister, 1979). Thus, 672,000 recruited breeders

5 ; e
would be required annually to maintain the adult nesting..population on
Baccalieu Island. Assuming that 2% (3,091,000 pairs) of storm-petrels found

in burrows were breeding adults (Table 3-6), that 86% (s minimum) (.lf the

chicks fledged (Morse and Buchheister, 1979), and that at least 37% (estimated

minimum for shearwaters calcﬁlated by Serventy, '1966; see also Harris, 1973;
Pernns et dl., 1973) of the ﬂedglmgs reach breedmg age (3 years or more), then

756, 000 young of the year would snrvwe to breed In view c(\tbe‘ many years

" of adul 3 reprodnctlve vmblllty (J. Lien, unpubl. d»n-)’fﬁis level.of recruitment

wonld maintain or mcrease the current population level in the face of,resident

fox predatmn, whn:h would be’5.2% ol nnturul adult mortality nt most.

The above estimate of predatory. i.mp“d assumes that foxes eni only
storm-petrels during the whole year snd therefore, is. probably higi: because: (1)
other avian-species (e.g. pnmns,.kiit’iwnku) are Vtak‘en, (2) energy available in
the form of eggs and yourg was not included in the estimate of biomass, 3)
other foods are svailnble (e-g. bérne.s, msecls) ‘and (4) storm-petrels are present

on the island for only 6 - 7 months (Inte Apnl to equy November) of the year;

however, cnching and surplus killing mly account for this diﬂ‘en:encm In an

effort to account for faciors l‘ aid 3,-data collected on the predatory behaviour

2 - '
- of red foxes (Chapter-2) were incorporated into the estimate of impact. Table
- . 390 shows the weight, energy density and enmergy value/individual of the

. ,‘V‘diﬂerent avian prey. Rased on ﬂeld'remnins‘, lardered' prey A‘nd‘scn analysis,

the number of individuals taken per-species was calculated (Table 3-10).
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TAhIe 3-9: Wet weight, energy densny and energy value of different avian

prey species.

(a) Montevecchi et 21.5(1983) ~

SPEGIES ¥EIGHT ENERGY DENSITY ENERGY WORTH
® (xJ/g) ~ (kJ/bird)
o s )
LEACH’S STORM-PETREL ~ 60 (2) - 12.13 (1) 606.5
8 //, o ‘
ATLANTIC PUFFIN 45 () (1176 (@ 5226,8
- : - .‘\ .
. BK-LEGGED KITTIVAKE 440 (c) , “1.76 6170,0
k Y w e,
s M o hee
HERRING GULL 116 (@ T 13101.3
%, V.
NORTHERN GANNET 3130 (e) 11.76 \3{17.5
COMMON MURRE' - 965 (1) 11.76 11333.:\
PASSERINE 50 (g) ' 10.93 (§) 546.5
- - g »
Z
SOURCE: X

(b) Montevecchi (unpubl. weights for. Baceuhu Ilhnd)
(c) Combjned mean weights (Belopol’skii, 1967, Swartz, lmu)

(d) Threlfall and Jewer (1978)

'
(o). Montevecchi (unpubl. weights 2r Bucculion Island)

(2) D, Cairns (pers. comm.)
(g) Assumed

_ (h) Calculated from Ricklefs, White and Cullen (1980)
(1) Calculated from Montevecchi, et al. (198‘)

Q) Bishhin (ms)




Table 3-10: Estimated numbers' of avisn prey taken anpually by réd foxes on 7.
Baccalieu Island; based on the energetic requiremenis of 12 adult oné
(21, 288 384 U/yr). calculated using-the woporuona o' ﬁeld remains, ludered
prey and scn/remnn

. SPECIES * REMATHS LARDERED PREY' . ~'SCAT(a)
¢ e D ., Mop e .
LEACH’S T stz 33,206 .. . 27,481
2 3 -~
", ATLANTIC 4\ "110 .
! PUFFIN ; .
: -, BLACK-LEGGED - 6 . Y - 88 © 30e
'KITTIVAKE:  ° L .
v o 4
. L~
) HERRING 4 - 64
- “ y ~ . i
B NORTHERN (] 2 .o
€ =
COIBION 4 - .8
MURRE . P . .
) PASSERINE s - T

(a) Based oh corrected t weight; the nhmlhr e seabird
"= '(scat) categories ‘e ‘broken down uhuv" to| known ~
prep\ani.ou found as avian remains

e,
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v
Table 3-11: Estimated’ predntory impact on the pnnclple avian breeding
populations of Bactalieu Island.

SPECIES NUMBER TAKEN (s POPULATION SIZE IwpACT
(Mean + 5.D.) (No. of Indiv.) )

30,679 2940 0.5
0.2
0.7
Fl
0.6
. & .
COMMON 5 1 7,062 (b) 0.1

(a). llnn 2 '5.D. of number takeli; based on lardered prey.
£101d remains and scat/remains (Table 3-10)
) yonnucclu ‘and Tuck (1986)
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of impu!’ are ized in Table 3-11. "Fox predation appears to

account for losses of < 1% of the adult breeding component of each seabird
species on Baccalieu Island.

Fox predation on the storm-petrels of B: lieu Island is idered of

mjnimal importance. The fgx may have been in relatively constant

association with the seabirds since 1914, and it is possible that predator and

prey share a stable ecolokic&l relationship. The large size of the _storm-petrel

population Illd ‘the growth ﬂltauon of the fox population due to the lack of

llurnnhve prey dunng wmthr mon'.hs ate two lchrs which may keep

predatory impact in check.
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' Chapter 4

STUDIES ON THE, CACHING
BEHAVIOUR OF CAPTIVE
- RED FOXES _

4.1, INTRODUCTION

The basic assumption of Lheo;eti;al models of optimal .foraging "ls that

organisms whigh{_feed efficiently obtain maximum fitness, because efficient J

foraging bebaviour may increase the time and' energy available for other
" activities such u\teni'mial defence and rep'raductio;: (Emlen, 1966; MacArthur
and Pianka, liBB; Schoenér, 1971; Pearson, 1974; Pfg, Pulliam and Cha’rnuv,
l977;\;%;:dersson and Krebs, v1978.). Many predictions about foraging p:;uerns
on the basis of net 'énergy gain per unit time can be ma’de from these models

(Pyke, et al. 1977; Hainsworth and Wolf, 1479).

