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SUCCESS OF FOREST-BREEDING BIRDS IN ONTARIO
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Abstract. To determiné thé minimum size régnirements and influénce of landscape
‘context.on. reproduc!:xve success of forest-brééding songbirds, we monitored nesting suceess
of five species of songbu*ds on 40 fragments (122350 ha.in total woodlot size) and two

EE.

the ‘most’ imporiant. variable contiibuting to differsnces.in reproductive siigeéss, with’ Tocal
forest cover (within a 10-km. rachu:,) having no significant additional effect on product;wty
for ‘any species. For all Specms, except Red-eyed Vireo ( Vireo olwaceous) adult: female
~ reproductive success wis at or above replacement 16vels in large fragments (inean of 121
ha core area, 849 ha woodlot area) and continuous forest, and below replacement levels in
small. fragmems {mean of 7.8 ha tore area; 93 ha wogdlot area). Red-eyed Vireo: producthty
w was’ particularly Jow, with single-brdoded feinales unable to maintain populations in any
woodlets monitored, although popu]atlons were close to replacement levels in continuous
forest. On_'ly the very largest fragments acted as sources for Overbird (Seiurus auracaprllus)
and. Wood Thrush (Hylocichla mustefma) {{e., 2% hi in core dréa, 225 hain total"“woodlot
area). Ovenbird and Wood Thrush were the most area-sensitive, and Rose<breasted Grosbeak
(PHeucticus Indovicianus} and Veery ( Carkams fuscens) the least, although all four species
had significantly lower réproductive success'iii'small as compdred to large forest fragments.

Reproduchva success ‘of Rose-breasted Grosbeaks and Veery were STmilar in Jarge Torest
fragments: and continuous forest and wers close o maintenance levels. in- small fragmants

despite published. reposts of sxgnlﬁcant declines that cmght be -attributable to- poor produc-
tivity. Nest-predation was thé major ¢ause of nest failire; with brood paiasitiswi by Biowr-
headed Cowbirds. (Molothrus arer) further reducing the number. o-f-"tﬁst young fledged from
.O\md-eycd Vireo nests. Parasilisin raies on e remamning specws were very
low ind riot analyzed statistically. Local forest cover had little effect on predation raté or
rate of parasitism by Brown-headed. Cowbirds. Although local forest cover had little effect
on reproducn ve success within Fagmented: landscapes, nest success was. significantly higher
in continuois forsst than in all fragments combined for both Ovenbird and Red- -eyed Vireo:

OAIT data show & AT agreement with Breeding Bird survey population irend estimates. for
Ontario bétween 1986 and 1996, As only 1% of the forest fragments locally available are
large enough to function as scurce habitats, we strongly advocate theit prasarvation We
recommend preservation of forest tracts-at lgast 500 ha in size, parncularly woodlos with
>90 ha in'core area, to funciion as sources that will help guard against population declines

ona local gdale. {.Q &
Key words:  area effects: forest bfr‘d.#,‘_fo:‘e.\‘f ﬁ'afgmen?é;ﬁai:;_ia;ld.s‘_c*ag@eﬁecf&;; Ontario, Canaiity
‘Qvénbird; Red-eyed Virén; reproductive success; Rose-breasted Grosbeak; Veery: Wood Thrish.
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LANDSCAPE AND FRAGMENT SIZE EFFECTS ON REPRODUCTIVE

.continuous forest:sites. in south-central Ontario from.1994. through. 1997, Woodlot size was... .. . .
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INTRODUCTION

In the past decade, nieotropical migrant birds nesting
in deciduouns forésts-of eastein North America have
béen reported: to decline {Robhins et al. 1989, Askins
gt'al, 1990, Sauer=tal, 1990). A redustion ip fecundity
due to habitat fragrnentation on breeding grounds ap-
pears to. be a ‘major contributing cause of observid
population declmes (Bohning-Gaese et al. 1993, Don-
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ovan gt al. 1995; Robinson et al. 1995, Lower fecun- 5
dity in- fragmented. forests occurs as a result of asre- %

duction in pairing suceess (Gibbs and: Faahorg 1997,

Villard et al. 1993, Van Horn et al. 1995 Burke: ancl f' :

s

Nal 1998), higher vdtes -of nest predarion (Wiicove

1985, Donovan et al. 1993, Hoover et al. 1995), and &

increased brood parasmsm by Brown-lisaded Cowbirds
(Molorhms ater) {Donovan et al, 1995, Robmson et al
1995). Those factors may act in concert to limit Tepro-
ductive shnccass of forest- -nesting bird species thmugh
2 reduction in tecnditment of individuals intd’ .breedmg
popilations (Donévan st al, 19953,