Schoener .(1909) i it ed  energy imizati and . time

as two all i ies with which to imize foraging

<

efﬁclancy Enargy maximizers seek to gain the gruust nmount of ‘energy .
poesihle within a gwen time penod wherm time minimizers seek to minimize -

the ume'negeun-y to obtain a given amount of food (Morse, 1980). Although’

both strategies lead to s maximization of food intske while foraging, & time
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TN
minimizer will quit once its needs(or'the day are met, whereas an energy

maximizer.will continue foraging. _This latter strategy is used by animals that

hoarg/or cache food. Energy maximization may increase predator efficiency by

iping to ensure an adequate food supply during times of shortage.

The 'red fo is  known to hoa.rd (ood in small, multiple clches, ench

P contmmng from one to a few llems (Kruuk 1964; Fox, 1971; Henry, 1976

Macdonald, "10774)" and food nvnxlnbxh_ty appears . to be ‘an ;mpnrtnnt:
determingnt of cabhing (Kruuk, 1964; Henry, 1976). Fo‘gd preference

(Macdoisld, 1077b) and the qualits, of the food item encountered (Henry, 1977)
ilso affct whether and to what degree an item will be cached.

The act of caching begint when a l'o;( carries off & prey item while
searcbing for an appropriate burial site. Once a spot is chosen, the fox digs a
hole wnth lts forepaws whxle holdmg the prey item in its mouth | (Figure ‘4‘-\)
The item is then pushed into the hole, which the fox covers and g‘ncks down\
with _dirt, leaves or other nearby litéei‘ using its muzzle (Figure 4-2). Each
component of this hoqding aequg\;:e' ‘may be cons‘iﬂ‘e‘red in view of its possible
function. Prey pickup w cnching’ initiatlon is a measure of travel time and the
dlstance a fox travels unul cuchmg Cu:hmg time is related directly to the
qlu.ht o a !ood item, (Henry. 1078) tnd may re}lect the depth or degree to
which sy item is hldden Time to subseqnent pickup probnbly reflects a fox‘s ’

motivation to return for more prey.




-

Figiite 4-1; Fox digging a gac‘l;é :avhﬂe hhlding the prey item in its mouth.
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~ - Figure 4-2: Fox ca 'uﬂnginé th ‘cl‘ehe‘ £

using its muzzle. oy

= /

n







15

< k4
The present study invu;ipze:i the effezts of short term food fluctuations
on the different components of caching behaviour. The general question posed
was: does the fox make different decisions sbout’the immediate consumption
and caching of food as functions of hunger state and food availability? ~
Although other factors lnl; effect hoarding beh-viouy (see énrio. 1976), food
‘abundance and hunger state should be major external and internal variables

that determine on what or how an organism feeds (Hainsworth and Woll,

wh = Py

1979). . ¥ ?
4:2. MATERIALS AND METHODS .

Research'was carried out at Salmonier Nature Park (47°-15" N, 53° 18'

W)‘ located 65 km SW of St. John's, Newfoundland. A hand raised male and

l"em‘de red fox were used, and experiments were conducted in a semi natural 10
x 18 x,nl'enelosun' (Figure 4-3). Observations were made from an elevatéd
wooden platform at the N end of the compound.

4.2.1. Proeedure

Experimenu at Salmonier involved placing hens' eggs into the eneknuni

:nd mnnonn; the foxes' behlvumr Handling, cuhlng tms and cache

locluons were recorded. l-‘oxu were food depnved for 1, 3,24 or 48 hr before

"tuung, and prey lhundl.ncu of 3, 8, 12 and 24 eggs were randomly run at

different levels of food deprivation. By keeping prey type conmstant the ° |
introduction of an' additional variable (e.g. prey quality; Henry, 1976) into ‘the

experiment, was avoided. Thus, f.:lnngu in behaviour were more likely to be 4N




4-3: Enclosure used in cachilg experiments at Salmonier Nature Park.
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due to the independent varisbles. Recovery of cached eggs was ssessed by

~ o
the ! for discarded eggshells 1-3 br after the_test run and

‘alterwards, on a daily basis.

4.2.2. Design
N

Hoarding b i was partitioned ijnto tliree i 1) pnckup.

cmy and’ snrch for a. cnche site, 2) time spent caching and &9 lstency to
subseqnent food plckup wnhm& trial. These measures Teflect . the natural *

hnsldmg sequence of foxes (see Henry, 1978) Individuals sometlm&s\f’emrncd

’ t.o continue clchmg, or rélocated and reburied food st the end of a trial (fter

all eggs were eached of ealen whxch \xsually requu'ed < 45 min.

these times -
were not recorded since Around the cloqk ohservauon ‘would be necessary to .

note nll such behavxonr,- . \

,‘Currelaﬁon‘s bet'w;een. pi up, cAchmg and latenuy to suhseqnent plcknp

were low ing i d (hlgbat ,corulnuon revenled 8% '
vnmtmn m common] Then{org, each time measu a\s well as total ume, was -,
analyzed-sepnmtely using 8 vithin subject completely cfossed4x 4 x6x 2 way » -
repeated measures design with abundunce and hungej utgte having four levels
each, observnuon number (accounting for an order effect) havmg six And two

subjects - .
A
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43. RESULTS

4.3.1. Partitioning of Hoarding C

L) '
‘When foraging on the same patch of food each fox secured about half the

- items (female 46.4% (84/170), male 50.6% (86/170)). Carrying, caching and
latency to subsequent pickyp -times ranged from 0 to 65 sec (Figures 4-4, 45

. 8id 46, Modal (s2d mean + S.D.) pickup time was 5-10 sec (12.9 + 8.5 sec), ¢
cdching time ‘20_-25 sec (232 4 119 sec) u‘|d lplbseql;e t pickup time 5-15 §e’c
.(M,’ﬂ + 102 ;ec)_, respectively. .A greater proportion 01 time was allocated to

.
prey ‘caching th-n to other component behaviours. Overall hoarding effort

nn;qdd‘rom 10 to 110 sec’(mean = 50 5 +19.9 uc) A tendency Ior the
femllrm hwd food items faster thm the male  (mean overall hoardin ,L“”
female = 44.&1 206; male = 567 4 17.9; N = 64) was suggested (Figure
3 4 , e “ i :
‘The mun carrying (M1), :l'c‘bixfg (M\i), latency to subsequent prey
* pickup (m] and overall hwding times (MO) dnder_.lm:h of the abundance and
hnn;_er ‘state mipnlltiom are plu;ﬂ‘ed in Table 41. Neither h\;n[er state
nor food sbund. ignificsntly altered total hoardi <'.iim (MD)‘ﬂhough an

’

lbundnnc- effect was almost rea‘lized (F(a.s),_ 718, p < $10). Increased

hun;er state (l"(a .3) = 25040 P. < .001) and incressed abundance (F(3 3) =
8L13, p < .005) ll;niﬁelntly decmud time spent in semh of a clchs antn
(Mf}{l-‘xgum 48 and 4-9) Addnmg{y,_mh mumﬁon.(q-xure 440) was

. |1 b,
significant (F(”) = 457, § < -025)-However, no significant effect on the 'ti;n

. L " i = g »
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—
— spent caching (M2) .of, the latency to subsequent picl:up (M3) was found.

X : ’
? . Similarly, no sequential effects were found due to the orderk in which' eggs were
taken on any of the measures tested (see Table 4-2). ! B

4-3 2. Analyses of Interaction and ?lmple Main Effects for Measure
o Pickup Time
Anllym of simple main effects were' performed in order “to isol;te

© ‘s possible sources of the interaction effect (Winer, 1071; Keppel, 1073).

Mthough llme tests failed w identify the locus of slgmﬁeance,‘ the effects of A

g'. HL snd He were almost realized (p 14 w speclu.lly in the fbrmer) The
1 . s inuncllon was lhen pnmhoned into mdﬁaendent trend componenu The
linear component wu sigmr cmt (F(”/ -—\HQ,J) < Ol) Mcounlmg for

52. 6% ﬁf The u:teru:tlon lllm of lqnu# Trend nmlysm on slmple main effects

3 N
furlher revesled that the linear trend of fuwr A at H2 (] h) was slgmrcnnt in
itsell (l-‘(l 0 = 823 p < .025), uﬂechng an overall negative slope (Flgure i

. 410). Therefore, plckup to caching mmatlon time mtervals decreased with

P " increased levels of abund ntahfood’_' ion. »

s . Although an murumn was fo\lnd the main effects of abundsnce and .

food depnutwn \:re s lﬁcl’t and because the expSrlmental design was 8 F:
- . completely bdmced (each measure being mdependeni of lhe other), dnfferenca~ 2 “»
between meuu -within li;nﬁcmt trends of main effects were evn.'lua.te_d» post- | .

I:oc, \uin; the sfudquemKwh test (Sokal and Rohlf, 1069). Meah %

s

plekup_&o 'e'n‘chin; initiation ﬁime intervals <wére l(;nng to differ !igniﬁcmtly,;




- o
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Table 4-2:411&1)'540‘!‘ variance summary table. /' .
E b
S0URCE ss af us F P
A, (ABUNDANCE) 2654.89 3 884.96  81.13 <.006
' %% o 3272 3 | 10.90
-\ . |
H . (HUNGER) 339.80 3 113.26  260.40 <.001
~4.30 3 0.43 7ol
4 0 s
¢ (ORDER) 561.96 5 ° fi2739 1.45 N5
cx5, 387.54 3 77.50
Axit’ 111577 - 0 123.08 = 4.57( <.0%
AxxS - 244.00 0. 2111
s i 4.
h 377.641 16 26.17 PN
201.68, \ 16 13.43
Ht» . 805.97 16 63.73 . 0.71 N.§
HxCxS 124,83 16 74.94
AxHxC i643.67° < 45, . 34.30  0.50 N.§
AxHxCxS 4

- 304658

67.70
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-t ~ 3 4 i
betweeén hunger states 1 hr (p < .05), 3 hr (p < .01) and 24 br (p < .05)
relative to 48 hr,.nnd 3 br relative to 1 hr and 24 br (ps < .01) (see Figure

§ '
4-9). Mean travel time to cache sites were also significantly altered (p < .05)

between abundance levels of 8 snd 24 prey items (see Figure 4-8). These results

suggest a possible decrease in the.time spent searching for a cache site with
X )

increased hunger or prey abundafice.

4.3.3. Cuhe Recovery -

4
cnched 97% (208/307) of the eggs set out. Suegessful recovery and

, F

" use of cached [ood nvern;ed 75. 2% (N ‘= 224) verying from 41% (5/!2) to

05% (23/24) (Table 43). On :verlge. '54% ol the available caches were
N\

e recovered within 192 hr of bemg set but, itn mean rue of 9. 25% recovery/day

(Flguu 411).

4. DISCUSSION i

oy

Foxes exhibited an increased motivation to cache with ificreased hunger

levels and food item abundance. Primarily, the time spent in search of a

bund. di

at an i

suitable cache site d d with in d prey
&

level of food deprivation. A similar effect however, Wwas almost realized at the

lowest levet of food deprivation, suggesting that at low levels of -bunger, foxes
are more motivated to begin, caching when, pr;unted with pigher levels of pi'ey

abundance. By domg 0, foxes mly act to. mmunue travel time (or-duhnee

trlvelled), whieh ‘n turn, may mnnmm tha unt of time Avnlabla for -

foraging (Mtéomld lh'lb 1977s). ‘This utnu;y is pnml.nlu advantageous
and oceurs when tongmg for food lvulgble for a limited penod of time'(e.g. in
N : %

\

.