" Landscape level processes appear o influence some
faciors related to avian nest sucoess {e.g., p_ar_as_i_ﬁs_m,
Hahn and Harfield. 1995, Robinson 2t ai. 1999, Don-
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fy females were requiréd to maititain populations. Un-
der that scenario; popniatmns onfragments were: 'nks,

whereas popilations i ¢ontinuous forests scemed to
beclose to-self-gustaining (Fig. 4B). Even'if Réd: eyed

Virgo nesting:in fragnients double bréoded; theix’ pop-

ulationis would; stifl be unable to balance adnlt rnortallty
{Table 5) Howevaf, in continnous forest renesung
would allow populations to funiction as sources, pro-

" dueing 1.7 fy female per adulf female. As vireds pro-
‘duce on]y 0.36 fledged young females. pex nesting: at-
tempt-on small fragments and 0. 32 fledged young fe-

males . per nesiing attempt on. large fragmients, they

_ woulcl be- required 1o nest4-4. 5 times in one season

Wood Thrush —With a mean survival rate- of O 67
for-adults, adult female Wood Thrush.were required fo
produge 1.42-fledgling: femalés to balance aduit mor-
taln,y Wood Thrush in smiall fragmenis wére. populatwn-
sinks while large fiagmients fanctioned as. population

sources (Fig. 4C). If Wood Thrush were able to nest
three times in on_e__b_rg:edmg sedson, populations in.gmall
‘fragments could balance losses dug to adult mortality

{Table 5),
Veery. —With a- mean adult; survival rate of 0,623,

-adult female Veery needed to produce 1.2 ﬂedgcd

young females per year to'maintain populations at their
corrent levels, In our study small fragments were pop-
ulations. sinks for nesting Veery, whereas populations
in. ¢ontinuous forest and large f_ra_gmer_;__ts were weak
sources. (Fig. 4D).

Rose-breasted Grosbeak—With a mean survival
fafe 6f adult grosbeaks of 0:57, 1:38 fy females would
be requited to balance adnit mortality. In large frz__lg-.
ments' and eontituous forest populations of double-

brooded grosbeaks were above mainienance fevels,

while ‘those in smiall fragrients weére sinks {bnt close

to maintenance levels) (Fig. 4E). If local populations

of Rose-breasted Grosheaks.do not double brood, 1arge=
fragments would function as population sinks and cdn-
tinuous forest woiild be close {6 mainteparice Jevels
{Table 3).

Discussion
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Fi6. 4.  Comparison of nesr'ing success on small f'rag~
fménts, larse fragménts, and contindous forest {orfive species
of f‘oresr-bmudmg soigbirds in soutli-central @ntario, Can-
ada, Data were collected from 40 foresi frigments and two
coniinuons farest sites belween’ 1994 ang 1997, Smail frag-
mmedts were <23 ka in core area. while large fragments were

For-all spegies, the-getietal trend in our study-dred
was for nest success and number of young fledged from
successFul aiests to be:highest in continucus forest. and,.
within fragméntad habitats, for large frauments to be

‘more: successful than small fragments: Populations of

all bird: species. bregding in small forest fragments-wete
habitat sinks, ‘and without .consfant unmigration of in-
di wE[uaIs from nearby -source habitats; fhose popula-

-
230 ha in core area, The, dashed line represtats the threshold

For source—sink habirat degigriation. Below this litie; produc,
rivity does not-compensate tor mornluy, and populatians are

sinks.. Data are meuns <t [ SE.
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fions would go extinct localty, The amount of local
forest cover, which ranged fiom 13 to 54%-within 10
km.of the fragments, contributéd little to the fragmen-
tation effect observed for any species.