L d




Table 43: Results showing that cached food is recovered and eaten” (see also

. ) Macdonald, 1076).; Lines = combined recovery.
4 :
NUMBER OF EGGS
SET OUT . CACHED + RECOVERED
AND EATEX
~ ’\ . iy P -
} 12 1 8 2 .
12 12 []
< 8 ] 13
12 129 .
2 12 23
4 13 - 10 - -
- 2 24 16 -
36 3 30,
. 12- ¢ o1 ; 5 !
14 1 12
12 1 =
= 10 10 | N #
3 3 20 '
28 |18 [} %
) 12 S 12
i . 8 8 .
s 12 12 .
b . 6 s, s o i "
5 .2 2 :
/3 W 18 : 18 61 G
24 - o 2 16
¥ .
~
s N=307 7 2@ 220 =, e i
] - . . "
%= - o7 75 "
: o £ :
i - = 5
A 3 ¥ i v, ¥
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Fl;use 4-11: Mean ‘recovery of cached prey/dsy; Daily = observed pioportion

¢ ‘ﬂime period, C lative = lative proportion . . _'
@ . recovered, Mean/D. = cumulative mean/day based on the
» observed overall meuﬂf 9.25%, Expected = expected d‘nily ' -
N o ! cache recovery based on 0.25% ) ' (
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the presence of competitors). After depletion of a too;l source, an individual
may ret;in; to rebury or relocate cmhed’pr’e,y more securely, ;;:d some
individuals in thg wild have been observed doing so (Errington, 1967; Henry,
1976; ;‘qs. obs.). This mey be related to.why an sbundance effect was almost
-realized in overall h?nrding time. .. & \ ;

General inspection of main effects (Figures 4-8 and 4-10) revenls a shm-p
mmal increasd in clchmg 'initiation time with both hunger (1 - 3 hr) and ‘
abundance (3 6 items) statu Yet, only the hunger dlll’erence was s|gmﬁcmt
Possibly, sdme motwnudnll ethbnum is reachled, after wlnch slight increases
in motivation occurmwhlch is reﬂected in the Iwer mean cache initiation times
at 24 hr and 48 by ol‘ food deprivation, Significant effects o; food item
lbundance were found only between 6 and 24 item levels, mggatmg tlmt only

rellhvely large differences in prey nvu}nblhky will m;ger differential responses

in: travel mnelncaehmg The i jon betweenth and sbund:

Lugge;ted that intermediate levels c( hunger (or abundance) may ‘be more

* imp than originally expected in infl

caching beh

o

Foxes “allocated lp]zrox\imnelqu as much time to the cachiig prey

(M2) than to searching for a cache site (Ml) or their subsequent return to a
prey pn!ch (MS) This is pr;)bnbly a conueqnence: of the small size of the
enclosure. Caches took on average 23.2 + 119 s (N = 192) to co‘npleu,
“? similar to the times recorded by Henry (1976) for wild foxes (24. 0 '+16.585 N

= 17). By keeping. food type constant, it was upected that the effects of
A

N .
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manipulating hn/nger or .abundance would be more clearly recognized.
However, no significant differences were found, suggesting that caching time

(M2) was independent of prey.nvuilability and, hunger. As proposed b¥ Henry
. ~ B

(1978), "preynquality may determine the inténsiti' (e.g. depth) at which

individuals bury prey. X v '\
No general conclusion -can be drawn about the foxes' return time to a

prey patch, and enclosnre 'size may have contributed largely lo ‘the

nonsignificance of this measure.  Although foxes would wait or travel uound ’

t?e eniclosure for some time before returning, as with the cachilig initiation
measures, their paths were generally more direct. - Under gatural conditions,
return ‘times are ymbablyvl function of distance originally travelled (pers. oﬁs.)’
ang therefore, would be expected to vary with travel distance.
~
Betlyeen subject variation in Lall measufes may have resulted: from
individual, sex or hierarchical differences. These factors are not mutually

exclusive. In this'study, the female was both timid and @ibordinate, suggesting

.. that these factors may have been respensible for her faster hoarding times.

The recovery of 75% of the caches in this study was lower than the 06%

cache recovery level found by donald (1076). 'This discrep is pmbnbly

due to two factors: prey preference (Macdonald—wsed mice; see Mudonlld,}

= 1671b) and innc;dsibmty (dl;e to frozen or inaceessible cuheu).‘ In the *

. American Kestrel (Falco sparverius), Mueller (1974) noted that retrieval of
3 .
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W cached food remained constant, even during food deprivation. Experiments at
Salmonier lh@uggut that cache recovery is relatively constant at a mean rate

of '9.25%/day. The oumber of caches recovered, however; does decrease over

ume (Figure 4-11). This pattern may ba due.to conservative cache use or a

decrease in encounter rate as the number of caches utilized increases. In either
s

cn.se, caching is an efﬁqlﬁnt predatory stmtegy ensnnng prey avmlnhlhty for

future utilization.

From the /roreg j and di jon it seems ble -to .

] conclude that certain“pspects of hoarding. behaviour (i.e. pickup to caching

. initiation gnterva.l) igfoxes mey be governed by l‘ood :vmlnbnhty However,
relmonshnp Hunger stnte and prey abundnnce may also a\t}m progpmte
The

s signals mﬂuencmg certain responses w:tlnn: lhe Loarding sequence.

“would be in monitori

adaptive signifi of such a

s i for ions in pxg}; ilability, while at the sam/e 'time

ing individuals to act dingly. In this‘way, an mdmdna.\'

competitive ability and chancu of survival could be enhmced o

- - - W A
v N -
| . i ’ .
' ’ : . ) . .
By \r
A M
N -

further luung using a larger number of subject.s is necessary to clnnfy this’
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1
- Chapter 5 =
GENERAL DISCUSSION
- 5.1 PREDATOR-PREY CONSIDERATFIONS ° . s,
; : X 00
The introduction or_incidentsl of ial pred; to

predator-free seabird islands -can potentially alter tl;e stability oI{ local

populations. As with all predator-prey relations hipwever, the impact of

predation is depéident upon the i jon of a Series of behavioural,

ecologxcpl and geagraphm vanablu and tl\erefore, thy \?ﬂuence of an

mtroduced predator, on it§’ prey varies wxdelyg according to  specific

eircumstmc“é'(Moon and Atkinson, 1984). While the“effects of\predation o

‘tha dynarmcu of prey populnt)/c(: are pooﬂy nnderstood v.heu- i ﬂnence is

it ot the predator and préy popu uons,

the chuactemncs o{‘the predator nnd prey and the density and q\nhty of
albernatﬂ/e loods for lhe predator (Leopeld 1933 Holling, 1059). Because each
of these variables exerts an mﬂuence Gh the others, the overnll e(l’ect of nny

oné may depen:l on changes in auolha( (Holling, 1956).




 spacing
stability. Thmn;h ecological relesse (MacArthur snd Wilson, 1067; Ricklefs,
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5.1.1. Predator Density ) , e

The survival timeof a izi lation is ically dependent on

its size (MacArthur and Wilson, 1867) snd to be successful, an introduced
-
species should have s high rate of population increase (Andrewartha, 1971;
~

thlez, 1082). Therelore, ful colonization is closely dependent on ai

uhnd 's ecology (Jones and Whitehead, lﬂw) On isolated islands, mammalian
populations are limited in 4growth by survival and reproductive potent%ll,
whereas on partially or temporarily isolated islands, the rate of immigration

also acts to determine successful colonization. Although.loosely interwovén

populations are more stable in terms of rates of flnctuﬂions and extinctions

(Emlen, 1984), mfhvnhuls in closed poyull’llom are affected by toni{ltom(loclj)
mvnonmenul lnd bémounl l’lcton (eg local food lvu.lnblhty, social

b nd once i their populations may also achieve
1976) or denmy compensation (Williamson, 1081) island populations often
occur st densities higher than those of nei;_hborin; mainland pgpuhﬁnns
(Krebs, Keller and Tamarin, 1969; Watson, 1871; Gliwicz, 1682).

= =

* N =

Red foxes are believed to have colonized Baccalieu Island ca. 1959, but
may have been there 50 years before. Although pack ice occurs in lhe. vieiniiy
from February to April and theoretically, foxes could repch the island as often
38 two out of every five yéu-l; on average, an ice bridge 3(;uld be available for

fox crossings only three weeks/year of ice occurrence (Davidson, 1985; pers.

obs.). Furthermore, dispersal among foxes occurs principnl]‘y in the fall from
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Septembe} to Decemnber (Sheldon, 1950; Lloyd, 107§Swrm et al, 1976). Given
v

these limitati the fox H'_ jon on B Island is probsbly a

relatively closed system, highly d ds on local looieal —

Although closed populstions sre usually highly unstable, the lack of food on
Baccalieu Island during late winter and spring (when ice is present) may force

some individuals to emmigrate and because ®dispersal may reduce the impact

- of stochastic disturbances on population variation® (Vance;  1980), a relatively
.

stable population may' exist (Watson, 1671; Emlen, 1984). Tgrritorinlity among
foxes may further dampen population fluctuations (Williamson, 1981; Sthentz,

1084) and limit population growth (Dasmann, 1984; Schantz, 1984; cf. Emlen,

. 1984). ¢ ' "

Prey Density

Many studies have shown _thnl. fox predation cnn.fxert both short- and.
long-term effects on g;xll p‘opulntions (Kruuk, 1064; Kadlek, 1071; E’gtwn and
Southern, 1977; Southern “et al, 1985). These findings, however, cafinot be
extended to include the potential effects of predation on all seabird species.
First, most gulls are ground nesters and therefore{ eggs and young a.re’highly

rvisib){nnd accessible to terrestrial predators. As well, adult gulls snd urns::re‘

Inersble to | predstion (Kruuk, 1084 Nisbett, 1675). Second,

although gulls sre known to mob preé;hn, mobbing may prove ineffective

sgainst s large terrestrial pfedator such as the fox. The last u{d most.

important point is that gulls commonly breed"ir small colonies (Salomonsen,
I . s

1879), and therefore the ratio between predator and prey could easily be offset

disturbing colony sh.bili‘ty. 9 -
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\ Predgtion alo effects mortality sad productivity in large seabird
eolmi‘u;, but, the overall impact msy be cumpt.nﬁvel;' small (Murie, 1959;
Morse, 1980; Gasten, et sl, 1085 Stonéhouse (mz)\moénded that o
Ascension ﬂmd the success of ".zrn:despil.e heavy and consistent predation by
cats was in part, the result of large numbers of nesting birds (cf. Williams,
1084). ~ Similarly on Bacealieu Island, the massive breeding populstion of
“storm-petrels and their .reproductive  potential appear to outweigh the
predatory pressure imposed by the resident loxrs'. Ho;lvzver, considering the

potentid] _destructi of canids (Erringion, 1948), wnder conditions

W # . favouring |;f!dl'40r ypulnion growth, even the largest of sesbird colonies may

experience intense predatory pressues.

5.13. Predator Characteristics

Rats (Raltus spp.), fersl cats (Felia caus), srctic and red foxes have

been impli d in seabird poplati dulina,inpl.rt,lmx‘llt of

their more frequent introduction sad small burrowing rp'eciu (e.g. suklets,
peteels) hl'lv expedmcet; greatest depredations.  However, the rat snd cat
hlv; been impﬁcnted;l buw threats to sesbird cBlonies (Fisher and I.?ckley,
1054; Moors snd. Atkinson, iﬂﬁd).' Compared to I;xu. both are mu:,l fecund

with respect'to multiple litters per year (Nowak and Parsdiso, }1084)" and-

exhibit greater social lolenﬁ;i‘increning their potential denlity,/:;As.wull, rats
W 0 and cats aré typically not native to the local fauna and rats sre émn capable

4 of nmini stibll burrows. All'of these factors increase s predators® chantes for

E . successful colonization and the extent of potentitl damsge.
r N\
O .
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The red fox has the most extensive worldwide dumbuummong the
canids (Stains, 1975 Zlmen 1980), lnd its success is pm.ly related toan abxllly
to adapt to s va.nety of habitfts apd :lrcnynsunqu (Ables, 1975; Lloyd, msa).