In this study, nest parasitism actounted for faw total
nest losses. but Brown-headed Cowbirds did signifi-

cantly reduce mean rumber of hast young fledged from’

Ovenbird and Réd-eyéd Vireo nests (i.e., parasitized
fnests hiad half-as many fy Ovenbirds. and only 60% as:
many fy Red-eyed Vireos as nonparasitized nests). Par-
ssitism rates reached 24—30% in smiall- fragments, yet
vireos and Ovenbirds were able to fledge at least one
_ young from 60

sufficient to prevent songbird populations from reach-

ing replacement rates, in combination with high pre--

dation rates (Brittingbam and Temple 1983) as is typ-

ical of fragitiented landscapes. However, our data dem-.

onstrate that ifi sotth-central Ontario. parasitistir by
Brown-headed Cowbirds has not sericusly reduced the
ability of ‘host species to -fledge at Jeast one young.
Nest predation aceounted for-the majority of totat
nest failures for all species in this study. As'nest pre-
dation is typically the most impertant cause of nest
failure {Martin 1992), preservation -ef forést interior

birds will hinge ‘on identifying factors that influence.

nest predation (Paton 1994, Donovan et al. 1997). El-
evatet nest predation rates characteristic. of small frag-
ments (Wilcove 1983, stmall and Hunter 1988) hold
many populalions of forest birds well below Toplace-
ment levels (i.e., sinks); this is particularly evident in
-our study area with Ovenbirds. Although we found no
sx_gn_lﬁc_ant differences’ in predation: rates with respect

to local forest cover; in other geographic locations

where {ocal factérs differ (i.e.. differences in the pred-
ator community and/or abundance), those landscape ef-
fécts may be important (as in Robinson et al. 1995,
‘Dofiovan.&t al, 1997); Itis also feasible that other fea-
tures on & landscape scalé besides local Forest cover
are having a significait effect on predation rates (e.g..
praportion of wetlands, types of agriciiltural uses).

- Some tesearch sug'g_ests that._'prédazion :preas’ure*.d’e-_

Torest edge (Gates and Gysel 1978, Burger 1988, Paton

19943, although other studies. suggest that predauon.
pressure may extend 200300 m intothe. forest intérior

(Wilcave 1985 Andren and Anglestam: 1988) or show
ne edge e
and: Humcr 1993), The maghitude. of that edge effect

will deLnd og landscape composition as well as com- .
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and 67% of all the nests parasitized,
respectwely The effect of cowblrd parasitism may be:

ffect (Mankin and Warner 1992, Rudnicky.

position of the predator community, which: may vary
with woodlot size and with region (Naur et al. 1993,

HasKell 1995). In our study, vulnerab:hty of nests to

predation was iifluenced by distance from nests to-for-
est edge only for Veery and Rose-breasted Grosbealk
‘nests, bothisuggesting a. 100 m edge zone, with the
most dramiatic edge effects within the first: 50 m. Ad-
ditional evidence colléeted from sand traps supports a

Ecologital Applizations
Vol. 10, Ni. ¢

‘lack of-edge -effects on mammalian predator agtivxty

(D. M. Burke, Impabhsked dara), Evidence against an
edge:-effect on nest predation Has- been attributed to a
lack of nest depredation by av_;an.predators. _wh:c_h_ are.
corimonly found near edges (Whitcomb. et al. 1981,
Donovan et al. 1997), Mammalian predators may be.
more dbindant in small' woodlots (Wilcove 19853 or
hiighly. fragmented landscapes (Donovan et al. 1997),

suggesiing that all nests in small fragments and/or ag-
Heulturé-dominated landscapes would -be vulzerable to

depredation, not just those nesting néar edge. Predation
and parasitism Fate$ may also be dssociated with edges

-only in predomindntly agricuitural Zandscapes grmod:
.erately fragmented landhcapes (Martin 1992, Hahaand
‘Hatfield 1995, Donovanet al, 1997). A ubxqmtous edge
effect on predation was not found in this study. How-

ever, higher brood. parasitism rateg oceurred within 00
m of the forest eduI e. Cowbirds are typically 1dent1ﬁed
as edge species, thouch that edge effect on-parasitism
rates is not universal (seé Hahn -and Hatfield 1995,
Doncvan et al. 1997).

Fragmentdtion can-increase woodlot igoldtion, which
may reduce immigration rawes. Tn' small Fragménts; im-
migration Tay Be crifical to population persistence,
with source habitats supplying a pool of immigrants to
sink habitats, with- the effect of preventing- local ex-
tinctiot. As poputations of the target §pecies remained.
reldt_weiy constant between 1994 and ‘1997 on the
woodlots sirveyed, despite, poot réproductive success;

.a source-sink metapopulatic would be suggested.