2 i + -
Most studjes have shown that the major foods taken by foxes are small rodents,
.

hares, rabbits, wild fruits, berries a}:d insects  (Korshgen, iqsﬂ),und in*

y ;
. Newfoundland, hares and landbirds are importm}.([)oddl, 1955; see. also

Mercer, Hearn and Finlay, 1070) In compmsan. prey dLverslly is restricted on

islands (mduers, 1069) and seabnds oI'aen constitute an nmporbnl pnrl of, fux

dlitj{Mum, 1959) On’ lslnnds lnhﬁ(g ullem‘nhvp prey, Muné (1959) fmmd
., . v

potential prey are hkdy to Atlract predlwu (Wltunherger, lﬂSl) S|mlluly

wllhm colomu, ‘bredlm;s ate more Ilkely 16 destroy Dests: m nreu of huh

nuung density, since the pmbablhly of ‘détecting uddlhom.l nuu is grnlly

mcreued (Tinbergen, Impekoyen nnd' Fuuck 1967; Murduqh

siand Qnten,

1075).  Cliff nesters are relatively: ufe lrom terrestrial pred tors. lnd nubsrdl .

d;lénsu (ie. bbing) dmne greater
) pmlectum by nahng in- ¢entral porﬁon: of l/ colony. ln con tr: predation
L
premlre ines areas that are 1 for burmw- nnd r undinuting
§

sedbirds with ‘no loeul cntl—preduwr delem Tho spacitg; cover and
ncceulblhty of nests pll.y importlnt wlu in-the sati-pred

fC
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" burrow-nesting seabirds (Tinbergen et al, 1967; Schranck, 1972; Buckley and

{

Buckley, 1980).

.
-~

Foxes commonly d|‘xg storm-petrel nests in the grass snd‘fern habitats
s whel;e high nest density and relatively soft soil probably increased predation
: success, Burrowi si‘umhd-in wooded and helth. lnbitatl however, may h\ve
gained pnh-l protechon from the hr;ej oot systems and bedrock, and
possibly luwer nest densities. On the other hlnd direct predation on adult
storm-petrels during colony arrival v‘md feedlng |h|[|4 was hnghgt in the

wooded habitat and _may Kave réllted« from obstacles lin\iting’puccssful

" escape (cf. Knmk l97£) ’l‘nls» lation is partially firmed by ‘he

epllngled mong tree branches and o;: the grau’nd with no signs of prednhon

| (pers. obs.; W. Montevecchi, pers. comm.). Furthermore, nocturnal activity

' . among ‘storm-petrels makes them rail ible to higher levels of fox

_;'Sﬁa;!yn_ o« ) .
-4 - C

5.1.5. Avaliability of Nmn.uu Foods.

¢

N oburvmon that wings :nd w@le awrm-petrels were frequenl.ly\found .

4 ;
Moll ulb)ldl lelvo lh‘l! nesting groundl after the breeding season, and

h;l.l qmgmlui plodnwrl lnva to rely on l.lurnlllve food IDUI'CCS'

Al foods influen dation pattly by e i lha numbers of
" . 1

predators ud' by thelr Sverall importance in the prednwn‘ diet (Moors' and

c 4
Atkinson, 108;). : {n some situations where alternative foods are scarce, the

puduoq population may be limited and may stabilize at low levels or in
W e )

.-




extreme clsla. die out. If however, lltemltlve foods are plenhf\ll tlnn the
nnmber o! prednon “may’ "be maintained ‘t levels beyond which em be

supported by ‘the raldent u.bnd populmons Alurnnuvo foods however, may

+ also act to buffer the impact of fox pr:dauon on seabird populations (Normn.n,
1} "

1071). o S . B ¢
. ) a
: Y e 3
.. Stonehouse (1955) contended that the bronized breeding habits
. e :

« OF- continuicg presence of breeding seabirds (nome-l.ropicnl seabirds may also,

nest three times in t.wo years) on Ascension Island (for dates see Ashmole,
. o = Iy

1983) allowed the predator population to incresse such that two of the seabird °

lpeclu were exterminated. Alurw:rdl however, predllor numbers declined

and bol.h prgdunr and prey lationthyy d to thrive lly. In

7 o b

i ugmns, by isc ulbud bnedmg seasons are
much shorter, and mlmd absence-during non-nesting periods m:yl lnm\ the™
growth shd lnrnvd-"olvpredm{x populations. This is the case on Buenllen

Iiland, where the lack of glternative foods rhay limit {Be resident fox

L]

P ion by d ing [ dity and/or juvenil; ;mvivd-during the first . ?
b . =

® s N

winter, P

5.1.6. Caching Bchlv.lour

In order to reproduce, an anirhal must accummulate,sufficient nutritional ’

reserves and therefor., caching  food may assure survival and enhance

reproductive success. (Morse, 1980). Food abundance and hunger state may

inmm the hoarding response, -hence, energy 'mulmluuop -and pndmr.

-\
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_ diet of {oxa mu’v also considfY su.xenged or scatter hoarded’ swrm-petrcis).

eﬂiclency J‘mbergen (1065) found thnt eggs stored by red foxes during periods
of pre‘y;,ahundwce were reccvered as long as two months later. It hn also been .
-uggmed thnt the arctic fo{ migrates sauth in November md 102: not return
| to its larders until Mnch (Freuchen, 1915; Brg.:.rup, 1941) Although the
actual ummg of larder yse on Blccall_eu Island is unknou,m, few items, if any,
r;mnin in Igiden prior'bn the arrival of seabirtix the follo\;vin‘g year (pers. obs.).
‘Therefore, on islands lacking lltemluve prey, cuhg.d foods- msy not only
uupplement diet, but help to assure survnvnl Slorm -petrels made-up over 50%
by werght of fresh” wmter scat, further sugga,ﬁn; that lardered loods are
nmpcrm:t lor foxes during periods o! low prey avdilability (although the winter

| 3 .
Scnter 'houdmg is common among Red foxes (Murie, 1938; Scott, 1943;

Tmbergen 1985; Hen: 976‘Mudonlld 1910) and the * *random*® upumg of

cuhed foods is helxeved\‘r duce the probnhhty%f inter- and intraspecific
~theft byﬁremng the lvengemmber (Tmbergen. 1965) or v:nance ‘(Henry,

1078), of losses? Howe& a number of investigations have also mentioned the

of multiple (Erril 1935, 1087, 1987) or food remains
(Slfgunt; 1072; Sargeant evt al, 1084.; Hewé:n, 1085) at red fox denning sites.
Furthermare, eXl‘m(ntth)I_l of prey remains in both red'(S‘rge:Et, 1972, 1078)
and arctic fox (Stephenson 1070; Savage and Cooper, 1982) dens, suggests a
heavy reliance by dan’mdenu on nenby, ‘sbundant, and vulnenble prey n
prhmry sources of food. Thmvlore, it ll possible tlml,the potential for larder
hoarding exists among both mllc and red I‘oh as at cxunlion of provisioning




~

. a . e T
B -

food for young ii.e. during the denning period) and is dependent ‘on or may

occur under conditions of a super-abbgdance of prey, & colder climate which

would decresse the rate of putrefaction®(Macdonald, 1976) and/or d d

int pecific mp ition. Although in ific theft does oceasionally oceur

(Tinbergen, 1965; Henry,| 1076; pers. obs.), the maintenance of well-dehnuud

* territories among foxes (Ables, 1069; Sargeant, 1972; Preston, 1975; Storm and

/ Montgomery, 1615)' .would bold th‘elt between unrelated individuals to &

,.minimg;m (H;nr.y,' 1976) and elche. use by relatives would still bu;neﬁt the

) caching indiv‘idunl (H{nry, 1076) by increasing its lnelnsiv?‘ ﬁtns; (Hnmilw.n, [
1964). Moreover, because larders are commonly located at denning sites, which

. 1 =
are centfal to Fesident fox activity, intraspecific theft would seem unlikely.

AN

L§.2. MA,NJAGEMENT CONSIDERATIONS

.1. Intercompensations 1.

5, -
» - Mmmﬁg predation is difficult to analyze because both hln::ﬁonnl and
1 response are licated by buffering, itorislity and learning
(Keith, 1974), and few studies have c Iy & d lhat

limit their prey. Therefore, it is important not to confule the fact ol predation -
. with the effect of p,.dnllon (Errington, 1948; Ables, 1075). Etrington (1048}
believed lIuH tercompensations unon;\pray were responsible for reducm: tht
estimated l.e%ﬂl» affects of predmon Ricklefs’ (1060) found that [n lln
absence of terfestrial predation nest louu smong l"iocollulllnn‘nu‘ occurred as
a result of *internal lulon'\ (e.g. batching failure, emd«l conditions).
Competition for food mppﬂ,- (N.m-up. z. }m- and mrn.n lm), '




B o

~

A

~—— sud avian fedation (Kruuk, 1964; Kadlek and Dn/lry; Hatch, 1970; cf. Morris.

and Hunter, 1076) may also be imp'ol'lmt during the breeding season.

resulting from n p! fon is evid d by the large

number$ of corpses l‘m‘x{:d at some breeding colon/iu (e.g. Great Island; pers. *
i T

v

+obs.), where no mammals are pruaﬁt. In addition, Wil_t (1980) found that 61% X
s \

of avian prey taken b'yrl'ox'eq consisted-of scavenged food. The opportunistic,

. . &
nature of foxes suggests that a proportion of fox diet may, _‘:tua'lly co$ist of

“surplus or scavenged prey. ¢ ke

.}? R Ly

b e

& o o ey
> Pndntﬁ»‘n by gulls (Great Black-backed, Larus_ marinus; Gluu?oqs,’

2 . ¥ iy
Larus hyperboreus; Gl inged Larus gl ',\ and Herring Gulls

Larus ) is fr an imp w\ncep( seabird egg nnd chick |

mortality and among mnller species (e.g. petrels, l\lklets), ld\l“ morh.hty.,
(Fisher lnd Lockley, . l054, '@vnu and Nenluhlp, 1085). On two Aleumn '

Islands where l‘om—petrqh n.nd\.ukleh were’nblmdnnt, Trapp (1979) found
[

K

um Glaucous-winged Gull (Larus ghu ) dropping ined as much

u Gl% mrm-petrel and 85% auklet remains, rapectwely Smulurly, Herring

Gulls nahn‘ on Gull Island md Grut Island, Nawfonndlmd luve been found

lo prey heavily on llomf-petu . ycock and Threlfall, 1075; Pierotti, 1079),

puticnlnly when alternative sources of food were unavailable (Haycock, 1073).

.
Why thén is on the st petrels by s\;lh infi
Bacealieu filand?

or limited on

The ;reun&t of Ted foxes qﬁ'Buedhu Island is believed to deter ground
5 o e
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nesting by avian predalo:s. This conthntion i;v bl:ed on a minimum of 5
TS (l)}lﬂerr!ng Gulls nest ext;ﬂsively on Puffin Island lotated < 200 m

rom B;ccnlieu blu'zd where very few i:lirs nest, (2) gulls on Baccalieu are
preyed on ‘by foxes (based on predation rates and the hp\lhliol!‘ size of gulls
on Puffin Island, impact may be as high u’ 14% of the breeding po];ﬁl’;\}oﬁ) 3)
guils will eoloLize islands after the disappearance of foxes (Bailey u‘n/i Flust’
1980; see’also Buckley and Buckley, 1980), (4) fn islands with gulls, nocturnal
@seabirds may be fewer in number or nest |way f m gull concentnuons (Bailey

4{d Faust, 1981), (5) gulls”are opportunistic omnivores and if they were to/

g colomze Baccaheu Island, they would be likely to/prey extenswely on storm- /

petrels Common Ravens (> 100 individuals) thnva on Baccalieu ulnnd but
be\ng cllﬂ—nestm, they apparently escape heavy nest and adult ‘predation by

foxes.

o f
Y

“It-is_an interesting question to consider’how large a gull population would

equal the prednwry pressure lmposed by foxes? Assllmmg um storm-petrels

164

are taken by gulls from May - August st a rate or 1’ -dult storm-petrel every 4 -

daya, 3 d )} smnll gull il of BDD plll‘l could exert equivalent
predatory exmplct (31 000 lndnv/yr) that of the resident foxes ‘o Bucnlieu °

Island. Althongh’ghly specuhﬂve, the pmdnl.ory lmput of foxes may in plﬂ,

\compnnnte !gr losses thlt would otherwha ru\lh !rom lvhp predltlon

.
£
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5.2.2. Future Needs o 4
Seabirds are higgly )} “‘ttol rations in breeding envi 3

and it is bighly, desireable to_be able to predict changes in local populations. _/

. ;
Although the:present thesis es information regarding.the’ role of the red

stigations aré needed to accurately

fox- on Baccalieu Island, ltji—},erm i

o & i - § »
to the breeging seabirds-on the island. Therefore, -

define the foxes' relationshij
v

the following recommendations are proposs

« (1) The continued censusing of ;l!freedii:g seabird populations at ags
+ minimum interval of once every § years. o, |

Leach’s Storm-Petrels .experience intense fox predation (i.e.
~grasg, wooded habitats). By conqurrently examining rlggom‘ &
’ control plots, intervention effects may be isolated from chtn;zs v
associated with fox predation.