Brawn and Robmson (1996} concluded from their study
on reproductwe success of migrants in Illlnms that lo-
cal population d.}TI_lamlcs and local pr__od_uctw_lty were-
uncoupied, as species which were producing virtually
no young maintained _their. pop1_1_I_;'m':ons_*thrqu_gh-_-s_qu_;_:_e—

_sink population-dynamics. Immigration from source ar--

eas can sustain popuiations in patches where:species
would otherwise become locally, and. permanently; ex-
tirpated, thereby preventing populatlcns from register-
ing significant declines in areas where productwuy is
nominal. Fragmientation in this study has probably not.

_proceeded to the éxtenl- that woodiots. under mvcsu—-

lrnmwmtmn cf Lolomsts from adjacent source popu-
lations, Critical data on dispersal distances of juveniles
frotn natal to breeding sites are lacking, and therefors
weg da- not know the scale at’ which source-sink dy-
naihics operate. Ju vénilé songbirds are thought to fravel
huridreds of kilometérs between natal and breeding
sites, which would mean that for most populations stitd-
ied here, the continuous forest to the-north would con-
tinue to act a5 a pepulation source; even if large frag-
ments which currently acted as - sources were removed.
The i.mdm'lymcr causes of the fragmematmn effect:
dnd the sensmvﬂ:y of different nesting and. foraging
guilds rémain uncleat, Qvénbirds nesting in sinall frag-
ments in vur'siudy had the lowest réproductive success
of all speties. suffered highest rates of brood parasitism
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and high rales.of nest predation {as in Robinscn st af.
1995); and produced fewer Aedglings from-otherwise
successful. nésts-in small ag compared to large’ frag-
‘mejits. This latter result appéars to gonfirm that fobd
-is, probably limiting. in_small fragmenis, boil to. attract
females’ to those fragments (Burke: diid Nol 1998) bt
also to provide food for nestlings. Ground nesting spe-
cies are frequently cited as the moegt-vulnerable to pre-
dation (Wilcove 1985, M artin. 1988, Bollinger and Lin-
der 1994, but see Donovan et al. 1993, Martin 1995),
have lowerreproductive success: (Bollinger and Linder
1994; but see: Martin 1995) and are the first to dis-

_ appear fiom sm' 13 t_r_acts of forest {Diamond 1976) B
Previous résearch also suggests that low nests aré more

vulnerable to cowbirds (Bohning-Gaese ¢t ai. 1993)
and high predation rates on ground nests may veflect
an increaseéd dbundarice of ragcoons and.avian preda-
1ors in fragmented. ldndscapes {Hoover and Brittinghaim
1993)

Specms withi.shirub nests in this study were:less vul=
nerable to predation only in large fragments, for in
small fragments ground and shrub pests were depre-
“dated at equal rates. That suggests that ierrestrial mam-
‘mals were the main predators impacting population
trends. in large fragments and that possible differences
in.predator communities within. small and large frag-
ments exist (Bohnlnﬂ-Gaese et al. 1993). However,
Rel:l -eyed Vireo nests were heavily depredated in. ali
-habltat‘;, with Blue. Jays (Cvamrm cnsrata) suspected.
as their main predator, for we witnessed many instances
of adult vifeos mobbing Blue Jays which were moving
quietly through the trees, apparently looking for nests.
This high-tate of nest predation on shirab nésts has been
‘snggeited elsewhere {Martin 1995), Fuorther research
might question the extent to which Blue Jays are will-
ing fo penetrate large fragments and focis on how den-
sities of this ¢ommon, but poorly studied species are
affected by ‘changes in fragment size and landscape,

We d:d not find 4 sirong agreement béetween drea-
sensuwlty on the breedmg grounds ¢in terms of nest
success) and the magnitude of populatmn declines sug-
gested by the BBS data from Ontario (Sauer et al.
19961, For example, in:this studyv: Rost
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itats -which are iricapable of sustaining populations at
cutrent’ {evels, As such, species. which are less area:
sensitive ‘'may be mote vulnerableé. io” population -de-
clines:if o larger proportion. of the breeding population:

ogcurs in sinks where reproductive dysfunction is hight.