<« (2 Rnn’iiomly cilosen. i‘ued plgu should -be set-up in habitats where'

(3) An intensive tagging program be directed 'u the fox population o
. d ] dation site an w

' «

(4) The continued mark/recapture of foxes at a minimum interval of
once every 5 years. This would provide information on changes
» in. populdtion size, survival rates and' possibly rates of
& émigration and immigration., . : A
2o a ° 3

(5) Provide i ives for lighth keepers to ly record ice
conditions and its o{c’u?renc,a between the mainland and the
island and any sightings of ice use'or dispersal by foxes.

, ;
. (6) As a management concern, special consideration should be given,
and care taken, to prevent the possible introduct] %‘or

cidental occugy of prey species (e.g. rats from ‘

- coast guard cutters) to Baccalieu Island.”




5.2.3. Summary : -

) .

Baccalieu Island supports one of the larg% known Leach’s Storm-Petrel
:oldﬁi’es in the world. The predatory behnviour of resident foxes con!ornu to
the pauems fonnd in oiﬁ{ r studies on red fox dm, that svailability hrgely

governs prey-choice. Although. Leacks Storm-Retrels su suﬂer high levels of l'ox

depredation, (1) the population’s ducti potenml—nppens,lo outweigh

the,‘eﬂ‘ecu of predation and (2) its massive size acts as a buffer, limiting the
extent of damage experienced by the smaller senbird‘pnpu.lationé.‘ The lack‘ of

alternative foods for foxes during non-nesting periods appears bd‘!;verely limit

+ the predator population. The presence of foxes may also deter gmnn

“nestipg

- avian prednwm from establishing colonies on the island apd lhereby lmnt avian

dation. Although introduced pred are known to inflict severe pressures ’

on small geabird colomu, the present ﬁudmp s\lggest that, _qolony size snd the

lack of alternative foods for predators may weaken predlwry nmpul. Because

the red fox is native to'Newfoundland and bas reached Baccalieu Island vis a '

natural occurrence, its presgnce and role as a predator should be considered an

acceptable part of the ecosystem. g . e o )
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of avidn specleu sightéd through (A) Apnl 26 - May 20 1984

%
'.
) February 6 - March 7 1985.

T g
SMECIES .

DATE
NOTED

Anatidae’ i

Common Eider (Somulena ?nnllxulmu)
Oldsquaw (Clangyla hyemalis)

Aceipitridne
Bald Eagle (Haliaeetus leucocephalus)
A

Falconidse .
Gyr#lcon (Faleo mahcalua) ®
Merlin (Falco columbarius)

° Fa

. S T

LMIdM ¢

Great Black- buk‘ed Gnll (Larua ml?mnu)

Gl Gull (Larus h

I (.
. Iceland Gull (Larus yfaucmdea)

Alcidae ~ ’ ki
Black Glullemot (Cepphius gryile)

Stngxdu
Snowy Owl (Nyctea acandlaca)

, Picidae
Black-backed Three-toed
Woodpecker (Picoides arcticus)

Ahudndu
Hornad Lark (Eremnphlla alpealnn)

>
- ww
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Corvndne .
American Crow (Carwa brnchyrhynchoa) - A
' Common Raveh (Corvus coraz) A B

Paridae’
Black-capped Chlckadee (Pagus alncaplllua) A
.+ Boreal Chickadeé (Parua hudsonicus) A

3

Musclcapldne e
American Robiri (Tum'us m:grnlanuu) A .

5 Sturmdne : . s ) 5oy
. Eurqpenn Starlmg(Slumua wlgar:a) B A B

Emberizidae *
° Yellow-rumped Warbler (Dcmlrmca carannla) A
‘Fox Sparrow (Passerella iliaca) A s
" White-throated Sparrow (Zonolrichia albicollis) - A . d
A
A

" Savannah Sparrow (Passerculus sandwichen'sis)
& . Common Grackle (Quiscalus quiscula) ¥

Fringillidae
- Pine Grosbesk (Pinicola enucleator) A
Evening Grosbeak (Hesperiphona vespertjna) A
White-winged Crossbill (Lozia leu:op{ern; .
Purple Finch (Carpodacus purpureus) A 5 " pF s °
"Northern Junco (Junco hyemalis) 2 P A
Snow Buntinig (Plectrophenaz mmzlu) | A

\ . . L
“* L .For complete checklist; See Wells and Montevecchi (1984) a
-~ i
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To estimate the relative increase in sutface area for Baccaliew Island
;usulﬁnx from slope, lopop‘nphicnl analysis of island contour was performed on.
2°1:50,000 map of Baccalieu Island (Can. Dept. Energy, Mines and Resources).

7 % 3
Fifteen transects were drawn perpendicular to the island at relatively equal

‘intervals, however, intervals were sometimes unevenly spaced in an effort to

" examine ‘aress which would best describe island contour (H. Butler, pers.

:omm) Cross-sections.of the island were plotted (lé! nexg page) and scaled

relntiv: to the phnn distance, and then me'nm‘lr'ed using & Numonics digitizer.

. Tlm&ho belw:en these values (Y/X) provxded an estimate of the proportlonnl

mcreue in s\uhce apea at each segment resllltlng from island contour and the

mean of these values was used as an estimate of overall increase in Aru, due to

slope. .
.. _ PROFILE YX
= A 143
B 1.70
c* 162
D 1.63
E 1.58
F & 1.33
G i 131
< . H 1.83
D | & 1.62 B
I 148 . ~
K . 138
=L b 1.67
M 1.68
N 172
-~ [ 200 ",
. 1 i ;
MEAN # S.D. . 1.59 4 0.10
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