Our tesults on reproductive success of Red-eyed Vir-
eos:are somewhat puzzhnu This species did not reach
replaceinent levels even in continuous forests, but pop-’
silation trend data from both the BBS and migration
counts indicate s_table, orincreasing pup_ulat:lo_n_s. Asthis:;
species -also nests in:suburban Rabitats, its Aexibility
in habitat selection suggests that they may not be lim-

As only 1% of the forést fragments locally available
to forest-breeding songbirds are sources (200 ha), and
82% have no core ared, the.majority of patches.avail-

able:are habitat sinks. The few souice habitats.available

béedpy <30% of the total forest cover. btin present ig
this region of south-central Ontario, and further loss
of those habitats is likely to jeopardize tocal Songhird
populations. Those large forest patches may contain
the. majority of local populations of some songhirds
(e.g., species like the Ovenbird which selectiarger frag-
ments and show area-related .changes in dens;ty and
pairing success, Burke and No} 1998). Loss of these
habitats would probably tesulf in dramatic local pop-

'ulatlon declines.

For some species destruction of -wintering habitat
miay contribute mose SIgnlﬁcanﬂy to the observed. de-

clines; partlc:ﬂarly for gpecies whose fectindity levels:

are at or: closé to maintenance levels. Veery amnd Ov-
enbird populations are predicted to decline due to hab-
ifat togs on the wintering griund (Réppole 1995), und
that 1oss of wintéring habitat may be miore significant.

for those specics, even though fragmentation on.the

bréeding grounds mdy exacerbate the situation. Hence

for Veery, despite moderate rcproducuve suciess in
fragments, populatici declines tnay be.duéto wmt’erlng

ground phenomernon, Out data indicate that, for Ov-
enbird, reproductwe success is not correlated with den-
sities obtained using point countcensuses. such asthose

beaks.were the most successful, though small frag—
-ments still funutloned as habuat smks The BBS data

suggest that Rose-breasted Grosbeaks are experiencing
one of the most 51gn1ﬁcant declings of the five species.

that we. studied (Saper et al, 19961 It is possible that

the. general-availability of suitable breeding habitaf for
-grosbeaks has declined over the last 10 yu Though
‘populations ma¥ bé sources in many habitats in which.

they occur. there may have been & gemeral decline in

density of individuals thatreminant habitats ¢an support
. L e ———er .
(e.g., maturation of forests which may reduce nesting.

opportunities’ for grosbeaks). If Rose-breasted Gros-
beaks-are npt ares. sensitive. and do not preferentially

scek out:breeding territories in large woodlots, a large.

proportion of their population may reside in sink hab-

-brﬁgr‘llncr

cess I8 strongly correlated with. pairing success and

maderately correlatud with spot-mapping densmes
{Burke 1998). Assuch, point-count estimates may offer
little insight into the value of a particular habifat for

ing proﬂuctwlty Other species may; however,
show stronger cofrelations between reproductive sue-
cess and point-count -estimates, particularly if those
species do gl show arei-relatéd changes in pditing
success. More datd are néeded to-détermine how pairing;
succéss chianges with area for the dther species inves-
tigated. Trend data from migration stopover sites may
more. closely match trenids predicted based on results
of this *;tudy than BBS data, For Wood Thrush. a spe-
cies that i very scarce in the continuous forest to. the
north of our study site, and therefore relies solely .on-

: nt of relatively intact forested hahltat in
southérn Ontario. '



F7a0 D. M. BURKE AND E. NOL

fragmients for reproduction in ‘our area as a source of
breeding birds, trend estimates based on point-Gount
cenguses and migration data may .show sifonger coi-
relation ‘with data obtained by 'monitoring regmnal T
producuve suceess. This js expected to occiir when all
regional populauons are sinks.

Our results provide additional. support: for the con=
servaiion of forest - nesting migrant songhirdg by iden-
tifying, preserving, and restoring. large tracts of forest

guard against the coilapse of some local ‘populations,
This is-not to. say that sink habttats are without value:
Most fragments: with nesting ‘Ovenbirds produced at

- least-one- fledgling over the ¢otrse: ‘of the- study; and

some of those fragments may, or:casmnaliy function as
source populations. Sink populations can have a pos-
itive influence on metapopulatmn 3iz¢ and longevity,
pI’O\'idln" source pOpulatmns réinain {(Howeeral. 199,
Davis and Howe 1992, Donovan et al. 1995). Data
collected ou-nest success of area-sensitive species such
as.-the. Ovenbird indicate that forests <500 ha in total
size {90 ha 1o « ‘core area) will represent habitat sinks.
Although loss.of sink habitats may contribute.to overall
population declines, conservation efforts should be di-
retted towards identification and - protection of large
forest. fragments‘in otherwmc settled landscapes.
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